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provide a dry process for remnoval of SOy and NOy as well as other pollutants from a gas
strearn. ¥t is forther desivable 1o have a dry removal process that climinates the environmendal
impacts of the disposal of large volumes of mercury containing selids and particulates and
stgnificard axaoruts of gypsura genecated during SOy wet removal processes.

Wet removal processes can result in significant differential pressures across a removal
systern. Differential pressures above 30 inches of water cohumn have been observed in wet
removal processes. Such large differential pressures are costly because significant energy
must be expended to counter the differential pressuve and provide a waste zas stream with
sufficient energy to flow up and out of a stack. A system and process that can accomplish
poliutant removal with minimal or controlied differential prossure across the systern therefore
would be desirable and cost effective for most industry sectors processing or emitling
significant amounts of combustion gases, process gases, and other industrial gases,

The calctem compounds utilized in SOk wet scrubbing methods form gypsum in the
process. They are purchased and consumed in significant quantities and once gypsu i3
formed the calcium compounds cannot be recovered, at least not cost-effectively. Thus, it
would be desirable to have a removal method employing a sorbent that not only can remove
pollutants fom a gas stream but that can be regenerated, recovered, and then recycled or
reused tor removal of additional pollulants from g gas stream.

To realize such a system and process, it wounld need 1o incorporate process copirols
and aoffware that can monitor and adjust operational parameters from comyputer stations
omsite or at remote locations through interface with a sophisticated electronics network
incorporating an industrial processor. This would allow a technician to monitor and adjust
operational parameters in real-time providing controls of such operational parameters as
system differential pressure and pollutant capture rates or removal efficiencies. Such a
network would be degirable for its real-time control and offsite accessibility.

In light of increased energy demand and recent energy shortages, it would be
desirable to be able to return (0 operational wiility idled power plants that have been
decommissioned becavse thelr gypsum impoundments have reached capacity. This could be
accomplished with retrofiis of a sysiem employing a regenerable sorbent in a dey rexnoval
process that does not reguire the use of calchan compounds. Buch a system would also be
readily adapted and incorporated into new power plants that may be coming on Hne. Utility
plants and independeni power plants currentlty in operation could readily be retrofitted with

such a svstem. Fuorther, such a system could be of significant value in snabling emissions
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sources to comply with emission standards or afr quality permit conditions. With the
reductions in emissions of pollutants such as NOy and SOy, marketable emissions trading
credits could be made available or non-attatnment areas for state or national ambient air
quality standards maay be able to achieve altairanent siatus, Such scenarios would allow for
development in areas where regulatory requirements previonsly prohibited industrial
developraent or expansion.

The systemns and processes of the present invention in their various embodiments can

achieve and realize the aforementioned advantages, objectives, and desivable benefits.

Summary of the Invention

The invention is directed to an adaptable system for wet removal and combination
wet and dey removal of SOy and/or NOy and/or other poliutants from gases and o processes
emploving the system. -

In an embeodiment of the invention the adaptable system for wet removal of target
pollutanis from gases with minimal differential pressuge across the system is comprised of at
least one reaction zone which is a wet scrubber. The wet scrubber is supphied with an acidic
aqueous shury of a sorbent of regenerable oxides of manganese and is configured for
mfroduction of a gas containing at Teast one targst pollutant at a tewnperature below the
boiling point of the slurry. The gas is contacted with the sorbent for a time sufficient to effect
capture of the target poliutant at a targeted capture rate set point for the target pollutant. The
gas is substantially sivipped of the target pollotant fhrongh the formation of a reaction product
of the target pollutant and the oxides of manganese. The reaction zone i3 firther configured
io allow the gas to be vented from the reaction zone., Differential pressure across the system
is regulated so that any differential prossure across the system i1s no greater than a
predetermined level.

The system may have a single wet scrubber, or multiple wet serubber 1o series for
removal of target polintants. In a dual stage removal sysiem, the two reaction zones of the
systern may be both wel scrubbers, a wel scrubber followed by a dry sorubber, or a dry
scrubber followed by a wet scrubber,

In another ambodiment of the invention, the system is utilized in processes the
reppoval of target pollutants from a gas siream. (as containing o tavget polludant is
infroduced into the reaction zone of the systemn.  The gas is contacted with the sorbent in the

sorbent sluxxy of the system for a time sufficient to effect the capture of the target pollutant at
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a fargeted capture rate sef point for the targe! pollutant through the formation of a reaction
product of the targed pollutant and oxides of mangansse to substantially sirip the gas of the
target pollutant;. The gas is vented gas fom the reaction zone. These processes can be
carried i single reaction zons or in multiple reaction zones of the system.

In another embodiment of the invention a process for the regeneration of oxides of
manganese from a solution containing sulfate and mitrate anions and manganess cations
formed when the reaction product of the removal of SOy and Ny from a gas stream with a
sorbent of oxides of manganese, comprising the steps of:

A providing first and second anion exchangers having an anion cxchange resin
fraded therein, the anion exchange resin having chioride in the exchange position on the
resing

B. passing a solution containing sulfate and nitrate anions through the first anion
exchanger to elate the chloride to form manganese chloride while capturing the sulfate anion
on the resing

C. passing the solution containing nitrate amons flwough the second amon
exchanger to elute the chloride to form manganese chioride while capturing the niirate snion
on the resin;

D, adding a soluble carbonate or hydroxide compound fo the solution to
precipitate mangenese carbonate or manganess hydroxide;

D. separating the manganese carbonate or manganese hydroxide from the
solution; and

E. heating the manganese carbonate oy manganese hydroxide to form regenerated

oxides of manganese.

Brief Description of the Drawings

Figure | is a schematic block diagram showing a system according to the invention.
Figure 2 is & schematic block dtagram showing 2 system aceording o the invention.
Figure 3 is 2 schematic block diagram showing a systemn according o the invention
Rigure 4 is a block diagram showing a system according to the invention.

Figure 5 is a block diagram showing a system according io the invention.

Figure 6 is a perspective view of a comumercially available bag house.

Figure 7 is an end slevation view of a coremercially availabie bag house.

Figure 8 i3 a fop plan view of a commercially available bag house.

PAC ET AL. EXHIBIT 1023

Page 1384



10

20

WO 02728813 PCT/USGL/I8475
1G

Figure 3 is a side alevaiion view of a conunercially available bag house.

Figure 10 is a sectional view of an inverted bag house according to the Invention,

Figure 11 is a top plan view of an inverted bag house according to the invention,

Figure 12 is a flow diagram of a bag house reacior according to the invention,

Figure 13 is a block diagram of a svstem according to the invention.

Figare 14 is a block disgram of a system according o the mvention.

Figure 15 is a block diagram of a system according to the invention,

Figure 16 is a flow diagram an electronic control system useful in the invention.

Pigure 17 is electronic conirol panel display.

Figure 18 ig electronic contro! panel display.

Figure 19 1s electronic controd panel display.

Pigure 20 is a block diagram of a control sub-element according to the invention for
regulating differentis] pressure.

Figure 21 iz a control sub-slement according to the invention for control of SOy or
NOy capture rate or sorbent foed rate,

Figure 22 iy a control sub-clement according fo the invention for control of bag house
gas inlet temperature.

Figure 23 is a control sub-slement according to the mvention for control of variable
venturi position(s).

Figure 24 ia a controf sub-elemend according to the invention for contrel of SCx or
NOy capture rate, differential pressure, and sorbent foed rate,

Figure 25 is a control sub-element aceording to the invention for control of S0y or
Ny caphure rate, differential pressure, sorbent feed rate, and variable ventur position.

Figure 26 is a block diagram of a system and process according to the juvention.

Figure 27 is 3 block diagram of g system and process according to the invention.

Figure 28 is a block diagrara of system according {o the invention.

Fignre 29 is a graph plotiing NOx values over time,

Figure 30 is a graph plotling 5Gx values over fime,

Detailed Description of the Tovention
The invention relates o systems and processes for removal of SOy andior NOx as
well as other pollutants, from a gas stream. In the invention, gas containing 50, and/or NOx

1s fntroduced into a first reaction zone where the gas is contacted with a sorbent of
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regenerable oxides of manganese and/or regenerated oxides of manganess, The sorbent may
interact with the pollutants in a gae stroam as a catalyst, a veactant, an absorbent or an
adsorbent. The oxides of manganese react with the SOx and the NOx to form, respsctively,
sulfates of manganese and nirates of manganese.

“WNitrates of manganese” is used herein to refer 1o and include the various forms of
manganese nitrate, regardless of chemical formula, that may be formed through the chemics]
reaction between NGy and the sorbent and inchudes hydrated forms as well.

Similarly, “sulfaies of manganese™ 1s used herein to refer to and include the various
forms of manganese sulfste, regardless of chemical formula that may be formed through the
chamical reaction between SOy and the sorbent and includes hvdrated forms as well.

“Target pollutani(sy” means the pollutant or pollutants that are targeted for removal in
the syster.

“Substantially sttipped” means that 2 pollutant has been removed from a gas at about
a targeted capture rate whether by interaction with a sorbent or physical removal in a solid-
gas separator. With respect to potlutants removed by inferaction with a sorbent, it farther
contemplates that revooval op to a targeted capiure rate for that pollutant may be conunenced
i a first reaction zone and completed In a subsequent reaction.

“Reacted sorbent™ means sorbent that has inderacted with one or more pothstants in a
gas whether by chemical reaction, adsorption or absorption. The term does not mean that all
reactive or active sites on the sorbent have been vtilized sinee all such sites may not actoally
be uiilized.

*Unreacted sorbent” mieans virgin sorbent that has not intereacted with pollutants in a
gas.

Some of the reaction zones may also serve as solid-gas separators rendering the gas
free of solids and particulates, such as sorbeni, whether reacted or unreacied, fly ash, and
mereury compotnds, 3¢ as o allow the gas that is substantially siripped of SOx and/or NGy
or other poliutants fo be vented from the resction zone and passed to another reaction zone or
routed up a stack io be vented into the atmosphere, The solids and particulates which inclade
the reacted and unreacted sorbent, fly ash, and the like, are retained within reaction zones fhat
are solid-gas separaiors and may be subsequently removed for further processing,

Reaction zones may be multi-stage removal systems which would incorporate
additional reaction zones, The reaction zones utilized in single stage, dual stage, or multi-

stage removal may be a fluidized bed, a pseudo-fluidired bed, a reaction column, a fixed bed,
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2 pipe/doct reactor, a moving bed, a bag house, an inverted bag house, bag house reactor,
serpenting reactor, and a cyclone/muiticlone.

The gases that may be processed in the invention are most gases containing SOy
and/or NOy. Such gases may be generated by the combustion of fossil fuels in power plants,
heating plants and various industrial processes, such as the production of taconite pellets by
taconite planis, refineries and oil production faciiities, gas furbines, and paper mifls,
Combustion for heating and other process steps at such facilities generate waste or flue gases
that contain 30x and NOx in various concentrations, typically but not Hmited to 500 ppro or
less for MOy and 3000 ppm or less for SOy, Further, the gases may contain other removable
poliutants, such as Iy ash, and mercury (Hg), as elemental Hg in vapor form or mercury
compounds in particulate form, in small concentration, e.g., 0.0047 ppm (4.7 ppb). The gases
sray forther contain hydrogen sulfide and other totally reduced sulfides (TRS) and other
poliutants. These gases may typically have temperatures tvpically ranging from ambient
temperature 1o below the thermal decomposition temperature(s) of nitrates of manganese and
to below the thermal decoraposition temperature(s} of sulfates of manganese. Gases
generally within this temperatuze range can be processed in the system of the invention.

The primary sorbent useful in the invention are oxides of manganese, which may be
found in manganese ore deposits or derived synthetically, Manganese compounds of interest
ocour in three different oxidation states of +2, +3, and +4; this gives rise 1o 8 range of
multivalent phases, which provide oxides of manganese with a great diversity of atomic
structuwes and thus mineral formes. Examples of these mineral forms inchude, but are not
jimited to, pyrolusite (MnOn}, ramsdellite (Mn(3;), manganite (MnOOH or Min,Oy-HLO),
groutite (MrOOH), and vernadite (MnOyn0) to name a few, This is reported by Jerry .
Post in his article “Manganese Oxide Minerals: Crystal structires and economic and
snvironmental significance,” Proc. Nat’l. Acad, Sci, U.8.A., Vol. 96, pp. 3447.3454, March
1998, ihe disclosure of which is incorporated herein by this reference.

Une of the most common of the various forms of oxides of manganese is manganese
dioxide, Mn(,. The pyrotusite form of this mineral is ofien the primary mineral form fn
manganese deposits, Pyrolusite is composed predominantly of the compound MnO;. This
oxide of manganese exhibits af least two crystalline forms. One is the ganuna form, which is
nearly amorphous. The other is a beta form that exhibits pronounced crystalline structure.

The term “oxides of manganese” as used herein is intended to refer and include the various
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forms of manganese oxide, their hydrated forms, and crystalline forms, as well as manganese
hydroxide (.g. MofOH )}, sic,

With reference to the removal of S0y and/or NOs, the relative capiure or renioval
efficiencies of oxides of manganese may be understood by the below calculationds) of
loading rates. In order fo assess the economics of the system and processes of the invention,
it is necessary to deterinine the gas removal efficiencies of the sorbent. Gas capture efficiency
based upon test resulis may be calculated by dividing weight of gas removed by weight of
sorbent. This provides an approximate picture of systew operations, but does nol account for
stoichiometry of the reactions or interference between reactive gases in a multiple-gas
svstem. The stoichiometric gas capture ratio is described below.

For the purpose of this assessiment the overall reactions believed to ocour between the
sorbent, oxides of manganese, and sulfir dioxide (S0} and nitric oxide (NO) are shown

below, with raolecular weights shown above cach species.

87 64 151
MOy sy + 807 (gasy => MBSO oty (1 moie Mn(, captures 1 mole SOy}
87 &0 iz 178

MG sonigy T 2N sy + O o ™2 M(NOsh oiy - (3 miole MnO; captures 2 moles NO)

These reactions may occur in multiple steps, Molecular weights are shown above
each specics. Based on these reactions, the theoretical maximum stoichiometric gas capture
by weight of Mn(; sorbent is the ratio of the molecular weaights of the products versus the
reactants which is 73% for SO, or 65% for NO, for systems containing only one reactive gas.
For a system containing two reactive gases, depending on reaction characteristics, the
maximum stoichiometric gas capture will be lower for both gases. If reaction spesds are
assumed {o be equal for both reactive gases, maximur stoichiometric gas capture for each
gas should be proportional to the percentage of each gas present.

For example, during 8 48-hour test, two reactive gases, SU; and NO were present at
approximately 430 ppm aud 300 ppm, respeciively. Total weights of reactive inlet gases
treated were:

80, = 9845 Ib. NQO = 47.02 b total = 145.47 th.
Therefore, SQ; and NQ represented 67.7% and 32.3% respectively, of reactive gases prosent.

If the theoretical maximum stoichiometric gas capture for a single-gas gystem is corrected (o
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these reactive gas weight proportions, the theoretical maximum percendage capture for each
gas by MnO» weight 1s:
S50 (0.73 single-gas) x {0.67 for the 48-hr, tost) = 0.489 = 43.9%
NO: (0.69 single-gag) x (0.323 for the 48-hr, fest) = 0.223 = 22.3%
Therefore, the theoretical maximum weights of gases captured by 289 1b,, for example, of
sorbent for the 48-hour test would be:
50y (289 Ib. Sorbent) x (0.489)= 1414 1b. 8O,
NGO (289 th, Sorbent) x {0.3233 = 98.35 b, NO
Actual gas capture experienced in the 48-hour fest was 23.94 1b, of SOz and 4.31 1b. oI NOC.
For the 2-gas system, stoichiometric gas capiure was:
SO (23.24 1b. captured) / {141.4 1b. SO; possible) = 16.9% {of theoretical maxinmum}
NG {4.31 Ib. captured) / (64,41 Ih. possible) = 6.69% (of theoreiical maxionm}

Oncides of manganese, once reacted with SOy and NOy to form sulfates of manganess
and nitrates of manganese respeciively, can be regeneraled. There are sssentially two general
methods of regeneration, thermal decomposition and chemical decomposition.

In thermal decomposition, the sulfates of manganese and/or nitrates of manganese are
heated in an oxidizing atmosphere whereupon manganese oxide is formed and nitrogen
dioxide and/or selfur dioxide are desorbed and captured. The captured nitrogen dioxide of
subfur dioxide can be reacted with other chemicals to produce marketable products.

In the chemical decomposition or regeneration of manganese oxide, the sulfates of
manganese and/or nitrates of manganese are dissolved from the used sorhent in a difute acidic
aqueous shurry to which, after separation and recovery of the washed sorbert, other
compounds such as atkalt or hydroxides or cathonates may be added and manganese oxide is
precipitaied out of soluiion and removed. The solution, now free of oxides of manganese,
can be routed on for further processing or production of marketable products such as alksll or
amimonium sulfates and nitrates. The regencration of manganese oxide and production of
useful or marketable products through thermal or chemical decomposition is further
discussed below.,

in the process of regeneration, the regencrated oxides of manganese are in pacticle
form and are defined by the chemical formula MoOy, where X is aboot 1.3 10 2.0, The
regeneration process may be enginsored to vield oxides of manganese having a particle size

ranging o 0.1 to 300 microns. Oxides of manganese in this range are usefud in the
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invention. Preferably, the oxides of manganese will have a particle size of less than 300
mierons, and more preferably of less than {00 microns. The regenerable oxides of
manganese and/or regencrated oxides of manganese are typically fine, powdery, particulate
compounds,

Reactivity of dry serbents may generally be related to #s particle surface avea.
Particles or particalates all have weight, size, and shape, and in most cases they are of
inconsistent and trregular shape, In the case of fine powders it is often desirable io know how
much surface area a3 given quantity of powder exhibils, copecially for particles that are
chemically reactive on particle suriaces, or are used as sorbents, thickeners or fiflers.
{Usually measuremenis of surface area properties are done {0 compare several powders for
performance reasons.) Parficles may also have microscopic pores, cracks and other features
that coniribute to surface arca,

The BET (Bronauer-Emmett-Teller) method 13 2 widely accepted means for
measuring the surface area of powders. A powder sample is exposed {o an inert test gas, such
as nitrogen, at given temperature and prossures, and because the size of the gas molecules are
konown at those conditions, the BET method determines how much test gas covers all of the
exterior surfaces, exposed pores and cracks with essentially ons layer of gas molecules over
ali of the particles in the powder sample. Optionally, the analyst can nse other test gases such
as helium, argon oy kryplon; and can vary from 1 to 3 relative test pressures, or move, for
better accuracy. From this, a measure of total surface area is caloulated and usually reported
in units of squars meters of particle surface area per gram of powder sample (m%/g).
Cienerally, coarse and smooth powders ofien range in magnitude from 0.001 o 0.1 m*/g of
surface area, and fine and irregular powders range from 1 to 1000 m%g. Sinee the
interactions between a sorbent and the polhitant ocours primarily at the surface of sorbent
particls, surface area conrelates with removal efficiency. The oxides of manganese usefud in
the invention are fine and irregular powders and thus may have a surface area ranging from 1
to 1000 m¥g, Preforably the sorhent will have a surface area of greater than 15 m%g, and
more preferably of greater than 20 mrg

With reference to Figure 1, & system according to the invention is ilfustrated in block
diagram form. The system 10 may be scen as comprised of a feeder 20 and a first reaction
zone 30 and a second rsaction zone 38, The feeder 20 would contain a supply of sorbend of
regenerable oxides of mauganese and/or regencrated oxides of manganese, The feeder 20 is

configured to handle and feed oxides of manganese, which, upon regeneration, are in particle
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form and defined by the chemical formula MnOy where X is about 1.5 10 2.0, The first
reaction zone 30 is configured for introduction of the sorbent in a gas containimg SOy and
NQOy. Inope embodiment, the fivat reaction zone 30 may be a section of pipe/duct, possibly
configured as a fluidized bed, 4 pseudo-fluidized bed, 8 reaction column, a fixed bed, 2
pipe/duct reactor, a moving bed, a bag house, an mvorted bag house, bag house reactor,
serpenting reactor, and a eyclone/multiclone. The sscond reaction zone 38 a fluidized bed, 3
pseudo-flnidized bed, a reaction colunm, a fixed bed, a pipe/duct reactor, & moving bed, a bag
house, an inveried hag house, bag house reactor, serpenting reactor, and 2
cyclone/multictone, Preferably, the second reaction zone 15 a bag houss, such as
sommercislly available bag bouse, an inveried bag house acoording to the invention, or a bag
house reactor aceording to the invention.

The gas containing SOy and NCgx, or other pollutanis, comes from a gas sowree 15
external to the systemn. The gas 15 introduced into the st reaction zone 30 and I8 contacied
with sorbent introduced into the fst reaction zone 30 from the feeder 20 and is contacted
with the sorbent for a time sufficient to primanty effect SOy capture at a targeted SOy
capture rate. For purpose of discussion, snd not wishing to be held fo a sirict irderpreiation,
with respect to effecting a certain captire, it has been observed that oxides of manganese can
more readily capture SO; in a gas stream absent of NO, and also can mors readily capture NG
in a gas stream absent of SO, than when the gas stream contains both SOy and NO. SOy
capture tends to proceed at a mwch faster rate than NOy; capture when the two polhstants are
present i 4 gas strem,

The gas and sorbent may be infroduced separately or cornmingled before introduction
into 2 reaction zone. (Once the gas and sorbent bave been contacted for sufficient time, the
S0y is captured by reacting with the sorbent to form sulfates of manganese to substantially
sirip the gas of SOy The gas substantially siripped of 8Oy passes from the first reaciion zone
30 into the second reaction zone 38, The second reaction zone 38 is configured for
iniroduction of sorbent and ihe gas substantially siripped of SCx. In the second reaction zone
capture at a taxgeted NOy; capture rate. The NQOy is captured by reacting with the sorbent to
form npitrates of manganese to substantially sirdp the gas of NOy. The second reaction zono 38
is further configured so that the gas which has been substantiaily stripped of both 3Gy and
Ny is rendered free of reacted and unreacted sorbent. The gas may then be vented from the

second reaction zone 38 io a stack 40 where the gas is released o the atmosphere.
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Differantial pressure across the reactor system is regulated by a control sub-element
{noi shown in Figure 1) so that any differential pressure across the system s no greater than a
pre-determined level. As ig later deseribed, the control sub-clement may coniie! other system
parameters guch as feeder rate, SOy and/or NOy capture yate, and the inlet gas temperature
into the reaction zones. Thus, the system of the invention s highly adaptable and, in another
embodiment, is generally comprised of a feeder 20, 3 fivst reaction zone 30, 2 sesond reaction
zone 38, and at least one conirol sub-element for regolating process parameters,

In another emibodiment of the invention, the system is comprised of a foeder 20 as
previously describad and 8 modular reaction voit 60 comprised of at least three
mierconnected reaction zunes.l With reference to Figure 2, where the reaction zones are thres
interconnected bag houses 62, 64, 66, the modular reaction unit may be understood. The bag
houses 62, 64, 66 are connecled so thal 3 gas containing SOy and/or NOx can be routad
through any one of the hag houses, any of the two bag houses in series, or all of the at least
three bag houses in series or in paraile! or any combination of series or parallel. Hach bag
house is separately connected 10 the feeder 20 and to the external gas source 15, Through
these connections, sorbent and gas can be niroduced into each bag house where SOy and
WOy capture can occur when the gas is contacted with sorbent for a time sufficient to allow
formation of sulfates of manganese, nitrates of manganese, or both. The svstem in this
embodiment may also inchide control sub-elements 50 (ot shown) for regulabing various
process parameters, The reaction zones of the modular unit 60 are not lmited to bag houses
and may be any combination of reaction zones useful in the inventory, If the bag houses are
operated independently of each other, then the section of pipe or duct {pipe/duct) preceding
the bag house and that which 1¢ conmected to an inlet of cach bag house conveys gas into cach
bag house and is also comfigured as a fivst reaction zone 30, a pipe/duct reactor, into which
gas containing SOy and NOy flows along with the sorbent. The gas s mixed with the sorbent
it the pipe/duct reacior for a sufficient troe to achieve 8Oy capture at a targeted capture raie.
In this mode, the system operates as Hlustrated in F i;cr,ure 1 with each bag house 62, 64, 66
being a second reaction zone 38 into which the gas that has been substantially siripped of
SO passes from the first reaction zone 30, pipe/duct reactor.

With reference to Figure 3, another embodiment of the invention is shown. In this
erbodiment, the system 10 is comprised of a feeder 20, and three bag honses 70, 76, and 78,
a common conduit 73 and a diverter valve 74, Gas and sorbent are introduced into the first

bag house 7¢ which serves as a first reaction zone of a two-staged SOx/NOyx removal system
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where primanily SOy capture occurs. The gas subsiantially stripped of SOx then passes from
the first bag house 70 info the coramon conduit 73. As shown in Figure 3, the conumon
conduit 73 is V-shaped, but ruay be of any shape that allows gas to flow from the first bag
house 72 snd {0 be directed io the second and third bag houses 76, 78 which sach function as
the second reaction zone of a two-staged SO/NOy removal svstem,

I the Y-shaped common conduit 73 can be seen a diverter valve 74 illustrated as a
dotted line at the fork of the *Y™. The diverter valve 74 is posifioned in the common conduit
73 so as to direct the flow of gas from the first bag house 70 to the second bag house 76
and/or the third bag house 78, The diverter valve 74 has vartable positions, in the first
position gas from the firsi bag house 70 1s diwecled (o the second bag h@ﬁse 76, in the second
{variable} position gas from the first bag house 70 is directed fo both the second and third bag
houses 76,78, and in the third pesition, as iHlusirated wm Figure 3, the gas from the first bag
houss 70 is directed to the third bag house 78, Gas exiting the second and third bag houses
76 and 78 may be vented and directed for further processing or handling (e.g. direcied to
stack 40 or directed to a subssequent reactor for Hg removal). The system of this embodiment
may jnsorporate any combination of the reaction zones usefu] 1o the invention and is not
imtended to be Hmited to bag houses,

However, when the reaciion zones are bag houses, fhe systent iflustrated in Figure 3

Into use after the filter bags have been pulsed to clean them of filier cake so reacted sorbent
van be removed for recycling or regeneration. There may be more than one off-line loading
cirouit 42, as chown in Figure 3, each separately comected to 4 bag house 76 and 78, The
off-line loading circuit is covnected {o a sorbent feeder and 2 bag house via an off-line
loading circuit condult and ncorporates a fan for blowing air conveingled with sorbent inlo
the bag bovses 76 and 78 tn order to pre-load the fabric filter bags in the bag houses by
building a filter cake thereon. The air passing through the bags and cake thercon is vented
from the bag house. When the bag house is ready to come back on line, the off-line loading
cirewit can be closed or switched off and the diverter valve 74 moved to a posttion to permmit
the flow of process gas through the bag bouse that is being brought back on line,

When NOx 1s captured by the sorbent, the sorbent may not be completely loaded or
spent thus having remaining reactive sites. Fven though it may no longer be effective as an
sfficient sorbent for NOy at this poind, the sorbent may have reactive siies that could be

utilized efficiently for SOy capture. Thus, the partially loaded reacted sorbent or NOy-
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reacied sorbent in 8 second reaction 2ome of a two-stage SO/ NOx removal system could be
removed from the second reaction zone snd fed o the first reaction zone to allow additional
SOx capture with, or loading onlo, the sorbent. This would decrease the frequency at which
sorbent regeneration is needed and reduce the amount of virgin or unreacted sorbent thal
would need to be introduced inio the first reaction zone.

With reference to Figure 4 a system according fo the invention vlilizing counter-flow
teed of NOy-reacted sorbent is illustrated in a block flow diagram. The system 10 is
comprised of a fivst reaction zone 30, 3 second reaction zone 38, a feeder 20 containing virgin
or unreacted sorbent, and a NGuy-reacted sovhent feeder 21, The frsf reaction zone 3G of
system 10 is connected to oxternal gas source 15 and gas flows from the exicrnal gas source
15 1o the first reaction zons 30, fom the Srst reaciion zone 30 to the second rsaction zone 38,
and from the second reaction. zone 38 is either vented to stack 40 or directed on to another
system it such as 3 mercury-sorbent reactor {not shown). The feeder 20 can feed virgm or
unreacted serbent fnto the firat reaction zone 30 and the second reaction zone 38. NQy-
reacted sorbent 1s removed from the second reaction zone and 1s conveyed from the second
reaction zone to the first reaction zone via NOy-reacted sorbent feeder 21 where the NGy
reacted sorbent with available reaction sites 1s further contacied with g gas contamning both
SOy and NOy to remove and caphare SOx.

Using reacted sorbent feeders allows sorbent to be recyeled to a reaction zone where
unreacted sites on the surface of the sorbent can be wtilized. Thoough the mechanical
operations of removing reacted sorbent from a reaction zone and returning i fo the same or
another reaction zone, the amount of virgin or ungescted sorbent that bas (o be introduced into
the system s reduced. A sorbent may be recycled fhis way several times before regeneration
is necessary due to the reduction in avatlable reaction sites on the surface of sorbent particles.
This represents signiticant cost savings and more economical and comiplete vse of the
sorbent.

During operation, the surfaces of sorbent parficles may become obsiracied, for
example, by compaction or agglomeration. The physical manipulation and handling of the
reacied sorbent re-orienis the particles making unexposed surfaces available to capture
targeted pollutanis,

The reoycling of reacted sorbent in this way may procsed as shown in Figure 4 in g
counter-flow manner as discussed above, Recyeling may also proceed by removing reacted

sorbent from a reaction zone conveying it to 2 teacted sorbent feeder and introducing or re-
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inwoducing the reacted sorbent into the same reaction zone. This is shown in Figare 28,
where reacted sorbent feader 21 A receives reacted sorbent conveyed from the first reaction
zone 30 and reacted sorbent from roscied sorbent feeder 214 is re-ntroduced into the first
reaction zone 30. Further, reacted sorbent from second reaction zono 38 is conveyed o
reacted sorbent feeder 218 and re-introduced into the second reaction zope 38. This may be
desirable where a first targeted pollutant is being captured in the first reaction zone and a
second targeted pollniant is being caphured in the second reaction zone. If, for example, SOy
is being captured in the fivst reaction zone 30, the SOx reacted sorbent when it is spont or
ceases to be effective for SOy removal, can then be routed for regeneration and recovery of
sulfates as alkali or snumonium sulfate, usefnl commercial product. Similard ¥, if NOg is the
poliutant being captured in the second reaction zone 38, the NOy reacted sorbent can be
removed when it ceases to be effective for NOx removal and directed for regeneration and
recovery to produce alkeli or ammonium nitrates, again, vsefi] commercial by-products,
Capture rates may be affected by the gas injet temperature as it enters a reaction zone
and may need to be adjusied, cooled or heated to achieve a desired caphurs rate for SOy
andfor NOx. This can be accomplished with a heat exchanger. As is illustrated in Figure 3,
the systena may further include a heat exchanger preceding sach reaciion zone of a system of
the invention. In Figure 5, the system of the invention as illustrated is substantially the same
as the illustration of Figure 1, depicting first and second reaction zones 30 and 38, faeder 20,
external gas sowrce 13, aud stack 40. In Figure 5, heat exchangers 724, 728 have been
introduced into the system hefore cach reaction zone. The heat exchangers 72A, 728 may be
utilized to heat or cool the gas stream prior to entry inio each reaction zone. As the gas enters
into the system, if the gas temperature s above the thermal decomposilion wemperature(s) of
either sulfates of manganese or nitrates of manganese, the heat exchangers 724, 72B will
operate o cool the gas 1o a desired temperature based upon whether SOk capture or NOy
capture is the primary pollutant captured in the reaction zone. Similarly, if the £a8 were
below a desived temperature sef point, the heat exchangers 724, 72B will operate to heat the
gas 1o the desired temperature, The heat exchangers 724, 72B may be a gas-to-gas sooler or
a heater unit, ot other suitable means {or sccomplishing heating and cooling of gases to
assurc that the gas inlet temperature at » targoted temperature or within an aceeptable range.
As previously mentionsd above, the gases entering the system from external gas
source 13 may be any of a variety of process or industial gases. Thess gases when generated

encompass a range of temperaterss. Due o simple economics and the design of various
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plants and facilities for efficient use of waste heat which is captured or transferred to provide
heat for various processes at a facility, these process gases will typically have a temperative
ranging from 250° F. 10 350° F or 120° C to 180° C, In less typical situations, these gases
may have temperatures upwards of 1000° F, or 540° C. Gases at these temperatures are
readily processed in the systems of the invention and the heat exchangers 724, 72B canbe
atilized to maintain the gas within these temperature ranges if desired. The syatern can also
process gases at much higher temperatores such as 1000° F, For purposes of 80y and NOy
capture, the gas temperature should not exceed, reapectively, the thermal decomposition
wemperature(s) of sulfates of manganese and nifrates of manganese, Given that different
forms or species of these sulfates and nitrates, the thermal decomnposition temperature would
depend upon the species formed during capture. It has been reported that that suifates of
manganese may thermally decompose at femperatimes approximating $530°C. Similarly,
nitrates of manganese are believed to thermatly deconpose at temperatures ranging up fo
266 °C. The system of the invention can process gases approaching these thermal
decomposthion temperatures, Buf, more typically, the system m practice will be operated in
{enipersture ranges approximating those of process gases from indusirial sources.

Heat or waste heat from the process gases of a facility may be uitlized in the
regeneration and recovery processes discussed herein below. Further, the waste heat may be
withized for purposes of sorbent preheating which serves to “activate” sorbent prior to
froduction into 3 reaction zone. Although the exact mechanism of activation is not known,
it s generally known that oxides of manganese can be “activated” with heat. Thus, as can be
seen in Figare 28, a system according fo the invention nmay further include a sorbent preheater
22 which may actually be part of or separate from sorbent feeder 20. The source of heat for
the sorbent prehoster may be any heat source, bt waste heat from facility processes can be
econormically efficiently utibized for thus purpose,

The SOx andfor NOy, capture rate may be regulated by the amount of sorbent fed into
the reaction zones. In order to regulate caphire rate, gas measuring devices, such as
continuous ermission mondtors (CEMS), are utilized to measure the composition of the gas at
(e inlet to the reaction zone and at the sutlet of the reaction zone. With reference to Figure
14, the gas flows from the external gas source 15 and past CEMS 80A where the gas
composition is measured prioy to entry mto Srst reaction zone 30. Another CEMS 80B is
provided after the firat reaction zone 30 to measure the concentration of the gas substantially

stripped of SO and/or WOy as it passes from the first reaction zone 30, As in Figure 1, the
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2as may be vented to & siack 40, passed to 2 second reaciion zong 38, or another sysiem unit
for further processing.

In the svstem of the invention, a bag house may serve as a reaction zone andior as a
golid gas separator, since bag houses are solid-gas separators. A conventional, commercially
available bag bouse 82 is depicied in Figures 6 through 9. Figure 6 is a perspective view of a
bag house 82, Figure 7 is an end elevation view showing 2 bag bounse 82. Figure 8isatop
plan view of a bag house 82. Figure 9 ig a side elevation view of 8 bag house 82, Within the
bag house 82 are a plurality of bags 88 also referred to as filter fabric bagg shown in Figures
7 through 9. As can be seen in figure 7 through 9, the bag house 82 has a plurality of filter
fabric bags 88 suspended therein, Typically, they are suspended from a frame or support
structure af the top of the bag house 82. The filter bags 88 may be of various shapes, e.g.,
conical or pyramidal, sud include an internal frame and éuitable fabric filter, Those skilled
in the art would be able to select suitable flter fabric materials from those commercially
avaiiable. Gas and enirained sorbent enters the bag house 82 through the bag house inlet 92,
shown in Figures 7 through 9, and by virtue of an applied differential pressure, gases are
foreed through the fabric of the bags 88 and the enirained sorbents are separated from the gas
by forming a filter cake on the surface of the bags 88, The filier cake thus formed is a
reaction mediwm where pollutanis are contacted with and removed by the sorbent. The
coramingled gases and sorbents move vertically upward snd contact the fubric and/or the
filter cake formed thereon. The bags 88 are configured fo permit the gases to be divected
from the outside o the nside of the bags 10 a conduit at the top of the bag bouse 82 and then
{0 the bag house outlet 98, shown in Figures 6 through 9.

While the bag bouse 32 is in operation, the filter bags 88 may be periodically pulsed
or otherwise agitated in order {o adjust difforential pressure across the bag house 82, which
frees some or all of the filter cake and allows gas to flow more freely tlwough the filler cake
and the fabric filler bags. If the filter cake is allowed 1o get too thick, excess differcoiial
differential pressure across the bag house or the system of the invention may result, Thus, ihe
pulse intensity or frequency can be utilized to regulate or adjust differential pressure. When
the bag house $2 is taken off line, the bags 88 may be pulsed to free the bags 88 of virbually
al} reacted and vnreacted sorbeni not otherwise removed during normal operations. The
reacted and woreacied sorbent or filter cake fall from the bags 88 by gravity into a hopper 112

(seen in Pigures 7 and 9) at the bottom of the bag house 82 for subsequoent removal from the
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bag house hopper 112. Removal from the hopper 112 may be accorophished with 4 screw
conveyor or by other appropriate means, even manuatly. _

A thicker filter cake will lead o increased removal efficiency, but at the price of extra
power required 1o force the external gas source twough the reaction zone. In one exarnple,
more power is reguired for an nduction fan to poll exhaust gases through the bag bouse when
the filter cake thickness is greater. The differeniial pressure may thus be mainiained af an
optimal level, frading off increased power requirements against the increased pollutant
removal. In addition, the thicker the filter cake the Jonger the residence time of the sorbent
material in the system. Longer residence time of the gas in the filter cake reaulis in betier
removal efficiencics. Fhgher sorbent loading rates results in less material that will have to be
regenerated. This may also be taken into consideration in setting the differential pressure set
point.

In Figures 7 and 9, the plurality of filter bags is shown in position within the bag
house. Also shown near the top of the bag house 82 s a pulse valve 124 ntilized {o puise the
fabric bags 88 in order o reduce filter cake thickness or to free the filter cake from the bags
88. The bag house may be provided with a number of pulse valves 124, During operation,
these pulse valves 124 may be sctivated sequentially or randomly in order to pulse the bags
&% in order to reguiate and conirol differential pressure across the bag house 82 or the sysiem
as a whole. When the bag house is faken off-line, the bags may be pulsed to free the bags of
virtualy all filter cake so that reacied and unreacted sorbent may be removed.

The bag house lusirated in Figure 6 through 9 ie of a conventional design. In
Figures 10 and 11, a novel bag house according to the invention is illustrated. This bag
fiouse, which can be utilized 11y the system of the invention, is referred to as an inverted bag
house 145, The inverted bag house 140 eliminates the need for high can velocities, and
permits downward, vertical fow of gases and reacted and unreacted sorbent. The inverted
bag house 140 is comprigsed of a‘bag house housing 142, af least one inlet 145, a phuality of
fabric filter bags 88, a support structure 149 for the filter bags, a hopper 152 {0 receive and
collect reacted and unreacted sorbent, an outlet 154, and a conduit 138, The bag house
housing permits the indroduction of gases and reacted and unreacted sorbent entrained m the
gases, has a top and a boitom and is configured for gases to flow vertically downward from
the top to the botiom of the bag house. The intet 145 i3 located near the top of the bag house
housing and is configured for the introduction of gases and reacied and unreacted sorbent

entrained in the gases into the bag house. The pluralify of fabric filter bags 8§ are configured
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to allow gas to flow from the outside of the bags 88 to the inside of the bags 88 under an
applied differential pressure and to prevent the passage of reacied and wnreacted sorbeni from
the outside to the inside of the bags 88, thereby separating reacied and woreacted sorbent from
the gas and forming a filier calve on the bags 28, The support sthucture 149 is configured to
receive and support the fabric filter bags 88 and to provide openings through which reacted
and unreacted sorbent mav be freely passed downward into the bopper 152 by gravity, The
hopper 152 is configured to receive the reacted and unveacted sorbent and {o permit the
removal of the reacted and wreacied sorbent. The mverted bag house 140 also has an outlet
154 located near the bottom of the housing 142 below the bags 88 and above the hopper 152,
The outlet 154 is connected to a conduit 158 located below the fabric filler bags 82 and
positioned o receive gas passing through the fabric filter bags., Conduit 158 conveys gas fo
ihe cutlet so that the gas may be vented or passed from the inverted bag bouse 140,

In Figare 12, a bag house reactor 150 of the invendion is illustrated. This bag houss
reactor 150 can also be utilized in the system In place of a conventional bag house. Thebag
house reactor 150 has interior surface 154 and exterior surface 152, I may be viewed as
having an upper section 156, centrsl section 157 and lower section 158, Generally located in
the ceniral and/or lower scctions 157, 158 s g variable ventury 160, The purpose of the
variable ventari 160 is to adjust the velocity of gas flowing through the veuturl opening
within the bag house reactor 150, The variable ventard 160 is configured to adjust the
position of fhe variable venturd by varying the space or distance between the variable venturi
160 and the interior surface 152 of the bag house reactor 150, In order to vary posiiion a
varigble venturi position detector 367 shown in Figure 23) for determining the position of the
variable venturi 160 and a varable venturd positioner 368 {shown in Figore 23) for adjusting
the position of the variable venturi 160 are provided. .

With ihe varialde ventuei 160 contacting the mterior surface 154 of the bag house
reactor 150, gas cannot flow from the lower section 158 {o the condral and upper soctions 156,
157 of the bag house. By opening the space between the variable venturl 160 and the intenior
surface 154, gas is allowed to flow through the reactor 150, Gas introduced through gas
distribution condiit 164 and the gas distribution port 162 flows from the lower section 158 to
above the variable venturt 160 and into the ceniral and upper sections 156, 157, and to the
fikter bags 88, When the space between the variable venturi 160 and the interior surface 154
is wide, the gas flows at lower velocities which allows some of the sorbent suspended above

the variable venturi 160 {0 fall info the hopper 112.
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There is also a sovbent distribotion port 166 connecied to a sorbent feed conduit 168,
The sorbent distribution port 166 is positioned above the variable venturi 160 to allow the
introduction of sorbent Inio the upper seotion 156 of the bag house reactor 150, The sorhent
disiribution pori 166 is confignred to allow introduction of sorbent into the bag house. Pord
162 is configured to ailow introduction of gas mto the bag house reactor.

The bag house reactor 150 has a plurality of fabric filter bags 88 secured therein. The
fabric filter bags are mounted in the upper section 156 of the bag house reactor 150 and
extend dowaward into the contral section 157, At the bottom of the bag house reacior in the
lywer section 158, is a sorbent hopper 112 where reacted and unreacted sorbent is collected.
The sorhent hopper is connected to outlet 172, Gutlet 172 has an outlet valve 176 which in
the open position allows for the removal of sorbent from the hopper 112, A vent 18018
located in the top section 136 of the bag house reactor 130, Gases flowing through the bag
house reactor 150 pass from the bag house reactor 150 through the vent 180 and may be
divected on for farther processing or venting to the atmosphere.

Sorbent entrained in gases containing pollutants such as SOy and WOy can begin
reacting with the sorbent during transport in the sorbent foeder conduit 168, Since SOxis
more reactive than NOxy, the more reactive SOy is primarily captured while it is being
transported {o the bag house reactor 150 in the first sorbent feeder comduit 164, At lower gas
velocities the larger solids will abrade into finer solids and re-fluidize. The finer solids will
travel upward through the opening between the variable venturi 160 and the interior surface
154 where the sorbent is suspended to create a pseudo fluidized-hed above the variable
venturi 160 and the finest particuies will travel upwards to form a filter cake on the surface of
the fabric filter bags 88. By adjusting the position of the variable venturi 160 increasing or
decreasing the space between the variable ventari 160 and the interior surface 154 of the bag
house reactor 150 gas velocity is correspondingly decreased or increased. In operation, the
variable venturl may be positioned to achdeve & gas velocity sulficient to suspend a sefented
coarse fraction sorbent just above the orifice to create 3 pseudo-fluidized bed which may
primarily or preferentially capture 8Oy, since SOy is more reactive than NOx. Partially
stripped gas flows apward from the pseudo-flnidized bed carrying the finer fraction sorbent
onto the filter bags. The resulting filier cake provides a reaction medivm where “slower”
reactions, such as NOy removal may cccur. The varigble venturi 160 pesition may be
adjusted o achieve the desired thickness of filter cake oo the fabric bags 88 thereby

increasing or decreasing the differential pressure across the system also to balance overall
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differential pressure by changing the venturi resiriction. The fabric filter bags 88 may also be
pulsed fo pariially remaove filter calce and thus regulate differential pressure. The gas flow
rate entering port 162 can be adjusted to regulste upward gas velocity so that the bags 88 may
be pulsed to allow some of the loaded sorbent to fall into the hopper 112 without being
reentrained in the gas or redepostied on the bags 88,

Using the variable ventord 160, one can operaie the gvstern so that sorbend suspended
above the venturl, loaded with the faster reacting gases, can primarily be captured by falling
1o the hopper befors being carried up to the filter bags 88. The fraction of sorbent loaded
with faster reacting gases can then be removed from the hopper 112 by opening the outlet
valve 176 so that that fraction may be removed from the hopper 112 through the outlet 172,
Later the fabric filter bags 88 can be pulsed {6 releass the sorbent loaded with slower reacting
gases which would then fall through the variable venturi 160 into the hopper 112, The
sorbent loaded with slower reacting gases could then be removed from the hopper through
loaded sorbent outlet 172 after the outlet valve 176 has been opened. This could allow for the
separate processing of the different loaded sorbent fractions to regenerate the sorbent and
produce usef] by-producis,

Differential pressurs, which represents sorbent filter cake thickness, is only one of
several process parameters that can be controlled in the system in order to achieve desired
levals of 80y and NQy removal efficiencies and cost advantages of the systern, NOx and
SO removal efficiency may be regulated by various processes, including sorbent feeder rate
and temperature control at the inlet to the reaction zones of the system. These controls are
achieved by the conirol sub-clements or electronics, which inchude hardware and software
and also are reforred o berem below as control Joops.

Referring now fo Figure 13, a ditferential pressure control loop 300 s tllustrated.
Pxternal gas source 15 is illustrated feeding fiest reaction zone 30, which in turn feeds
generally an oulput gas streamn 316, which can feed either stack 40 or second reaction zone
38. The differential pressure across fivst reaction zone 30 may be measured as ilosirated as
difference in pressure between the inlet pressure 306 and the outlet pressure 304, In the
example ilhustrated, inlel pressure 306 and outled pressure 304 feed a differentiad pressure cell
308, which sends a differential pressure signal 310 to g differential pressure controlier 302,

Differential pressure controller 302 can be any appropriate condroller, including a
proportional integral derivative (P1D) controller. As used herein, PID conirollers may be

understood to operate using sny combination of the proportional, itegral, and derivative
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components, Differential pressure comdroller 302 can accept a set point 312, indicating the
desired differential pressure across first reaction zone 30, Set point 312 can be hwman or
computer generated. As discussed below, differential pressure controller 332, and other
controllers, may be implemented ag a stand-alone controller, disteibuted comrol system, as a
PID block in a programmable logic controller (PLC), or as a set of discrete cajculations
within a PLC. Differential pressune controller 302 generates an output signal 314 to conirol
the differential pressure across first reaction zone 30, In embodiments where first reaction
zone 30 mcludes a bag house or uses solids-filtering ynedia, ditferential pressure controlier
362 output signal 314 may control the shalang, pulsing, or other removal of sorbent which
has formed a filter cake on the filier madium.

In one embodiment, first reaction zone 30 includes numerous filter bags which can
have an exterior condaining sorbent material and an interior having a lower pressure, acting to
puli the sorbent material against the bag filter media. In one example of the ivention, a
compressed air jet, pulse valve 124, is periodically discharged within the interior of the filter.
i one embodiment, the compressed air pulse is sufficiently strong to dislodge a portion of
caked sorbent maierial from the filter material even during normal operation of the bag
house, not requiring the shut down of the bag howse. In one embodiment, the individual bags
are sequentially pulsed to dislodge a portion of calked sorbent material. The frequency of the
pulsing may be increased i order to maintain a thinner filter cake thickmess. Thus,
increasing the frequency of the periodic pulsing of sach filter bag will maintain a smaller
filter cake thickaess, and thus result in a smaller differential pressure across the bag house a8
a whole. In one expbodiment, filter bags are grouped by row, with cach row periodically
pulsed at the same instant, Tn some embodiments, output 314 from differential pressure
controlier 302 includes a frequency for pulsing fikers within a bag house reaction zone,
Drifferential pressurs controlier 302, in response to a higher differential pressure than set
point, may increass the froquency of filier pulsing through output 314, Conversely, in
response 1o a lower differential pressure than set point, differential presoure controller 302
may decrease the frequency of filter pulsing through output 314.

n one embodiment, the individual filter bags are formed of cylindrical filter media
disposed about a rigid cylindrical cage, with the compressed air jei, pulse valve 124, disposed
within the cylindrical rigid cage. Afler a period of time, the sorbent material filter cake
buiids up on the outside of the filter media, forming a thick flier cake. The puised air jef can

force the filter media momentarily away fiom the cylindsical rigid cage, thereby cracking the
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caked sorbent material and dislodging i, thereby allowing the sorbent material to fall under
gravity to be collested and removed from the reaction zone.

A thicker filter cake can lead to increased polluiant removal efficiency, but af the
price of extra power required to force the external gas source through the reaction zone. In
one axample, more power is required for an induction fan to pull exhaust gases through the
bag house when the filter cake thickness is greater. The differential pressure may thus be
maintained at an optimal level, trading off increased power requircments against the
increased pollutant removal. In addition, as the filter cake thickness moereases the contact or
residence time of the gas with sorbent material in the system increases, resufling in more
complete reaction. Therefore legs material will have {0 be regenerated. This may also be
taken into consideration in defining the differential pressure set point.

Referving now 1o Figure 14, an emdssions condrol Joop 320 i illustrated. A gas stream
may be seen to flow from gas somee 15, through 2 first confinuous endssion momtor system
{CEM) 804, then to first reaction zone 30, then to a second UEM R0B. A sorbent feeder 20
may be seen to feed material to first reaction zone 30, Feader 20 may be a sorew feeder
having a variable speed screw, anger, pnewmatic conveyer, or other method to move sorbent,
within.

CEM 80A and CEM B0B can represent a NOy analyzer and or a SOy analyzer. In one
emmbodiment, CEM 80A is a chemiluminesceni monitor, for example, Thermo Flectron model
428, In one anbodinent, CEM 80A mcludes a SOy monitor such as Bovar Wesiern
Research model 921NMP, aiilizing a specirophotometric method. In some embodiments,
CEM 80A and CEM 80B include both NOy and SOx analyzers. A feed controller 322 may
be seen o accept a first input 328 from an outlet CEM signai 325, Controller input 328 may
be used as u feedback sighal to conlrol the feeder rate. In some embodiments, a feeder
controlier 322 also has 4 second input 330 accepting an infel measurement signal 324, also
imclnding pollutant concentration data. Second input 330 may be used {o display the
mneoming gas concentrations and/or to caleulate percentage rernoval sef points in the system.
Feeder controller 322 also accepis a sef point signal 326, indicating the desired foed raie
and/or the desired NOy or S0y concentration exiting first reaction zone 30. Feeder controlier
ouiput 332 can be a variable frequency drive signal, among other available signals, to control
the speed of fseder 20.

Feeder controller 322 may be any suitable controfler, inchuding a PIDy controller

wtilizing any combination of its individual modes, In one embodimend, set point 326 is set at
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& desirad concentration for either NOy or SOy, depending on the embodiment. The gas
conceniration signal 3235 fom CBM &CB can be used by feeder controller 322 (o caloulate
oulput signal 332, When the gas concentration is higher than indicated as desirable by set
point 326, oufput 332 can be increased to increase the speed of feeder 20, which will put
more sorbent info first reaction zone 30, thereby dropping the polivtant concentration.
Conversely, when pollutant gas concentration 325 is lower than requirved, fesder controller
output 332 can be decreased to decrease the rate of sorbent addition from feeder 20 into first
reaction zone 30.

Refermring now to Figurs 15, the gas to be cleaned may be seen to flow from external
gas source 15, through a first heat exchanger 72A, through first reaction zone 30, through
second heat exchanger 728, through @ second reaction zons 38, and to stack 40, Figure 15
illusirates a system having two reaction zones and iwo heat exchangers. The temperaturs to
the first reaction zone 30 may be scen to be controlled by a Grst temperature controlier 340,
which accepts a set point 344 and a tormperature input 342, and generates an output 346 1o
first heat exchanger 72A. As previously discussed, the maximum desired temperature in the
reaction zone may depend on the thermal decomposition temperafure(s) of the sulfates of
manganess or nitrates of manganese, depending on whether NOyx and/or 80y are being
removed. Lower fermperature sel points will be above the dew point of the system and
adjusted automatically or manually as needed. In one embodiment, the temperature to be
controlied is measured af the reaction zone itscl, rather than at the outlet from the heat
exchanger, in order to more direstly measure the tempersture in the reaciion zone. In one
embodiment, temperature controller 340 output 346 may be a variable analog signal or other
variable signals used to coniroi a variabie speed blower to control the outiet temperature from
heat exchanger 72A. Temperature coniroller 340 may increase/decrease the cooling air
passing through beat exchanger 72A when the fomperature in first reaction zone 30 is
greater/less than sef pomt 344,

A second temperature controfler 350 may be seen to accept a temperature input 352
from second reaction zone 3¥ and a set point 354, and to generaie an cufput 356 for heat
exchanger 728. Second temperature covtroller 350 may be similar to fivst temperahure
controller 340. In one embodiment, heat exchanger 72B is used to cool the incoming gas,
using ambient afr as the cooling modiwm. As discussed previously with respect to

temperatire controller 340, second temperature controller 350 may morease/decrease the
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oulput to a variable speed drive coupled 1o 2 blower when the temperature of second reaction
zone 38 iz greater/less than sef point 354,

Figure 15 also illusivates how a first feeder 20A may foed material to fst reaction
zone 30, A second feeder 208 may be used to feed sorbent material to second reaction zone
38. First feeder 204 and second feeder 208 may be controlied as previously described with
respect to fecder 20 in Figure 14,

Referring now io Figure 16, 2 conirol and data acquisition systeim 400 for controlling
and monitoring the previously described processes 1s llustraied. System 400 may be seento
include generally a programmable logic countroiler (PLC) 402 and a local on-site computer
440, Both PLC 402 and local computer 440 may be coupled to the World Wide Web 424,
PLC 402 and local computer 440 may be accessed over World Wide Web 424 by a user PC
428, 5 hand-held compuier such as a Palm Pilot 430, and other devices 426 which can aceess
World Wide Web 424,

PLC 402 may be seen {o iclude 8 PLC rack 403, In one example, PLC 402 is an
Allen Bradley PLC. In one example, the Allen Bradley PLC 15 a PLC 5. PLC rack 403 may
be seen 1o include a PLL processor module 408, and Ethemet module 410, and g DC power
supply 412, PLC 402 may be seen to include an cutput bus 406, for exampls a Control net
bus 406. Bus 406, in the presept example, may be seen o be coupled 1o numerous
mput/output cards 404, Input/output cards 404 may be seen to include a disorete Y0 cards
4044, mixed discrele and anslog VO cards 4048, discrete VO cards 404C, discrete and
analog O cards 404D, more discrete and analog cards YO 404E, s vanable frequency drive
card 404F, and a second variable frequency drive card 40443, The discrete /0 may be
commonty ased fo aceept inputs from discrete switches such as limit switches, and the culpui
used o open and shut valves and to start and stop motors. The analog T0 may be used {o
aceept input analog measurements from sensors and o conirol variable posifion outpui
devises. The variable frequency drive outpuis may be used to condrol variable speed motors,
for example, variable speed motors used to control airflow pass the heat exchangers.

PLC 402 may be seen to be coupled to an Ethernet hub 420 via an Ethernet cable 418,
In one embodiment, a DSL modem 422 enables Erhernet hub 420 t0 be accessed from World
Wide Web 424, Local computer 440 may also be seen to be conpled to Bthernet hob 420 via
an Ethernet cable 444, Ethernet cable 444 can be coupled to an Ethernet card 446, Stmnilarly,
local computer phone line 442 may be coupled to a PC modem card 450, The PC modem

card can provide access to World Wide Web 424 when a DSL modem line s not available or
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is not funciioning. Local computer 440 may be seen to include software 448 which can
include, for example, Microsoft Windows 2000 as an operating system that is providing both
server and terminal functionality. Software component 448 can include an Allen Bradiey
OLE Process Control {OPC) module 452, as well as an Intellution ® OPC server component
454. The IFIX process monitoring and control package by Intellution is used v one
eonbodimeni. An Intellution process database component 456 may also be included. Allen
Bradiey OPC server 452 can provide communication between local on-site computer and
Allen Bradley PLC 402,

Intellution OPC server 454 can provide communication between the Allen Bradley
inputs and outputs and the Intellution process monitoring and conirel system sesiding within
local comyruier 440, Intellution process database 456 may be used to monitor and control the
enbire process. Inlellution Work Space 458 may be used to allow access to monitor, display,
and change curvent data, and a historical data area 460 may be used to trend historical process
data. An Access/Oracle RDB component 462 may also be included to provide database
reporting. In one embodiment, a report moduls, for example, & Microsoft Excel or Crystal
report component 464 may also be provided. In some embodiments, an Intellution web
server component 466 1s provided, as 15 a Microsoft Intemet Information Server (I15) module
468. I some embodiments, local on-site cormputer 440 has a local terminal or CRT as well
to display, monitor, and change data residing in the Intellution Work Space 458,

In some embodiments, most or all of the controls discussed below in the present
application are implomented within control system 400, In one ernbodiment, most or alk
controls are implemented within Allen Bradley PLC 402. For example, PID conlrol blocks
can be implemented using provided Allen Bradiey PID blocks, or the blocks can be created
from primitive mathematical operations using ladder logic. Control blocks such as the table
blocks and selector blocks of Figures 24 and 25 may be implemented within Allen Bradiey
PLC 402 ysing standard blocks. Local on-site computer 440 may be used to store and output
values such as PID set points and selector switch values from local computer 440 1o registers
or control blocks within PLC 402. For example, the st poinis o heat exchanger, differential
pressure, and foed rate control blocks may reside within local computer 440 and be
downloaded to PLC 402, The set poinis may be obtained by local computer 440 from a local
torrvingd and/or from World Wide Web 424 from devices 426, 428, and/or 430, protected by
appropriate security. Local compuier 440 can be used io provide historival trending, operator

interface, alanming, and reporting,
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Referring now to Figure 17, a process graphic 450, as displayed on a lnunan-machine
interface is displayed. Process graphic 450 may be dispiayed, for exampls, on an Iniellution
[FIX eystem. Process graphic 450 can be updated in real fime and can reside on a personal
computer, for example. Process graphic 450 includes 2 manwal switch 458 and an automatic
switch 439 for controlling the control mode of the differential pressure across the bag house,
Process graphic 450 also includes a table of values 460 including the differential pressure set
point, the actual differential presuure and the inlet tempersture to the bag house. Axn oulput
table 462 is also illustrated, including the bag house ouilet temperature, the flue gas flow rate,
the fnlet pressure to the bag house and the outlet pressure from the bag house. A bag house
4352 is shown diagrammatically including an inlet 454 snd an outlet 456, An outlet emission
{able 464 1s algo illustrated, mcluding the SOy, the NOyg level, and the O level. Process
graphic 450 may be used to monitor and control the bag house differential pressure, as
previously discussed.

Referring now to Figure 18, a process graphic 470 is illustrated as may be displayed
on an Intellution IFIX process graphic. Procoss graphic 470 can roonitor and conirol the
absorbent feeder speed, including an increase button 471 and a decreass buiton 472, The
actual feeder speed in pounds of sorbent per howr is iliustrated at feeder speed 483, A
scrubber indet table 473 is illustrated, including 4 SO level, a NO level, a NO; lovel, a NOy
fevel, a CO level, and an (O, level. A scrubber outlet table 474 includes the same levels as the
indct, but al the scrubber outlet. A NOx control section 475 on the process graphic inchudes o
manual button 476 and an avlo button 477, ag well as a set pomt 478, In avtomatic moda, set
point 478 may be used to control the feeder speed using the NOx set point. Similardy, a0 5O,
control seclion 479 inchudes a manual conirol button 480 and an aulo coundrol bution 481, as
well as & sot point 482, In automatic mode, set point 479 may be used to conirol the foeder
speed using the SO, sef point.

Referring now 1o Figure 19, a process graphic 450 is ilinstrated, 85 may be foundon a
process control and monitoring station. A cooler 491 is llustrated, having an inlet 492 and an
outlet 493, with the inlet and oufiet fomperatures being displayed in veal time, Cooler 491
may be a hest exchanger as previously discussed. Process graphic 490 includes a manual
button 494 and an suto button 493, The bag house inlet temperature is displayed at 498 as is
the cooler sof point 457, When in the anfomatic mode, the fan speed niay be controlied by 2
PID controller using set point 497, Process graphic 490 also includes an outlet cmission table
496, inchuding the SOy, level, the NOyx level, and the (; level
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Referring now 1o Figure 20, differential pressure control loop 300 is illustrated in
block diagram form. Differentiai pressure controller 302 may be seen to accept sei point 312
and actual differential pressure 310, and to generate output signal 314 to conirol the
differential pressure across bag house 30. As previously discussed, differemtial pressure set
point 312 may be set taking into account the desived pollutant removal target of the system,
the power required to force gas through the filters, and the desired rate of sorbent
replenishment,

Refarring now to Figure 21, sorbent feeder control loop 320 is ilustrated in block
diasgram form. As previously discussed, feeder control Ioop 320 can include & reaction zong
CEM unit 808 that generates an output signal from the NOy and/or SOx emission analyzers.
Emissions/Feeder controller 322 can accept the MOy or SOy measured emission level through
controiler input 328, and accepts a set point 326 indicating the desired NOx and/or SOx
concentration. Controller 322 may also send a controller output 332 to sorbent feeder 20. As
previously discussed, sorbent feeder 20 may be a varigble speed screw feeder, accepling a
variable analog drive signal among others as its input from feeder controlier 322. The
process trade-offs in sefting sef point 326 are as previcusly describad.

Figure 22 illusirates a controf loop 341 for controlling the temperatare of bag house
82. Teraperature controller 340 is as previously described with respect to Fagure 15,
Temperature coniroller 340 accepts a bag house temperature input 342 and desired bag house
mput teroperatume sei point 344, generating controller output 346 which can be fed as 2 fan
speed contrel 1o heat exchanger 72A. The controf scheme rationale is as previcasly dasoribed
with respect to Figure 15.

Referring now o Figure 23, a variable venturi control loop 361 is illustraied. Figure
23 ilustrates a venturi position controlier 360, which accepls a veniuri position set point 362
and an actual venturl position inpot 364, generating a conirolier output 366 which can be
accepted by a variable ventur posttioner at 368, The actnal position of the variable venturi
position ray be measured by a position detector 367, In one embodient, the variable
venturi position may he measured in units of 0 {0 100%. Veniuri set point 362 may be set as
1 funchon of one of several desired process parameters.

The variable venfuri position may be set to control the space between the variable
venturi 160 and imerior surface 154, the cross-sectional flow arsa, available for the bag house
inlet gas to fow around the flow nccluding devise, varisble venturi 160, thereby controlling

the fluidization velocily of the gas. When the flow cross-sectional area s decreased, the 2as
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flow velocity increases, which can be used to support a deeper fluidized bed depth of sorbent
majerial. If the gas flow veloeity is made very high, only the densest sorbent particles will be
able to descend against the swiftly rising gag and be collected from the system. Ifthe fluid
velocity is set very low, even the lightest particles will be abie fo settle ont of the systens
quickly, thereby increasing the need for regeneration or recyeling of material back to the
reaction zone for more loading. A higher gas flow velocity will, in effect, creaie a fhuidized
bed reactor, having a fluidized bed of sorbent material held in place by the upwardly rising
gas stream. A rapidly moving gas stream will also carry more sorbent particles to the fabric
bags 88 filter to form a fiiter cake. Conversely, a slowly moving gas flow around the variable
venturi 160 will allow many sorbent particles fo fall and be collected prior o becoming caked
upon the bags 88. A deeper fhuidized bed will create higher differential pressures and a
shatlow fluidized bed will create lower differential pressures. Removal efficiencies may be
taken into consideration when setting 5Oy and/or NOy fluidized bed depth. Variable venuuri
controller 360 may be any suilable controller, inchuding o PID controller, utilizing any
vombination of its modes,

Referring now to Figure 24, a control scheme 370 is illusirated for conirolling sorbeni
feeder 20 using one set of inpuis selected from the group including NOy concentration, SOy
concentration, and reactor zone differential pressure. The conirel of sorbent feeder 20 may
be accomplished by selecting one of the aforementioned control inputs, where the selection
may be based on the greatest deviation from 3et point or g1zor.

An error generator 373 may be secn to accept several aciual measurement signals 384,
as well as soveral seb points 383, The actual signals and set points may be used io gonerate
corresponding errors, for example, using subtraction. Ervor gencrator 373 may be scen in this
cxample to oulput a NOyxerror 3734, a 80y ervor 3738, and a differential pressure error
373C. The ouipuis frow error generator 373 may be accepted by an error selecior gate 374,
with one of the toput errors selecied and cutput as the error 1o a controller error input 342,
Error seloctor gate 374 may be operated manually to accept one of the several input errors in
some embodiments. In other embodiments, ervor selector gate 374 may automatically select
the largest ervor or deviation, to control based on the process variable or parameter most
requiring attention. For exarople, sorbent feeder 20 may be controlled based upon the NOxg
conceniration, the 50y concentration, or the differeniial pressure across the reaction zone.

Error selecior gate 374 may select the highest deviation, or the highest percent of

deviation, of these three emror inpuds. Hrror selector gate 374 can generate a selector outpui
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385 which can be used to select which of the inputs a gain selector 372 is to select. Similarly,
error selector gate 374 may ouipnt g selector output 383 which can be aceepted by a set pount
selector gate 376 to select from various set pointe provided to the selector gate.

A gain table 371 may be implemented as a table in a fixed database, for example, 2
series of registers in a PLC. Gain table 371 may be seen to include a NOyx gain 3714, a 80y
gain 3718, and a differential pressure gain 371C. The gains from gain table 371 may be seen
to foed gain selector block 372, A gain selector output 377 may be sent to a coniroller gain
input 379

A set point fable 375 may be seen to include a NOy set point 3754, 3 SOy set point
3758, and g differential pressure sel point 375C. The set poinds may be used as inputs to
selector gate 376, with selector output 383 being nsed to select one of the input set points,
Selector gate 376 may be seen 1o cutput one of the selected set points to controlier set point
input 380,

Countrol scheme 370 thus provides a system and method for controlling the sorbent
feeder rate based upon any one of the NOy concentrations, the SOy concentration or the
differential pressure across the reaction zone. This can be accomplished using the selector
blocks previously discussed while only requiring a single controlier. Controller 378 can be,
for example, a PID controller, using any combination of its individual modes,

Referring now fo Figure 25, a control scheme 390 is illustrated, similar in some
respects to conirol scheme 370 of Figure 24. Conirol scheme 390 incindes similar control
blocks, tables, and outputs as previcusty described in Figure 24. Control schetne 390 further
includes the vanable venturl contred as one of the possible sels of inputs, gains, and set poinis
io be used to control sorheni feeder 20, Gain table 371 may be seen to welude a variable
venturi gain 3710, Hrror gencrator 373 may be seeon to generate a variable ventart emror
3730, Set point table 375 may be seen to include a variable ventur sef point 3750, Control
schame 390 may thus operate n a manner shvilar fo condrol scheme 370 of Figure 24, but
allowing for control based on the venturi postiion.

Yarious componenis of the system of the invention have been discussed above, Many
of the components of the system are commercially available from various original equipment
mantfacturers and are known to those of ordinary skill in the art. Fusther, one skilled in the
art will recognize and understand that the reaction zones and other umis of the system of the
invention may be connscted by pipes, ducts, and tines |, otc. which allow gas and/or sorbent to

flow through and within the system and that reaction zones are in flow through
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communication inn dual and ot stage embodirnents of the invention, In addifion to the
aforementioned system componenis, the system may further include various hoppers,
conveyors, separators, reciveulation equipment, horizoutal and verticsl conveyors, eductors.
Fuarther, there may be modulating diverter valves, vibralors associated with feeders,
compressors to provide instrument air to pulse filter fZbric bags, as well as various meters and
sampling ports,

In addition to removing SOy aud MOy, the system and processes of the invention can
be utilized to rernove mercury (Hg) and fiy ash. Gases emanating from combustion of fuels,
which comtain mercury and sulfides, include mercury compounds, mercury vapor, ash, SOy
and NO«. These gases and solids are commingled with oxides of manganese and are
transporied at a sufficient velocity as a gas-solids mixiure to a reactor, which may be abag
house or other reacior/separating device. During transport and during residence in the reactor,
oxidation-reduction reactions ocour. These reactions cause the conversion of mercury vapor
to mercuey compound(s), and sorbent and/or afmina adsorb the mercary compound{s). As
disclosed above, SOx and NOyx are removed through reaction with oxides of manganese to
form sulfate and nitrate compounds of manganese. These reaction products, unreacted
sorbent (if any) alwmina, adsorbed mercury, and ash are trapped and collected in the bag
house and clean, substantially stripped gases are vented to the stack. Thus, during the
processing of gases with the system of the lnvention, mercury and mercury compounds way
also be removed.  The reacted and snreacted sorbent when removed from the reaction zones
of e system may be further processed to gencrate vseful products and o regenerate the
sorbent as described herem below.

The syster of the invention in its various cabodiments may be utibized in a process
for removal of oxides of sulfir and/or oxides of nitrogen, mercury {compounds and vapor),
and other pollutants fromn a gas stream. The processes generally ipvolve providing a system
according fo the invention, whether single stage, dual-siage, or multi-stage. Gas and sorbent
are mtroduced info a reaction zone and contacted for a time sufficient to effect caphure of the
targeted polloiani(s) thereby substantially stripping the gas of the targeted pollutani(s). Ina
single-stage removal process, the reaction zove would need fo be a solid-gas scparator
operating as a reaction zone or else followed by a solid-gas separator i order to vender the
gas that has been substantially stripped of a target pollutant fiee of solids so thal the gas may
cither be vented or directed for further processing. In 2 dual-stage removal process, the

second reaction would preferably be a solid-gas separalor operating as a reaction gone. And,

PAC ET AL. EXHIBIT 1023
Page 1411



i

i0

i3

20

30

W 02/28313 PUT/USOL/Z8473
37

in a multi-stage removal process the last veaction zons in the series of reaction zones through
which the process gas is directed would need 10 be a solid-gas separaior operating as a
reaction gone or else followed by a solid-gas separator in order to render the gas that has been
substantially stripped of a target pollutant free of solids so that the gas may either be venled
or directed for further processing. Generally, configuring the systems and processes of the
invention to incor;;‘norate a solid-gas separator as the last reaction zote in a sequence of
removal steps would be most economical and efficient.

A process according to the invention is described below using single-stage and dual-
stage systems of the invention for purposes of illustration. If should be readily understood by
those skilled in the art that the prooesses as described can be adapied to mulli-stage removals
and to removal of various targeted pollvtants with or without the addition of other sorbent
materials or chemical additives, as appropriate,

Removal of SOy and/or NGy can be accomplished in a single single-stage removal
systent. Sorbent and gas containing S0y and/or NOy are introduced into a reaction zone 30
where the gas and sorbent are contacted for a time sufficient to substantially strip the gas of
B0y and/or NOy. If SO 15 the primary target poliutant, the gas may be introduced at
temperatures typically ranging from about ambient temperature to below the thermal
decomposition temperature(s) of sulfates of manganese, If NOx is the primary target
potlutart, the gas would be infroduced at temperatures typically ranging from sbout ambient
temperature to below the thormal decomposition temperature(s) of nitrates of manganese. If
both pollutants are present, NOyx will not be captured if the temperature of the gas 19 above
the thermal decomposition ternperature of nitrates of manganese. In the reaction zone, the
gas would be contacted with the sorbent for a time sufficient to effect capture of the pollutamt
at a targeted capture rafe. I both poliutants are to be captured, the capturs rate for the
primary targeted pollatant would control or utilize a control sub-element, such as control loop
320 of Figure 14 or control foop 390 of Figore 25. The capturs rate for the targeted
pollutants can be monitored and adjusted. The reaction zone would preferably be 4 solid-gas
separator that renders the gas free of solids, such as reacied and wnreacted sorbent and any
other particulate matier in the gas so that the gas may be vepted from the reaction zone or
directed for further processing, atter contacting the gas with sorbent for a sufficient time.

In a dual-stage removal process, a system of the mvention having at least two reaction
zones, first and second reaction zone 30, 38 as in Figore 1, is provided, It should be

nunderstood that the system could be 3 system of the invention such as the modular reaction
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units Hlustrated in Figures 2 and 3. With reference o Figore 2, any of the bag houses 62, 64,
66 could serve as firgt and second reaction zones 30, 38 depending upon how the gas is
directed through the system. Further, with reference to Figure 3, the first bag house 70 would
correspond to first reaction zone 30 and either or both of the second and third bag houses 76,
78 would correspond to second reaction zone 38, Additionally, it is undersiood that other
reaction zones may be substituted for the bag houses of Pigures 2 and 3 and the process as
descyibed counld be carried out.

However, for purposes of itiustration, the dual-stage removal process is discussed
with reference to Figure 1. In fhis process of the Invention, gas and sorbent are introduced
into first reaction zone 30 . The gas is contacted with the sorbent for sufficient fime o
primarily effect SOx capture al 2 largeted capture rate. The gas is rendered free of solids and
then vented from the first reaction zone 30, Sorbent and the gas that has been substantially
strippad of 8O« are then introduced into second reaction zone 38, In the second reaction
zone, the gas I3 contacted with the sorbent for a sufficient time to primagily effect NOyx
capture at a targeted capture rate. The gas is rendered free of solids and then vented from the
second reaction zone 38. The vented gas may be directed o stack 40 1o be vented or emitted
inte the atmosphere or divectad on for further processing,

With the processes of the invention, other pollutants that can be captured with oxides
of manganese can be removed. For example, without being limited or bound by theory,
Applicants believe that mercury compounds adsorb onio oxides of manganese. Apphicants
further beheve that, in the sysiem and processes of the invention, elemental mercury is
oxidized to form oxides of mercury which also adsorb onto oxides of manganese.
Additionally, hvdrogen sulfide {(H,8) and other totally reduced sulfides {TRS) can be
removed utilizing oxides of manganese. More specifically, Applicants postulate that the
sulfur in TRS may be oxidized to form SO, which is known o react with oxides of
manganess to form sulfates of manganese. Further still, Applicants believe that CO 1s
oxidized to COz which in tuen reacts with fhe sorbent to form carbonated of manganese
{#4nCO5) from which useful prodects can be recovered and oxides of mangancse regencrated,

It 1s known that mercwry compounds mayv be removed from gases by adsorption on fly
ash andfor ahumina. Thus, ahwnina may be introdused with the sorbent in a reaction zone for
purposes of removing mercury compounds and elemental mercury that has be oxidized to
form oxides of meroury. Thus, clemental mercury that is not oxidized and therefore not

captured by the sorbent in a first or second reaction zons may be captured in a third reaction
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zone, which may he referred to as a mercury-alumina reactor o an aluina reactor. With
respect to single-stage removal, the mercury compounds may be removed in a reaction zone
by contacting the gas with sorbent for a time safficient for the mercury compounds fo adsorb
on 1o the sorbent, and alumina if mived with the sorbent to thereby substantially strip the gas
of mercury. Further, if the reaction zone is a solid-gas separator, mercury compaimnds
adsorbed to fly ash would also be removed, thereby substaniiaily sivipping the gas of mercury
cormpounds. Tn a dual-stage, the mercury compounds would similarly be removed, but
depending upon which reaction zone is alse a solid gas separator.

Thus, the system and process of the invention are readily understood to include and
contemplate the removal of not only 30y and/or NGOy but other pollutants, such as mercury
compounds, slermental mercury, CO, Oy, TRS, and HpN.

The systemn and process of the invention has been tested at several power plants
utilizing a 8Oy and/or NOx removal demonstration unit cwbodying a system socording o the
invertion, The demonstration wit utilized a bag house as the second resction zone and a
pipe/duct as a fivst reaction zone in a dual stage removal systeyn, The test s and resulis are
surnmarized in the following examples.

Example §

NGy coneentrations were determined using EPA method 7E, chemiluminesent
analysis method, and analyzed with a model 42H chemiluminescent instroment manufactared
by Thermo Electron Ine, Suifur dioxide (SO:) concenirations were measured ntilizing, a
spectrophoiometric analysis method employing a Bovar Western Regearch
Spectrophotometric model S2INMP instrument. In order o obtain accurate and reliable
emission concentrations, sampling and reporting was conducted in accordance with US EPA
Reference CFR 40, Part 60, Appendix A, Method 6C. Gas flow rates in siandard cubic foot
per minute (scfim} were measured using AGA method ¥3, wtilizing a standard orifice plaie
meter run. The demonstralion was conducted utilizing a series of test rums on Bve gas
strearas fom a power plant. Said power plant operates steam boilers which are fired on high
sulfur coal. During test runs, NOiy and 30; concentration readings were taken continuounsly
altermnating frorn the islet and the outle! of the demonsiration unit. Gas flow rates were
measured continuously. The demonstration {ests wore performed utilizing two different
forms of sorbent. The tests conducted wtilized various forms of oxides of manganeso as
sorbent. The tests were performed with and without bag houss filter pulsing. The following

table surmarizes the results and operaiional parameters;
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Range of Operation Parameters

Range of NOg Concenirations Processed by the Demonstration Unit 14,3._4 to 320 ppm
Range of S8O; Concentrations Processed by the Demonstration Unit 300 to 1800 ppm
Range of Gas Flow through the Demonsiration Unit 250 to 2000 scfim
Range of Pressure Across the Bag House 0.5 to 10.07 of Hy0
Rango of Bag House Temperatures 60° K 10 246° F
Maximum NOy steady state Removal Raie 96.0%
Maximumn SO, steady state Removal Rate 99.8%

Example 2

A test using the demonstration unit according to the invention, utilizing oxides of
manganese as the sorhent was conducted on a simulated gas siream containing varying levels
of MOy, Oxides of manganese powders that were used doring this test described generally by
60% of particles less than 45 microns in size and having 8 BET swiface area of spproximalely
30w/, Knowing that there is a competition for reaction sites between SO, and N0y, 2
geries of tests was conducted to gather data on the efficiency of NOx capture in the absence
of 80;. Synthetic NOy gas was made on sife by use of igh-conceniration bottle gas which
was diloted into the inlet gas stream and processed by the demonstration unit, The bag house
was pre-toaded with oxides of manganese prior to introduction of test gas by operating the
demonstration voit’s blower at high speed (typically about 1200 scfin), and feeding the
oxides of manganese irdo the gas steeam af a high rate {between 40% and 90% of foeder
capacity) in order o form a suitable filter cake on the fabric bags in the bag house. Gas from
cylinders containing NOy, 20% NO, and 20% NO,, (20,000 ppm) was meiered into the bag
house inlet through 8 rolameter-tyvpe flow gage. NOx concentrations were measured at the
bag house inet and outlet on an alternating basis throughowt the testing with the
demonstration unit’s continuous emissions monitoring system (CEMS), utilizing a Thermo
Flectron model 42H Chemiluminescent instrument. In order to obtain accurate and reliable
emission concenﬁations, sampling and reporting was conducted in accordance with US EPA
Reference CFR 40, Part 60, Appendix A, Method 6C,
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Tests were performed at varying levels of bag bouse differential pressare {measured
it inches of water columum) and flow rates {measurad ie scfhy). The NOy mlet concentrations
vanged from 18.3-376.5 ppm with flow raies ranging from 260-1000. I has been determined
that varying levels of filter cake thickness affect the NCy and SO, removal. A thicker Gilter
cake increases the quantily of sorbent exposed io the gas, thus increasing the micro-reaction
zone within the filter cake. As a represcatation of the sovbent filter cake depth, the
differential pressure across the bag house {referred fo a8 AP) was measured between 2.007-
9.67" of WC (expressed in inches of water colunn), NOy concenirations were recorded once
the system was in steady state and the readings were stable for up to 20 minules. The
following tabrle illustrates the level of NOy removal achieved as a function of inlet

conceniration, gas flow rate, and bag house differential pressure;
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Summary of Bottle Gas NOy Reduction Teost

e e T
No. (pp?‘m} {pp;ii ) Fled‘actmn (i, Ha O (scfm)
1 5.5 3.3 ]7.1 2 () 260
% 140.1 5.5 24.0 3.86 SG0
3 102.0 19,5 a9.7 .71 1000
4 3249 17.4 4.7 778 10040
3 195.0 15.1 923 785 1000
6 46.7 8.4 51.9 7.85 1000
i 2003 32.5 53.8 2040 1000
5 3.2 5.2 78.0 7.80 SO0
o 57.8 11.4 20,3 2.10 500
10 84,59 R.9 £9.5 3,801 SO0
il 560 5.9 89,7 3.80 360
2 154.5 115 04,1 3,80 500
i3 317.5 12.7 26.0 3.80 500
14 376.5 26.7 42,9 _ 2.10 300
15 376.5 20,7 2.9 2.10 500
16 18.3 4.0 7.1 4,45 508
i7 83.5 5.7 85.6 4 .45 S (9
18 443, 1 5.9 85,3 4.45 509
19 83.3 R.7 50.6 4.45 509
2{) 21.5 4.5 792 4.74 300
2 45.7 0.5 258 4.75 300
24 2.1 R.5 0{). 7 4.75 $00
23 2011 11.5 043 476 SO0
24 3175 14.0 95.6 4. 70 SO0
25 52.1 10.0 5.9 G.67 1060
26 82.4 12.0 835.5 .67 1000
27 105.4 13.2 27.3 3.65 1000
28 2240 18.5 G1.3 9.67 1000
24 3128.4 231 03.0 9.67 1000
30 100.2 13.0 53.0 367 1000
Example 3

A farther test of the demonstration unit according o the invention utilizing oxides of
. manganese as the sorbent, was conducted on a live exhaust gas slipstream from a 170 MW
coal fired boiler. The boiler was operating on high sulfur coal of approximately 4-6% sulfin,

resulting fn emdgsion concestrations of SO, in the range of 1200-20060 ppm and Ny
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concentrations in the range of 280-320 ppm. A slipstream averaging 1000 sofm was diverted
from the main stack exhavst and routed to the demonsiration unit for reaction and sorption by
the sorbent oxides of manganese, SO, and NOy concentrations were measured at the scrubber
inlet and outlet of the bag house on an alternating basis throughout the testing with the
demonsization unil’s comtiraons emissions monitoring system (CEMS). 80, concentrations
were measured utilizing 2 Bovar Western Research model 921NMP spectrophotometric
analvzer and NOy concentrations were measured uiilizing 2 Thermo Hlectron model 42H
chemiluminescent instriument. Tn order to obtain acourate and reliable emission
concentrations, sampling and reporting was conducted in accordance with US EPA Reference
CFR 40, Part 60, Appendix A, Method 6C,

S0, removal efficiencies of 89.8% and NOy removal efficiencies of 75.3% were
achieved while processing on average 1000 scfm of exhaust gas af temperatures typically
ranging from 150° F 10 250° F. Test runs were conducted with varying levels of bag house
differential pressures ranging from 0.5 to 8.6” of W, which represents various levels of
filter cake thickness, Teste were also conducted with differcnt rates of bag house filter bag
pulsing and varying levels of oxides of manganese feed rates. Oxides of manganese powders
thal were used during this test described generally by 60% of particles less than 45 microns in
size and having a BET surface area of approximately 30 1n2,"g. The following table gives an
example of 80, and NOy dats collected during a test in which 1000 scfin was processed by
the dry scrubber at an inlet temperature of 250 °F, and a differential pressure of 5.75” of W,
Data was collected once the demonstration unit was in a steady staie of NGy and SO,

removal for a period of 30 minutes. The resulis are sumnmarized in the below table:

Pollutant Inlet ppm | Ouilel ppm| ppm % Removal

Oxides of Nitrogen (NOy)y {2859 70.5 75.3%

Sulfur Dioxide (S0y) 1703 39 99.8%
Exanpie 4

An additional series of demonstration tests of the demonsiration onit, ulilizing oxides
of manganese as the sorbent, was conducted on a live exhaust gas slipstream from a 75 MW
coal fived boiler. This boiler was operating on Powder River Basin (PRB) coal, resulting in
erission concentrations of $O in the range of 340-500 ppro with NOx concontrations in the
range of 250-330 ppm. A slipstrears ranging from 500-1000 sctin was diverted from the

main stack exhaust and routed to the demonstration unit for reaction and sorption by the
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oxides of manganese, Oxides of manganese powder that were used during this test deseribed
generally by 60% of particles {ess than 45 microns in size and baving a BET swiace azea of
approximately 30 m™/g.  SO; and NOy concentrations were measured ot the bag house inlet
and outlet on an alternating basis throughout the test with the demonstration unit™s continuons
emissions mounitoring systemn (CEMS). SO, concentrations were measured utilizing a Bovar
Western Research model 92 1NMP spectrophotometric instrument and NGOy concentrations
were measwed wtilizing a Thermo Electron model 42H chemiluminescent instument, In
order to obtain acourats and relisble emission concentraiions, sampling and reporting was
conducted in acoordance with US EPA Reference CFR 40, Part 60, Appendix A, Method 6C.
SO, and NOy reduction efficioncies were measured at 99.9% and 91.6% respectively.
Testing was conducted with varying degrees of differential pressure (AF) across the bag
house to affect the residence tine of the fargeted pollutants. Reaction chamber terperaiures
ranged from 150° Fio 280° F. It was determined that longer residence times resulted in
improved capture rates for NOy However, the fact that the SO, reaction ocours so rapidly
andd completely, the 86, reduction sfficiency remains nearly cormnplete (89.9%) at even the
lowest of residence times. While operaling the serabber at 0.57-1.07 of W across the bag
house, a pollutant concendration reduchion efficiency of 99.8% for 5O; and 40.0% for NOy
was achieved. It is from these results that the concepi for a two stage reaction chamber
systemn develops, whereby the firet reaction chamber captures the majority of 80, and a small
fraction of NGy, while the second “polishing” stage completes the NGy removal to desived
levels of efficiency, predeternuned and controlled by the systerm operator, Data was collected
once the dry scrubber was in a steady state of NOy and 50z reruoval for a period of 30
minutes. The following table gives an example of 8O, and NGy data coliocted during a
testing in which 500 scfin was processed by the demonstration unit af an inlet temperature of

250 °F, and a differential pressure of 8.77 of WC:

Poliutant inlet ppm ket ppin ppm % Removal

(Oxides of Nitrogen (NOy) 268.1 22.4 91.6%

Sulfur Dioxide (80,) 4343 1,5 09.9%,
Example 3

i an atterupt to determine the effactiveness of 80z and NOy removal, a series of tab-
scale tests were conducted utilizing a glass reactor. The reactor was designed to wiric the

gas-soiid mteractions known o be present in the aforementioned demonsiration unit. The
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glass reactor had a diameter of 2 inches with a length of approximately 24 inches. 30,0
grams of oxides of manganese were suspended in the reactor using a fritted glass filter
allowing for flow of the gas stream, while keeping the oxides of manganese suspended.
Approximately 3 inches above the fluidized bed of oxides of manganese, a siniered stainless
steel filter was arranged to simulate a bag house filter bag. The reactor was heated during the
testing 1o 250°F.and the gas flow rate was metered at a constani 6 liters per minute (pm).
Simulated exhaust gas was produced by use of a calibration gas standard having the
following composition: €O~ 17.35%, NOx=391 ppm, SO;=407 ppm, CO=395 ppm, and
batance Ny . The stmulated flue gas stream passed through the fluidized bed of oxides of
manganese, where the flow carried a portion of the sorbent up onto the filter, thus creating a
filter cake, which mimics a bag house reactor chamber.

30, and NOy concentrations weors measured contimuously froro the reactor outled
utilizing a continuous emissions monitoring system (CEMS). 80, concentrations were
measured utlizing a Bovar Western Research model 92 INMP spectrophotometric instrment
and NOx concentrations were measured utilizing g Thermo Electron model 42H
chemiliminescent instrament. In order to obtain aceurate and reliable emission
concentrations, sampling and reporting was conducted in accordance with US EPA Reference
(CFR 40, Part 60, Appendix A, Method 6C. Removal efficiencies of 99.9% for SO as well as
99.9% for NQy were measured and duplicated for several test runs. Dnlet teyoperature was
250° F, with g differential pressure of 2.007 of WC. The following table gives an exaraple of

§(3; and NOx data collected during testing in which 6 lpm of gas was processed by a glass

TEACtoL

Pollutant [Inlet  [Outlel  [Sorbent Yo Flow rate {AP Termp. | Time with »94%
{ppm) {(ppm)  [Weight{(g) [{Removal ({Ipm) {in TEO) {°F} i{Remova]

Oxides of Manganese Type A

MOy 391 1721 |50 95.6% £ 2060 250 29 wun

SO &7 6 58 99.9% § 2.00 255G P54min

Oxides of Manganese Type B

WOy 391 0.1 30 98.9% f 200 250 60 win

80, 407 81 58 99.9% 6 2.60 250 =00

Oxides on Manganese Type C

NGOy 391 4.2 30 29.9% v 260 250 34 min

80, 407 {01 50 G9.9%; § 2.00 250 >68 min
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The tests of this Example 3 were conducted with three different lots of manganess
oxide sorbent. Figures 29 and 30 are, respectively, graphs ploiting NGOy and 50y
concentrations at the outlet of the glass reactor versus Hme. The three differant oxides of
manganese are represented by the symbols “O7 for type A sorbent, “A7 for type B sorbent,
and “E3” for type C sorbent in Figure 25 and 30. Type A sorbent is an oxide of manganese
powder generally al 60% of particles less than 45 microns in size aond having & BET swrface
area of approximately 30 mYg Type B sorbent is an oxide of manganese powder generally
at 100% of particles Jess than 45 microns in size and having o BET surface ares of
approximately 200 m?ﬁg. Type C sorbent is an oxide of manganese powder generally at 30%
of particles less than 45 microns in size and having a BET surface area of approximalsly 90
mz.f'g. The graph of Figure 30, confirms the above statements regarding near immediate and
compleic SOy capture upon contact with the sorbent. The graph of Figure 29 shows arange
of captire efficiency over time for NOyx and that ditferent forms of oxide manganese may be
able o provide more efficient capiure of NOx. The type B sorbent performed the best before
break-through, followed by type C. Useful captures were observed for all fhyee types. With

the process controls of the invention a wide variety of oxades of mwanganese can be wtilized to

-effect removal at targeted capiure rates. Further, the graphs of Figures 29 and 30 show that

high removal or captore rates can be achieved and sustained over time. The operational
parameters of the systems of the invention can be monitored and adjusted to aftain and
maintain removal or capbire rates at these high levels.

As mentioned above, the reacted or loaded sorbent can be recycled and/or regenerated
after being removed from & reaction zone. For recycling putposes the reacied sorbent ma
simpyly be reintroduced into another reaction zone, For example with reference to Figure 4,
the system has first and second reaction zones 30, 38 which are connected to feeder 20 which
contains unreacted or virgin sorbent, Gas from external gas source 13 is inbroduced into frst
reaction zone 30 along with sorbent fed from feeder 20, The gas is contacted with sorbent for
a time sufficient {0 remove a targel polluiand, such as SOy, and afler beng rendered fee of
solids 18 vented from the Brat reaction zone 30, The gas 1s then introduced in the second
reaction zone 38 along with sorbent from feeder 20, In the second reaction zone 38, the gas
is contacted with gas for a time sufficiond to remove another target pollutant, here NQOy.
DPraring operation, the level of NOx loading on the reacted sorbent in second reaction zone 38
reaches the point where the sorbent no longer efficiently removes NOx. When the point 18

reached, the NOy. reacted sorbent is removed from the second reaction zone 38 and conveyed
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or transported to NOy, reacted sorbent feeder 21. The NOx reacied sorbent, which has wnused
reactive sites available for further SOy capture, is fed or introduced into the fivst reaction
zone 30 for additional loading or reaction with SOy in the gas inlroduced from external gas
source 15, When the recyeled NOx reacted sorbent reaches the point where SOy caplure can
no longer be achieved at a targeted rate of removal, the now NOy and SOx reacted {or
loaded) sorbent is removed from the first reaction zone and routed for regeneration. In this
way, the amount of virgin or unreacted sorbent that is utilized in the first reaction zone can be
reduced and the additional load or reactive sites available on the NOy reacted sorbent can be
utilized.

During a wet regeperation process the reacted surfaces of the sorbent may be removed
and the remaining sorbent may be refregbed. This will be understood with reference to Figure
26. In a wet regenearation, reacted sorbent is removed from a reaction zone, areaction
chamber in Figure 26, and washed in an agueous dilite acid rinse. Since the mnteraction
hetween poliutants and the sorbent is belleved to be a surface-conirolied phenomenon, only 2
sruall fraction of the oxides of manganese is reacted with the pollutant. It is this small
fraction of the sorbent that can be removed by washing or rinsing which thereby "aciivates”
the sorbent by making snreacted surfuce area available, The solubility in water of nitrates of
manganese is greater than the solubility of sulfates of manganese by at least an order of
magnitude in cold water and by at least several orders of magnitude in warm fo hot waler,
This difforential in solubility can be advantageously utilized in the regeneration process.

The sulfates and pitrates of manganese on the swrface of the sorbent particles dissolve
off into solufion in the dihie acid bath, leaving clean sorbent that can be readily separated
from #he rinse or bath by known means, such as seitling and decanting, filtering, centrifuging
or other suitable tochmiques. As is further discussed below, the clear filtrate or solution
containing dissolved sulfates and/or nifrates of manganess ave directed io a regengration
vessel for regeneration of sorbent and production of useful by-products. The clean sorbent is
then dried in, for example, 2 kiln to remove excess moisture. The heat for this drving step
may be wasie heat generated by combustion which is transforred or exchanged from
combustion or process gases af an industrial or wtilidy plant, After drying, the clean sorbent
may be pulverized as necessary to reduce the clean sorbend to particle sizes useful in the
system of the invention. The cleaned or “sciivated” sorbent is then conveyed or otherwise

transported fo the wreacted sorbent foedeor(s) and thus, recyeled.
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Again with reference to Figure 26, the regeneration of sorbent and production of
useful by-products can be understood. The solution or flirate containing the dissolved
sulfates and nitrates of manganese is passed from the acidic bath to 2 regenerstion vessel to
which alkall hydroxides such as potassium hvdroxide (ROH) or sodium hydroxide (NaQH),

§  or ammonium hvdroxide (NH,OH) s added. The addition of these hydroxides, yieid
respectively, a solution coniaining niirates and/or sulfates of potassium, sodium, or
armorium and a precipitaie of manganese hydroxide (Mn{OH).}. These solufions can be
made into fertilizer products or other products such as explosives. Alr oy oxygen may be
bubbled info or otherwise introduced into the reaction vessel to further the regeneration of the

10 sorbeni. The precipitate may be removed with or without the prior introduction of air or
oxvgen and then dred and heated to form oxides of manganese, MuOg where X is between
about 1.5 10 2.0

Instead of hydroxide compounds, sofuble carbonate compounds, e.g., alkali

carbonates, such as poiassiwm carbonate (KCO0), sodivm carbonate (NapCOs), or

15 aromenium carbonate { (INEHLLCOs) miay be added to the solution or filtrate in an regeneration
vessel. The addition of carbonates will vield a manganese carbonate precipifate and a
solution contalring mitrates and/or sulfates of potassivan, sodium, or amynoniom. The
precipitale is separated from the solution, dried and heated to thermally decompose the
manganese carbonate to fonm oxides of manganese and CO; gas which may be vented or

20 captured and containerized as a marketable product. The oxides of manganese may be
further heated in an oxidizing atmosphere to complete the sorbent regeneration, to form
oxides of manganese, MnOy where X is between about 1.5 to 2.0.The oxides of manganese
are separated from the solution, much as the cleaned or reactivaied sorbent afler the acid
wash step, and are then dried and pulverized before being conveyed to a virgin or uureacted

25  sorbent feeder, The filtrate fom the separation containing useful anlfates and nitrares that can
then be further processed inte marketable products.

Oxides of manganese may also be rogenerated in a dry or thermal regeneration
process, taking advantage of the thermal decompesition temperatire(s) of nifrates of
manganese, This regeneration process may be undersiood with reference to Figore 27. The |

30 process illustrated and discussed herein is based upon a removal process Where NOy is the
target polintant with nifrates of manganese being formed in the removal step in the reaction
zone, a reaction chamber in Figure 27. The NOy reacted sorbent is removed from ihe

reaction chamber and conveyed to a frst kiln, To the frst Kiln, the reacted sorbent is heated
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{0 a temperature at or above the thermal decomposition temperature(s) of mirates of
manganese and WO, desorbs or is otherwise driven off. Oxides of manganese, MnQOy where
X ranges from about 1.5 to 2.0 are formed in the frst kiln which may be heated with waste
process heat from the local plant. The regenerated oxides of mangavese from the first kil
5 roay be conveyed to a second kiln heated with waste process heat, Alr or oxygen are
introduced inio the second kiln to more completely oxidize the regenerated sorbent so that the
X of MnQy ranges from about 1.5 {0 2.0,
I the sorbent was SOx-reacted the thermal regeneration would proceed much as

described for NOyx, except the first kiln would ba heated {0 a temperature at or above the

14 thermal decomposition temperature of sulfates of manganese and 30, would desorb or
otherwise driven off With out being bound by theory, Applicants believe that mitrates of
manganese thermally decompose at temperatures between about 130° € to about 260°
while sulfates of manganese tend to fiquefy at the femperalures over which nifrates of
manganese thermally decompoese. Applicants further believe that sulfates of manganese

15 heated to these temperatures in the presence of a veducing agent, e.g., CO, Ha, etc., wiil
decompose to $O, and MnO. Thus, if the sorbent were reacted with both SOy and NOy,
NG, could be driven off first by heating reacted sorbent in a kiln to a first terperatore ot
which nitrates of manganese thermally decompose so that NO» can be generated and direcied
for further processing. A reducing agent could then be inlroduced and the reacted sorbent

20 further heated to desorb 8O,. Alternstively, the reacted sorbent could be heated {0 a second
temperatare, the thermal decomposition eruperature of sulfates of manganese with 50, being
desorbed and directed for further processing. The desorbed S0O; can be divected to a wet
scrubber containing water and an optional oxidant to form sulforic acid. This acid lquor can
then be marketed as is or further processed. This further processing would involve the

25 addition of an ammonium or alkall hydroxide solution to form nsefud snlfates. In either case,
the regenerated sorbent is further heated in an oxidizing atmosphere to more completely
oxidize the regenerated sorbent so that the X of MnQOy ranges from about 1.5 to 2.0 Referring
back to Figure 27, the desorbed NO; can be divected o a wet scrubber containing water and
an oxidant o form sitric ackd. This acid liquor can then be marketed as i3 or further

30 processed. This further processing would involve the addition of an aramoniom or alkali

| hydroxide sohution to form useful nitrates, such as KOH as ilustrated in figure 27.

In addition to regeneration of sorbent and production of useful by-products from the

sulfates and nitrates of manganess, elomental mercury can be recovered from NOy, S0«
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regcted sorbent that further has mercury compounds adsorbed thereon can be processed to
generate and recover clemental mercury,  The reacted sorbent is removed from a reaction
zone of a sysiem according to the invention and conveyed to a first kiln, the reacted sorbent is
heated to a first temperstors 1o desorb NG, which is routed for further processing into
marketable products. The reacied sorbent is then heated a second temperature io desorb
elemenial mercury which is routed to a condenser for recovery as a warketable product. The
sorbent is then rinsed to wash away any ash and to dissolve sulfates of manganese into
sofution to forrn a Hguor. Any ash in the liquor is separated out and the ash routed for finther
handbing, Alkali or ammonium hydroxide is added to the Hauor to form an uoreacted sorbent
precipitaie of oxides of manganese and g liguor containing atkali or ammontuwm sulfates. The
Liguor contains rinsed sorbent. The rinsed sorbent and unreacted sorbent precipitate and are
separated from the liguor and the liquor is routed for further processing indo marketable
products or for disteibution and/or sale as a useful by-product. The rinsed soroent and sorbent
precipitate are dried to form wnreacted sorbent which can then be pulverized to de~
agglomerate the onreacted sorbent.

Ion exchange can also be utiized as a mechanism for the separation and recovery of
useful sulfate and nitrates. The dissolved suifaiss and nitrates of manganese in the filtraie or
solution left afier washing SO0y and/or NOy reacted sorbent can be processed in anion
exchangers, permitting the recovery manganese cations and separation of the sulfate and
nifrate anons. To accomplish this separation, the aquecus solution containing dissolved
sulfates and nitrates is passed across or fhwough a bed or cohuran of an anjon exchange resin
that has an affinity for one of the two anions io remove one of the two andons, The resin with
absorb the anion, for instance the sulfate, while penmitting the nitrate to pass through the bed
or colunm. Additionally, the solulion sivipped of sulfate can then be passed across or through
a secomd bed or cohunn of yet a second anion exchange resin 1o remove the nitzate. Afier the
resin is loaded, the vessel containing the resin can be taken off-line and the resin therein
stripped of the captured anion and recoverad for reuse,

Suitable anion exchange resing and vessels are known to and readily adeniificd by
those skilled in the art. For purposes of illustration, the anjon exchange resin has a chloride
in the exchange position on the resin, The chioride is eluted while capturing the sulfate
and/or nitrate andons. The solution, after passing through the anion exchanger or exchangers
in series, will contain manganese chiloride from which manganese carbonate or manganese

hydroxide is procipitated with the addition of a scluble carbonate or hydroxide compound;
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and oxides of manganese can be regencrated from the procipitate as discussed above. The
sulfates and/or nitrates loaded on the resin can in tum be eluted with a solution comdaining
chlorides of potassium, sodivm or anonium in order 1o generate useful sulfates and nilrate
by-products for marketing or fimther processing. The filirate or solution left over alter
precipitate formation can be uiilized for this purpose.

Ligid mercury can also be recovered from mercury adsorbed to alumina in an
aluniing reactor. The mercury-reacted alwnina from the reactor is heated to drive off or
desorb mercury. The mercury vapor is then directed (o a condenger where it is condensed to

form liguid mercwry which is a marketable product.

With the systom and processes of the invention, CO and CO; in a gas stream s also
be captured. Applicants believe that CO in a gas stroam is oxidized to form CO; when
contacied with the sorbent. The Tk in furn reacts with oxides of manganese o form
MnCOs. Thus, in the processes of the invention, manganese carbopate may be formed sither
during the capture of O and CO» with the sorbent or during a regeneration step in which
sohuble carbonate compounds are utilized. Manganese carbonaie is insoluble in water. Thus,
sorbent that has been utilized to capture CO and CO: must be thermally regenerated, Sorbent
loaded with manganese carbonate must be removed from the system of the invention and
heated to thermally regenerate oxides of manganese, releasing CO; which may be
compressed and containerized for sale or other marketable purposes. The heating of the
leaded sorbent may be carried owl in either two stages or in two separate healing units or
kilns. In the fivst stage, the sorbent would bo heated to thermally decompose the manganese
carbonate, driving off CO; after which the sorbent would be further heated to complete the
sorbent regeneration. In the sccond stage, the heating would continue either in the same or &
second hearting unit or kiln. The second heating stage preferably would be in an oxidizing
atmosphere being carried oul with the introduction of air or oxygen in order to compieie the
regeneration of the sorbent to form oxides of manganese, MUy where X 19 between about
1.5102.0.

The above examples of regencration processes are provided by way of exaniple and
are not intended to Hmit the prooesses, both known and unknown, for regeneration of oxides
of manganese and for recovery of usefitl and marketable by-products that may be

incorporated o the processes of the invention.

PAC ET AL. EXHIBIT 1023
Page 1426



10

15

25

30

W 02/28313 PUT/USOL/Z8473
52

The combustion of fossil fuels {e.g., coal, oil, and natural gas) liberates three major air
polintants: (1) particniates (2) sulfur dioxide (30;) and (3) oxides of nifrogen (NOy). Wet
scrubbing, electrosiatic precipitators and bag houses can rergove particulates such as fy ash.
Using mechanical filters or eleotrostatic precipitators does not remove 8O3, 8Os, NGy, NyOy,
NO, or NoOs. Prior technologies have used wet serubbing for the process as a means of
sorbing SOy and NOy Water {s effective ag a scrubbing medium for the removal £ 5Oy
removal efficiencies can be improved by the addition of chemics! absorbents such as calcium,
magnesium and sodium. However, nitrogen oxide (NO} is essentially inscluble in water,
even with the use of sorbion chemicals. Residence times required and lquid-to-gas surface
areas have proven to be impractical where high gas flow rates are encountered such as boiler
flue gas.

Some of the economics involved in the wet serubbing process involve high-energy
consumption; on the avergge 4-5% of a plant gross power generation is consumed in the
process. For example: (1) high differential pressure of a venturi / absorber tower requires 307
of W or a bag house and sorubber combingtion requires even ligher static pressures. (2)
Large volumcs of high pressure scmbbiﬂg liguor injected through nozzles into the scrubbing
apparatus. (3) Shury tanks requiring continual vigorous agitation. {4} High horsepower
required to foree water-saturated non-buoyant flue gas up the stack.

Envitonmental drawbacks of existing systerns include large quantities of minerals
used as sorbents and the insoluble sulfites or sulfate formed from the scrubbing reaction. The
precipitate is then taken to landfills or holding ponds. Some other disadvaniages of existing
systems are fouling of the imternal scrubber components with bard scale, ncreasing
operational fabor and maintenance costs. Some complex regensrative systems use large
guantities of cherntoals reqoived to react with the millions of gallons of shury used every day,

The dry scrubbing process described in this patent is effective in removing nearly all
NOy and SOx . Drifferential pressure requirements through the serubber should typically not
exceed 10 inches of water columin and residence times within the sorbent cake are fypically
iess than 1 second. Vohimes of sorbent used in this invention in comparnison to the wet slurry
volumes are nuiniscule and recharging of reaciion zones are done periodically. While stack
gases remain dry and hot, some waste heat will be used m the drying of washed and re-
generated sorbent. Operational costs of the reaction zono(s) are similar to operating an ash
bag house; also capital expenditures are estimated fo be reasonable requiring standard off-the-

shelf equipment and instrumentation,
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As a supnary, the equiproent is used in the dry sorubbing process is much less
coraplex than the wet serobber process thus requiring lower operational maintenance costs
and a reduced operating staff. Chemical and raw material costs are expected to be similar
with less waste effiuent produced. The major cost savings will be in the reduced power
consumption expected io be significantly less than that of a wet scrubbing sysiem, with fan
borseprwer reduction making up the majority of the savings.

Although economics favor the use of dry scrubbing processes, removal of target

pollutants with the sorbent can be accomplished with wet methods or combinations of wet

and dry methods. In the system of the invention, wet scrubbers can serve as reaction zones in
the place of or in combination with the reaction zones previously described for dry removal.
Wet serubbers usefu] in the systems and processes of the tnvention may be of several types,
incinding but not imited to slurry, sprayer, cascading, and othera known to those skilled in
the art. Whether the wet sorabber is a shury, sprayer, cascading or other know type of
scrubber, an scidic shurry of oxides of manganese is utilized. The acidity serves to enhance
the cffective removal of the target polhutants. For SOy and/or NOyx removal, the pH of the
sluzry is preferably 2.0 or less and more preferably between about 1.5 and about 1.75

The gas should be introduced into the wet scrubber at a temperature bolow the boiling
point of the solution or slurry lo prevent excess evaporation of the sorbent shury. Since gases
processed in the systern of the invention typically are at elevaled termperatures, the gas may
be cooled 1o below the boiling point utilizing a heat exchangers 724, 728 preceding the
reaction zone 38 is shown in Figure 5. The gas containing targe! polhriants is introduced into
the wet scrubber and contacted with the slurry for a time sufficient to effect capture of a
target pollutant at a target captue rate set point for pollutants such as SOx and/or NOy, CO
and/or COy or TRS, forming respectively, sulfates and/or nitrates of manganese, manganese
carbonate, or sulfates of manganese. While the sorbent iiself is not soluble in the slurry,
reactions products such as sulfates and nitrates of manganese are and dissolve immediately
into solution. Manganese carbonate, being insoluble in agueouns solution, does not dissolve.

With respact io the removal of CO and/or 00, to manganese carbonate, when the
sorbent is no longer effective for pollutant removal ai a target capture rafe set point, the
reacted sorbent must be separated from the shury for regeneration of the sorbent and recovery
of useful by-products. This is accomplished through the thermal decomposition of the

manganese carbonate as previcusly described,
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With respect to the sulfates and/or nifrates of manganese formed in wet removal, the
sorbent must be pertodically separated from the sohztion. The sorbent, which is by virtue of
being in solution, is essentially clean or “activated” and can be velurned to the scrubber in a
shurry or added o 8 slurry requiring additional sorbent. The point at which periodic

eparation would need {o be carried oud generally depends upon the capacity of the shury to

retain additional solute in solution, the saturation point of the solution. The frequency at
which separaiion must be camried may be affected through temperature adjustment, since
generally a saturated solution can dissolve additional solute at increased temperatures.
However, a8 previously noted, the temperature should not be tnersasad to the botling pomt of
the sclution. Furthor, simply increasing the volume of the shury with the addition of acidic
aquesus selution can decrease the separation frequency, as long as the wet scrubber has
sufficient capacity for the increased volume of the slurry, Further still, the periodic
separation can be minimized by bleeding of the aqueous solution containing sclute from the
serubber and with simultaneous feeding of additional, fresh aqueocus solution inlo the
scrubber {0 maiiain the shurry 1o an unsaturated state. The solution that has been bled from
the wet scrubber can be retained in a holding iank, vessel or other suitable container until a
sufficient volume has be accumulated and then processed {o regenerate oxides of manganese
and io recover useful and marketable by-products.

in g single stage wet removal process a single reaction zone, a wet scrubber, s
utilized to remove the target pollutants. The rate of reaction is related to the solubility of the
reaction product of target polintant and the sorbent. For example the solubility of SOy i3
greater than the solubility of NOy in an aqueous solutiow: and therefore, a longer residence
time is required for NOy removal than for 8Oy removal. The gas once substamiially stripped
of the targst poliotant is vented from the scrubber either {o a stack or for firther processing.
A single wet scrubber can be ulilized {o remove one or more target pollntants; however, the
residence time of the gas in the wet scrubber will be driven by a combination of the solubility
of the less soluble of the target poliutants and the target caphure rate of that target pollutant.
In a single-stage wel removal systemn the gas Is introduced info a reaction zone configured for
the introduction of the gas and contacted with the sorbent contaming slurry for a time
sufficient to effect capture of the target polhutant{s) at the target capture rate set point of the
farget pollutant(s). The target polluiani is captored by reaction with the sorbent to form
reaction products. The reaction products may be soluble in the squeous solution, as with

nitrates and sulfates of manganese. Or they may be insoluble as with carbonates of

PAC ET AL. EXHIBIT 1023
Page 1429



10

2t

36

WO 92/28513 PCT/USOL/28473
55

manganese formed during the removal of CO and/or CO2. Wet rerpoval methods can be
utilized in either case; but are betier suited for removal of target poliniants that form soluble
reaction products.

Wet removal can also be accomplished in multiple stages with at least two reaction
zones in series of which at least one of the reaction zones is & wel scrubbers. This canbe
illustrated with reference 1o dual-stage removal of 80y and NOx. In dual-stage removal, st
and second reaction zones are provided. With both resctions zones being wet scrubbers, gas
is introduced into the first reaction zone which is configured for the inirodoction of 3 gas
containing target pollutants, in this case SOy and NOy. In the first reaction zone, the gas i3
contacted with a sorbeni containing shury for a time sufficient to effect SOy captuze at a
target SOx capture rate set point, The S0y is captured by reacting with the sorbent to form
sulfates of manganese 1o substamdially strip the gas of 8Oy, The gas which is substanitally
stripped of SOx s vented from the first reaction zone and passed to a second reaction zons,
also a wet scrubber, configured for the ntroduction of (he gas substantiaily stripped of 8Oy,
In the second wet scrubber the gas is contacted with the sorbent containing shuery for a time
sufficient to effect NOx capture al a target NOy capture rate set point. The NOx is captured
by reacting with the sorbent to form nitrates of manganese (o substantially strip the gas of
Ny The gas that has been substantiaily stripped of 8Oy and NOy is vented from the second
yeaction zone. It is readily understood by those skilled in the art that more than two wet
scrubbers could be wibized in series to effect capture of multiple target pollutants and that the
sequence of pollutant removal, in a multi-stage removal process, would be determined by the
relative solubilitics of the reaction products generated from target pollutants with the sorbent,

Dusal stage removal may also be carried out with one of the reaction zones being a wet
scrubber and the other reaction zone being selocted from the group consisting of a flaidized
bed, a pseudo-fluidized bed, a reaction eoluman, 2 Hxed bed, a pipe/duct reactor, & moving
beod, a bag house, an inverted bag house, bag bouse reactor, serpentine reactor, and a
cyclone/multiclone, Again using 30y and NOy, for illustrative purposes, the removal can
proceed by first wet 50 removal and dry NOx removal or by first dry SOx removal and wet
NOy removal, Regardiess of the sequence, wet rernoval and dry removal would proceed as
previously described, with the gas substaniially stripped of SOx being directed from the fivst
reaction zone o the socond reaction where NOx removal would ocour. In a wel-dry removal
system, the first reaction zone would be a wet scrubber; and in dry-wet reynoval systers the

second reaction zone would be a wet serubber, For the dry removal stage, the dry reaction
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rone or serubber , whether the first or second in sequence, is selected from the
aforementioned group,

Where the reaction product of the target polintant is soluble in aqueocus solulion, the
surface area of the oxide of manganese sorbeni is not as critical in a wet rersoval systen, i.e.,
a scrubber, a5 opposed to a dry removal systemn. Furdher, particle size may not be as critical
with a liquid mediom as opposed to a gas medinm; however, particles neust be small enough
so that the sorbent remains sufficiently mixed in the shury, Agitators can be used fo keep the
sorhent sufficienily maixed in the shury, Generally, oxides of manganese useful as & sorbent
for drv removal methods are simalardy useful for wel removal methoeds.

The systems of the invention including those that incovporate wet scrubbers are
adaptable; and process parameters, such as differential pressure, inlet gas iemperature, and
removal cfficiency, are monitored and controlled in wet removal systerms of the invention
with electronic conirols just as in dry removal systems according to the invention.

While exemplary embodiments of this invention and methods of practicing the same
have been illusirated and described, it should be understood that various changes,
adaptations, and modifications might be made therein without departing from the spirit of the

invention and the scops of the sppended claims.
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CLAIMS
1. An adaptable system for wet removal of farget pollutants from gases with

minimal differeniial pressure across the systen, comprising:

at least one reaction zone, ihe reaction zone being & wet scrubber supphied with an
acidic sgueons shugry of a sorbent of regenerable oxides of manganese, the reaction zone
being configured for ntroduction of 8 gas containing at least one target pollutant at a
termperature below the boiling point of the slurry and contacted with the sorbent therein for a
time sufficiens to effect capture of the target pollutant al a targeted capture rate set point for
the target poliutant, the gas belng substantiaily stripped of the target pollutant through the
formation of a reaction prodect of the target pollutant and the oxides of manganese, the
reaction zone being further configured io allow the gas 1o be vented from the reaction zone;
and wherein differeptial pressure across the system is regulated so that any differential
pressure across the system 18 no grealer than a predetermined level

2, Adapiable system as claimed in Claim | wherein the system is conprised of
fwo resction zones, the two reaction zones being a first reaction zone and a second reaction
ZOHE.

3. Adaptable system as claimed in Claim 2 wherein the first and sevond reactions
zones are both wet scrubbers.

4, Adaplable system as olaimed in Claim 2 wherein the first reaction zoncis a
dry scrubber selected from the group consisting of a fluidized bed, a peendo-finidized bed, a
reaction column, 8 fixed bed, a pipce/duct reactor, 4 moving bed, 8 bag house, an Iuveried bag
hiouse, bag house reaclor, serpentine rezctor, and a cyclone/multiclone and the second
reaction zone is a wel scrobber.

5. Adaptable sysiern as claimed in Claim 2 wheretn the first reaction zone is a
wei scrubber and the second reaction zone is a dry scrubber selected from the grovp
consisting of a fluidized bed, a pseudo-fuidized bed, a reaction column, a fixed bed, a
pipe/duct reactor, a moving bed, a bag house, an inverted bag bouse, bag house reacior,
serpentine reactor, and 3 cyclonc/multiclone.

6. Adaptable system as claimed in Claim twhersin the target poliutant is SOy
and the reaction product formed is sulfates of manganese or the target poitutant 158 NOy and
the reaction product formed is nitrates of manganese.

7. Adaptable sysiemn as claimed in Claim 2 wherein the target pollutants are SOy

and NOx and 50 is captured in the first reaction zone with sulfates of manganese being
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formed as the reaction product and WOy is captured in the second reaction zons with nilrates
of manganese being formed as the reaction product,

8. Adaptable system ag clatmed in Claim 4 or claim 5 wherein SOy is captured in
the first reaction zone and NOy is captured in the second reaction zone.

9. Adaptable system of claim { wherein the regenerable oxides of mmnganese, upon
regeneration, are in particle form and are defined by the chemical formula MnOy, where X is
about 1.5 to 2.0 and wherein the oxides of manganese have a particle size of less than about
0.1 to about 300 microns and a BET value ranging from about 1 to about 1000m%/g,

ig. An adaptable systern for dry rernoval of carbon monoxide and/or emvbon
dioxide from gases with minimal differential pressure across the systen, comprising:

A, A feeder containing a supply of sorbent of regenerable oxides of manganess
and/or regenerated oxides of manganese; wherein the feeder is configured to handle and feed
oxides of manganese which, upon regeneration, are in particle form and are defined by the
chemical formula MnQOy, where X is 2bout 1.5 to 2.0 and wherein the oxides of manganese
have a particle size of less than about 0.1 to about 5300 microns and a BET value ranging fom
about 1 to about 1000m%/g;

8. At least one reaction zone configured for introduction of the sorbent and a gas
containing carbon monoxide and/or carbon dioxide where the gas iz infroduced at
texperatures typically ranging from ambient temperature to below the thermal decomposition
temperature(s) of carbonales of manganese carbenate and contacted with the sorbent fora
time sufficient to effect the capture of carbon monoxide and/or carbon dloxide at a targeted
caplure rate set point, the carbon monoxide and/or carbon dioxide being captured by reacting
with the sorbent fo formcarbonates of manganese to substantially strip the gas of carbon
monoxide and/or carbon dioxide the reaction zone being further configured to render the gas
that has been substantially siripped of carbon moncoxide snd/or carbon dioxide free of reasted
and unreacted sorbent so that the gas may be vented from the reaction zone; and wherein
differential pressure within the gvstem is regulated so that any differential pressure across the
system is no greater than a predetormined leovel,

it A process for the removal of target pollutants from a gas stream with a system
incorporating wet removal comprising the steps off

A, providing a system according to Claim 13

B, mtrodycing a gas containing a target pollutant into the reaction of the system;
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C. contacting the gas with the sorbent in the sorbent elury of the system fora
time eufficient to effect the capture of the farget pollutant ai a targeied capture rate set point
for the target poliutant through the formation of 4 reaction product of the target poliutant and
oxides of manganese {0 substantially strip the gas of the targel pollutani; and

. venting the gas from the reaction zone,

12, Process for the removal of target pollutants from a gas siream with a sysiem
incorporating wet removal as claimed in Claim 11, wherein the target pollutant is SOy with
sulfates of mangsnese being the reaction product which is dissolved in solution in the shiry,
the process further comprising the steps of!

B. separating the sorbent from the sluy fo provide a solution containing
dissolved sulfates of mangansse; and

k. routing the sohution for further processing to regenerate oxides of manganese
snd recover usefi] sulfate by-products,

13, Process for the removal of target pollutants from a gas stream with a system
incorporating wet removal as claimed in Claim 11, wherein the targst polivtant is WOy with
nitrates of manganese being the reaction product which is dissolved in solution in the shury,
the process further comprising the steps of

H. separating the sorbent from the slurry to provide a solution containing
dissolved nitraies of manganese; and

E. routing the solution for farther processing to regenerate oxides of manganese
and recover useful nitrate by-products.

14. A process for the rewoval of target pollntants from a gas siream with a system

incorporating wel removal comprising the steps of :

A providing a system as claimed in Claims 2, 3 or 4;

B. infroducing a gas containing at least two target poiiutants into the first reaction
zone of the system;

C. cortacting the gas in the first reaciion zone with the sorbent for atime

sufficient to effect caplure of & first target pollntant at a targeted capture rate set point for the
first target pollutant through the fonmation of a reaction product of the first target pollutant
snd oxides of manganese to substantially strip the gas of the first target polhutant;

|53 venting the gas from the first reaction Zone;

E. introducing the gas vented from the first reaction zone into the second reaction

zone of the sysiem;

PAC ET AL. EXHIBIT 1023
Page 1434



10

20

WO 92/28513 PCT/USOL/28473
60

E contacting the gas in the second reaction zone with the sorbent for a time
sufficient fo effect captuxe of a second farget pollntant at a targeted caplure rate set point for
the second target poliutant through the formation of a reaction product of the second target
poliutant and oxides of manganese to substantially strip the gas of the second target pollutant;
and

G. venting fhe gas from the second reaction zone of the system,

15, Process for the regeneration of oxides of manganese from a solution containing
sulfate and nitrate aniops and manganese cations formed when the reaction product of the
reraoval of SOy and NQx from a gas stream with a sorbent of oxides of manganese,
comprising the steps of:

Al providing first and second anion exchangers having an anion exchange resin
ivaded therein, the anion exchange resin having chioride in the exchange position on the
resin;

B passing a solution containing sulfate and nitrate anions through the first anion
exchanger to eluie the chioride 1o form manganese chioride while capiuring the sulfate anion
on the resin;

C. passing the soludion containing nitrate andons through the second anion
exchanger to elute the chloride to form manganese chloride while capturing the nifrate anion
on the resing

D, adding a soluble carbonale or hydroxide compound o the solution {o
precipitalc manganese carbonate or manganese hydroxide,

. separating the manganese carbonate or manganese hydroxide from the
sohution; and

E. healing the manganese carbonate or manganese hydyoxide to form regenerated

oxides of manganess.
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PRETREATMENT AND REGENERATION
OF OXIDES OF MANGANESE

5 Related Applications

This application claiyus priority to US Provisional Application No. 6(/342,587 filed

Decernbor 21, 2001, which is incorporaied herein by reference.

16 Meld ofthe Invention

The invention relates to systems and processes for treating oxides of manganese that
may be utilized as a sorbent for capture and removal of target polintants from industrial and
other gas streams. Further, the wmvention relaies to polhution removal systems incorporating

13 suchmethods and apparatos and to oxides of manganese, oxides of manganese sorbent

particles, and oxides of manganese filter cake formed by the processes of the invention.

Backervound of the Invention

The element manganese (Mn} may exist in six different valence {oxidgtion) states, Of

20 particular imterest and usefulness in the Pahlman™ systems and processes are those oxidas of

manganese having valence states of +2, +3, and +4, which correspond to the oxides MnO,

MuoOs, and MnG;. The oxide Mn(Q, is probably a solid-solution of both the +2 and +3
states.

A characienistic of most oxides of mangancse specics is non-gioichiometry: that is,

185 most oxides of manganese molecules or Mn(, species typically contain on average less than

the theorstical number of 2 oxygen atoms, with numbers more fypically ranging between 1.5

o 2.0. The non-stoichiometry charactenistic is thought to resu¥t from solid-solution mixtores

of two or move oxide species, and exists in all but the beta (B), or pyrolusite, form of

manganese dioxide. Oxides of manganese having the formula MnOX where X is about 1.5 {0

30 about 2.0 are particularly suitable for dry removal of targel pollutanis from gas streams,

However, the most active types of oxides of mangancse for use as 3 sorbent for farget

polhutant removal usually have the formamla MnOyq 1 105, Which translates wio manginese

valence states of +3.4 fo +1.9, g5 opposed to the theoretical +4.0 state. 1t is unusual for

average valence siates above sbout 3.9 to exist in most forms of oxides of manganese, The
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formula MnO,., 25 used herein, symmbolically represents all varisties of manganese dioxide
including those with valence states ranging from +3 to -+4, or MnQOy 525

Oxides of manganese are known fo exhibil several identifiable crystal stroctures,
which result from different sssembly combinations of their basic molecular structural units,

5  These bagic structural “building block™ units are MnQg octahedsa, which consist of one
manganese atom ai the geomelric center, and one oxygen atom al cach of the six apex
positions of an oclabedral geometrical shape. The octahedra may be joined together along
their edges and/or corners, to form “chain” patierns, with veid spaces (“tunnels™). Regular
{and sometimes frregular) three-dimensional patterns consist of layers of such “chains” and

10 “tumnels” of joiued octabedra, These crystalline geometries are identified by chasacteristic x-
ray diffraction (XRD) patterns. Most oxides of manganese are classifiable info one or more
of the six fundamental crvstal structures, which are called alpha (o}, beta (), gavama (¥},
dolta (8), epsilon (), and ramsdeliite. Certain older Hteraturs also included tho (p) and
fambda {A) structures, which are now thought obsolete, due partly to improvements in XRD
15 technique. Some (amorphous) forms of MnO, exhibit no crystailing struclure.

Certain characteristics of oxides of manganese probably arise frem the size and shape
of voids within: these crystalline patterns and from certain eloments, and compounds, which
may ocoupy the voids and appear o help prevent collapse of certain structures. Applicants
halieve that these characteristics in addition to the oxidation siate way have and affect upon

26 the loading capacity of oxides of manganese sorbent. Further, many oxides of manganese are
hydrous, and include siructurally bound water. This bound water may aiso coniribute fo
chemical reactivity and possibly catajytic behavior of the spesies.

Some oxides of manganese have the ability to absorb oxyzen from gas. Manganous

oxide (MnO) will oxidize o MnQy in the presence of air, for example. Additionally, the

e
R

dioxides are themselves oxidizers, they readily exchange oxygen in chemical reactions, and
they are kmown to have catalviic properties. This oxygen exchange ability may be related to
proton mobility and lattice defects comumon within most MnO, crystal structurss. The
oxidizing potential of MnO; is advantageously utilized in target pollutant removal in the
Pahlman™ and other systems and processes. Target polluiants, such as NOy and SOy gases,
30 mercury (Mg} and other polluiants, requive cxidation of the species prior to veaction with
MnQ, sorbent to form reaction products, such as mmanganese sulfates and nitrates, meroury
compounds, and other corresponding reaction products, In order for them fo be captued and

removed from gas siream.
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Manganese compounds are soluble in waier in the +2 valence state, but not in the +4
state. Therefore Mn' compownds, including MaG are readily soluble in agqueous solutions,
as opposed to MnO,. During the formation of reaction products such as manganese nitrstes
and sulfates, the mavganese is redvced from about the +4 state fo the +2 state. This property
allows the reaction products formed on the surface of oxides of manganese sorbent particles
to be readily dissolved and removed from the sorbent particles iy agueous solutions by
disassociation into sulfate, nirate, and Mn'*? logs.

Manganese dioxides are divided inio three origin-based categories, which arer 1)
natural (mmeral) manganese dioxide (NMD), 2 chemical manganese dioxide (CMD), and 3)
clectrolytic manganese dioxide (EMD).  As implisd, NMD occurs naturally as various
minerals, which may be purified by mechanical or chemical means, The most commeon form
of NMD is pyrolusite {§-MnO,), which is inexpensive, but has rather low chemical activity
and thersfore low polluiant loading capacity. CMD and EMD varieties are synthetic, EMI is
produced prumarily for the battery industry, whick requires relatively high bulk density
{which ofien resulis from relatively large, compact particles), relatively high purity, and good
elecirochemical activity. Though useful a3 a sorbent, characteristics such as low surface areg
and large compact particle size make EMD somewhat inforior to CMD for gas removal
apphcations, despite its good elecirochemical activity, Chemically synthesized oxides of
manganese of all kinds {alls into the CMD category and includes chemically treated oxides of

ranganese, In chemrdcal synthesis, a great deal of control is possible over characteristios such
as particle size and shape, porosity, composition, surface arca, and bulk density in addition to
¢lectrochemical or oxidation potential. It is believed that these characteristic confribute the
loading capacity of some oxides of manganese.

EnviroScrub Technologies Corporation has developed pollitant removal systems and
processes wiilizing dry and wet removal techniques and combinations thereof, incorporating
the use of oxides of manganese as a sorbent, These systems and processes, convmonly known
as Pahlman™ systems and processes are the subject of co-pending V.S, Patent Application
Numbers 09/919,600, 09/951.697, 10/044,089 and 10/023,270, the disclosures of which are
incorporated herein. High target poilntant removal efficiencies have been obtained utilizing
the Pahiman™ systems and processes with oxides of manganese as the sorbent. Due to
polhutant loading duwring the removal process, the Pahlman™ system or some of Hs system
compononts must be periodically taken offuline so that sorbent may be removed for

regeneration and recovery of useful by-producis. The freguency of such disruptions and

1
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related downtime coudd be decreased if it were possible o increase the loading capacity of
the sorbent. It would therefore be desirable to enhance the loading capacities of the oxides of
manganese in order to extend the period of sorbent use and is loading capacity. Applicants
have developed methods of treating virgin oxides of mangancse and of recycle processing of
lpaded oxides of manganese with oxidants or oxidizers that result in freated oxides of

manganese having enhanced or increased Joading capaciiy.

Briet Descrintion of the Drawings

Figure 1 s a block flow diagram depicting an erobodiment of a treatment system and -
method of the invention,

Figure 2 is a block flow diagram depicting an embodiment of a treatmend sysier and
methed of the invention.

Figure 3 is a sorbent loading graph

Figure 4 i¢ 2 sorbent loading graph.

Figawe 5 iz a sorbent loading graph.

Figure 6 is a sorbent loading graph.

Fignre 7 is a block flow diagram of & treatment system and method of the invention
mcorporating a controller.

Figure 8 18 a block flow diagram of a embodiment of a treatment system and method
of the invention incorporating a confroller.

Figure 9 is a Pourbaix diagram for an agueous solution of T mole/liter manganese ion
concentration.

Figure 10 is a Pourbaix diagram for an aqueous solution of 10 mole/liter manganese

ion concentration.

Summery of the Invention

The invention relates o systems and processes for freatment of oxides of manganese
that may be utilized a5 a sarbent for removal of target pollutants from a gas stream.

An embodiment of a process for pretreatiment of virgin oxides of manganese for use
as a sorbend to remove target pollutants from a gas stream comprises the stops of washing
virgin oxides of manganese i wash unit with an agucous oxidizing sohttion, the solution
having Eh and pH values within the Mn(; stability area; and filtering the washed oxides of

manganese to form a filtrate and a prefreated oxides of mangancse filter cake, the oxides of
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mangansse of the filter cake having 2 poliutant loading capacity greater than the polhutant
loading capacity of the virgin oxides of manganese.

Anocther embodiment of 2 process for pretveatment of virgin oxides of manganese for
use as a sorbent to remove target pollutants from a gas stream coraprises the steps of washing
virgin oxides of manganese in a wash unit with an agueous oxidizing solution, the solution
having Bh and pH values within the MnQ; stability area; monitoring and adjusting the pH
and/or the Eh values of the solution s0 as to maindain the Bh and pH values of the solution
within the MnO; stability area; and filtering the washed oxides of manganese to form a
filirate and a pretreated oxides of manganese {ilter cake, the oxides of manganese of the filter
cake having a pollutant loading capacily greater than the pollutant loading capacity of the
virgin oxdes of manganese. The monitoring and adjusting step meay be carried out by a
controller capable of individually or simuoltancously mwonitoring and adjusting sysiem
operational parameters, the controller providing integrated control of within the wash unit of
tha temperature, Eb values, and pH values in order to mainiain conditions of the agueous
oxidizing sohution within the MnO, stability arca.

An embodiment of 3 process for pretreatment of virgin oxides of manganese for use
as a sovhent to remove targe! pollutants from a gas stream comprises the steps of washing
virgin oxides of manganese in a rapid filiration wash unit with an agueous oxidizing solution
to form a filtrate and a pratreated oxides of manganese filter cake, the solotion having Eh and
pif values withan the MnO, stabiltly ares; and removing the prefreated oxides of manganess
filter calce from the rapid fillration wnit, the oxides of manganese of the filter cake having a
poliviant Toading capacity greater that the polluiant loading capacity of the virgin oxides of
Manganese.

An embodiynent of a process for regencration of loaded oxides of manganess fonmed
through reachion between unreacted oxides of a manganese and targef pollutants in a gas
stream comprises the steps of washing loaded oxides of manganese in a rapid filtration wash
unit with an agueous oxadizing solution having Bh and pH values within the MO, stability
area to form a filtrate and a regenerated oxides of mangansse filter cake; and removing the
regenerated oxides of manganese filler cake from the rapid filtration unii, the oxides of
manganess of the fiiter cake having a polhutant loading capacity equal fo or greater than the
poliutant loading capacity of the unreactsd oxides of manganese from which the foaded

oxides of manganese are formed,
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An embodiment of a process for regeneration of loaded oxides of manganese sorhent
variicles bearing a reaction product layer of the surface thereof formed during reaction
between unreacted oxides of manganese sorbent particles and target pollutants in 2 gas stream
in a pollution removal system comprises the steps of rapidly washing and {iltering the loaded
oxides of manganese sorbent particles in a rapid filration wash unit with an agueocuns
oxidizing soluiion to dissolve the reaction product layer from the surface of the loaded
oxides of manganese sorbens particles into the sohution to form a filirate and a regenerated
oxides of manganese filter cake, the solution having Eh and pH values within the MnO;
atability area; and removing the regenerated oxides of manganese filter cake firora the rapid
filtration unit, the oxides of manganese of the filter cake having » poliutant loading capacity
equal $0 or greater than the pollutant loading capacity of the unreacted oxides of manganeso
sorbent particles from which the loaded oxides of manganese sorbent particles are formed.

The above procssses may further comnprise the steps of drying the filter cake; and
cormuminuting and sizing the dried filter cakee to provide oxides of manganese pariicles. The
may alternative further comprise the steps of drying the filter cuke; and comminuting and
sizing the dried filier cake to provide oxides of manganese particles for introduction into a
feeder or reaction chamber of a dry pollution removal systers. In a further altemative, they
processes may forther comprise the steps of drving the filter cake; comminuting and sizing
the dried filter cake to provide oxides of manganese particles for infroduction into a feeder or
reaction chamber of a dry poliution removal sysiem; and introducing the comminuted and
sized oxides of manganese particles into the feeder or reaction chamber. In vet a fusther
alternative, the shove described processes may further comprise the step of conveying the
filter cake 10 a drver configured to inject the a wet filter cake or & shurry of oxides of
sanganese sorbent into the flow of a gas siream prior to infroduction info a reaction chamber
of a pollutant removal system. In vet another further alternative, the above-described
processes may further comprise the sieps of conveying the filter cake to a dryer configured to
inject the a wet flier cake or 2 slurry of oxides of manganese sorbent into the flow of a gas
stream prior fo introduction into 2 reaction chamber of a pollutant removal system; and
injecting the wet filter cake or the slury into the reaction chamber.

In the above-described processes the agueous oxidizing sclution coniains an oxidizer.,
The oxidizer may be selected from the group consisting of hypochlorties, perchlolates,

permanganates, oxygen {Oy), alr, ozone, peroxides, persulfaies, and combinations thereof.
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i3 An embodiment of a system for pretreaiment of virgin oxides of manganess
comprising a wash unit configured to hold and agitate a slurry of virgin oxides of manganese
in an aqueous oxidizing solution, the selution have Eh and pH values within the M(,
stability area, the wash unit being opiionaily equipped with a pH probe, an Eh probe, and a
temperature probe, the wash unit being further configured to receive the sharry of virgin
oxides of manganese of to individually receive virgin oxides of manganese and the aqueous
oxidizing solution; a fltration unit configared to receive the slurry from the wash wnit and (o
Flter the shury to form a filtraie and a pretreated oxides of manganese filter cake; an agueous
oxidizing solution vessel containing a supply of aqueous oxidizing sohution, the sohution
having Eh and pH values within the MO, stubility area, the vessel having a feeder
configured 1 feed aqueons oxidizing solution to the wash unit and being optionally equipped
with an Bh probe; an oxides of manganese vessel containing a supply of virgin oxides of
manganese, the vessel having a feeder configured to foed oxides of manganese directly to the
wash unit or, in conjunction with the aqueous oxidizing solution feeder to feed a siurry of
yirgin oxides of manganese to the wash unit; and a pH adjust vessel having a supply of acid
or base or separate supplies of acid and base, the pH adjust vessel having a foeder confignred
to feed acid and/or base to the wash unit. The system of this embodiment may further
comprise a controller capable of individually or simultanecusly monitoring and adjusting
system operational parameters, the controller providing integrated control within the wash
unit of the temperature, Bh values, and pH values in order to maintain condiiions of the
acpucous oxidizing solution within the MnQ; stability area.

This embodiment of a system for {reatment of virgin or loaded oxides of mangavese
may farther comprise a dryer for drying the filter cake; a device for comminuting and sizing
the dried filter cake to form oxides of mangapese particles; and 2 reaction chamber of a
pollutant removal system into which ihe oxides of manganese particles are introduced to
capture target pollutants from a gas, the reaction chamber being equipped with at least one
target pollutant concentration reader for measuring target poliutant concentration of the gas as
it exits the reaction chamber, the reader being in elsctronic communication with the controller
for checking the loading performance of the oxides of manganese particles and signaling
need for adjustment of operational parameters within the wash unit.

14 Ancther embodiment of a system for treatraent of virgin or loaded oxides of
manganese comprising a rapid fliration wash unit, the wash unit being configured to

individually recsive oxides of manganese and an aqueous oxidizing solution having a Eh and
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pH values within the MnQ; stebility avea, the wash unit being further configured to rapidly
yernove the agueous oxidizing solution from contact with the oxides of manganese formng a
fikrate and a treated oxides of manganese filter cake; an aqueous oxidizing solution vessel
containing a supply of agueous oxidizing solution, the solution having Fh and pH values
within the MnO, stability ares, the vessel having a feeder configured to feed agueous
oxidizing solution to the wash unit and being optionally equipped with a probe selected from
the group consisting of an Fh probe, a pH probe, a texperature probe, or any combination
thereof, ap oxides of manganese vessel containing a supply of virgin of loaded oxides of
manganese, the vessel having a fosder configured lo feed oxides of manganese o the wash
unit; optionally, a oxidizer vessel containing a sapply of oyidizer, the oxidizer vessel having
feeder configured to feed oxidizer to the aqueous oxidizing solution vessel; and optionally, &
pH adjust vessel having a supply of acid or base or separate supplies of acid and base, the pH
adiust vessel having a feeder configured to feed acid and/or base to the aqueous oxidizing
solution vessel. The system of this embodiment may further comprise a confrolier capable of
individually or simultaneously monitoring and adjusting system operational parameters, the
coniralier providing integrated control of the temperature, Fh values, and pll values within
the agueous oxidizing solution vessel in order o maintain conditions of the agueous
oxidizing soiution within the MnO, stability area.

This embodiment of 2 svstem for treatment of virgin or loaded oxides of manganese
may further comprise a drver for drying the filter cake; a device for comminuting and sizing
fhe dried filter cake to form oxides of manganese particles; and a reaction chamber of 2
pollutant removal system into which the oxides of manganese patticles are introduced to
caprure target poilutants from 2 gas, the reaction chamsber being equipped with at least one
target polintant concentration reader for measuring target pollutant concentration of the gas as
it exits the reaction chamber, the reader being in electronic communication with the controller
for checking the loading performance of the oxides of manganese particles and signaling
need for adiustment of operational parameters within the aqueous oxidizing sofution vessel.

Another embodiment of a systeny for prefreatment of virgin oxides of manganese
comprises & wash unit configured to hold and agitate a slurry of virgin oxides of manganese
in an aqueous oxidizing solution, the solution have Eb and pH vaives within the MnO,
stability area, the wash wnit being equipped with & pH prabe, an Eh probe, and & tempersture
probe, the wash unit being farther configured to receive the slurry of virgin oxides of

manganese ot fo individually receive virgin oxides of manganese and the agueous oxidizing
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solution; a filtration wnit configured to receive the shurry from the wash unit and to filicr the
shurry to form a filtrate and a pretreated oxides of manganess filter cake; an aquecus
oxidizing solution vessel containing 3 supply of agueous oxidizing solution, the solotion
having Eh and pH values within the Mn(; stability area, the vessel having a feeder
configured to feed agqueous oxidizing solution to the wash unit and being equipped with an
Eh probe; an oxides of manganese vessel containing a supply of virgin oxides of manganese,
the vessel having 2 feeder configured to feed oxides of manganese directly to the wash unit
ot, In confunction with the agueous oxidizing solution foeder to feed a shury of virgin oxides
of manganese to the wash unit; a pH adjust vessel having a supply of acid or base or separais
supplies of acid and base, the pH adjust vessel having a feeder configured to feed acid and/or
hase to the wash unil; and a controller capable of individually or simultancously reopitoring
and adjusting system operstional parameters, the controller providing integrated conirol
within the wash unit of the temperature, Bh values, and pH values in order to mamiain
conditions of the aquesus oxidizing sohution within the MnQ, stability area, the controlley
being elecironic communication with the probes and feeders of the systern,

This embodiment of a for pretreatment of virgin oxides of manganese may further
comprise a dryer for drving the filter cake; a device for comminating and sizing the dried
fiiter cake to form oxides of manganese particles; and a reaction chamber of a poliutant
removal system Into which the oxides of manganese particles are infroduced io caplure target
poliutants from a gas, the reaction chamber being equipped with at least one target pollutant
conceniraiion reader for measuring target pollutant concentration of the gas as If exits the
reaction chamber, the reader being in electronic communication with the countroller for
checking the loading performance of the oxides of manganese particles and signaling need
for adjustment of operational parameters within the wash anit.

18 Another embodirnent of a system for treatrnent of virgin or loaded oxides of
wanganese comprises a rapid filtration wash unlt, the wash unit being configured to
individually receive oxides of manganese and an aqueous oxidizing sclution baving a Bh and
pH values within the MnO; stability avea, the wash unit being further configured to rapidly
remove the agueous oxidizing solution from countact with the oxides of manganese forming a
filirate and a treated oxides of manganese filter cake; an aqueous oxidizing sohition vessel
containing a supply of aqueous oxidizing solution, the solution having Bh and pH values
within the Mn(Q, stability area, the vessel having a fesder confignred to feed agueous

oxidizing solution to the wash unit and being equipped with a probe selected from the group
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consisting of an Bh probe, a pH probe, a teraperatare probe, or any combination thereof; an
oxides of manganese vessel containing a supply of virgin of loaded oxides of manganese, the
vessel having a feeder configured to feed oxides of manganese to the wash unit; a oxidizer
vessel containing 3 supply of oxidizer, the oxidizer vessel having feeder condfigured to feed
oxidizer to the agueous oxidizing solution vessel; & pH adjust vessel having a supply of
acid or hase or separate supplies of acid and base, the pH adjust vessel having a feeder
sonfigarad 1o feed acid and/or base to the aqueous oxidizing solution vessel and a controller
capable of individually or simultansously monitoring and adjusting system operational
parameters, the controfler providing integrated control of the temperature, Eh values, and pH
values within the aqueous oxidizing solution vessel in order to maintain conditions of the
agueous oxidizing solution within the Mn(, stability area, the controller being in electronic
communication with the probes and feeders of the syslem.

This embodiment of a system for freatment of virgis or loaded oxides of mangaunese
may further comprise a dryer for drying the filter cake: a device for cormminuting and sizing
the dried filter caks to form oxides of manganese particles; and a reaction chamber of 2
poliutant removal system into which the oxides of manganese particles are introduced to
capture target pollutants from a gas, the reaction chamber being equipped with at least one
target polhatant concentration reader for measuring target polhmant concentration of the gas as
it exits the reaction chamber, the veader being in clectronic communication with the controller
for checking the loading performance of the oxides of manganese particles and signaling
need for adjustment of operational parameters within the aqueous oxidizing solution vessel.

Tn the above-described systoms the aqueous oxidizing solution contains an oxidizer.
The oxidizer may be selected from the group consisting of hypochlorites, perchlolates,

yeen ({3}, air, ozone, peroxides, persulfates, and combinations thersof.

o

permanganates, ox

The invention also relaies o oxides of manganese, oxides of manganess particies, and
oxides of manganese filter cakes formed by the above-described processes.

Oxides of manganese particles may be formed by a process for prefreatment of virgin
oxides of manganese for use as a sothent to remove target poliutants from a gas stream
comprising the steps of washing virgin oxides of manganese in wash unit with an agueous
oxidizing solation, the solation having Eh and pH values within the MnO- stability ares;
fittering the washed oxides of manganese to form a filtrate and a preweated oxides of
manganese filter cake, the oxides of manganese of the filter cake having a poilutant loading

capacity greater than the pollutant loading capacity of the virgin oxides of ynanganess; drying
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the filter cake; and comminuting and sizing the dried filter cake fo form oxides of mangamese
particles.

Oxides of manganese particles may be formed by a process for prefreatment of virgin
oxides of manganese for use as a sorbent to remove tavget pellutants from & gas siream,
comprising the steps of washing virgin oxides of manganese i a wash unit with an aguseous
oxidizing solution, the solution having Bh and pH values within the MnO, siability ares;
monitoring and adjusting the pi and/or the Eh values of the soluiion so a5 {o maintain the Bh
and pH values of the solution within the MnQ; stability area; filtering the washed oxides of
manganese to form a filtrate and a pretreated oxides of manganese filter cake, the oxides of
manganese of the filter cake having a pollutant loading capacity greater than the poilutant
loading capacity of the virgin oxides of manganese; drying the filter cake; and comminuling
and sizing the dried filter cake to form oxides of manganese patticies.

Oxides of manganese particles may be formed by a process for preireatment of virgin
oxides of manganese for use as a sorbent 1o remove target polhutants from a gas stream
comprising the steps of washing virgin oxides of manganese in & rapid fiktration wash unit
with an aqueous oxidizing solution to form a fhrate and a pretreated oxides of manganese
filier cake, the solution having Bh and pH vahes within the MaO, stebility area; removing
the prefreated oxides of manganese filter cake from the rapid filtration unit, the oxides of
manganese of the filter cake having a pollutant loading capacity greater that the pollutant
loading sapacity of the virgin oxides of manganese, drying the filier cake; and conuminnting
and sizing the dried filter cake to form oxides of manganese particies.

Oxides of manganese particles may formed by a process for regeneration of loaded
oxides of manganese formed through reaction between unreacted oxides of a manganese and
target pollutants in a gas strearm comprising the steps of washing loaded oxides of manganese
in a rapid filivation wash unit wilh an aqueous oxidizing soluiion having Eh and pH values
within the Mn(, stability area to fonmn a filtrate and a regenerated oxides of mangancse filter
cake; removing the regencrated oxides of manganess filter cake from the rapid filiration anit,
the oxides of manganese of the filter cake having a pollutant loading capacity squal to or
grogter than the pollutant loading capacity of the unreacted oxides of manganese from which
the loaded oxides of mangasese are formed; drying the filter cake; and comminuting and
sizing the dried filier cake to form oxides of manganese particles.

QOxides of manganese sorbent particles may formed by a process for regeneration of

toaded oxides of manganese sorbent particles bearing a reaction product layer of ihe surfacs
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thereof formed during reaction between unveacted oxides of manganese sorbent particles and
target polioants in & gas stream i a pollution removal systein, Comprising the sieps of
rapidly washing and filtering the loaded oxides of manganese sorbent particles in a rapid
filtration wash unit with an aqueous oxidizing sohution to dissolve the reaction product layer
from the surface of the loaded oxides of manganese sorbent particles into the solution to form
3 filtrate and @ regenerated oxides of manganese fiter cake, the solution having Eh and pH
values within the MnQ; siability area; removing the regenerated oxides of manganese filter
cake from the rapid filiration unit, the oxides of manganese of the filter cake having a
pollutant Joading capacity equal 1o or greater than the pollutant loading capacity of the
ymreacted ovides of manganese sorbent particles from which the loaded oxides of manganese
sorhent particles are formed; drying the filter cake; and commimiting and sizing the dyled
filter cake to form oxides of mangancse particles.

Oxides of manganese filter cakes particies may be formed by a process for
pretreatment of vivgin oxides of manganese for use as a sorbent to remove target pollutants
from a gas strean, comprising the steps of washing virgin oxides of manganese in a wash
wnit with an agueous oxidizing solution, the solution having Bh and pH values within the
MG, stability area; monitoring and adjusting the pH and/or the Fh values of the solution so
25 10 maintain the Bh and pH values of the solution within the MnQ; stability aren; and
filtering the washed oxides of mangavese to forn 2 filtrate and a pretreated oxides of
manganese filter cake, the oxides of manganese of the filter cake having a poilutant Joading
capacity greater than the poilutant loading capacity of the virgin oxides of manganese.

Oxides of manganese flter cake may be formed by a process for pretreatment of
virgin ovides of manganese for use a8 2 sorbent to remove target polhutants from 2 gas
stream, comprising the step of washing virgin oxides of manganese in a rapid fliration wash
it with an aqueous oxidizing solution to form a filtrate and a pretrogted oxides of
mangansse filter cake. the solution having Eh and pH values within the Mo, stahility area;
wherein the oxides of manganese of the pretreated oxides of manganese filter cake have s
pollutant loading capacity greater that the polhutant loading capacity of the virgin oxides of
Manganese,

Oxides of manganess filter cake formed by a process for regeneration of loaded
oxides of manganese formed through reaction between unreacted oxides of a mangapese and
target pollutants in a gas stream comprising the step of washing loaded oxides of manganess

in a rapid filration wash unit with an aqueous oxidizing solution having Bh and pii values
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within the MO, stability area to form a filtratc and a regenerated oxides of manganese filter
cake; wherein the oxides of manganess of the regenerated oxides of manganese filier cake
have a pollutant loading capacity equal to or greater than the polluiant loading capacity of the
anreacted oxides of manganese from which the loaded oxides of manganese are formed.
Oxides of manganese filter cake may be formed by a process for regeneration of
loaded oxides of manganese sorbent particles bearing a reaction product fayer of the surface
thereof formed during reaction between unreacted oxides of manganese sorbert particles and
target pollutants in a gas stroam in a poliution removal system comprising the step of rapidly
washing and filtering the Joaded oxides of manganese sorbent particles in a rapid filtration
wash unit with an agueous oxidizing solution to dissolve the reaction product layer from the
surface of the loaded oxides of manganese sorbent particies info the solution 1o form a fiftrate
and a rogenerated oxides of manganese filer cake, the solution having Bh and pH valucs
within the MnO; stability avea; wherein the oxides of manganese in the regencrated oxides of
manganese filter cake have a poliutant loading capacity equal Lo or greater than the pollutant
loading capacity of the unweacted oxides of mangmese sorbent particles from which the
loaded oxides of manganese sorbent pariicles are formed.
fn the processes for formation of the above-described oxides of manganese particles

and oxides of mangenese flter cakes, the aqueous oxidizing selution contains an oxidizer.
The oxidizer may be selected from the group consisting of hypochlorites, perchlolates,

permanganates, oxygen (02}, air, ozons, peroxides, persulfates, and combinations thereof,

Detailed Descrintion of Preferred Bmbodiments

The foliowing definitions will be useful in undersianding the mmvention disclosed
herein:

“Reacted” or “loaded,” as wsed interchangeably herein, refers in conjunction with
“syides of manpanese” andior “sorbent” to oxides of manganese or sorbent that has
interacted with one or more target polhuants in a gas whether by chemical reaction,
adsorption or absorption. The term dees not mean that all reactive or active sites of the
sorhent have been utilized as all such sites may not actually be niilized.

“Umreacted” or “virgin,” as used interchangeably herein, refers in conjunction with
“gxides of manganese” and/or “sorbent” to oxides of manganese or sorberd that has not

interacted with target poliutants tn a gas or gas siream,
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“Nitrates of manganese,” as used herein, refers o and includes the various forms of
manganese nitrate, regardless of chemical foruula, that may be formed through the chemical
reaction between NOx and the sorbent and fncludes hydrated forms as well.

“Suifates of manganese,” as used herein, refers to and includes the varicus forms of
manganese sulfate, regardless of chemical formula that may be formed through the chemical
reaction between SOy and the sorbent and includes hydrated forms as well.

“Target pollutant,” as used herein, refers to the pollutant or pollutanis that are or are
to be captured and rernoved from 3 gas strean.

“Mn(, stability area,” as used herein, refers to the region of thermodynamic stability
for manganese dioxide deBueated by Eh and pH values for agueous solutions. More
specifically, it refers to the region of thermodynamic stability for manganese dicxide
delineated by Bh and pH values for aqueous sohitions In an electrochemical stability diagram,
such as presented by Pourbaix diagrams.

Oxides of manganese may be utilized for various applications. one such application is
in the use as a sorbent for removal of target polivtands in gas strearas. Examples of target
pollutants that may be removed with an oxide of manganese sorbent, include but are not
limited to, NOx, 8Oy, merowry (Hg) and some mercury compounds, HuS and other totally
veduced sulfides {TRS), and oxides of carbon. As previously noted above, cerfain target
pollutant removal systems and processes methads utilizing oxide of manganese sorbents and
referred to as Pahlmon™ sysiems and Pahiman™ processes are described and disclosed in
co-pending 11.S. paient application numbers 09/319,600, 09/951,657, 10/044,089 and
10/025,270, all assigned to Enviro3crub Technologies Corporation. the assignes of this
application. The disclosures of these four patent applications are incorporated herein by
reference.

Oxides of manganese sorbents are introduced into these aud other pollution reymoval
systerns and interact with the target pollutants in gas streams routed through the systems as a
catalyst, a reactant, an absorbent or an adsorbent

During such interaction in the process of poliutant removal, the oxidation {or valence)
state of the oxides of manganese sorbent is reduced from its original state during reaction
with the target pollutants. For example, where the target pollutants are NOy or SOy, possibly

through overall reactions such as the following:
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SO+Mnd; = Mn30, Reaction {1}
ZNG + OrtMnG; - Mo(NG3 ), Reaction (2}

{n both of the reactions above, manganese {Mn) is reduced from the +4 valence state to +2
valence state during formation of the reaction products shown. It should be noted that the
actual reactions may inclode ofher sieps not shown, and that indicating Reactions Land 2 is
not in any way intended to limit the scope of the mvention, but is used oply o illustrate the

process,

Additinnally, it is believed that reaction products, such as the salts of Reaction {1} and
Reaction {2} above, form on the surfaces of the sorbent particles of oxades of mangansse.
These veactions may extend to some depth inside the sorbent particles. Applicanis believe
that formation of such reactions products ocours on the surfaces of the oxides of manganese
particles, resuiting in a layer or coating, which effectively isolates the covered portion of the
particle surface and thereby prevents continued rapid reaction with additional target
pollutanis. Further, the oxidaiion state and thus the loading capacity of the oxides of
manganese below the surface of the reaction product coating may be reduced during the
poliutant removal, thus diminishing the loading capacity of sorbent even afier the reaction
produci have been removed or disassociated inio an aqusous solution.

Following reaction with the target pollutants, it is desirable for economic reasons to
re-use the unreacted portions of the sorbent for subsequent cycles of poliutant gas removal.
These unreactad portions may exhibit decreased loading capacity. In order to render reacted
oxides of manganese effective for subssquent re-use 48 a gas sorbent with high removal
afficiency, it is nevessary to: {1} remove reaction products, such as salts from the sorbent
particle surfaces and (2 restore or incyease the target polluiant Joading capacity of the oxides
of manganese sorbent. Applicants have found that washing the loaded oxides of manganese
in an aqueous oxidizing sohution that has been adjusted to within the MnO, siability area cap
accomplish these requirements. Further, Applicents have found that loading capacity of
virgin or unyeacted sorbent can be fncreased by washing with agueous oxidizing solutions.

Without being bownd by theory, Applicants belicve that the precessing of oxides of
manganese according to the invention in aqueous oxidizing solution systems maintained with
the MnfD, stability window may beneficially affect a number of sorbent characteristics. Such

characteristics may include pariicie size and shape, crystalline structure or morphology,
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porosity, composition, surface area, bulk density electrochemical or oxidation potential or
manganese valence states.

Regardiess, the increased loading capacity is achieved with aqueous oxidizing
soluticns. Hypochlorites, such as sodiom hypochlorite (NaOCh), have been found to be a
suitable oxidizers for vee in the agueous oxidizing solutions, although many other oxidizers
may also be suitable for this purpose. Other suitable oxidizers include, but are not limdted to
chiorates, such as sodium chlorate (NaCl(O,), perchloraiss such as sodiuin perchlorale
{Na:Cl0,), permanganates, such as potassiom permanganate (KMnO4), oxygen ((b) or air,
ozone (), peroxides, such as HyOy, and persulfates, such a5 sodivim poroxidisulfate
{(N3:0g). The electrochernical potendial of the agueous oxidizing solution, and therefore the
effectivencss of the treatment meihods of the mvention, depends, in part, upon the strengih of
the oxidizer and/or the concentration of the oxidizer in the solution.

in {he treatment methods and systems disclosed herein, the oxidizer used to prepave
the agueous oxidizing solution, must be able o provide the required electrochemical
{oxidizing} potential (Eh), within the specified pH range, to provide an Bh-pH combination io
achieve stable solution equilibyium, as defined by the Mn(, stability ares as delinested in 2
Pourbaix diagram, such as ihose depicted in Figures 9 and 16, Tn & Pourbaix diagram, the
Mn(, stability area is defined by the thermoedynamically stable ranges or boundaries of pH-
Eh combinations that promote the existence and formation Ma(, (Mn having valence state of
+4} as the most thenpodynamically stable form of manganese i an aqueous solution systen.
The domain of MnO, stability for an agueous solution varies based upon the various
componeits of the system. For example, changes i dissolved manganese ion concenfration,
solution femperature, and competing dissolved long will affect the boundaries of siability for
MnO;. The effects of such changes upon the boundaries of the Mn(, stability areaon a
Pourbaix Bh-pH diagram can be determined either by empirical data derived from
experimentation or with computer software programs knowr to those skilled in the arf, such
ag HSC Chemistry distributed by Outokumpu Oy of Finland. Software may also be written o
determine the MnQ, stability area ag defined by other disgrams, such as the Latimer Diagram
or the Frost Diagram.

In Figure 9, ranges of pH and Bh values for thexmodynamically stable aqueous
solutions of various manganese cornpounds are ilusirated in graph form for aqueous solution
systems at 25° C and a bmole/titer manganese ton concentration. Figure 10 similarly

illnstrates ranges of pH and Eh values for aqueous solution systems at 25° Chut witha 1.0 %
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10°¢ mole/liter manganese ion concentration, The Pourbalxy Window diagrams depicted in
Figures 9 and 10 wers derived from the diagram presented in Atlas Of Electrochemical
Fquilibria in Aqueous Solutions,” Marcel Pourbaix, pages 286-253, Naiional Association of
Corrosion Engineers, Houoston, Texas.

The Eb and pH values as plottad on the graphs delineate the boundaries of the Mn(O;
stability area for each of the two aqueous solution systems, smphasized with shading m
Figures % and 10. A comparison of the boundaries of the two shaded areas on Figures 9 and
10 is illusteative of the different stability areas that exist under different system conditions.

Regardiess of the specific system conditions, under the thermodynawically stabie
conditions for MnaQO, ai a given pH and corresponding Bh range within the MaOQ, stability
area or the given system conditions, the desired manganese valence state (theorstically +4)
will exist. Thus, thers is no propensity for Mn compounds in the +4 valence state to degrade
to +3 or +2 valence states. Applicants have found that oxides of manganese treated in
oxidizing solutions maintained within the MnQ, stability area will exhibit a Mn valence state
of close to +4, resuliing in a MnQ; with target pollutant foading capacities equal to and/or
greaier than {increased) the Toading capacities of virgin or loaded oxides of manganese.

From the graph presented in Figure 9 or 10, the thermodynamically stable ranges or
boundaries of pH-Fh combinations for the partioular aqueous system that will promote the
existence and formation of Mn(; can be identified. Through their undorstanding of the
relationships betwoen these system parameters of the Mn(), stability area of a Pourbaix
Window diagram and application thereof to conditions of a given aqueons systom, Applicants
are gble to treal both virgin and loaded oxides of mangamese sorhents 50 as to vield a treated
sorbent, both pretreated and recycled, having equal or increased loading capacity when
compared to the untreated sorbent.

Oxidizing solutions having the desired pH-Eh combination can be prepared,
maintained or adjusted by increasing or decreasing oxidizer, acid, or base concentrations
and/or temperature adiustment, as appropriate, so that the conditions are adjusted to rernam
within the MnQ; stebility area. With moniioring of Bh and pH data, an operator can make
necessary adjnstments in order to maintain or rewrn she oxidizing solution to condttions
within the MnO; stahility srea. Monitoring and adjusting can zlso be avtomated utilizing
lectronic sensors and controtlers.

Virgin (unreacted) oxides of manganese sorbent particles may be treated or prefreated

1o increase the oxidation state and/or target pollution loading capacity. This canbe
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accomplished by washing virgin {onreacted) sorbent with a wash solution of volume-to-
sample weight ratio (Hquid-to-solids ratio) of 2:1 or greater. However, effective trestment
can also be accomplished with both lower and bigher Jiguid-to~-solids ratios as weil, The
sorbent powder is added to an aqueons oxidizng solulion, for example a hypochlorite
solution, stirred or agitated for a time sufficient to achieve an increased oxidaiion state and/or
target pollution loading capacity. The fhen treated sorbent is separated by filiedng, and the
wet particles dried, which prepares the sorbent for target pollutant removal.

This method of virgin sorbent reabment may be betfer anderstood with reference lo
EFigure 1. Tuming to Figure 1 a virgin sorbent pretrestment sysiem 10 is tllustrated. The
prefreatment system includes 2 washing unit 12, optionelly equipped with pH probe 14 and
©h probe 16, As explained later in the specification, these probes may be utilized o provide
information on aquecus solution conditions that may be utilized to provided manual or
slectronically controlled adjustments {o relative to providing aod maintainiog the desire pH-
Eh combination and other nperating conditions. For example, temperature probe (ot showiy)
may also optionally be provided. Virgin sorbent from vivgin sorbent storage 18 1s introdoced
mto wash vnit 12 along with an aqueous oxidizing solution prepared io have the desired pH-
Eh combination within the MnG, stability area. Optionally, adjustments to the shory pH and
Eh can be made using appropriaie oxidants for Bb adjustiment and mineral acids and bases for
pH adinstiments.

The solid-liquuid mixbure or slarry is agifaled or stirred and maantained at the desire
operating conditions so as {0 increase the loading capacity and/or the Mn oxidation state.
Optionally, adjustments to the slurry pH and Bh can be made using appropriate oxidants for
Eh adjustment and mineral acids or bases for pH adjustment, so that the pH/BQ combination
of the sturry is maintained within the window of Mn(», stability for the specific systen.

A filtration wnt 22 configured for solid-hauid separation is next provided. Suitable
filiration vmiis knowy and readily identified by those skilled in the art may be utilized for
filtration unii 22, The shurry from wash viii 12 is conveyed o filtrafion unii 22 where the
treated sorbent is separated from the sohution, with the wash solution or flirate being routed
for re-use, other processing or disposal. Since the §lirate may vet contain useful restdoal
oxidizer, it may not be economic or desirable to digpose of the solution after 2 single use.
However, afler muliiple uses, the solution may contain an accummulation of undesired
constituents, such as condaminants and debris, that may be present in & load of virgin sorbent,

Such undesired constitucnts may impact the efficiency or continued usefulness of the filirate
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for subseqnent sorbent prefreatment. At that juncture the filtraie may be disposed of or
otherwise processed io recover useful values.

In any event, the treated sorbent that has been separgted from the slorry is in the o
of a wat sorbent cake and may be dried prior (o use in a poflutant rernoval system such as the
Pahlman™ systam if the sorbent is to be fed dry into the removal system. In some removal
systems the sorbent may be fed as a slury or even as a wet sorbent cake and for such removal
systems a drying step would not be required. However, where drying is required or desired
prior to intreduction into a pollution removal system, the wet sorbent cake is routed to a dryer
24, A variety of dryers known to those skilled in the art may be utilized for this purposs,
auch as a rotary kiln, heat exchanger, oven, or other suitable dryers. After drying the treated
sorﬁen‘i may require conpminution and possible sieving to reduce the sorbent particles to the
desired size. Further, the sorbent dryer 24 may be a standard cake or shury drying system
known to those skilled in the art of drying, which could include a fluidized bed dryerora
spray dever, configured or designed fo inject the wet cake or shary of wades of manganese
sorbent into the flow of a gas stream prior to introduction into a reaction chamber of a
pollutant rerpoval system. Whether dried and comminuted or routed to a cake or shurry drying
systen, the resulting sorbent having increased loading capacity is ready for usc in a pollution
removal system

Loaded (reacted) sorbent vequires a different treatment in order to prepare 1t for retise
for target pollutant remmoval. Specifically, applicanis have found it advantageous to rapidly
remove the agueous oxidizing solution from contact wiih the leaded sorbent being treated
doring washing once dissoived reaction products, such as soluble saits, have disassociated
info solution. Applicants believe that such rapid vemoval of soluble salts is necessary in order
to prevens possible re-deposition of a reaction product coating or layer, through precipitation
of reaction products, ¢.g., sulfate and nitrate compounds or their derivatives, upon the washed
oxides of manganese sorbent particles. Such coatings are believed to be detrimental o target
pollutant removal efficiency of the sorbent, In order to prevent re-deposition of such coatings
or layer, the washing or rinsing equipment is configured 1o prevent buildup of igh dissolved
sali concentrations and avoids prolonged sorbeni contact with the wash solutions used.

Prolonged sorbent-solution contact should be avoided for another reason. Asthe
reaction products are dissolved into sohution, the acidity of the wash solution hag been
observed to increase, perhaps having a pH as low a8 2.0-4.0, as 2 result of sulfate and mitrate

salts, for example, combining with wash solution to form weak acids. Such pH shifls during
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washing cap and oxidizing of loaded sorbent can take the oxidizing solutior outside of the
Mn(), stability avea At the lower pH rangss, as {lustrated in the Pourbaix Window diagram
of Figure 9, an upward, sometimes significant, Eh adjustment would be required to ramain
within the MnO; stability area. Base couid alse be added to accomplish the desired
adjustment; however, this will be ineffoctive if the oxidizer has been depleted, requirmg
oxidizer addition. As some oxidizers or oxidants are inexpensive, such Fh adjustment can be
uneconomic. However, if not otherwise made, a treated sorbent with a lower valance state
and/or loading capacity would result. Through avoidance of prolonged contact potentially,
costly Bh adjustments and pH adjustments can be avoided or mrintmized and a treated sorbent
with increased loading capacily can be obtaimed.

Rapid filtration can be accomplished by various methoeds such as vacoum or pressure
fliration. On the laboratory scale, rapid filiration can be accomplished by placing the loaded
sxides of manganese sorbent to be washed on a filter media, using an apparatus such as a
Beuchner funnel, and maintaining a vacuum to the filter while applying the wash solution
onto the loaded oxides of manganese sorbent. This resulls in rapid filtration of wash
solutions through the sorbent, accompanied by rapid transport of dissolved salts away from
the washed sorbent,

Loaded oxides of manganese sovbent samples are washed with an oxidizing wash
solution of volmme-to-sample weight ratio (liquid-to-solids ratic) of between 2:1 and 50:1 or
greater, preferably 25:1 to 35:1. Within these liquid-to-solid ratios and with rapid filtration,
effective dissolution and rapid removal of reaction produects can be achieved, resulting ina
treated or recycle processed (sometimes referred to as regenerated) sorbent having an
increased oxidation state and/or target pollution loading capacity.

The systenm and method of recycle processing of loaded sorbent can be understood
with refarence to Figare 2. Turning to Figure 2 a Joaded sorbent treatment or recyele
processing system 30 is illostrated. The system 30 inelades a combination rapid filivation
wash unit 32, The wash unit 32 is configured to receive foaded sorbent from loaded sorbent
storage 34 and to agueous oxidizing solution. The wash unit 32 is further configured and
operated so as to avoid and pooling of oxidizing solution or creation of # Hguefied shury or
ather conditions fhat would isad to prolonged solid-liquid contact such that the solution no
fonger remains within the MO, stabiﬁi}? area. Drevices such as moving belt filters presses,

filter presses, and filter drum presses or pressurized or vacwum filters or other such devices
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known to those skilled in the art for vapid filtration washing can be used for rapid filtration
wash unit 32.

Loaded sorbent is introduced into rapid-wash fliration unit 32 from joaded sorbent
storage 34. An agueous oxidizing solution prepared to have the desired pH-Eh combination
within the Mn(),; stabilily area is then passed over and through the loaded sorbent with rapid
filtration. The agueous oxidizing solution may be monitored and adjusted prior {0 appHeation
to the loaded sorbent and the Eh and pH of the filirate may be monifored. However,
moyutoring is not really required as long as there is no pooling so as fo causc undesirable
profonged solid-liquid contact. Onee the load sorbent had been washed for a ime sufficient
to yestore of inorease the leading capacity and/or Mn oxidation state, solution is no longer
applied and the wet sorbent cake is routed 1o dryer 36, The same types and variety of dryers
suttable as dryer 24 1o the virgin sorbent pretreatment system 10 are suitable for use as dryer
36 in the loaded sorbent freatment systom 30, And similarly, the selection will depend upon
whether the reeycie processed sorbent (3 to be inbroduced tnio a polhutant removal system dry
or as g wet sorbent cake. Ifto be introduced dry, with comminution and possibly sieving, as
necessary, the treated or recycle processed loaded sorbent is ready for re-infroduction inio 2
pollutant remeoval systerm.

It should be noted that the embodinment of the system of the wvention in Figure 2 may
be uiilized for treatment of virgin oxides of manganese as well, even though prolonged
Licuid-solid contact need not be avoided for pretreatment. Thus, virgin sorbent may be
ireated in the system depicted in either Figure 1 or Figure 2 and by the same method as
loaded sorbent,

Respectively, Figures 7 and & illustrate embodiments of the invention incorporating
electronic controller to provide integrated simultsneous monitoring and adjustment of
operational parameaters for treatinent of oxides of manganese with option feed back loop for
checlring the Ioading capacity of the treated sorbent,

With reference to Figurs 7, the pretreatrent system 40, illustrated in bloek flow, has a
wash unit 42, a filivation unit 44, and a dryer 46, Wash unit 42 is equipped with temperature
probe 47A, pH probe 478 and Bh probe 47C which are in electronic communication with a
controller 50. A vessel 52 containing oxidizing solution is configured to foed oxidizing
solution to wash unit 42. Virgin sorbent vessel 33 contsining virgin sorbent is configured to
feed virgin sorbent to wash unit 42. Acid and/or base vessel 54 iz configured to feed acid and

or base to wash unit 42, The feeders (not shown} of vessels 52, 53 and 54 are n electronic
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with the Eh probe 35 with which the oxidizing solution vessel 53 18 equipped. As tlustratad
treated sorbent from dryer 46 is routed o reaction chamber 56, Alternatively, sotbent from
dryer 46 may be routed for storage or fo a sorbent feeder prior to introduction to the reaction
chamber 36, Reaction chamber 56 represents a pollution removal sysiem or a reaction zone
of a poliufion removal systern such as a Pahban™ dry removal system described in co-
pending U.S. patent application numbers 09/919,600, (9/951,697, 10/044,089 and
10/025,270 or any other pollution control system that niilizes oxides of manganese as a
sorbent for removal of target pollutants from gas streams. Reaction chamber 56 is equipped
with eptional target poliutant concentration readers or confinuous emission monitors {CEMS)
for NOy, and SOy readers 57A and 578 in elecironic commumication with controller 50.

The controller SO interfaces with probes 47A-47C, readers 57A, 378 and the feeders
of the vessels 52-54 for measurement and adiustment of operational parameters with in the
pretreatment system. These parameters are imporiant in determining the proper Eh of the
agueons oxidizing solution prior to addition to the washing unit 42 and tho conditions in the
washing unit 42 when the virgin sorbent is added. Bh probe 55 ism compmunication with
controller 50 io adjust the Eh of oxidizing sobition vessel 52. The controller 50 adds oxidant
to vessel 52 until the desired b reading is abtained prior to addition to the wash unit 42. The
toraperature, pH, and Eh of the washing unit are monitored sud adjusted so as (o maintain
conditions within the MnQO; stability area.

The controller 50 contains a programmable logic controlier (PLC) and other hardware
components necessary for the operation of the controlier such as a power supply, input and
output nodules that would communicate with the probes 47A-47C and/or readers 37A, 578,
and the feeders of the vessels 52-34 . The controller 50 receives inputs from the vazions
probes and readers and converts them into ladder logic langunage that would be used by an
internal proportional integral derivative (PID} loop to individually and simudtanaously
monitor system operational parameters and to reconcile the inputs with predetermined or
computer gencrated caleulated set points for the operational parametess, such as tomperatute,
and Fh and pH levels. As determined by comaputer logic, the controller 50 will send an
ouiput as necessary to any of the feeders of vessels 52-33 signaling a feeder to cycle onorto
change feeder rate so as to mainiain or adjust system operational paramneters 1o within the

Mn(), stability area. The controfler 50 may also contain an Ethernet card or ofher component

' that allows onsiie or offsite remote display and operator interface and control as needed.
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The controller 50 would be given a start command and direct the feeders of vessels 52
and 53 to iject, respectively, a predetermined amounts of virgin sorbent and oxidizing
solution into the washing unit 42, The controller would signal the feed of a predeformined
amount of oxidant into the aqueous oxidizing solution vessel checking and or adjusting the
Eh and/or pH of the solution pror o feeding into the washing unit. The Fh of the oxidizing
solution in vessel 52 may be adjusted by addition of an oxidizer in sufficient quantity as to
caise the Th to the desived level from an oxidizer vessel, not shown in Figure 7, containing a
supply of oxidizer. As determined by programmed controller logie, the controlier 50 would
also check, based on inpuis received from the probes 47A-47C and/or adjust the condifions of
the washing unit by adjusting the temperature utilizing a heator or heat exchanger (nol shown
in Figure 7) to increase or decrease solution temperature; the pH, if needed, by increasing or
decreasing the rate of base or acid feed; and the Bl if needed, by increasing or decreasing the
oxidizer concentration of the agucous oxidizing solution. An optional, final quality control
loop may be provided uiilizing the readexs 374, 378 checking the Joading performance of the
treated sorbent by sending, for example, SOx and NOx readings back to the controller 50, As.
determined by coptroller logic, the controller 50 wouald then adpust the washing unit
parameters, if needed, to provide treated oxides of manganese having increased loading
capacity as compared to the wntreated virgin sorbent contamned in vessel 33, The same
controller may zlso be used to control the entire operation of both the reaction chamber 56
and the pretreatment systern 40, or sepavate confroliers may be provided,

With reference to Figure 8, a recycls processing or regeneration system 60, for
treating loaded sorbent is iustrated as a block flow diagram. The regeneration system 60 has
a rapid filiration wash unit 62 from which treated sovbent is routed to dryer 64, The filirate
from wash unit 62 is directed for disposal or for other processing to recover useful values
therein. Loaded sorhent vessel 66 is configured to foed loaded sorbent fo wash unit 62. An
oxidizing solution vessel 68 containing oxidizing soluticn is configured to feed oxidizing
sohition to wash unit 62. The feeders (not shown) of vessels 66, 68 are in electronie
communication with the controller 70. Veossel 68 is equipped with an Hh probe 724 and pH
probe 728 which are also in electronic communication with the controller 70. As illustrated,
treated sorbent from the dryer 64 is routed to a reaction chamber 56. It being unlerstood that,
as in pretreatment system of Figure 7, the treated sorbent may be routed to 2 sorbent feeder or

io a sorhent storage bin. Similarly, optional readers 574, 37B are in glecironic
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communication with controller 70, providing a optional control loop to check loading
performance of freated sorbant.

The controller 70 interfaces with the Bh probe 724, pH probe 72B, temperature probe
72C, the readers 57A, 378, and the feeders of the vessels 66, 68 to monitor and adjust the
operational parameters of pH, Eh and temperature within the regeneration system 60,
Additionally, the controller 70 interfaces with a vessel (not shown in Figure 8) and the feeder
thereof o provide acid or base as necessary to the aqueous oxidizing solution. I is important
1o determine and adjust, as necessary, the operational parameters prior to introducing the
oxidizing solution inio wash unit 62 in order to assure that conditions of the oxidizing
solution are within the Mn(O, stability area,

The controller 70 contains a programmable logic controlier (PLC) and other
comnponents that would be necessary for the operation of the controller such as a power
supply, input and output modules that would communicate with the probes 724, 728, 72C,
the readers 57A, 578 and the feeders that supply the loaded sorbent, the aqueous oxadizing
solution, sud acid or base, The controler 70 receives inputs from the various probes and
readers and convert them info ladder logic language that wonld be used by the intemal
proportional ntegral derivative (FID) loop to individoally or simultaneously monitor system
operational parameters and to reconeile the puts with predetermined or computer generated
caloulated set points for the operational parameters. The controller 70 may also contain an
Etheme! card or other component that ailows onsite or offsite remote display and operator
interface and control as needed. Such integrated control of the regeneration system allows a
practical alternative to manual adjustments by an operator and lends tself to automation of
the regencration system even from remote locations.

The controller 70 would be given a start command and aignal the feeders of the
vessels 66, 68, simubtaneously or in desired sequence, to inject a prodeternmed arnount of
loadsd sorbent and oxidizing solution into rapid filtration wash unit 62. In order fo maintain
sonditions of the sohition within the MnO, stability ares, the controller 70 would, as
necessary, signal feed of a predetermined amount of oxidizer, acid or base into the aqueous
oxidizing solution in vessel 68, regularly monitoring and/or adjusting the Eh and/or pH of the
solution prior fo being fed inte the washing unit. As determined by the coniroller logic, the
conirolier 70 would also check, based on inputs received from the probes 724, 728, 72C,
and/or adjust the conditions of the aqueous oxidizing solution in vessel 68 by adjusting the

ternperature utilizing a heater or hest exchanger (not shown in Figure €) to increase or
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decresse solution temperature; the pH, if needed, by Incressing or decreasing the rate of base
or acid feed; and the Bh, if nesdead, by increasing or d.ecreasing the oxidizer concentration of
the aguepus oxidizing solution.

As in the pretreatment systern, an opiional, final quality conirol loop may be provided

5 utilizing the readers S7A, 578, checking the loading performance of the treated sorbent by
sending, for example, SOx and NOx readings back to the controlier 70, As determined by
coniroller logic, the controller 70 would then adjust oxidizing solution parameiers, if needed,
1o provide treated oxides of manganese having increased loading capacity as compared to the
unireated loaded sorbent contained in vessel 66, The same controller may alse be used {o

10 control the entive operation of both the reaction chamber 56 and the treatment svstem 40, or
separate controllers may be provided.

Applicants conducted a series of lab-scale tests uttlizing a live slipstream of an actual
exhaust gas from a coal-fired combustion souree in order to demonsirate the increased loaded
capacity achieved with the invention. A glass reacior designed to mimic the gas-solid

15 interaciions known to be present in the reaction zones of 2 Pabiman™ dry target pollntant
removal systerm was ulilized for the tesis. The glass reactor was a vertically positioned
Pyrex™ glass evlinder having an infernal dizmeter of 2 inches and a length of approximately
18 inches. For each test run, 50.0 grams of oxides of manganese were suspended in the
reactor using # permesgble Hitted glass flter positioned approximately 4 inches from the

20 bottom of the reactor, allowing for flow of the gas stream through the reactor while keeping
the oxides of manganese suspended. The fost reactor was insulated and configured with
thermocouples for temperature readings and heating elements for tempecature condrol to
maintain a tfemperature set point, which in the puwposes of the conducted testes was 250°F.

A NOx and 8O laden gas stremm was pumped into the bottom of the fost reacior at 2

25 flow rate which provided adequate fluidization of the bed of sorbent to promote optimal
gas/solids coniact. The reactor was heated during the testing to 250°F and the gas flow rate
was roetered at a constant 6.5 Hiers per minude (Jpmy). The shipstream of actual exbaust gas
was from a 570 MW fangentialiv-fired coal-buming boiler oporating on Powder River Basin
{PRI) western cosl

36 The composition of the exhaust gas was measured both on the wmlet and outlet of the
test reector with appropriate ges snalyzers, as one skilled in the art would eraploy and for the
test run exmuples presented found to be within the following ranges: Oxveen (G2 6-7%,

carbon dioxide (CO2) 10-12%, oxides of nitrogen (NOx) 190-250ppm, sulfir dioxids (802}
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400-500ppm. The composition of the inlet gas to the test reactor varied slightly fom test to
test, therefore the data was normalized and presented as pounds (Ibs) of NOx or 50, info and
out of the test reactor. The extent of NOx and 80; Ioading was then caleulated to defermine
the effectiveness of the agueouvs oxidizing rinse.  The slipsiream was pagsed through the
fuidized bed of oxides of manganese, where the flow carried a portion of the sorbent up onto
the filter, thus creating a flier cake, which munics a bag house reaction chamber of g
Pahlman™ dry target pollutant removal system.

30; and WOy concentrations were ymeastred continnonsly sltemating from the reactor
inlet and outlet utilizing a continuons smissions moenitoring system (CEMS). SO:
concenirations were measured uhilizing a Bovar Western Research model 92 INMP
spectrophotometric lnstrument and NOy concentrations were measured utilizing a Thermo
Eleciron model 42H chennlominescent insiromnent. In order {0 obtain accurate and reliable
emission concentrations, sampling and reporting was conducted in accordance with US BPA
Reference CFR 40, Part 60, Appendin A, Method 6C. Indet gas temperature was 250° F, with
a differential pressure across the permeable fritted glass filier was 2,007 of WC.,  Figures 3
and 4 show the resulis of comparative test runs conducied utilizing 50g of cach of virgin
EMI} type oxides of manganese sorbent, to provide a baselive, and treated vivgin EMD type
oxides of manganese sorbent prepared according o the invention, The treated virgin EMD
type oxides of manganese sorbent sample wag prepared by first treating with an agqueons
oxidizing solution of 0.01% sodium hypochlorite (NaOC1), The measured pH and Eb values
of the starting agueous exidizing solution of 0.01% sodium hypochlerite (NaOCh) were 8.5
and 900wV respectively, which provided a sofution within the MnO, stability area. A
guantity of virgin EMD type oxides of manganese sorbent {75.3¢g) was then added to a
mixing beaker of 151 g of the aqueous oxidizing solution of 0.01% sodium hypochiorite
{NaQCl). The shury was then continually stirved for a pertod of 15 minutes while recording
data on the changing pil and Bh of the solution. The starting pH of &.5 guickiy dropped to
6.2 within the frst minute of mising and affer 15 minutes had dropped to 6.1, The Eh which
started at 900mY rose to 1040mY within the first minuts of mixing then started slowly
dropping in gbout even increments to a findal value of 885wV after 15 minutes. The shurry
was then placed in a paper filter to separate the solids from the filtrate. The now treated BMD
type onides of manganese sorbent was then p}aoed‘ in a drying oven and dried for S brs at
185°F (85°C). The dried sorbent was then gently deagglomerated and 50g were then placed

in the laboratory test reactor for subsequent farget pollutant loading, the measured data poinls
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are plotted and identified in Figures 3 and 4 as “Virgin Sorbent Foliowing Treatmeni™
Along with the treated virgin EMD type sovbent loading rates, data points from untreated
virgin EMID type oxides of manganese sorbent are alos plotted in Figure 3 and 4 as “Virgin
Sorbent Baseline” to provide a baseline for loading capacity comparison.

Figure 3 shows the NOx loading corves. Looking at the virgin sorbent baseline, the
virgin BMD type sorbent was at least achieving 90% NOx removal on a ppm basis for 24
minutes, doring which ime an accamulative total of 158 x 10°8 pounds of NOx entered futo
the laboratory test reactor with only 5.6 x 10°¢ pounds of NOx exiting the reactor, for a toial
of 152.4 x 10™ pounds of NOx beiug capiured by the virgin BMD iype oxides of manganese
sorbeat. The treated virgin EMD type sorbent is shown to exhibit substantially improved
joading rates. NOx removal time at a NOy removal rate of at least 90% was imcreased to 47
minutes. For comparison, an accumulative total of 331 x 10°° pounds of NOx entered the
laboratory test reactor with only 6.1 x 107 poumds of NOx exiting the reactor for a total of
324.9 x 10°° pounds of NOx being captured by the treated virgin EMD type oxides of
manganeas sorhent

Figire 4 shows the 30, loading cirves. Looking af the virgin sorbent baseline, the
virgin BMD type sorbont was at loast schieving 99% 30, removal on a ppm basis for 24
minuies, during which thme an accumulative tofal of 543 % 1 pounds of 50, enfered into
the laboratory iest reactor withonly 1.9 x 10% pounds of SO, exating the reactor, for a tofal of
546.1 x 107 poands of SO, being captured by the virgin BMD type oxides of manganese
sorbent, The treated virgin BMD type sorbent 15 shown to exhibit substantially improved
loading rates. 5C: removal time a a removal rate of at least 99% was increased o 61
minutes, For compariaon, an accumulative total of 1266 x 10°° pounds of §0, entered the
laboratory test reactor withonly 0.9 ¢ 107 pounds of 5O, exiting the reactor, for a total of
1265.1 x 10°¢ pounds of 8O, being captured by the treated virgin BMD type oxides of
manganese sovhent,

Figures § and 6 show the resulis of comparative iest runs conducted vtilizing 50g of
each of virgin BMD tvpe oxides of mangauese sorbent, to provide 2 baseline, and treated
leaded EMD type oxides of manganese sorbent prepared according fo the invention, The
treated loaded EMD type sorbent sammple was first treated with an aqueouns oxidizing solution
of 0.01% sodivm hypochlorite (Na(UCl). The measured pH and Eh values of the starting
aqueous oxidizing solution of 0.01% sodivm hypochlorite (NaOCH were 8.9 and 300mV

respectively, which provided a solution within the MnQ, stability srea. & guantity of loaded
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EMD type oxides of manganese sorbent (98.8g) was evenly distributed on moistened filter
paper, which was placed in a Beuchner fimmel. Afier applying vacium, a fivst quaniity of
1650 1ot of aquonus oxidizing solution of 0.01% sodinm hypochloriie NaOCH was evenly
applied to the loaded BMD type sorbent surface at 3 rate such that no solution pooling was
allowed to take place. The filtrate was then collected and the pH and Eh was measuzed fo be
2.8 and 1070mV respectively. A second guantity of 1650 ml of an aquoous oxidizing
sotution of 0.01% sodium hypochlorite (NaOCT) was again evenly applied to the loaded
sorbent surface af a rate such that no solution pooling was allowed to take place. The second
filtrate was then found io have a pH of 2.8 and an Bh of 1100mV. The now treated EMD
type oxides of manganese sorbend was then placed in o drving oven and dried for 2 hrs at
185°F {(85°C). The dried sorbent was then gently deagglomerated and 50g were then placed
in the laboratory test reactor for subsequent target pollotant loading, the measured data points
are plotted and identified in Figures 5 and 6 as “Loaded Sorbent Following Treatment.” The
data points from untreated virgin EMD type oxides of manganess sorbent are ploted in
Figure 5 and 6 as “Virgin Sorbent Baseline” to provide s baseline for loading capacity
comparison.

Figure § shows the NOx loading curves. Looking at the virgin sorbent baseline, the
EMID tvpe sorbent was at least achieving 90% NCx removal on a ppm basis for 24 minutes,
drring which time an accumulative fotal of 158 X 10°® pounds of NOX entered into the
laboratory test reacior withonly 5.6 % 107 pounds of NOx exiting the reactor, for a total of
152.4 % 10" pounds of NOx being captured by the virgin EMD type oxides of manganese
sorbent. The loaded EMD type sorbent following treatment is shown to exhibit substantially
improved loading rates. NOx removal time at a removal rate of at least 30% was increased {o
32 minutes. For comparison, an accunmiative fotai of 222 x 10 pounds of NOx entered the
laboratory test reactor with 8.4 x 10°° pounds of NOx exiting the reactor, for a total of 213.6 x
105 pounds of NOx being captured by the treated Joaded EMD type oxides of manganese
sorbent,

Figure 6 shows the 80; loading curves. Looking at the virgin sorbent baseline, the
EMD type sorbent was at least achieving 99% SO, removal on 2 ppm basis for 24 minutes,
during which time an accumulative total of 548 x 10°° pounds of $0, entered into the
aboratory test reactor with only 1.9 % 107 pounds of SO exiting the reactor, for a total of
546.1 x 10 pounds of SO, being captured by the virgin EMD type oxides of manganess

sorbent. The treated loaded EMD type sorbent is shown to exhibit substantially improved
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loading rates. SO rexnoval Hime af a rate of at least 99% was increased to 47 minutes. For
comparison, an accumulative total of 901 x 107 pounds of 80, entered the laboratory test
reactor with only 3.2 x 10 pounds of 80: exiting the reactor, for a total of 897.8 x 10
pounds of 8On boing captured by the treated loaded EMID type oxides of manganese sorhent.

The data from the lab-scale tests presented in Figure 3-6 illustrate the increased
loading capacity that is achievable with the invention

Whale exemplary embodiments of this mvenfion and methods of practicing the same
have been illusirated and described, 1t should be understood that various changes,
sdaptations, and modifications might be made therein withouot departing from the spirit of the

tnvention and the scope of the appended claims.
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WHAT IS CLAIMED IS:
L. A process for pretroatment of virgin oxides of manganese for use a3 a sorbent fo remove

target pollutants fiom a gas sirearn, compnising the steps off

a, washing virgin oxides of manganese in wash it with an aquecns oxidizing
solution, the solution having Eh and pH values within the MnQ; stabilily area ; and

b filtering the washed oxides of manganese to form a filtrate and 4 pretreated oxides
of manganese filter cake, the oxides of manganese of the filter cake having a poilutant loading

capacity greater than the pollutant leading capacity of the virgin oxides of manganess.

2. A process for pretreatrent of virgin oxides of manganese for use as a sorthent to remove
target pollutants from 2 gas siream, cormprising the steps of

. washing virgin oxides of mangasose in a wash unit with an aqueons oxidizing
sohution, the solution having Bh and pH values within the M, stability ares ;

b, monitoring and adjusting the pH andfor the Eh values of the solution so a5 to
maintain the Bh and pH values of the solution within the Mn(); stability area; and

©. filtering the washed oxides of manganese to form a filirate and a prefreated oxides
of menganese filter cake, the oxides of manganese of the filter cake having a polhmant loading

capacity greater than the pollutant loading capacity of the virgin oxides of mangarese.

3. A process for  pretreatment of virgin oxides of manganese for use as a sorbent to remove
target pollutanis from a gas stream, comprising the steps oft

a, washing virgin oxides of manganese in a rapid filtration wash onit with an
aqueous oxidizing solution fo form a filtrate and a pretreated oxides of manganese filter cake, the
sobution having Bh and pH values within the MnQ; stability area; and

bv. removing the pretreated oxides of manganese filter cake from the rapid filivation
unit, the oxides of manganese of the filter cake having a pollutant loading capacity greater that

the pollutant loading capacity of the virgin oxides of manganese.
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4, A process for regeneration of loaded oxides of manganese formed through reaction
between unreacted oxides of a anganese and target pollutunis in 2 gas stream, comprising the
steps of:

. washing loaded oxides of manganese in 4 rapid filtration wash unit with an
aqueous oxidizing solution having Bh and pH values within the MO, siability avea to fonm a
filtraie and a regenerated oxides of manganese filter cake; and

b. removing the regenerated oxides of manganese filter calce from the rapid {Utration
unt!, the oxides of manganese of the filter cake having a polletani loading capacity equal to or
greater than the poliuiant loading capasity of the unreacted oxides of manganese from which the

loaded oxides of manganese are formed.

5. A procsss for regenoration of loaded oxides of manganese sorbent particles bearing a
reaction product layer of the surface thereof formed during reaction between unreacted oxides of
manganese sorbent parficles and target pollutants in a gas stream in a pollution removal sysiem,
comprising the steps of :

a. rapidly washing and fltering the loaded oxides of manganese sorbent particles in
a rapid filtration wash unit with an aqueous oxidizing solution to dissoive the reaction product
layer from the surface of the loaded oxides of mangancse sorbent particles ingo the solution to
form g filtrate and 2 regenerated oxides of manganese filter cake, the solution having Eh end pH
values within the Mn(- stability area; and

b removing the regenerated oxides of manganese filter cake from the vapid filtration
vnit, the oxides of manganese of the filter cake having a pollutant loading capacity equal to or
greater than the pollutant loading capaciiy of the vnreacied oxides of manganese sorbent

particles from which the loaded oxides of manganese sorbent particles are formed.
8. The process of any one of claims 1 to 3, fiuther comprising the steps of
drying the filter cake; and

comnninuting and sizing the dried filter cake to provide oxides of manganese particles.

The process of agy one of claims 1 to 5, further comprising the steps of:

:--.'i

drying the filter cake;
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conuninuting and sizing ihe dried filter cake to provide oxides of manganese particles for

introduction into a feeder or reaction chamiber of a dry pollution removal system.

8. The process of any one of claims 1 to 5, further compiising the sieps of)
drying the filter cake;
comminnting and sizing the dried filter cake to provide oxides of manganese particles for
mtroduction into a feeder or reaction chamber of a dry pollution removal system; and
introducing the comminuted and sized oxides of manganese particles into the feeder or

reaction chamber,

3. ‘The process of any one of claims 1-3, further comprising the step of:
conveying the filter cake to a dryer configured to inject the a wet filter cske or 2 shurry of
oxides of manganese sorbent inio the flow of a gas stream prior o intreduction info a reaction

chamber of a pollutant removal system.

10, The process of any one of claims 1-5, further comprising the steps of:

conveying the filter calce 1o a drver configured to inject the a wet filter calce or a shury of
oxides of manganese sorbent imo the flow of a gas stream prior to introduction into a reaction
chamber of 2 poliutant removal system; and

injecting the wet filter cake or the slurry into the reaction chamber.

11, The process of claim 2, wherein the moniioring and adjusting step is carried out by a
coniroller capable of individually or sirnultaneocusly monitoring and adjusting system operational
paraineters, the controlier providing integrated control of within the wash unit of the
temnperature, Hh values, and pH values in order to mabmtain conditions of the aqueous oxidizing

solution within the MnO, stability area.

12, The process of anyone of claims 1-3, , wherein the agueous oxidizing solution containg
an oxidizer selected from the group consisting of hypochlorites, chlorates, perchlorates,

permanganates, oxygen (), air, ozone, peroxides, persulfates, and combinations thereof,
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13, A system for pretreatment of virgin oxides of manganese, comprising;

a. wash unif configured to hold and agitate a storry of virgin oxides of menganese in an
agueous oxidizing solution, the solution have Eh and pH values within the Mu(Q, stability area,
the wash unit being optionally equipped with a pH probe, an Eh probe, and a temperature probe,
the wash unit bemg firther configured to receive the shury of virgin oxides of manganese or to
individually receive virgin oxides of manganese and the aqueous oxidizing solution;

b, a filtration vnid configured to veceive the shurry from the wash unit and to filter the
slurry to form a filivate and a prefreated oxides of manganese filter cake;

e an agqueous oxidizing solution vessel containing a supply of aqueous oxidizing
solution, the sohution having Eh and pH values within the MnO, stability area, the vessel having
a feeder configured to feed agqueons oxidizing solution to the wash unit and being optionally
equipped with an Eh probe;

. d. an oxides of mangauess vessel containing a supply of virgin oxides of manganese,
the vessel having a feeder configured to food oxides of manganese directly to the wash unit or, in
conjunction with the aqueous oxidizing solution feeder to feed 2 shury of virgin oxides of
manganese te the wash unif; aud

3 & pi adjust vessel having a supply of acid or base or separate supplics of acid and

base, the pi adjust vessel having a feeder configored to feed acid and/or base to the wash unit,

t4. A systemn for treatmment of virgin or loaded oxides of manganese, comprising:

4 a rapid Sltration wash anit, the wash woif being configured to individually receive
oxides of manganese and an aqueouns oxidizing solution having a Eh and p¥ values within the
MniD, stability avea, the wash unit being further configured to rapidly remove the agueous
oxidizing solution from contact with the oxides of manganese forming a filtrate and a treated
oxides of menganese filter cake;

b an sgueous oxidizing solution vessel containing 3 sapply of aqueous oxidizing
solution, the solution having Eh and pH values within the MnO, stability area, the vessel having
a foeder configured to feed aquecus oxidizing soltion to the wash unit and being optionally
equipped with a probe selected from the group consisting of an Bh probe, o pH probe, a

feraperature probe, or any comtbination thereof
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C. an oxides of manganese vessel containing a supply of virgin or loaded oxides of
manganese, the vessel baving a feeder configured to foed oxides of manganese o the wash unit;
and

d. optionaily, a oxidizer vessel containing a supply of oxidizer, the oxidizer vessel
having feeder configured to feed oxidizer to the aquoous oxidizing solution vessel; and

e. optionally, a pH adjust vessel having a supply of acid or base or separate supplies
of acid and base, the pH adjost vessel having a feeder confipured to feed acid and/or base to the

agqueous oxidizing solution vessel.

15, The system of clanm 13, further comprising

a controlier capable of individually or simultancously monitoring and adjusting sysiem
operational parameters, the controllor providing integrated control within the wash wnit of the
terpperature, Eh values, and pH values in order o maintain conditions of the aqueons oxidizing

solution within the Mn(}; stability area,

16, The system of claim 14, further cornprising

a controller capable of individually or simultanesusly monitoring and sdiusting system
operational parameters, the controller providing integrated conirol of the temperahire, Eh values,
and pH valuas within the agueous oxidizing solution vessel in order to mainiain conditions of the

aqueons oxidizing solution within the MnO; stability area.

t7. A system for pretreatrent of virgin oxides of manganese, comprising:

a. a wash wnit configured to hold and agitate a shury of virgin oxides of manganese
in an aqueocus oxidizing solution, the solution have Eh and pIl values within the Mn(, stability
ares, the wash unit being equipped with a pH probe, an Eh probe, and 2 temperaturs probe, the
wash unit being further configired to receive the shurry of virgin oxides of manganese or 1o
mdividually receive virgin oxides of manganese and the agueous oxidizing solution;

b. a filtraiion onit configured to receive the shury from the wash unit and to filter the
shury to form a filtrate and 2 prefreated oxides of manganese filter caks;

C. an aquecus oxidizing solution vessel comtaining a supply of aqueous oxidizing

solution, the solution having Bh and pH values within the MnGQ; stability ares, the vessel having
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& feeder configured to feed aqueous oxidizing solution to the wash unit and being equipped with
an Bh probe; .

d. an oxides of mavganess vessel containing a supply of virgin oxides of manganese,
the vessei having a feeder configured to feed oxides of manganese direcily to the wash wnit or, in
conjunction with the aqueous oxidizing solution feeder to feed a shury of virgin oxides of
manganese to the wash unit;

£ a pH adjust vessel having a supply of acid or base or separate supplies of acid and
base, the pH adjust vessel having a feeder configured to feed acid and/or base to the wash unit;

£ a controlier capable of individually or simultansously monitoring and adjusting
system operational parameters, the confroller providing integrated control within the wash unit of
the temperature, Bh values, and pH values in order to maintain conditions of the aqueous
oxidizing solution within the Mu(h, siability area, the controller being electronic communication

with the probes and feeders of the system..

18 A gystem for treatment of virgin or loaded oxides of manganese, comprising:

a. arepid filiration wash unit, the wash unit being configured to individually receive
oxides of manganese and an aqueous oxidizing solution having a Eb and pH values within the
Mn@; stability area, the wash unit being fuuther configured to rapidly remove the aqueous
oxidizing solution from contact with the oxides of manganese forming a filtrate and a treated
oxides of manganese filter cake;

b, an agueous oxidizing sofution vessel containing a supply of agqueocus oxidizing
solution, the solution having Eh and pH values within the MnQ; stability area, the vessel having
a feeder configured to feed agueous oxidizing solution to the wash unit and being equipped with
a probe selecied from the group consisting of an Eb probe, a pH probe, a temperature probe, or
any combination thereof]

c. an oxides of manganese vessel containing a supply of virgin or loaded oxides of
manganese, the vessel having a feeder configured to feed oxides of manganese to the wash unit;

d. a oxidizer vessel containing a supply of oxidizer, the oxidizer vessel having

feeder configured to foed oxidizer to the aqueons oxidizing solution vessel:

PAC ET AL. EXHIBIT 1023
Page 1498



WO 83071241 PCTIAUSOZ/412TS
s

2, a pH adjust vesse] having a supply of acid or base or separate supplies of acid and
base, the pH adjost vessel having a foeder configured 1o feed acid and/or base to the aquenus
oxidizing solution vessel; and

f a controlier capable of individually or simultanecusly yonitoring and adjusting
systern operational parameters, the controller providing integrated control of the temperanwe, Bh
valoes, and pH valnes within the aqueous oxidizing solution vessel in order to mainiain
conditions of the aqueous oxidizing sclution within the Mn(; stability ares, the controlier being

i elecironic commmumication with the probes and feeders of the system.

19, The system of any one of claims 13, 14, 17, or 18, wherein the aqueons oxidizing
solution contains an oxidizer selected from the group consisting of hypockioritss, chlorates,
percilorates, permanganates, oxygen (Oq), air, ozone, peroxides, persulfates, and combinations

thereof,

20, The system of claim 15, further comprising,

a dryer for drving the filter cake;

a device for comminuting and sizing the dried filter cake to form oxides of manganese
particles;

& reaction chamber of a pollutant removal system fnto which the oxides of manganese
particles are introduced to capture target pollutants from a gas, the reaction chamber being
equipped with af least one target poliutant concentration veader for nmeasuring target poliutant
concentration of the gas as it exits the reaction chamber, the reader being in electronic
communication with the controiler for checking the loading performance of the oxides of
manganese particles and signaling need for adjustment of operational parameters within the wash

vimai,

21, The system of claim 16, further comprising:
a dryer for drying the filter cake;
a device for comminuting and sizing the dried filter cake to form oxides of manganese

particles;
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2 reaction chamber of a pollutant removal system into which the oxides of manganese
particles are introduced lo capture 1arget pollutants from a gas, the reaction chamber being
equipped with at feast one target poltatant conceniration reader for measuring target pollutant
concentration of the gas as it exits the reaction chamber, the reader being in electronic
cornmunication with the controller for checking the loading performance of ihe oxides of
manganess particles and signaling need for adjustment of operational paramsters within the

aquecus oxidizing solution vessel.

22, Thesystem of claim 17, further comprising,

a dryer for drving the filter cake;

a device for comminuting and sizing the dried flter cake to form oxides of manganese
particies;

a reaction chamber of a pollutant removal system into which the oxides of manganese
particles are introduced to capture target pollutants from & gas, the reaction chamber being
equipped with at least one target pollutant concentration reader for measuring target pollutant
conceniration of the gas as 1 exits the reaction chamber, the reader being in eloctronic
communication with the controller for checking the leading performance of the oxides of
manganese particles and signaling need for adjustment of operational parareters within the wash

G

23, The sysiom of claim 18, further corprising:

a dryer for drying the filter cake;

a device for comminuting and sizing the dried filter cake to form oxides of manganese
particles;

a reaction charnber of a pollotant removal system into which the oxides of manganese
particles are infroduced to capture target pollutants from 2 gas, the reaction chamber being
equipped with at least one target pollatant concentration reader for measuring target polhutant
concentration of the gas as it exiis the reaction chamber, the reader being in electronic
cornmunication with the controller for checking the loading performance of the oxides of
manganese particles and signaling need for adjustment of operational paramesters within the

agueous oxidizing solntion vessel
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24.  Owxides of manganese particles formed by a process for pretreatment of virgin oxides of
manganese for use a5 a sorbent fo remove targst polltants from a gas stream, comprising the
steps of

2. washing virgin oxides of manganese in wash unit with an agueous oxidizing
solution, the solution having Eb aud pH values within the MnOy; stability aves ;

b. filtering the washed oxides of manganese to form a filtrate and a pretreated oxides
of manganese filter cake, the oxides of manganess of the filter cake having & pollniant Toading

capacity greater than the polintant loading capacity of the virgin oxides of manganese;

c. dyving the Blter calce; and
d. comminuting and sizing the dried filter cake to form oxides of manganese
particles.

25, Owides of manganese particles formed by g process for pretreatment of virgin oxides of
manganess for use as a sorbant to remove target pollidants from & gas stream, comprising the
steps of:

a. washing virgin oxides of manganese in 2 wash unit with an agueous oxidizing
solution, the solution having Bh and pH values within the Mn(, stability area ;

b, wonitoring and adjusting the pH and/or the Eh values of the solution so as fo
matniain the Eh and pH values of the solution within the MO, stability ares;

c. filtering the washed oxides of manganese to form a filirate and a pretreated oxides
of manganese filter cake, the oxides of manganese of the filter cake having a pollutant loading
capacity grester than the pollutant loading capacity of the virgin oxides of manganese;

d drying the filter cake; and

e. cormninuting and sizing the dried filter cake to form oxides of manganese

particles.

26, Oxides of manganess particles formed by a process for pretreatment of virgin oxides of
mranganese for use as a sorbent 1o remove {arget polhants from a gas stream, comprising the

steps of!
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2. washing virgin oxides of manganese in a rapid filtration wash unit with an
aqueocus oxidizing solution fo form a filtrate and a pretreated oxides of manganese filter cake, the
sotution having Bh and pH values within the MnO, stability area;

b. removing the prefreated exides of manganese filter cake from the rapid filtration
unit, the oxides of manganese of the filfer cake having a pollutant loading capacity greater than

the pollutant loading capacity of the virgin oxides of manganese;

o drying the filter cake; and
d. comminutmg and sizing the dried filter cake to form oxides of manganese
pariicies. ’

27 Oxides of manganese particles formed by a process for regeneration of loaded oxides of
manganese formed throvgh reaction between vureacted oxides of a manganese and target
poltiutants in 2 gas siream, comprising the steps of:

i washing loaded oxides of manganess in a rapid filiration wash unit with an
aqueous oxidizing solution having Eb and pH values within the Mn(, stability area to form a
filirate and 2 regenerated oxides of manganese filter cake;

b. removing the regenerated oxides of manganese filter cake from the rapid filtration
anit, the oxides of manganese of the filfer cake having a pollutant loading capacity equal to or
grezter than the pollulant loading capacity of the unreacted oxides of manganese from which the

foaded oxades of manganese are formed;

c. drving the filter cake; and
d. comminuting and sizing the dried filter cake to form oxides of manganese
particles.

28.  Oxides of manganese sorbent particles formed by a process for regeneration of foaded
oxides of manganese sorbent particles bearing a reaction product layer of the surface thereof
formed during reaction between nireacted oxides of manganese sorbent particles and target
pollutants in a gas strearn in a pollution removal system, comprising the steps off

a. rapidly washing and filtering the loaded oxides of manganese sorbent particles in
a vapid filiration wash unit with an aqueous oxidizing solution to dissolve the reaction produst

layer from the surface of the Ioaded oxides of manganese sorbent particles into the solution to
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form a filtrate and a regenerated oxides of mangenese filter cake, the solution having Fh and pH
values within the Mo, stability avea;

b, removing the regenerated oxides of manganese filter cake from the rapid filtration
unit, the oxides of manganess of the filter cake having a pollutant ioading capacity equal to or
greater than the pollutant loading capacity of the umreacted oxides of manganese sorbent
particles from which the loaded oxides of manganese sorbent particles are formed;

c. drying the filier cake; and

d. commimriting and sizing the dried filter cake to form oxides of manganese

particies.

29.  The oxides of ruanganese particles formed by fhe process of anyone of claims 24-28,
wherein the agueous oxidizing solation contains an oxidizer selected from the group consisting
of hypochlorites, chlorates, perchlorates, permanganates, oxygen {Oy), air, ozone, peroxides,

persulfates, and combinations thereot,

36, Oxides of manganese filter cakes particles formed by a process for pretreatnent of virgin
oxides of manganese for use a8 2 sorbent o ramove target pollutants from a gas strearm, -
comprising the steps of

a. washing virgin oxides of manganese in a wash unit with an aqueous oxidizing
solution, the solution having ¥h and pH values within the MnO, stability area ;

b maonitoring and adjusting the pH and/or the Eh values of the solution so as to
maintain the Bh and pH valnes of the solution within the MnQ, stability area; and

C. filiering the washed oxides of manganese to fonm a filtrate and a pretreated oxides
of manganese fiter cake, the oxides of manganese of the filter cake having a pollutant loading

capacity greater than the polutant loading capacity of the virgin oxides of manganese,

31, Gudes of manganess filter cake formed by a process for pretreatment of virgin oxides of
manganese for use as a sorbent to remove target polluants from a gas stream, comprising the

step of:
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washing virgin oxides of manganese in & rapid filtration wash unit with an aqueous
oxidizing solution to form a filtrate and a pretreated oxides of manganese filier cake, the sclution
having Bh and pH values within the Ma0O, stability area;

wherein the oxides of manganese of the pretreated oxides of manganese filter cake have a
pollutant loading capacity greater that the pollutant loading capacity of the virgin oxides of

INARZEanosc,

32, Oxides of manganese filier cake formed by a process for vegeneration of loaded oxides of
manganese formed through reaction between unreacted oxides of 2 manganese and target
polintants in a gas stream, comprising the step off

washing loaded oxides of manganese in a rapid filiration wash unit with an aqueous
oxidizing solution having Bh and pH values within the MO, stability area to form a filtrate and
a regenerated oxides of manganese filier cake;

whersin the oxides of manganese of the regenerated oxides of manganese filier cake have
a pollutant loading capacity equal to or greater than the poilutant loading capacity of the

vnreacted oxides of manganess from which the loaded oxides of manganese are formed.

33, Oxides of manganese filter cake formed by a process for regeneration of loaded oxides of
manganese sorbert particles bearing a reaction product laver of the surface thereof formed
during reaction between wnreacted oxides of manganese sorbent particles and target polliutants in
a gas siream in a poliution removal system, coroprising the step of:

rapidly washing and filtering the loaded oxides of manganess sorhent particles in a rapid
filtration wash unit with an agueous oxidizing sohstion to dissolve the reaction product layer
from the surface of the loaded oxides of manganese sorbent particles into the solution to form a
filirate and a regenerated oxides of manganese filter cake, the solution having Bl and pH valses
within the MaO, stability avea;

wherein the oxides of manganese in the regenerated oxides of manganese filter cake have
a pollutant loading capacity equal to or greater than the pollutant loading capacity of the
unreacted oxides of manganese sorbent particles from which the loaded oxides of manganese

sorhent particles are formed.
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34.  The filter cakes of anyone of claims 30-33, wherein the agueous oxidizing solution
contains an oxidizer selected from the group consisting of hypochlorites, chiorates, perchiorafes,

permanganates, oxygen {(J;), air, ozone, peroxides, persuifites, and combinations thereof,
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FIGURE 1
TREATMENT OF VIRGIN OXIDES OF MANGANESE SORBENT
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_ FIGURE 2
TREATMENT OF LOADED OXIDES OF MANGANESE SORBENT
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FURTHER INFORMATION CONTINUED FROM  PCTASA 210

Continuation of Box 1.2

In view of the Yarge number and also the wording of the claims presentiy
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matter for which protection is sought, the present appiication faitls 1o
comply with the clarity and concisensss reguirements of Article 6 PCT
(see also Rule 6.1(a) PLYY to such an extent that 3 meaningful ssarch is
impossible. Consequently, the search has been carvied out for those parts
of the application which do appear to be clear {and concise}, namely

2 process for the {preltreatment of oxides of manganese, a system
therefore and the products thereof as described in the lab-scale test on
page 25 to 29,

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need nol be the subject of an
international preliminary examingbion {Rule 86.1(g) PCT}. The appiicant
{3 advised that the EPO policy when acting as an Internatienal
Preliminary Examining Authority 1¢ normally not 1o carry out a
preliminary examination on matter which has not besn ssarched. This is
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receipt of the search report or during any Chapter II srocedure.
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CERTIFICATE OF CORRECTION (continued) Page 2 of 2
U.S. Pat. No. 10,933,370 B2

In Column 5, Line 51, delete “an™ and insert --art-- therefor

In Column 19, Line 36, delete “1314 and 131¢.” and insert --1315 and 131¢.- therefor
In Column 13, Line 34, after “eliminated”, insert --.--

In Column 13, Line 43, after “system”, insert --.--

In Column 14, Line 20, after “No”, insert --.--

In Column 15, Line 7, delete “FGD.” and insert --FGD,-- therefor

In Column 15, Line 7, delete “Marshall.” and insert --Marshall,-- therefor

In Column 15, Line 49, delete “Miller.” and insert --Miller,-- therefor

In Column 16, Line 12, after “sorbent”, insert --.--

In Column 20, Lines 65-66, delete “73%-69%" and insert --73%-69%-- therefor
In Column 20, Line 66, delete “86%-84° %™ and insert --86%%-84%-- therefor

In Column 34, Line 3, delete “Ib/Macfgave” and insert --Ib/Macf gave-- therefor

In Column 34, Line 19, delete “1993)” and insert --1993)-- therefor
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEFARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

F.0. Box 1450

Alexandria, Virgimia 2231 3-1450

W W NEpto.2oy

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |

15/951.970 Q41242018 Edwin 5. Olsen 4820.01U58 6410
21186 7590 21442021 | P p— |
SCHWEGMAN LUNDBERG & WOESSNER. P.A.
P.O. BOX 2938 LAWRENCE )R, FRANK M
MINNEAPOLIS, MN 55402

| ART UNIT | PAPER NUMEBER |

1776
| NOTIFICATION DATE | DELIVERY MODE |
12/14/2021 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

SLW @blackhillsip.com
uspto@slwip.com

PTOL-90A (Rev. 04/07)
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Patent No. Applicant(s)
Response to the 10933370 Olson et al.
Request for
: O Issue Date Docket No.
Certificate of Correction 03/09/2021 4890 001058

This is in response to the request for a Certificate of Correction filed 03 November 2021

Request Approval- In- Part - Consideration has been given to your request for the issuance of a Certificate of
Correction under the provisions of 37 CFR 1.322 and/or 37 CFR 1.323. The Request is improper and approved in part for the
reason{s) below:

0 supersede/Vacate - The Certificate of Correction issued in error, in that error(s) was made in identifying the patent
number and/or keying text/corrections. See Other Comments below:

1. Assignees’ names and addresses {assignment data) printed in a patent, are based solely on information supplied in
the appropriate space for identifying the assignment data on the Issue Fee Transmittal Form (PTOL-85b). Any request for
a patent to be corrected to state the name of the assignee, must state that the assignment was submitted for recordation
as set forth in in 37 CFR 3.11 before issuance of the patent. Petition under 3.81 is to be filed for consideration of
correction to assignee. The petition fee set forth in 37 CFR 1.17(i}{1) (currently $140, $70, $35 for large, small and micro
entities, respectively.

2. OThe alleged etror in , is in fact an Amendment and/or Change made by the examiner and considered to be in
accordance with the permissible amendments enumerated in the Manual of Patent Examining Procedure (MPEP} Section
1302.04. Applicant did not file objection or amendment under 37 CFR 1.312 prior to payment of the issue fee.

3. [J A petition under CFR 1.182 is required to correct the alleged errors in spelling or order of inventor's names, since
inventot's names are printed solely in accordance with the type-written names, and in the order of the type-written names
on the Application Data Sheet (ADS). The required fee currently under rule 1.17{f) (small entity $200, large entity $400,
micro entity fee $100).

4, (O with respect to the alleged error in changing the inventor name on the patent due to clerical error in ADS/OATH of
related patents. The inventors name is printed in accordance with the OATH/ADS submitted at the time of filing the
application. However, your attention is directed to C.F.R. 1.324, wherein a request is being made to change, add or
delete inventor(s}, after issuance of the patent.

5. [J with respect to the alleged error in , comparison of the printed patent with the corresponding location in the
application file reveals that there is no discrepancy.

6. (O with respect to 37 CFR 1.72, the title should be brief but technically accurate and descriptive and should contain
fewer than 500 characters. Inasmuch as the words new, improved, improvement of, and improvement in are not
considered as part of the title of an invention, these words should not be included at the beginning of the title of the
invention and will be deleted when the Office enters the title into the Offices computer records, and when any patent
issues.

7. [ The fee for correction under 37 CFR 1.323 is set forth in 37 CFR 1.20(a). (JPartial fee (JNo fee was received with
your request. Full fee payment is required before further action is taken on this request.

8. (0 with respect to the request for corrected Letters Patent (Grant), corrections to the original Letters Patent are made
under the provisions of Rule 1.322(b}, not Rule1.323, unless a petition is granted.

9. Other Comments: See Continuation Sheet

Further correspondence concerning s maltfer should be filed and directed fo the Certificates of Correction Branch.

Legal Instrument Examiner: /YOLANDA A MIDDLETON/ Phone: (703)756-1282
LIE, ODM

Certificates of Correction Branch email:CustomerServiceCoC@uspto.gov CoC Central Phone Number: (703)756-1814

If guplicable, information regarding & pelition under 37 CFA 1. 183 should be directed to the attention of the Commissioner for Patents using
the FAX number (571) 273-8300

U.S. Palent and Trademark Office Parl of Paper No. 20211210
PTO-999 {Rev. 10/2014)
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Continuation Sheet (PTO-999) Patent No. 10933370

Continuation of Other Comments: A certificate of correction will be issued to correct the remaining errors
noted in your request.
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Patent 18,933,37¢ B2 PATENT

INUNITED STATES PATENT AND TRADEMARK OFFICE
Patent No.: 1(3.,933.37082 Dacket No: 4820001088
Issue Prate:  Mar 2, 2021 Patentee: Midwest Energy Hmissions Corp.
Customer No.: 21186 Confirmation No. 6410
Title SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

BEQUEST FOR CERTIFICATE OF CORRECTION

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
ATTN: CERTIFICATE OF CORRECTION BRANCH
It is requested that a Certificate of Correction be issued correciing printing errors appearing in the
above-identified United States patent. A copy of the text of the Certificate i the suggesied form is enclosed.
Authorization is given to charge Deposit Account No. 19-0743 in the amount of $160.08 (o cover
the Certificate of Correction Fee,
Isspance of the Certificate of Correction would neither expand nor contract the scope of the claimg as
property allowed, and re-examination is not required.

The Examiner s authorized to charge any additional fees or credit overpayment to Deposit Account No,

Respectfully Submitted,

SCHWEGMAN, LUNDBERG & WOESSNER, P A
P.O. Box 2938

Minneapohis, MN 55402

{612} 349-9580

A
Date - November 3, 2021 By /’ “\?\:\LES‘? mk) j ( WW /f

Micholas P. Lanzatella
Reg. No: 63303
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PTOSEes ((2a1)

Approved for use through 01/31/2004, OB (63 1.0033

L1.5, Patent and Trademark Office; UG, DEPARTMENT OF COMMERCE

Linder the Papervork Reduction Act of 1295, no persens are required to respond 1o 3 colleclion of information unless it displays a vatld OMEB conteol numbar,
{adse Fomu PTO-HSM

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION
PATENT NO D 10,833,370 B2 Page {1yof 2
DATED s Mar 2, 2021
INVENTORIS) COlson et al
it is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

On the face page, in field (73), in “Assignee’, in colurmn 1, line 1, delete “Corp.” and inseri -
Corp. - therefor

O the face page, in “Related 1.5, Application Data”, in column 1, line 1, delete *B0)" and
insest - (83)-- therefor

O page 3, in column 2, under “Other Publications”, line 21, delete “Ma¥" and insert —-May-- therefor

O page 8, in column 2, under “Other Publications”, line 59, delete “Actioin® and insert —-Action--
therefor

On page 7, in oolumn 1, under "Other Publications”, line 87, delete “ay” and insert --May.-- therefor

O page 8, in column 2, under “Other Publications”, line 71, delete “Effectsof” and insert --"Effects
of-- therefor

On page 8, in column 2, under "Other Publications™, fine 72, delele “Reducton” and inserf ~
Reduction- therefor

On page 9, in eolumn 2, under “Other Publications”, line 5, delets “Remowil” and insai ~-Removal-
therefor

On page 10, in column 2, under “Other Publications®, ine 82, delete “SHeet™ and insent ~Sheet™-
therefor

On page 10, in column 2, under “Other Publications”, line 84, delete “Fluegas” and insert ~"Flue
gas- therefor

In coturmn 3, line 13, delete “halides.” and insert ~halides,— therefor

MALING ADDRESS OF SENDER FATENT MO, B3NS
SCHWEGMAN, LUNDBERG & WOESSNER. P4, Mo. of sdditisoal copies
P BOX 2938
Minneapotis, MR 55402 [::3’ _______________

atty Dockes Not 4820001052
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PTOSEes ((2a1)

Approved for use through 01/31/2004, OB (63 1.0033

1.5, Patent and Trademark Office; UG, DEPARTMENT OF COMMERCE

Linder the Paperwvork Reduction Act of 1295, ne persons are required o respond 1o 3 colleclion of information uniess it displays a vatld OMEB conteol numbar,
{adse Fomu PTO-HSM

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION
RATENT NO ;10,833,370 B2 Page (2yof 2
BATED > Mar. 2, 2021
INVENTOR(S)  Olson st al
it is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:
in colurnn §, ine 51, delete “an” and insert —-art-. therefor
In colurnn 10, line 36, delete 1314 and 131¢.” and insert 1310 and 131¢.-- therefor
In colurnn 13, line 34, after "sliminated”, insert -
in column 13, line 43, after "systeny”, inseft -
In colurnn 14, line 20, after "No”, insert -
In colurnn 15, line 7, delete 'FGD." and insert —-FGD - therefor

In column 18, line 7, delete "Marshall” and insert ~-Marshall.- therefor
0 column 15, line 48, delete *Miller.” and insert --Miller,- therefor
in colurnn 18, line 12, after “sorbent”, insert -

in colurmn 20, iines 65-68, delete *73%-68%"" and insert --73%-59%.- therefor
in colurmn 20, iine 88, delete *86%-84° %" and insert --86%.-84%-- therefor

in column 34, line 3, delete “IbMactfgave” and insert —IbMact gave-- therefor

in column 34, line 19, delete *I883)Y and insert --1883}-- therefor

MALING ADDRESS OF SENDER FATENT MO, B3NS
SCHWEGMAN, LUNDBERG & WOESSNER. P4, Mo. of sdditisoal copies
P BOX 2938
Minneapotis, MR 55402 [::3’ _______________

atty Dockes Not 4820001052
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Electronic Patent Application Fee Transmittal

Application Number: 15951970

Filing Date: 12-Apr-2018

Title of Invention: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
First Named Inventor/Applicant Name: Edwin S. Qlson

Filer: Susan Yee/Janine Heitland

Attorney Docket Number: 4820.001US8

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a}

Description Fee Code Quantity Amount Sul:'-;l‘[t;(t:}l n

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

CERTIFICATE OF CORRECTION 1811 1 160 160
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Electronic Acknowledgement Receipt

EFS ID: 44193051
Application Number: 15951970
International Application Number:
Confirmation Number: 6410
Title of Invention: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
First Named Inventor/Applicant Name: Edwin S. Olson
Customer Number: 21186
Filer: Susan Yee/Janine Heitland
Filer Authorized By: Susan Yee
Attorney Docket Number: 4820.001US8
Receipt Date: 03-NOV-2021
Filing Date: 12-APR-2018
Time Stamp: 13:27:31
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $160
RAM confirmation Number E2021A3D28053039
Deposit Account 190743
Authorized User Janine Heitland

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.20 (Post Issuance fees)
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File Listing:

Document - . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.}
184786
1 4820001 USBCOCREQUEST.pdf yes 4

Sbdldeetdc2blidE2 P 2eboccadE 30832615
33

Multipart Description/PDF files in .zip description

Document Description Start End
Transmittal Letter 1 1
Request for Certificate of Correction 2 4
Warnings:
Information:
37939
2 Fee Worksheet (SB06) fee-info_pdf no 2
BecTad)d864 131800675 9al36eecTh2flan
ebad
Warnings:
Information:
Total Files Size (in bytes); 222725

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b}-{d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.5.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.5.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date {see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105} will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicani: Midwest Energy Emissions Corp. Examiner: Frank M. Lawrence, Jr.
Patent No.: 10,933,370 B2 Group Art Unit: 1776
Issue Date: Mar, 2, 2021 Docket No: 4820.001U838

Tide: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Commissioner for Patents

PG Box 1456

Alexandria, VA 22313-1450

ATTN: CERTIFICATE OF CORRECTION BRANCH

We are fransmitting herewith the attached:

e

Authorization to charge Deposit Account No. 19-0743 i the amount of $160.00 1o cover the Cemtificate of
Correction Fee.
X Request for Certificate of Correction {1 pg.}

X Certificate of Correction Form - PTO-1650 (2 pgs )

Please charge any additional fees or credit overpayment {0 Deposit Account) Z; 19-0743.

SCHWEGMAN LUNDBERG & WOESSNER P A, Bj ‘\h( ;@m %%/ j

Customer No: 21186 Y Nicholas P Lanzatella
Feg No: 63,803

CERTIFICATE UNDER 37 CFR § 1 8 The undersigned herehy certifies that tss correspondence is filed using the USPTO's
electronc filing svstem EFS-Web, and is addressed to: Commisstoner for Patents, P.O. Box 1430 Alexandna, VA 22313-1430 on this
_wd. dav of November 2021,

. . y ! {}d;&am ;%«fﬁfmﬂi /'/
Janine Heitland 7
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

F.O.Box 1450

Alexandria, Virginia 2231 3-1430
TR NEPLO. 20y

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/951,970 03/02/2021 10933370 4820.001US8 6410
21186 7590 02/10/2021
SCHWEGMAN LUNDBERG & WOESSNER, P.A,
P.O. BOX 2938

MINNEAPOLIS, MN 55402

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 245 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Edwin S. Olson, Grand Forks, ND;

Midwest Energy Emissions Corp., Lewis Center, OH;
Michael J. Holimes, Thompson, ND;

JTohn H. Pavlish, East Grand Forks, MN;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA . .gov,

IR103 (Rev. 10/09)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEFARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

F.0. Box 1450

Alexandria, Virgimia 2231 3-1450

W W NEpto.2oy

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |

15/951.970 Q41242018 Edwin 5. Olsen 4820.01U58 6410
21186 7590 01/28/2021 | P p— |
SCHWEGMAN LUNDBERG & WOESSNER. P.A.
P.O. BOX 2938 LAWRENCE )R, FRANK M
MINNEAPOLIS, MN 55402

| ART UNIT | PAPER NUMEBER |

1776
| NOTIFICATION DATE | DELIVERY MODE |
01/28/2021 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

SLW @blackhillsip.com
uspto@slwip.com

PTOL-90A (Rev. 04/07)
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Coirected Application No. Applicant({s}
Noti 7 Al i 15/951,970 Olson et al.
otice of Allowability Examiner ArtUnit | AIA (FITF) Status
FRANK LAWRENCE 1776 No

-~ The MAILING DATE of this comumunication appears on the cover sheet with the correspondence address—
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith {or previously mailed), a Notice of Allowance {PTOL-85} or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application s subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308,

1.4 This communication is responsive to the amendment filed November 25, 2020.
[J A declaration{s)affidavit{s) under 37 CFR 1.130(b) was/were filed on .

2.J An election was made by the applicant in response to a restriction requirement set forth during the interview on : the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s} is/are 1-4 and 8-21 . As a result of the allowed claim(s}, you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see hitp://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4.3 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
ay LJAn by (JSome  *c) [ None of the:
1. [J Certified copies of the priority documents have been received.
2. (3 Certified copies of the priority documents have been received in Application No. .
3. (3 Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau {PCT Rule 17.2(a}).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIQD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as “replacement sheets") must be submitted.

(J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date )

ldentifying indicla such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d).

6. DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPQSIT OF BIOLOGICAL MATERIAL.

Attachment(s}

1.0 Notice of References Cited (PTO-892) 5, 4 Examiner's Amendment/Comment

2.[¢¥] Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.[J Examiner's Comment Regarding Requirement for Deposit 7.0 0ther .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

JFRANK M LAWRENCE JR/
Primary Examiner, Art Unit 1776

U.3. Patent and Trademark Office .
PTOL-37 {Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210122
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Application/Control Number: 15/951,970 Page 2
Art Unit: 1776

Notice of Pre-AIA or AlA Status

1. The present application is being examined under the pre-AlA first to invent
provisions.

Information Disclosure Statement
2. This notice is to reflect a corrected document number in the IDS submitted July
26, 2018.
3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to FRANK LAWRENCE whose telephone number is
(571)272-1161. The examiner can normally be reached on Mon-Fri 8:30am-7pm.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.goviinterviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Nam Nguyen can be reached on 571-272-1342. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https:/ppair-

my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
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Application/Control Number: 15/951,970 Page 3
Art Unit: 1776

PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/FRANK M LAWRENCE JR/
Primary Examiner, Art Unit 1776

fl
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Linder the Papemwark Reducthon Act of 198

1E/951,870 « GAU: 1776

Modified form PTO/SEASA(04-07) OMB 651-0031
LS Patent & Trademark Olfice: LS. DEPARTMENT OF COMMERCE

5. no persons gre reguired to I‘ESEI‘Id o a collection of informaticn unless it contams 3 vabd OME control number.

) Complete if Known
Substitute for form 1449A/PT0 Application Number 15/951,970
INFORMATION DISCLOSURE Filing Date April 12,2018
STATEMENT BY APPLICANT First Named Inventor Edwin S Olson
{Use as many sheets as necessary) Group Art Unit 1736
Examiner Name Unknown
sheet 1 of 19 Attorney Docket No: 4820.001US8
US PATENT DOCUMENTS
Elxnai:‘:lai;'lfl‘ USP Document Number Publication Date Name of Patentee or Applicant of cited Document
US-1,984,164 12111934 Alfred, Stock
USs-2,317,857 4/27/1943 Soday, Frank J
US-2,456,272A1 2/7/2002 Pahlman, John, et al.
US-3,194,629 7/13/1965 Dreibelbis, John A, et al.
US-3,341,185 9/12/1967 Kennedy, Sr, Walter L
US-3,662,523 5116/1972 Revoir, William H, et al.
US-3,786,619 1/22{1974 Melkersson, Karl-axel
US-3,826,618 7/30/1974 Capuano, ltalo A
US-3,849,267 11/19/1974 Hilgen, Hendrika, et al.
US-3,876,393 4/8/1975 Kasai, Juichi, et al.
US-3,935,708 2/3/1976 Harrewijne, A., et al.
US-4,004,777 6/13/1978 Sugier, Andre, et al.
UsS-4,101,631 7/18/1978 Ambrosini, Ronald Frank, et al.
US-4,196,173 4/1/1980 DedJong, Geert J, et al.
US-4,338,806 7/113/1982 Papasideris, Stamos |.
US-4,342,192 8/3/1982 Heyn, K., et al.
US-4,500,327 2/19/1985 Nishino, Hirosh, et al.
US-4,530,765 7/23/1985 Sabherwal, Inderijit H
US-4,708,853 11/24/11987 Matviya, Thomas, et al.
US-4,772,455 9/20/1988 lzumi, Kazuo, et al.
US-4,786,483 11/22/1988 lAudeh, Costandi A
US-4,814,152 3/21/1989 Yan, Tsoung ¥
US-4,820,318 4/11/1989 Chang, Chin-hsiung, et al.
US-4,889,698 12/26/1989 Moller, Jens, et al.
US-4,956,162 9/11/1990 Smith, et al.
US-4,956,162 9/11/1990 Smith, Wallace B, et al.
US-5,245,120 9/14/1993 Srinivasachar, Srivats, et al.
US-5,288,306 2/22/1994 Aibe, Toshio, et al.
US-5,300,137 4/5/1994 Weyand, Thomas E., et al.
US-5,336,835 8/9/1994 McNamara, James D.
US-5,346,674 9/13/1994 Weinwurm, Peter, et al.
US-5,409,522 4/25/1995 Durham, Michael D, et al.
US-5,419,834 5/30/1995 Straten, Gunter
US-5,435,980 7/25{1995 Felsvang, Karsten S, et al.
US-5,462,908 10/31/1995 Liang, Septimus -C H, et al.
US-5,480,619 1/2/1996 Johnson, Dennis, et al.
US-5,500,306 3/19/1996 Hsu, M. S, et al.
FBEMEER R ORLANDO/
EXAMINER DATE CONSIDERED 05/21/2020

* EXAMINER: Initial if reference considered, whether or nol citation is in conformance with MPEFR 609. Draw line through citation if nol in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant is 1o place a check mark here if English language Translation is attached
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) Complete if Known
Substitute for form 1449A/PT0 Application Number 15/951,970
INFORMATION DISCLOSURE Filing Date April 12,2018
STATEMENT BY APPLICANT First Named Inventor Edwin S Olson
{Use as many sheets as necessary) Group Art Unit 1736
Examiner Name Unknown
sheet 2 of 19 Attorney Docket No: 4820.001US8
US PATENT DOCUMENTS
Elxnai:‘:lai;'lfl‘ USP Document Number Publication Date Name of Patentee or Applicant of cited Document
US-5,505,766 4/9/1996 Chang, Ramsay
US-5,575,982 11/19/1996 Reiss, Guenter, et al.
US-5,607,496 3/4/1997 Brooks, Richard J
US-5,672,323 9/30/1997 Bhat, Pervaje, et al.
US-5,695,726 12/9/1997 Lemner, B J.
US-5,603,726 12/9/1997 Lerner, B.
US-5,827,352 10/27/1998 Altman, Ralph, et al.
US-5,891,324 4/6/1999 Ohtsuka, Kiyoto
Us-6,001,762 12/14/1999 Harmer, Mark Andrew, et al.
US-6,013,593 1/11/2000 Lee, Hoo-kun, et al.
Us-6,027,551 2/22/2000 Hwang, Jiann-Yang, et al.
US-6,074,974 6/13/2000 Lee, Jung-min, et al.
US-6,080,281 6/27/2000 Aftia, Yosry A
US-6,103,205 8/15/2000 Wojtowicz, Marek A, et al.
US-6,136,072 10/24/2000 Sjostrom, Sharon, et al.
US-6,136,749 10/24/2000 Gadkaree, Kishor P, et al.
US-6,214,304 4/10/2001 Rosenthal, Jurgen, et al.
US-6,258,334 710/2001 Gadkaree, Kishor, et al.
US-6,284,199 9/4/2001 Downs, William, et al.
US-6,342 462 1/29/2002 Kulprathipanja, Santi
Us-6,372,187 4/16/2002 Madden, Deborah A, et al.
US-6,375,9209 4/23/2002 Dangtran, Ky, et al.
USs-6,383,981 5772002 Blankenship, Steven, et al.
US-6,471,936 10/29/2002 Chen, Pin, et al.
US-6,475,451 11/5/2002 Leppin, Dennis, et al.
US-6,528,030 3/4/2003 Madden, Dehorah A, et al.
US-6,576,585 6/10/2003 Fischer, Stefan, et al.
US-6,579,507 6/17/2003 Pahlman, John, et al.
US-6,596,661 7/22/2003 Neufert, Ronald
US-6,610,263 8/26/2003 Pahlman, John, et al.
US-6,638,485 10/28/2003 lida, Kozo, et al.
US-6,808,692 10/26/2004 Oehr, Klaus H.
US-6,818,043 1116/2004 Chang, Ramsay, et al.
US-6,848,374 2/1/2005 Srinivasachar, Srivats, et al.
US-6,878,358 4/12/2005 Vosteen, Bernhard, et al.
US-6,942 840 9/13/2005 Broderick, Thomas E
US-6,953,494 10/11/2005 Nelson Jr., Sidney, et al.
EXAMINER  /AMBER R ORLANDO/ DATE CONSIDERED 05/21/2020

* EXAMINER: Initial if reference considered, whether or nol citation is in conformance with MPEFR 609. Draw line through citation if nol in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant is 1o place a check mark here if English language Translation is attached

ALL REFERENCES COMSIDERED EXCEPT WHERE LINED THROUGH. /A.R.O/

PAC ET AL. EXHIBIT 1023
Page 1539



Receipt date:; 07/28/2018

Linder the Papemwark Reducthon Act of 198

1E/951,870 « GAU: 1776

Modified form PTO/SEASA(04-07) OMB 651-0031
LS Patent & Trademark Olfice: LS. DEPARTMENT OF COMMERCE

5. no persons gre reguired to I‘ESEI‘Id o a collection of informaticn unless it contams 3 vabd OME control number.

) Complete if Known
Substitute for form 1449A/PT0 Application Number 15/951,970
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sheet 3 of 19 Attorney Docket No: 4820.001US8
US PATENT DOCUMENTS
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US-6,960,329 11/1/2005 Sellakumar, Kumar M.

Us-7,017,330 3/28/2006 Bellows, James C.
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US-7,435,286 10/14/2008 Qlson, Edwin S, et al.

US-7,435,286 10/14/2008 Olson, Edwin S., et al.

US-7,442,239 10/28/2008 Armstrong, J. A., et al.

US-7,479,263 1/20/2009 Chang, Shih-ger, et al.

US-7,514,052 4/7/2009 Lissianski, Vitali Victor, et al.

Us-7,521,032 4/21/2009 Honjo, Shintaro, et al.

US-7,544 338 6/9/2009 Honjo, S., et al.

US-7,563,311 7/21/2009 (Graham, James R

Us-7,611,564 11/3/2009 Mcchesney, Joe, et al.

US-7,622,092 11/24/2009 Honjo, S., et al.

US-7,722,843 5/25/2010 Srinivasachar, S.

Us-7,767,174 8/3/2010 Lui, K., et al.

Us-7,780,765 8/24/2010 Srinivasachar S., et al.

Us-7,938,571 5M10/2011 Irvine, James H

US-7,942 566 517/2011 Irvine, James H

Us-8,007,749 8/30/2011 Chang, Shih-ger, et al.

US-8,080,088 12/20/2011 Srinivasachar, Srivats

Us-8,168,147 5172012 Olson, Edwin S, et al.

US-8,168,149 51/2012 Gal, Eli, et al.

Us-8,173,566 5/8/2012 Olson, Edwin S, et al.

US-8,216,535 710/2012 Pollack, Nicholas R, et al.

US-8,512,655 8/20/2013 Qlson, Edwin S, et al.

Us-8,652,235 2/18/2014 Olson, Edwin S, et al.

US-8,821,819 9/2/2013 Qlson, Edwin S, et al.

Us-9,011,805 4/21/2015 Olson, Edwin S, et al.

US-9,468,886 10/18/2016 Qlson, Edwin S, et al.
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EXAMINER

/BMBER R ORLANDO/

DATE CONSIDERED

G5/21/2020

* EXAMINER: Initial if reference considered, whether or nol citation is in conformance with MPEFR 609. Draw line through citation if nol in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant is 1o place a check mark here if English language Translation is attached

ALL REFERENCES COMSIDERED EXCEPT WHERE LINED THROUGH. /A.R.O/

PAC ET AL. EXHIBIT 1023
Page 1540



Receipt date:; 07/28/2018 15/9%1,870 ~ GARU: 1776

Modified form PTO/SEASA(04-07) OMB 651-0031
LS Patent & Trademark Olfice: LS. DEPARTMENT OF COMMERCE

Under the Pa@rwnrk Raducthion Act of 1805, no @I‘SOI’IS e regunred 10 I‘ESEI‘Id 1o a collection of informeaticn unless it contams & vahd OME contrel number,
) Complete if Known
Substitute for form 1449A/PT0 Application Number 15/951,970
INFORMATION DISCLOSURE Filing Date April 12, 2018
STATEMENT BY APPLICANT First Named Inventor Edwin S Olson
{Use as many sheets as necessary) Group Art Unit 1736
Examiner Name Unknown
sheet 4 of 19 Attorney Docket No: 4820.001US8
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US-20010003118A1 6/7/2001 Neufert, Ronald

17 (US-2002/01 50547 16 [10/17/2002 Pahlman, John E, et al.
US-20020033097A1 3/21/2002 El-shoubary, Youssef, et al.
US-20020043496A1 4/18/2002 Boddu, Veera M., et al.
US-20020134242A1 9/26/2002 Yang, Ralph T, et al.
US-20020150518A1 10/17/2002 Pahlman, John, &t al.
US-20030057293A1 3/27/2003 Boecking, Friedrich
US-20030104937A1 6/5/2003 Sinha, R, K.
US-20030136509A1 7124/2003 Virtanen, Jorma
US-20030206843A1 11/6/2003 Sidney Jr, Nelson G
US-20030206846A1 11/6/2003 Jangbarwala, Juzer
US-20040003718A1 1/8/2004 Nelson Jr, Sidney
US-20040013589A1 1/22/2004 \osteen, Bernhard, et al.
UsS-20040076570A1 4/22/2004 Jia, Charles Q
US-20040109800 6/10/2004 Pahlman, John E, et al.
Us-20050000197A1 1/6/2005 Krantz, Jeffrey
US-20050019240A1 1/27/2005 Lu, Xiao-chun, et al.
UsS-20050074380A1 4/7/2005 Boren, Richard M, et al.
US-20050147549A1 71712005 Lissianski, Vitali Victor, et al,
US-20050227146A1 10/13/2005 Ghantous, Dania, et al.
US-20060048646A1 3/9/2006 Olson, Edwin S, et al.
US-20060057044A1 3/18/2006 Chang, Shih-ger, et al.
UsS-20060112823A1 6/1/2006 IAvina, David Christopher
US-20060191835A1 8/31/2006 Petrik, Viktor |, et al.
UsS-20060204418A1 9/14/2006 Chao, Chien-chung, et al.
US-20070167 309A1 7119/2007 Qlson, Edwin 3.
UsS-20070168213A1 TH9/2007 Comrie, Douglas C
US-20070234202A1 10/11/2007 Fair, David L, et al.
US-20070295347A1 12/27/2007 Paine Ill, John B, et al,
Us-20080080951A1 4/17/2008 Mao, Dongsheny, et al.
US-20080107579A1 5/8/2008 Downs, William, et al.
UsS-20080134888A1 6/12/2008 Chao, Chien-chung, et al.
US-20080182747A1 7/31/2008 Sinha, R, K.
US-20080207443A1 8/28/2008 Gadkaree, Kishor Purushottam, et al.
US-20080292512A1 11/27/2008 Kang, Shin G.
Us-20090031708A1 2/5/2009 Schmidt, Darren D.
UsS-20090062119A1 3/5/2009 Olson, Edwin S., et al.
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US-20090081092A1 3/26/2009 Yang, Xiaolin David, et al.
US-20090136401A1 5/28/2009 Yang, Xiaolin David, et al.
US-20090235848A1 9/24/2009 Eiteneer, Boris Nikolaevich, et al,
US-20090297413A1 12/3/2009 Olson, Edwin S, et al.
US-20090320678A1 12/31/2009 Chang, Ramsay, et al.
US-20100024842A1 2/4/2010 Fukumoto, Kazuhiro, et al.
US-20100047146A1 2/25/2010 Olson, Edwin S., et al.
US-20110076210A1 3/31/2011 Pollack, Nicholas R, et al.
US-20110168018A1 7M14/2011 Mohamadalizadeh, Ali, et al.
US-20120183458A1 7H19/2012 Qlson, Edwin S, et al.
US-20130280156A1 10/24/2013 Olson, Edwin S, et al.
US-2014/0224121A1 8/14/2014 Mimna, Richard A., et al.
US-20140056787A1 2/27/2014 Qlson, Edwin S, et al.
US-20140255279A1 9/11/2014 Olson, Edwin S, et al.
US-20140308188A1 10/16/2014 Qlson, Edwin S, et al.
US-20150098878A1 4/9/2015 Olson, Edwin S
US-20150246315A1 9/3/2015 Qlson, Edwin S, et al.
US-20170100692A1 4/13/2017 Olson, Edwin S, et al.
US-20170128908A1 5M11/2017 Qlson, Edwin S., et al.
US-20170173524A1 6/22/2017 Olson, Edwin S, et al.
US-20170173557A1 6/22/2017 Olson, Edwin S, et al.
US-20170239644A1 8/24/2017 Qlson, Edwin S, et al.
US-20180133646A1 5M17/2018 Pavlish, John H, et al.
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CA-2150329A1 12/29/1995 Scherer, Volker, et al.

CA-2327602A1 6/6/2001 Robles, Antonio

CA-2400898A1 8/30/2001 Maes, Rudy J, et al.

CA-2584327A1 4/13/2006 Pavlish, John H, et al.

CA-2757309A1 10/28/2010 Olson, Edwin S, et al.

CA-2757309C 1/3/2017 Olson, Edwin S, et al.

CN-101048218A 10/3/2007 Olson, Edwin S, et al.

CN-101053820A 10/17/2007 Geng, Jianming Qian
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CN-101293196A

10/29/2008 Zhenglong, Yang

CN-101816922A 9/1/2010 Song, Hu, et al.
CN-102413899A 4/11/2012 Olson, Edwin 8, et al.
CN-104519410A 4/15/2015 Olson, Edwin S., et al.
CN-104619410B 5/4/2016 Olson, Edwin S, et al.
CN-1048173A 1/211991 Guoguan, et al.
CN-105188910A 12/23/2015 Olson, Edwin S.
CN-107661744A 2612018 Olson, Edwin 8, et al.
DE-10233173A1 2/12/2004 \Vosteen, Bernhard, et al.
DE-202012003747U1  [11/15/2012

DE-3426059A1 1/16/1986 Seipenbusch, Jurgen, et al.

DE-3816600A1

11/23/1989 Kaizik, Alfred, Dr., et al.

EP-0208490A1 1/114/1987 Moller, Jens Thousig, et al.
EP-1386655A1 2/4/2004 Vosteen, Vosteen Bemhard, et al.
EP-1458474 9/22/2004 Hammel, Charles F, et al.
EP-1570894A1 9/7/2005 Lissianski, V. V.

FR-2529802 113/1984 Pelosi, J., et al.

GB-2122916A 1/25/1984 Nishino, Hiroshi, et al.
JP-09256812 9/30/1997 Masanori, K., et al.

JP-4943197B4

11/19/1974 Yokota, Noriyuki, et al.

JP-4953590A 5/24/1974
JP-4933593A 5/24/1974
JP-4966592A 6/27/1974
JP-50145324A 3/3/11980
JP-506438B4 3/M13/1975 'Yokota, Noriyuki, et al.
JP-51003386A 11211976 Soya, Kensuke, et al.
JP-544868A 1/13/1979 Seki, Michiharu, et al.
KR-1020027006149 71212002 Tsuyoshi, O., et al.
SU-1163982A 6/30/1985 Belozerov, |. M.
SU-732207A1 5/5/1980 Valueva, Svetlana P, et al.
WO-0162368A1 8/30/2001 Maes, Rudy J, et al.
WO-0228513A2 4/11/2002 Pahlman, John E, et al.
WO-03072241A1 9/4/2003 Hammel, Charles F, et al.
WO-2004089501A2 10/21/2004 Mazyck, D. W., et al.
WO-2004094024A2 11/4/2004 Qlson, Edwin, et al.
WO-2006039007A2 4/13/2006 Olson, Edwin S, et al.
WO-2006039007A3 4/13/2006 Olson, Edwin S, et al.
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WO-2006009611A1

9/21/2006 Comrie, Douglas C, et al.

WO-2000018539A3

2/5/2009 Schmidt, Darren D.

WO-2010123609A1

10/28/2010 Qlson, Edwin S, et al.

WO-2013162968A2

10/31/2013 Olson, Edwin §, et al.

WO-2013162968A3

10/31/2013 Olson, Edwin, et al.

WO-2014137907A2

9/12/2014 Qlson, Edwin S, et al.
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04-27-10", 17 pgs

"Application Serial No. 10/554,018 Response filed 11-01-10 to Final Office Action mailed

"Application Serial No. 10/554,018, Final Office Action mailed 04-27-10", 8 pgs

"Application Serial No. 10/554,018, Non Final Office Action mailed 10-06-09", 8 pgs

"Application Serial No. 10/554,018, Notice of Allowance mailed 01-19-12", 7 pgs

mailed 10-06-09", 9 pgs

"Application Serial No. 10/554,018, Response filed 02-08-10 to Non Final Office Action

mailed 06-09-09", 1 pg

"Application Serial No. 10/554,018, Response filed 08-10-09 to Restriction Requirement

"Application Serial No. 10/554,018, Restriction Requirement mailed 06-09-09", 5 pgs

"Application Serial No. 11/209,163, Advisory Action mailed 04-21-08", 3 pgs.

"Application Serial No. 11/209,163, Final Office Action mailed 01-23-08", 20 pgs

"Application Serial No. 11/209,163, Non Final Office Action mailed 08-13-07", 14 pgs.

"Application Serial No. 11/209,163, Notice of Allowance mailed 07-14-08", 7 pgs

"Application Serial No. 11/209,163, Preliminary Amendment filed 02-27-07", 9 pgs

01-23-08", 29 pgs

"Application Serial No. 11/209,163, Response filed 03-24-08 to Final Office Action mailed

mailed 06-07-07", 2 pgs

"Application Serial No. 11/209,163, Response filed 07-09-07 to Restriction Requirement

"Application Serial No. 11/209,163, Response filed 11-13-07 to Non Final Office Action
mailed 08-13-07", 19 pas

"Application Serial No. 11/209,1863, Restriction Requirement mailed 06-07-07", 6 pgs

"Application Serial No. 12/184,860, Examiner Interview Summary mailed 04-05-11", 3 pgs

"Application Serial No. 12/184,860, Final Office Action mailed 05-11-11", 15 pgs

"Application Serial No. 12/184,860, Non Final Office Action mailed 01-19-11", 14 pgs
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"Application Serial No. 12/184,860, Response filed 04-07-11 to Non Final Office Action
mailed 01-19-11", 12 pas

"Application Serial No. 12/184,860, Response filed 07-08-11 to Final Office Action mailed
05-11-11", 11 pgs

"Application Serial No. 12/201,595, Final Office Action mailed 03-10-10", 13 pgs.

"Application Serial No. 12/201,595, Non Final Office Action mailed 04-16-09", 21 pgs.

"Application Serial No. 12/201,595, Response filed 10-16-09 to Non Final Office Action
mailed 04-16-09", 18 pas

"Application Serial No. 12/419,219, Final Office Action mailed 10-14-10", 17 pgs

"Application Serial No. 12/419,219, Non Final Office Action mailed 01-15-10", 13 pgs

"Application Serial No. 12/419,219, Non Final Office Action mailed 02-23-11", 17 pgs

"Application Serial No. 12/419,219, Non Final Office Action mailed 08-04-11", 18 pgs.

"Application Serial No. 12/419,219, Notice of Allowance Mailed 01-10-12", 7 pgs

"Application Serial No. 12/419,219, Preliminary Amendment filed 04-08-09", 7 pgs

"Application Serial No. 12/419,219, Response filed 02-14-11 to Final Office Action mailed
10-14-10", 19 pgs.

"Application Serial No. 12/419,219, Response filed 05-20-11 to Non Final Office Action
mailed 02-23-11", 14 pgs

"Application Serial No. 12/419,219, Response filed 07-15-10 to Non Final Office Action
mailed 01-15-10", 22 pgs

"Application Serial No. 12/419,219, Response filed 10-27-11 to Non Final Office Action
mailed 08-04-11", 12 pgs

"Application Serial No. 12/429,058, Advisory Action mailed 05-29-12", 3 pgs

"Application Serial No. 12/429,058, Ex Paite Quayle Action mailed 02-14-13", 7 pgs

"Application Serial No. 12/429,058, Examiner Interview Summary mailed 12-28-12", 4 pgs

"Application Serial No. 12/429,058, Final Office Action mailed 10-31-12", 21 pgs

"Application Serial No. 12/429,038, Final Office Action mailed 12-20-11", 21 pgs

"Application Serial No. 12/429,058, Non Final Office Action mailed 06-11-12", 18 pgs

"Application Serial No. 12/429,058, Non Final Office Action mailed 07-19-11", 20 pgs

"Application Serial No. 12/429,058, Notice of Allowance mailed 01-16-14", 5 pgs

"Application Serial No. 12/429,058, Notice of Allowance mailed 09-11-13", 11 pgs

"Application Serial No. 12/429,058, Response filed 01-31-13 to Final Office Action mailed
10-31-12", 19 pgs

"Application Serial No. 12/429,058, Response filed 03-07-13 to Ex Parte Quayle Action
mailed 02-14-13", 7 pgs

"Application Serial No. 12/429,058, Response filed 05-11-12 to Final Office Action mailed
12-20-11", 11 pgs

"Application Serial No. 12/429,058, Response filed 09-11-12 to Non Final Office Action

mailed 06-11-12", 16 pgs

05/21/2020
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"Application Serial No. 12/429,058, Response filed 10-18-11 to Non Final Office Action
mailed 07-19-11", 17 pas

"Application Serial No. 13/427 665, Non Final Office Action mailed 01-04-13", 23 pgs.

"Application Serial No. 13/427,665, Non Final Office Action mailed 08-03-12", 12 pgs.

"Application Serial No. 13/427 665, Notice of Allowance mailed 04-16-13", 8 pgs

"Application Serial No. 13/427 665, Response filed 03-21-13 to Non Final Office Action
mailed 01-04-13", 20 pas

"Application Serial No. 13/427,665, Response filed 10-10-12 to Non Final Office Action
mailed 08-03-12", 15 pgs

"Application Serial No. 13/427,685, Preliminary Amendment filed 03-22-12", 3 pgs

"Application Serial No. 13/453,274, Advisory Action mailed 11-24-14", 3 pgs

"Application Serial No. 13/453,274, Final Office Action mailed 10-16-14", 4 pgs

"Application Serial No. 13/453,274, Non Final Office Action mailed 05-30-14", 6 pgs.

"Application Serial No. 13/453,274, Notice of Allowance mailed 01-05-15", 5 pgs

"Application Serial No. 13/453,274, Response filed 09-02-14 to Non Final Office Action
mailed 05-30-14", 13 pgs.

"Application Serial No. 13/453,274, Response filed 11-06-14 to Final Office Action mailed
10-16-14", 7 pgs.

"Application Serial No. 13/453,274, Response filed 12-09-14 to Advisory Action mailed 11-
24-14", 6 pgs

"Application Serial No. 13/966,768, Non Final Office Action mailed 12-08-13", 7 pgs.

"Application Serial No. 13/966,768, Notice of Allowability mailed 08-01-14", 6 pgs

"Application Serial No. 13/966,768, Notice of Allowance mailed 04-18-14", 7 pgs

"Application Serial No. 13/966,768, Preliminary Amendment filed 08-14-13", 3 pgs.

"Application Serial No. 13/966,768, Response filed 03-06-14 to Non Final Office Action
mailed 12-06-13", 6 pgs.

"Application Serial No. 13/966,768, Supplemental Preliminary Amendment filed 08-15-13",
6 pgs.

"Application Serial No. 14/102,896, Advisory Action mailed 12-16-15", 3 pgs

“Application Serial No. 14/102,896, Final Office Action mailed 08-26-15", 12 pgs

"Application Serial No. 14/102,896, Non Final Office Action mailed 03-23-15", 13 pgs

"Application Serial No. 14/102,898, Notice of Allowance mailed 06-10-16", 7 pgs

"Application Serial No. 14/102,896, Response filed 01-22-16 to Advisory Action mailed 12-
16-15", 11 pgs

"Application Serial No. 14/102,896, Response filed 06-22-15 to Non Final Office Action
mailed 03-23-15", 10 pgs

"Application Serial No. 14/102,896, Response filed 11-24-15 to Final Office Action mailed
08-26-15", 5 pgs

"AEEIication Serial No. 14/195,360, Corrected Notice of Allowance mailed 02-27-17", 2 ES

/BMBER R ORLANDG/
EXAMINER DATE CONSIDERED QE/21/2020

* EXAMINER: Initial if reference considered, whether or nol citation is in conformance with MPEFR 609. Draw line through citation if nol in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant is 1o place a check mark here if English language Translation is attached

PAC ET AL. EXHIBIT 1023
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /A.R.O/ Page 1546



Receipt date:; 07/28/2018

Linder the Papemwark Reducthon Act of 198

1E/951,870 « GAU: 1776

Modified form PTO/SEASA(04-07) OMB 651-0031

Complete if Known

US Patent & Trademark Office: U.S. DEFARTMENT OF COMMERCE
5. no persons gre reguired to I‘ESEI‘Id o a collection of informaticn unless it contams 3 vabd OME control number.

Substitute for form 1448A/PTO

Application Number

15/951,970

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

{Use as many sheets as necessary)

Filing Date April 12, 2018
First Named Inventor Edwin S. Olson
Group Art Unit 1736

Examiner Name Unknown

[Sheet 10 of 19

Attorney Docket No: 4820.001US8

OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS

Examiner | Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine, T1
Initial * journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andfor country where
published.

"Application Serial No. 14/195,360, Corrected Notice of Allowance mailed 03-29-17", 2 pgs

"Application Serial No. 14/195,360, Final Office Action mailed 03-18-16", 18 pgs

"Application Serial No. 14/193,360, Final Office Action mailed 11-22-16", 7 pgs

"Application Serial No. 14/195,360, Non Final Cffice Action mailed 06-20-16", 11 pgs

"Application Serial No. 14/193,360, Non Final Office Action mailed 06-20-16", 11 pgs

"Application Serial No. 14/195,360, Non Final Cffice Action mailed 11-24-15", 19 pgs

"Application Serial No. 14/193,360, Notice of Allowance mailed 02-07-17", 3 pgs

11-22-16€", 7 pgs.

"Application Serial No. 14/193,360, Response filed 01-18-17 to Final Office Action mailed

mailed 11-24-15", 21 pgs.

"Application Serial No. 14/195,360, Response filed 02-22-16 to Non Final Office Action

03-18-16", 15 pgs

"Application Serial No. 14/193,360, Response filed 05-17-16 to Final Office Action mailed

"Application Serial No. 14/318,270, Advisory Action mailed 02-17-17", 4 pgs

"Application Serial No. 14/318,270, Corrected Notice of Allowance mailed 05-22-17", 2 pgs

"Application Serial No. 14/318,270, Final Office Action mailed 11-25-16", 25 pgs

"Application Serial No. 14/318,270, Non Final Office Action mailed 06-02-16", 24 pgs

"Application Serial No. 14/318,270, Notice of Allowance mailed 05-15-17", 8 pgs

11-25-16", 14 pgs

"Application Serial No. 14/318,270, Response filed 01-25-17 to Final Office Action mailed

11-25-16", 15 pgs

"Application Serial No. 14/318,270, Response filed 02-27-17 to Final Office Action mailed

mailed 01-14-18", 9 pgs.

"Application Serial No. 14/318,270, Response filed 03-02-16 to Restriction Requirement

mailed 06-02-16", 14 pgys.

"Application Serial No. 14/318,270, Response filed 08-22-16 to Non Final Office Action

"Application Serial No. 14/318,270, Restriction Requirement mailed 01-14-16", 8 pgs

"Application Serial No. 14/564,860, Final Office Action mailed 11-17-16", 4 pys

"Application Serial No. 14/564,860, Non Final Office Action mailed 07-12-16", 6 pgs

"Application Serial No. 14/564,860, Notice of Allowance mailed 01-30-17", 6 pgs

"Application Serial No. 14/564,860, Preliminary Amendment filed 12-10-14", 8 pgs

"Application Serial No. 14/564,860, Preliminary Amendment filed 12-10-14", 6 pgs.

mailed 03-16-16", 9 pgs.

"Application Serial No. 14/564 860, Response filed 05-06-16 to Restriction Requirement

mailed 07-12-16", 11 pgs

"Application Serial No. 14/564,860, Response filed 10-03-186 to Non Final Office Action

"Application Serial No. 14/564,860, Restriction Requirement mailed 03-16-16", 5 pgs

"Application Serial No. 14/712,558, Advisory Action mailed 02-12-18", 8 pgs
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"Application Serial No. 14/712,538, Examiner Interview Summary mailed 03-05-18", 3 pgs

"Application Serial No. 14/712,558, Final Office Action mailed 12-06-17", 9 pys

"Application Serial No. 14/712,558, Non Final Office Action mailed 07-02-18", 16 pgs

"Application Serial No. 14/712,558, Non Final Office Action mailed 07-06-17", 7 pgs

"Application Serial No. 14/712,558, Response filed 01-23-18 to Final Office Action mailed

12-06-17", 13 pgs

"Application Serial No. 14/712 558, Response filed 04-02-18 to Final Office Action mailed

12-06-17", 7 pgs.

"Application Serial No. 14/712,558, Response filed 10-08-17 to Non Final Office Action
mailed 07-06-17", 12 pgs

"Application Serial No. 14/712,558, Supplemental Amendment filed 06-13-2018", 14 pys.

"Application Serial No. 14/712,558, Supplemental Amendment Filed 5-15-2018", 6 pgs.

"Application Serial No. 14/712,558, Supplemental Preliminary Amendment filed 05-15-15",

6 pgs

"Application Serial No. 15//974,343 Preliminary Amendment Filed 5-15-2018", 7 pgs.

"Application Serial No. 15//978,760, Preliminary Amendment Filed 5-15-2018", 7 pys.

"Application Serial No. 15/295,594, Preliminary Amendment filed 01-26-17", 8 pgs

"Application Serial No. 15/295,594, Preliminary Amendment filed 06-13-17", 7 pgs

"Application Serial No. 15/295,584, Response filed 07-03-18 to Restriction Requirement

mailed 05-22-18", 9 pgs.

"Application Serial No. 15/295,594, Restriction Requirement mailed 05-22-18", 6 pgs

"Application Serial No. 15/295,584, Restriction Requirement mailed 06-29-18", 5 pgs

"Application Serial No. 15/295,594, Supplemental Amendment Filed 5-15-2018", 10 pgs.

"Application Serial No. 15/382,114, Preliminary Amendment filed 04-04-17", 3 pgs

"Application Serial No. 15/449,112, Advisory Action mailed 04-24-18", 3 pgs

"Application Serial No. 15/449,112, Final Office Action mailed 02-15-18", 13 pgs

"Application Serial No. 15/449,112, Non Final Office Action mailed 09-27-17", 17 pgs

"Application Serial No. 15/449,112, Notice of Allowance mailed 07-12-18", 8 pgs

"Application Serial No. 15/449,112, Response filed 01-16-18 to Non Final Office Action
mailed 09-27-17", 16 pys

"Application Serial No. 15/449,112, Response filed 02-15-18 to Final Office Action mailed

02-15-18", 13 pgs.

"Application Serial No. 15/449,112, Response filed 04-06-18 to Final Office Action mailed

02-15-18", 13 pgs

"Application Serial No. 15/452,527, Preliminary Amendment filed 03-08-17", 3 pgs.

"Application Serial No. 15/589,359, Final Office Action mailed 06-04-18", 13 pgs

"Application Serial No. 15/589,359, Non Final Office Action mailed 02-21-18", 15 pgs

"Application Serial No. 15/589,359, Preliminary Amendment filed 01-03-18", 6 pgs
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"Application Serial No. 15/589,359, Response filed 05-18-18 to Non Final Office Action
mailed 02-21-18", 14 pgs.

"Application Serial No. 15/978,760 , Response filed 07-13-18 to Non Final Office Action
mailed 06-29-18", 12 pys

"Application Serial No. 15/978,760, Non Final Office Action mailed 06-29-18", 9 pgs

"Application Serial No. PCT/US04/12828, International Search Report mailed 10/22/2004",
2 pgs

"Application Serial No. PCT/US2014/0199186, International Preliminary Report on
Patentability mailed 09-17-15", 14 pas

"Application Serial No.14/195,360, Response filed 09-16-16 to Non Final Office Action
mailed 06-30-16", 12 pgys.

"Bromine and its Compounds”, Jolles, Z. E., Editor, Academic Press, Inc., New York, NY,
(1966), pgs. 193 and 205

"Canadian Application Serial No. 2,523,132, Office Action mailed 07-18-11", 3 pgs

"Canadian Application Serial No. 2,523,132, Response filed 01-16-12 to Office Action
mailed 7-18-11", 5 pgs

"Canadian Application Serial No. 2,584,327, Office Action mailed 03-03-09", 4 pgs.

"Canadian Application Serial No. 2,584,327, Office Action mailed 12-07-09", 2 pgs

"Canadian Application Serial No. 2,584,327, Response filed 03-19-10 to Office Action
mailed 12-07-09", 8 pgs

"Canadian Application Serial No. 2,584,327, Response filed 09-02-09 to Office Action
mailed 03-03-09", 21 pas

"Canadian Application Serial No. 2,707,363, First Examiners Report Received 6/16/11", 2
pgs

"Canadian Application Serial No. 2,757,309, Office Action mailed 12-07-15", 3 pgs

"Canadian Application Serial No. 2,757,309, Response filed 06-06-16 to Office Action
mailed 12-07-15", 13 pgs

"Canadian Application Serial No. 2,757,309, Voluntary Amendment filed 01-30-135", 27 pgs

"Canadian Application Serial No. 2,871,422, Response filed 02-26-16 to Office Action
mailed 09-09-15", 13 pys.

"Canadian Application Serial No. 2,871,422, Office Action mailed 04-02-15", 5 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 04-24-18", 4 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 08-31-17", 4 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 09-09-15", 3 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 12-22-16", 5 pgs

"Canadian Application Serial No. 2,871,422, Response filed 02-26-18 to Office Action
mailed 08-31-17", w/ Amended Claims, 53 pgs

"Canadian Application Serial No. 2,871,422, Response filed 06-21-17 to Office Action
mailed 12-22-16", 41 pgs
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"Canadian Application Serial No. 2,871,422, Response filed 08-28-15 to Canadian Cffice
Action mailed 04-02-15", 22 pgs

"Chinese Application Serial No. 200480017704 .4, Office Action mailed 12-08-11", (w/
English Translation), 6 pgs

"Chinese Application Serial No. 200480017704 .4, Response filed 01-20-12 to Cffice Action
mailed 12-08-12", (w/ English Translation of Amended Claims), 10 pgs.

"Chinese Application Serial No. 200580037037.0, Chinese Office Action, dated June 25,
2013 (and English translation)”, no english translation, 46 pgs

"Chinese Application Serial No. 201380033231.6, Office Action mailed 02-21-15", w/ Partial
English Translation, 6 pgs

"Chinese Application Serial No. 201380033231.6, Response filed 01-14-16 to Cffice Action
mailed 09-21-15", w/English Claims, 7 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 01-16-18", (English
Translation), 8 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 07-12-17", W/
English Translation, 8 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 07-25-16", (With
English Translation), 4 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 12-23-16", W/
English Translation, 39 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 12-23-16", 24 pgs.

"Chinese Application Serial No. 201480025701.9, Response filed 03-27-18 to Cffice Action
mailed 01-16-18", w/ English Claims, 20 pgs

"Chinese Application Serial No. 201480025701.9, Response filed 09-15-17 to Office Action
mailed 07-12-17", w/ English Translation, 21 pgs

"DARCO® FGD- Powdered Activated Carhon”, Norit Americas Inc. Datasheet No. 1100,
(May 2009), 1 pg

"DATABASE WPI Week 197450", Thomson Scientific, London, GB; AN 1974-86199V
XP002514926

"European Application Serial No. 05814011.2, Response filed 08-02-11 to European
Search Report mailed 04-14-09 and Office Actioin mailed 11-03-09", 20 pgs.

"Eurcpean Application Serial No. 05814011.2, Communication Pursuant to Article 94(3)
EPC mailed 11-05-09", 4 pgs

"European Application Serial No. 05814011.2, Decision to grant mailed 06-08-12", 2 pgs

"Eurcpean Application Serial No. 05814011.2, Extended European Search Report mailed
04-14-09", 13 pgs

"European Application Serial No. 05814011.2, Office Action mailed 01-25-08", 2 pgs.

"Eurcpean Application Serial No. 05814011.2, Office Action mailed 01-31-12", 4 pgs

"European Application Serial No. 05814011.2, Office Action mailed 04-27-12", 6 pgs
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T1

"European Application Serial No. 05814011.2, Office Action mailed 11-05-09", 2 pgs.

"European Application Serial No. 05814011.2, Partial European Search Report mailed 04-
14-09", 13 pgs.

"European Application Serial No. 05814011.2, Response filed 02-28-12 to Cffice Action
mailed 01-31-12", 30 pas

"European Application Serial No. 05814011.2, Response filed 04-18-08 to Office Action
mailed 01-25-08 and Third Party Observations submitted 12-04-07", 7 pgs.

"European Application Serial No. 05814011.2, Response filed 05-11-10 to Communication
Pursuant to Article 84(3) EPC mailed 11-05-09", 11 pgs

"European Application Serial No. 05814011.2, Response filed 05-11-10 to Office Action
mailed 11-05-09", 11 pgs.

"European Application Serial No. 05814011.2, Response filed 02-09-11 to Extended
European Search Report mailed 04-14-09", 20 pas

"European Application Serial No. 05814011.2, Third Party Observations submitted 03-19-
12", 7 pgs.

"European Application Serial No. 05814011.2, Third Party Observations submitted 12-04-
07", 5 pgs.

"European Application Serial No. 10767485.7, Decision to grant mailed 04-17-14", 2 pgs

"European Application Serial No. 10767485.7, Extended European Search Report mailed
12-06-12", 5 pgs

"European Application Serial No. 10767465.7, Intention to Grant mailed 03-17-14", 44 pgs

"European Application Serial No. 10767465.7, Intention to Grant mailed 09-30-13", 44 pgs

"European Application Serial No. 10767465.7, Response filed 02-03-14 to Intention to
Grant mailed 09-30-13", 11 pgs

"European Application Serial No. 10767465.7, Response filed 08-20-13 to Extended
European Search Report mailed 12-06-12", 18 pas

"European Application Serial No. 11189248.3, Communication Pursuant to Article 94(3)
EPC mailed 11-26-12", 4 pgs

"European Application Serial No. 11189249.3, Decision to Refuse mailed 12-19-13", 18 pgs

"European Application Serial No. 11189249.3, Extended European Search Report mailed
02-01-12", 7 pys

"European Application Serial No. 11189249.3, Office Action mailed 11-04-13", 4 pgs

"European Application Serial No. 11189248.3, Response filed 02-04-13 to Communication
Pursuant to Article 94(3) EPC mailed 11-26-12", 9 pys

"European Application Serial No. 11189249.3, Response filed 08-28-12 to Extended
European Search Report mailed 02-01-12", 9 pgs

"European Application Serial No. 11189249.3, Summons to Attend Oral Proceedings

mailed 04-15-13", 7 pgs
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T1

"European Application Serial No. 11189252.7, Communication Pursuant to Article 94(3)
EPC mailed 01-09-13", 4 pgs

"European Application Serial No. 11189252.7, Decision to grant mailed 05-02-14", 2 pgs

"European Application Serial No. 11189252.7, Extended European Search Report mailed
01-23-12", 6 pgs

"European Application Serial No. 11189252.7, Extended European Search Report mailed
05-09-12", 12 pgs

"European Application Serial No. 11189252.7, Office Action mailed 10-30-13", 4 pgs

"European Application Serial No. 11189252.7, Office Action mailed 12-11-13", 6 pys

"European Application Serial No. 11189252.7, Response filed 02-11-13 to Communication
Pursuant to Article 84(3) EPC mailed 01-09-13", 5 pas

"European Application Serial No. 11189252.7, Response filed 10-10-13 to Office Action
mailed 04-15-13", 18 pys

"European Application Serial No. 11189252.7, Response filed 11-22-12 to Extended
European Search Report mailed 05-09-12", 13 pas

"European Application Serial No. 11189252.7, Summons to Attend Oral Proceedings
mailed 04-15-13", 6 pgs

"European Application Serial No. 13719338.9, Notification Regarding Rule 164 and Article
94(3) EPC mailed 04-24-17", 8 pgs

"European Application Serial No. 13719338.9, Office Action mailed 05-12-17", 6 pys

"European Application Serial No. 13719338.9, Office Action mailed 12-19-14", 2 pgs.

"European Application Serial No. 13719338.9, Response filed 06-29-15 to Office Action
mailed 12-19-14", 19 pgs.

"European Application Serial No. 147111086.6, Communication Pursuant to Article 94(3)
EPC mailed 02-22-17", 6 pgs

"European Application Serial No. 14711106.6, Response filed 08-17-17 to Communication
Pursuant to Article 94(3) EPC mailed 02-22-17", 10 pgs

“International Application No. PCT/US2008/071988, International Search Report mailed 01-
30-09", 3 pgs

"International Application Serial No. PCT/US82005/030018, International Preliminary Report
on Patentability mailed 12-27-06", 3 pgs

“International Application Serial No. PCT/US2005/030018, International Search Report
mailed 07-25-08", 2 pgs

"International Application Serial No. PCT/US2005/030018, Wiitten Opinion mailed 07-25-
06" 3 pgs

“International Application Serial No. PCT/US2010/022807, International Preliminary Report
on Patentability mailed 11-03-11", 6 pgs

"International Application Serial No. PCT/US2010/022807, International Search Report
mailed 02-13-10", 3 pgs
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“International Application Serial No. PCT/US2010/022807, Written Cpinion mailed 09-13-
10", 4 pas

"International Application Serial No. PCT/US2013/036964, International Preliminary Report
on Patentability mailed 07-17-14", 11 pgs

“International Application Serial No. PCT/US2013/036964, International Search Report
mailed 11-28-13", 7 pgs

"International Application Serial No. PCT/US2013/036964, Invitation to Pay Additional Fees
and Partial Search Report mailed 08-02-13", 7 pgs

“International Application Serial No. PCT/US201 3/036964, Written Cpinion mailed 04-153-
14", 10 pgs

“International Application Serial No. PCT/US201 3/036964, Written Cpinion mailed 11-29-
13", 13 pgs

"International Application Serial No. PCT/US2014/019916, International Search Report
mailed 10-13-14", 6 pgs.

“International Application Serial No. PCT/US2014/019916, Invitation to Pay Additional Fees
and Partial Search Report mailed 05-30-14", 6 pgs

"International Application Serial No. PCT/US2014/019916, Whitten Opinion mailed 10-13-
14", 13 pgs.

"Powdered Activated Carbon”, Cabot Corp, [Onling] retrieved from the internet:
<http://www.cabotcorp.com/solutions/products-plus/activated-carbon/powdered=>, (01/03/15),
3 pgs

"Response filed 09-04-17 to Notification Regarding Rule 164 and Article 94(3) EPC mailed
04-24-17", 7 pgs

"Supplementary European Search Report, dated December 6, 2012", 2 pgs
ARENILLAS, A, et al., "CO2 removal potential of carbons prepared by co-pyrolysis of sugar
and nitrogen containing compounds”, Journal of analytical and applied pyrolysis 74.1,
(2005), 298-306
BAKANDRITSOS, A, et al., "Aqueous and Gaseous Adsorption from Montmorillonite-
Carbon Composites and from Derived Carbons", Langmuir, 21, (2005), 2349-2355
BAKANDRITSOS, A, et al., "High Surface Area Montmorillonite - Carbon Composites and
Derived Carbons”, Chemistry of Materials, Vol. 16, No. 8, (16 March 2004), 1551-1559
BIMER, JAN, et al., "Modified active carbons from precursors enriched with nitrogen
functions: sulfur removal capabhilities”, (1998), 519-525
CHANG, SHIH-GER, "METHOD FOR OXIDATION OF MERCURY VAPCR", Provisional
Application Serial No. 60/560,904, filed April 9, 2004, (04/09/04), 9 pgs.

CRISWELL, GORDCN, et al., "Progress Report on Mercury Control Retrofit at the Colstrip
Power Station", Paper #21, Mega Symposium, Baltimore, MD, (August 2011), 1-23
DARDER, M., et al., "Caramel-clay nanocomposites”, Journal of Materials Chemistry, 15,
(2005), 3913-3918
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characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
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Docket No.; 4820 001USS Serial No: 15/951 970
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PO Box 1430

Alexandria, VA 22313-1450
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system BFS-Web, and is addessed to; Mail Stop Issue Fee, Commissioner for Patents, PO, Box 14530, Alexandria, VA 22313-1450 op this 14th
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2020 AND REMOVAL OF MERCURY
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Please check the appropriste assignes category of categories {will zot be priated on the paient) L3 tadividuat (8 Corporation or cthier private group cuity [ Governtnent

da. Fees submitted: icuue Tee L dPublication Fee (if reguired; C!Advance Order - # of Coples
Ay, Method of Pavogani: { Please Hest eeapply any previousty poid fee siown above}

x Electrome Paymem via EF5-Web L3 Enciosed check [ Monalecrnaic paysnest by credit card {Attach form FTO-2038)

3, Chnpgee fn Extily Siatas {from satns indicated sbove)

] atily Staki (see forms PTOYSB/ISA and 15B). 1ssue
fe goicro entty amount will not be sccepied af the nak of apphication abandonmeni,
3 ap;;l du\,n s p;t‘vmdslv mdu nm,m ERtiLy \tatu\- ehecking this box will be taken

L Apolivant certifying guors emily staus, See 37 CFR 1,29

ok Applicant asserting smabl entiiy status, See 37 {FR 127

3 Applicant changiug o regobar umdisogined 12‘%.\;%1;:—;\
NOTE: This forn must B sioned o acgardangg wiilh37 §°F &wiii’:ﬁ?maémmenis and oartificatinns.
Authorized Sigaaiayg C_ i‘@ g 3 ﬁ g ;{Bate. January 14, 2021
Typed of prined name _ Nicholas P Lanzatella Registration No. 63,802
Pagelof 3
FTOL-85 Past B {08-18) Approved for use through 0173172020 OMEB 86510033 1.8, Patent and Trademark OfRAC ETHEARTEXHIBI T2k
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OOF COMMERCE
United 5tates Patent and Trademnark Office
Addvess: COMMISSIONER FOR PATENTS

F.O. Box 1450

Alexandria, Vicginia 22313-1450

WWW LSO Tov

NOTICE OF ALLOWANCE AND FEE(S) DUE

21186 7590 0141272021 | EXAMINER |
SCHWEGMAN LUNDBERG & WOESSNER, P.A. LAWRENCE IR, FRANK M
P.O. BOX 2938
MINNEAPOLIS, MN 55402 | ART UNIT PAPER NUMBER |
1776
DATE MAILED: 01/12/2021
I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NoO.
15/051,970 041242018 Edwin 5. Olsen 4820.001U58 64140

TITLE OF INVENTION: SORBENTS FOR. THE OXIDATION AND REMOVAL OF MERCURY

I APPLN. TYPE ENTITY STATUS ISSUE FEE DUE I PUBLICATION FEE DUE | PREY. PAID [SSUE FEE TOTAL FEE(S) DUE DATE DUE

nonproevisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 0441242021

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308,

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRQ, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL. complete section number 5 titled
"Change in Entity Status (from status indicated above)”.

For purposes of this notice. small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTQ) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b”
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

I1I. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee’s responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page | of 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s). by mail or fax. or via EFS-Web.

By mail, send to:  Mail Stop ISSUE FEE By fax. send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (it required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent. advance orders and notification of maintenance fees will be mailed to the cwrrent correspendence address as indicated unless corrected
below or directed otherwise in Block 1. by (a) specifying a new comespondence address: and/or (b} indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certiticate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of addressh

21136 7590 01/12/2021 Certiticate of Mailing or Transmission
SCHWEGMAN LUNDBERG & WOESSNER, P.A. I hereby certify that this Fee(s) Transmittal is being deposited with the United
* States Postal Service with sufficient postage for first class mail in an envelope
P.O. BOX 2933 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
MINNE APOLIS, MN 55402 the USPTO via EFS-Web or by facsimile to (571) 273-28835, on the date below.

(Typed or prnted name

{Signature

{Date’
I APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/951.970 04/12/2018 Edwin S. Olson 4820.001US8 6410
TITLE OF INVENTION: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
I APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID [SSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprevisional UNDISCOUNTED $1200 $0.00 $0.00 31200 04/12/2021
I EXAMINER | ART UNIT I CLASS-SUBCLASS |
LAWRENCE JR. FRANK M 1776 095-134000

1. Change of correspondence address or indication of "Fee Address™ (37 2. For printing on the patent front page. list
CFR 1.363). {1y The names of up to 3 registered patent attorneys

a Change of correspondence address {or Change of Correspondence 02r a%t:nts OR. a;lem_atl;fclg. havi b !

Address foro PTO/SB/122) atiached. Segistered altorney of agent and (e nammes of up © 2

S enon o T g ttegnormeror | S S IR

Number is required.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below. no assignee data will appear on the patent. If an assignee is identified below. the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81¢a). Comgpletion of this form is NOT a substitute for filing an assignment.

{A)NAME OF ASSIGNEE {B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a, Fees submitted: [Dissue Fee [Jpublication Fee {if required) [(Jadvance Order - # of Copies
4b. Method of Payment: { Please first reapply ary previously paid fee shown above)
[ Electronic Payment via EFS-Web [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
. . . . NOTE: Absent a valid certification of Micro Entity Status {see forms PTO/SB/15A and 15B). issue
Q Applicant certifying micro entity status. See 37 CFR 1.29 fee payment in the micre entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status,

. . . : Checking this box will be taken tc be a notification of loss of entitlement to small or micro
a Applicant changing to regular undiscounted fee status. eMm%fEs:taltls. as fppli cable.

a Applicant asserting small entity status. See 37 CFR. 1.27

NOTE: This form must be signed 1n accordance with 37 CFR 1.31 and 1.33. See 37 CFR 14 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033  U.S. Patent and Trademark OffR A CSHTERRTHMN B TOMIB3CE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OOF COMMERCE
United 5tates Patent and Trademnark Office
Addvess: COMMISSIONER FOR PATENTS

F.O. Box 1450

Alexandria, Vicginia 22313-1450

WWW LSO Tov

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/051,970 D4/12/2018 Edwin 5. Olsen 4820.001U58 64140
21186 7590 0171272021 | EXAMINER |
SCHWEGMAN LUNDBERG & WOESSNER, P.A. LAWRENCE IR, FRANK M
P.O. BOX 2938
MINNEAPOLIS, MN 55402 | ART UNIT PAPER NUMBER |

1776

DATE MAILED: 01/12/2021

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process

outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3

PTOL-85 (Rev. 02/11}

PAC ET AL. EXHIBIT 1023
Page 1569



OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S5.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Oftice may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.5.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence

to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of

settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, purswant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine wse, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursnant to the Atomic Energy Act(42U.5.C. 218(c)).

[

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals,
8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S5.C. 122(b) or issvance of a patent pursuant to 35 U.S.C. 151. Further, arecord
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.
9. A record from this system of records may be disclosed, as a routine use. to a Fedpd S aEte. Ar 1edHMBIT 1023
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulatiqmage 1570



Application No. Applicant({s}
. . 15/951,970 Olson et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
FRANK LAWRENCE 1776 No

-~ The MAILING DATE of this comumunication appears on the cover sheet with the correspondence address—
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith {or previously mailed), a Notice of Allowance {PTOL-85} or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application s subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308,

1.4 This communication is responsive to the amendment filed November 25, 2020.
[J A declaration{s)affidavit{s) under 37 CFR 1.130(b) was/were filed on .

2.J An election was made by the applicant in response to a restriction requirement set forth during the interview on : the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s} is/are 1-4 and 8-21 . As a result of the allowed claim(s}, you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see hitp://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4.3 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
ay LJAn by (JSome  *c) [ None of the:
1. [J Certified copies of the priority documents have been received.
2. ([ Certified copies of the priority documents have bheen received in Application No. .

3.0 Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau {PCT Rule 17.2(a}).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIQD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as “replacement sheets") must be submitted.

(J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date )

ldentifying indicla such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d).

6. DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPQSIT OF BIOLOGICAL MATERIAL.

Attachment(s}

1.0 Notice of References Cited (PTO-892) 5, 4 Examiner's Amendment/Comment

2.[¢¥] Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.[J Examiner's Comment Regarding Requirement for Deposit 7.0 0ther .

of Biological Material
4. Interview Summary (PTO-413),
Paper No./Mail Date. 12/23/20.
{FRANK M LAWRENCE JR/
Primary Examiner, Art Unit 1776

U.5. Fatert and Trademark Ofiice .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20201223
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Application/Control Number: 15/951,970 Page 2
Art Unit: 1776

Notice of Pre-AlA or AlA Status
1. The present application is being examined under the pre-AlA first to invent
provisions.
EXAMINER'S AMENDMENT
2. An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.
Authorization for this examiner's amendment was given in an interview with Mr.
Nicholas Lanzatella on December 23, 2020.

3. The application has been amended as follows:

In the Claims:

Claim 1 has been amended as follows:

1. (Currently Amended) A method for separating mercury from a mercury-containing gas,
the method comprising:

combusting a mixture of coal and an additive in a combustion chamber, to form the
mercury-containing gas, wherein the additive is chosen from halides, halogens, salts thereof, and
combinations thereof;

adding a particulate sorbent material comprising activated carbon into the mercury-
containing gas, wherein a weight ratio of ¥ Bf - B2 CF -Chora-combination-thereof-the

additive fedadded to the coal, added to the combustion chamber, or a combination thereof, to an

amount of the sorbent material added to the mercury-containing gas is from about 1:100 to about

30:100;

PAC ET AL. EXHIBIT 1023
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Application/Control Number: 15/951,970 Page 3
Art Unit: 1776

contacting mercury in the mercury-containing gas with the premeted-sorbent matenal, to
form a mercury-sorbent, and

separating the mercury-sorbent from the mercury-containing gas.---

Claim 20 has been amended as follows:

---20. (Currently Amended) A method for separating mercury from a mercury-containing gas,
the method comprising:
combusting coal comprising an additive in a combustion chamber, wherein the additive is
chosen from halides, halogens, salts thereof, and combinations thereof, to form the mercury-
containing gas, wherein the additive comprises aand b, b and ¢, aand ¢, ora, b, and ¢:
a) I and/or I,
b) Br* and/or Brs,
¢) CI" and/or Clz;
injecting a sorbent material comprising activated carbon into the mercury-containing gas,
wherein a weight ratio of ¥ 3 B# - Bro—CF -Cli-ora-combination-thereefn-the additive

fedadded to the coal. added to the combustion chamber, or a combination therecof, to an amount

of the sorbent material added to the mercury-containing gas is from about 1:100 to about 30:100;
contacting mercury in the mercury-containing gas with the sorbent material, to form a
mercury-sorbent; and

separating the mercury-sorbent from the mercury-containing gas.---

Claim 22 has been canceled.

Claim 23 has been canceled.

PAC ET AL. EXHIBIT 1023
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Application/Control Number: 15/951,970 Page 4
Art Unit: 1776

4, The following is an examiner’'s statement of reasons for allowance: The examiner
agrees with applicant’s characterization of how the amended claims distinguish over the
prior art of record, which fails to disclose or suggest a motivation for using a weight ratio
of additive added to the coal and/or combustion chamber, o an amount of injected
sorbent is from about 1:100 to about 30:100, in combination with the other recited
process steps. Double patenting over 16/509,071 is withdrawn because it is the last
remaining issue before allowance in this earlier filed application.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

information Disclosure Statement
5. The information disclosure statement (IDS) submitted on November 25, 2020
was filed after the mailing date of the Non-final office action on May 27, 2020. The
submission is in compliance with the provisions of 37 CFR 1.97. Accordingly, the

information disclosure statement is being considered by the examiner.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to FRANK LAWRENCE whose telephone number is

(571)272-1161. The examiner can normally be reached on Mon-Fri 8:30am-7pm.
Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an

PAC ET AL. EXHIBIT 1023
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Application/Control Number: 15/951,970 Page 5
Art Unit: 1776

interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Nam Nguyen can be reached on 571-272-1342. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https:/ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/FRANK M LAWRENCE JR/
Primary Examiner, Art Unit 1776

fl
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Application No. Applicant(s)

, s , 15/951,970 Olson et al.
Exariner-Initiated Interview Summary
Examiner Art Unit AlA (FITF) Status
FRANK LAWRENCE 1776 No

All participants {applicant, applicant’s representative, PTO personnel):

(1) FRANK LAWRENCE. (3) .

(2) Nicholas Lanzatella. 4 .

Date of Interview: 23 December 2020,

Type: Telephonic  (J Video Conference
O Personal [copy given to: (J applicant (3 applicant's representative]

Exhibit shown or demonstration conducted: O Yes No.
If Yes, briet description:

Issues Discussed O 101 112 0102 3103 ™ Cthers

{For each of the checked box{es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1,20 and 22-23.
Identification of prior art discussed: none.

Substance of Interview
{For each issue discussed. provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference
or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant agreed to a proposed examiner's amendment to place the application in condition for allowance,
including comecting indefinite terms and typographical emors, and to comrect a phrase rasing a new matter issue as
detailed in the attached action..

Applicant recordation instructions: Il is not necessary for applicant to provide a separale record of the subsiance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general
thrust of each argument or issue discussed, a general indication of any other pertinent maliters discussed regarding paieniabilily and the general resulis or
oulcome of the inlerview, 1o include an indication as 1o whether or not agreement was reached on the issues raised.

(J Attachment

/FRANK M LAWRENCE JR/
Primary Examiner, Art Unit 1776

LS. Palent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20201223
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Search Nofes

Application/Control No.

Applicant(s}/Patent Under Reexamination

16/951,970 Olson et al.
FRANK LAWRENCE 1776
CPC - Searched*
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REMARKS
This responds to the Non-Final Office Action dated May 27, 2026,
Claims 1, 2, 4, 16-17, and 20 are presently amended. Claims -7 are presently canceled, and
no claims were canceled previously, New claims 21-23 are presently added. As a result, claimg 14
and 8-23 are now pending in this application.

Independent claim 118 presently amended to recite “. .. wherein a weight ratio of 1. b, Br,

B, CI". Cls. or a combination thereof in the additive fed io the combusiion chamber to an amount

of the sorbent material added 1o the mercury-containing gasis from 1 10010 30:100...7

Independent claim 20 is correspondingly amended. Support can be found in the present published
U.S. application at paragraphs {00213, {0025], and [0072].
Independent claim 2018 presently amended to recite .. wherein the additive is chosen from

halides, halogens, salts thereof, and combinations thereof, wherein the additive comprisesaandb b

and ¢, aand ¢, ora b, and ¢ ad T andfor [, b Brand/or Bro, oy Cl andfor Clo. .7 Support can be
found in the present published U S, application at paragraphs [0012], [6015], [0022]-]0023], [0073],
and {0103},

No new matter is added via the amendments herein.

New dependent claum 21 is added, reciting the “. . method of claim 1, wherein the additive
comprisesaand b, band ¢, aand ¢, ora, b, and ¢ 3} I"and/or Ib, b)Y Br andfor B, ¢} Cl" and/or
Cl2” Support can be found in the present published US. application at paragraphs [0012], [6015],
[0022]-0023], [6073], and [0103].

New dependent claim 22 is added, reciting the .. method of claim 1, wherein a weight ratio
of I', I, Br, By, or a combination thereof in the additive fed 1o the combustion chamber to an
amount of the sorbent material added to the mercury-containing gas is from 1100 to 30:100.7

New dependent claim 23 is added, reciting the ™. method of claim 1, wheretn a weight ratic
of T, Br', Br:, or a combination thereof in the additive fed to the combustion chamber to an amount
of the sorbent material added to the mercury-containing gas s from 1700 10 301007

Dependent claims 21-23 are dependent on independent claim 1 and therefore incorporate all
the features thereof. Accordingly, dependent claims 21-23 are patentable for at least the reasons

given herein for patentability of independent claim [
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Mo new matter 18 added via the new claims herein.

The Rejection of Claims Under § 102

i The Oflice Acton reiected claims 1-2 5-10, 14-15, 17 and 20 ander 35 U S C 5 102()

over U1S patent no. 5,435,980 {“Felsvaneg™)

This rejection is respectfully traversed,

Independent claim 1 is presently amended to recite .. wherein a weight ratio of I {;, By,

B, Cl €12 or a combination thereof in the additive fed o the combustion chamber 1o an amoumnt

of the sorbent material added to the mercurv-containing gasis from 130010 30:100...7

Independent claim 20 i3 correspondingly amended.

Felsvang 13 directed to adding chlorine {Cl2) or chloride {C1) materials to the coal. Felovang
mentions HCI flue gas concentrations of 90 mg/Nm’, 65 mg/Nm’, and 142 mg/Nm* in Examples 2,
3, and 4, respectively, and Feslvang describes activated carbon injection rates of 1-100 mg/Nm®
{colwmn 4 Iines 16-17). Accordingly, Felsvang mentions a range of the weight of HCl in the flue
gas to the weight of activated carbon injected into the flue gas of from 65:100 1o 14200:100
Theretore, Felsvang fails to describe or suggest a weight ratio of I, I, Br”, Br, O, Chy, or 2
combination thereof 1n the additive fed to the combustion chamber to an amount of the sorbent
material added {o the mercury-containing gas of from 1:100 to 30:100. Felsvang fails 1o describe or
suggest all the features of independent claims 1 or 20; therefore, these claims are patentable over
Felsvang.

Dependent claims 2, 5«10, 14-15 and 17 are dependent on independent claim 1. As such,
these dependent claims incorporate all the features of claim 1. Accordingly, dependent claims 2, 5-
10, 14-15, and 17 are patentable for at least the reasons given herein for patentability of independent
claim 1.

Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claims 1-2, 5-10, 14-15, 17, and 20 under 35 U S C. § 102(h) over Felsvang.

The Rejection of Claims Under § 103
LR The Oilice Action rejecied claums 3~d under 35 U S C. 5 103 over 1S, patent 1o, 5,435,980

{“Felsvane™) in view of U8, patent publication no. 2004/0086439 {“Vosteen™1.
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This rejection is respectfully traversed.

Independent claim 1 is presently amended to recite ™. wherein a weight ratio of ', [, Br,

B, CI Ch, or a combination thereof in the additive fed to the combustion chamber 1o an mmount

of the sorbent material added 10 the mercury-containing gas is from 1:100 10 30:100....7

As explained herein at §, Felsvang fails to describe or suggest 2 weight ratto of [, Ip, Br”, By,
Ci, Clz, or a combination thereof in the additive fed 1o the combustion chamber 10 an amount of the
sorbent material added to the mercury-containing gas of trom 1.100 10 3G:160:. Sumilarly, Vosteen
fatls to mention any specific amount of activated carbon in the emission control system and
therefore fails to describe or suggest any specific ratio of apy halogen species added to the amount
of activated carbon. Felsvang and Vosteen fail to describe or suggest all the features of independent
claim 1 therefore, this claim is patentable over this combination of references.

Dependent claims 3-4 are indirectly dependent on independent claim 1. As such, these
dependent claims incorporate all the features of claim 1. Accordingly, dependent claims 3-4 are
patentable for at least the reasons given herein for patentability of independent claim 1

Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claims 3-4 under 35 U.8.C. § 103 over Felsvang tn view of Yosteen,

[EIR The Gffice Action rejected claim 11 under 35 US.C. & 103 over U.S. patent no. 5,435 980

{“Felsvang™ in view of 1S, patent publication no. 2004/00R6439 (“Vosteen ),

This rejection is respectfully traversed,

Independent claim 1 s presently amended to recite “._wherein a weightratio of I 1 Br

B, ClCl, or a combination thereof in the additive fed 1o the combustion chamber 10 an amount

a7

of the sorhent material added to the mercurv-containing gasis from 11100 to0 36:100

As explained herein at 1, Felsvang fails to describe or suggest a weight ratio of I, I, Br', B,
O, Cha, or a combination thereofl in the additive fed to the combustion chamber 1o an amount of the
sorbent material added to the mercury-containing gas of from 1100 to 30:100. Similarly, Vosteen
fatls to mention any specific amount of activated carbon in the emission conirol system and
therefore fails to describe or suggest any specific ratio of any halogen species added to coal with

respect to the activated carbon used. Felsvang and Vosteen fail to describe or suggest all the
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features of independent claim 1, therefore, this claim is patentable over this combination of
references.

Dependent claim 11 is dependent on independent claim 1. As such, this dependent claim
incorporates all the features of claim 1. Accordingly, dependent ¢laim 11 16 patentable for at least
the reasons given herein for patentability of independent claim 1.

Applicant therefore respectfully requests reconsideration and wathdrawal of the rejection of

claim 1l under 35 U.S.C § 103 over Felsvang in view of Vosteen.

[AA The Office Action reiected claim 12 under 35 S C 8 103 over 118, patent no. 3,435 980

Felsvang ) in view of ULS, patent publication no, 2006/0057044 ("Chang™ ).

This rejection is respectfully traversed,

Independent claim 1 s presently amended to recite “._wherein a weightratio of I b Br

B Cl.Cl, or a combination thereol indhe additive fod 1o the combustion chamber [0 an amount

of the sorhent material added to the mercurv-containing gasis from 1110010 36:100. .7

As explained herein at 1, Felsvang fails to describe or suggest a weight ratio of I, I, Br', B,
O, Cha, or a combination thereofl in the additive fed to the combustion chamber 1o an amount of the
sorbent material added to the mercury-containing gas of from 1100 to 30:100. Chang fails to
describre or suggesting adding halogens or halides to coal, and therefore {ails to describe or suggest
any specific ratio of any halogen species added to coal with respect to the activated carbon used.
Felsvang and Chang fail to describe or suggest all the features of independent claim 1, therefore,
this claim 1s patentable over this combination of references,

Dependent claim 13 is dependent on independent ¢laim 1. As such, this dependent claim
incorporates all the features of claim 1. Accordingly, dependent claim 13 is patentable for at least
the reasons given herein for patentability of independent claim 1.

Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claim 12 under 35 U S.C. § 103 over Felsvang in view of Chang.

¥, The Office Action rejected claim 13 under 35 U S C 8 103 over U S patent no. 5,435,980

{“Felsvang) in view of U S, patent publication no. 2004/0086439 (“Vosteen Y in view of U8,

patent publication no, 2004/0244637 (“Snnivasachar”)
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This rejection is respectfully traversed.

Independent claim 1 is presently amended to recite ™. wherein a weight ratio of ', [, Br,

B, CI Ch, or a combination thereof in the additive fed to the combustion chamber 1o an mmount

of the sorbent material added 10 the mercury-containing gas is from 1:100 10 30:100....7

As explained herein at §, Felsvang fails to describe or suggest 2 weight ratto of [, Ip, Br”, By,
Ci, Clz, or a combination thereof in the additive fed 1o the combustion chamber 10 an amount of the
sorbent material added to the mercury-containing gas of from 1:100 10 36:160. Similarly, Vosteen
fatls to mention any specific amount of activated carbon in the emission control system and
therefore fails to describe or suggest any specific ratio of any halogen aspecies added to coal with
respect to the activated carbon used. Sninivasachar describes an activated carbon that includes a
halogen spectes that 15 prepared outside the flue gas and fails to meniion adding halogen species to
coal; therefore, Srinivasachar also fails to describe or suggest any ratio of any halogen species
added to coal with respect to the activated carbon used. Felsvang, Vosteen, and Stnivasachar fail to
describe or suggest all the features of independent claim | therefore, claim 1 is patentable over this
combination of references.

Dependent claimy 13 is dependent on independent claim 1. As such, this dependent claim
incorporates all the features of claim 1. Accordingly, dependent claim 13 is patentable for at least
the reasons given herein for pateniability of independent claim 1.

Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claim 13 under 35 U.S.C. § 103 over Felsvang in view of Vosteen in view of Srinivasachar”,

YL The Oflice Acton reiected clam 16 under 35 U S C 8103 over 118 patent no, 5,435,980

“Felsvane”) in view of 1S, patent publication no. 2004/0086430 (“Vosteen Y in view of UL S

patent no. 6.136.749 ("Gadkaree”).

This rejection is respectfully traversed.

it

Independent claim 1 is presently amended torecite ¥ wheretn g weight ratio of I' 1. Br',

Br.. O Ciy, or a combination thereof in the additive fed to the combustion chamber (o an amount

a7

of the sorhent material added to the mercurv-containing gasis from 11100 to0 36:100

As explained berein at [ Felsvang fails to describe or suggest a weight ratio of I, I, By, Bra,

Cl, Cly, or a combination thereof in the additive fed to the combustion chamber o an amount of the
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sorbent material added to the mercurv-contamning gas of from 1100 to 3G:160. Simlarly, Vosteen
fails to mention any specific amount of activated carbon i the emission contro systeny and
therefore fails to describe or suggest any specific ratio of any halogen species added to coal with
respect to the activated carbon used. Gadkaree is directed toward pre~ireated activated carbon
sorbent and fails to mention adding halogens or halides to coal; therefore, Gadkaree also fails to
describe or suggest any ratio of halogen or halide species added to coal with respect to the activated
carbon used. Felsvang, Vosteen, and Gadkaree fail {o describe or suggest all the features of
independent claim [ therefore, claim 1 is patentable over this combination of references.

Dependent claim 16 is dependent on independent claim 1. As such, this dependent claim
incorporates all the features of claim 1 Accordingly, dependent claim 16 is patentable for at least
the reasons given herein for patentability of mndependent claim 1,

Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claim 16 under 35 U S C. § 103 over Felsvang in view of Vosteen i view of Gadkares,

YIL__ The Office Action rejected clanm 19 under 35 U S.C. 8103 over UL S, patent no. 5,435,980

{“Felsvang’} in view of U.S patent publication ne. 2004/0686439 ("Vosteen™) in view of .S,

patent publication no. 2004/02446357 ¢ Snimvasachar” ),

This rejection is respectfully traversed.

Independent claim 1 is presently amended to recite ... wherein a weight raso of F, b, Br-

B, CI Cls, or a combination thereo! in the additive fed 1o the combustion chamber o an amount

of the sorbent material added 1o the mercurv-coniatune ¢as is from D100 0 3G:160. .7

As explained heretn at I, Felsvang fals 1o describe or suggest s waight ratio of T, In. Br, Bro,
CI, Cls, or a combination thereof in the additive fed to the combustion chamber to an amount of the
sorbent material added to the mercurv-contamning gas of from 1100 to 3G:160. Simlarly, Vosteen
fails to mention any specific amount of activated carbon i the emission contro systeny and
therefore fails to describe or suggest any specific ratio of any halogen species added to coal with
respect to the activated carbon used. Srinivasachar describes an activated carbon that includes a
halogen species that is prepared outside the flue gas and fails to mention adding halogen species to
coal; therefore, Srinivasachar also fails to describe or suggest any ratio of any halogen species

added to coal with respect to the activated carbon used. Felsvang, Vosteen, and Srinivasachar fail to
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describe or suggest all the features of independent claim 1; therefore, claim 1 1s patentable over this
combination of references.

Dependent claim 19 is indirectly dependent on independent claim 1. As such, this dependent
claim incorporates all the features of clasm 1. Accordingly, dependent claim 19 is patentable for at
least the reasons given herein for patentability of independent claim [

Applicant therefore respectfully requests reconsideration and wathdrawal of the rejection of

claim 19 under 35 U S.C. § 103 over Felsvang in view of Vostesn in view of Srinivasachar.

Daouble Patenting Rejection

1-30 of U1LS, natent no, 7.435 7286 i view of 118 patent no, 5435980 CFelsvaneg™ and ULS. patent

publication no. 2004/0244637 (“Srinivasachar’)

This rejection 1s respectfully traversed. Applicant does not admit that claims 1-20 are
obvious over claims 1-30 of U.S. patent no. 7,435,280 in view of Felsvang and Srinivasachar.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections bui do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable claims.

VIR, The Office Action rejected claims 1-20 for nonstatutory double patenting over ¢laims
1-25 of ULS. patentno. 8,168, 147 in view of U5 patent no. 5,435,980 (“Felsvang™) and U8 patent

publication no. 2004/0244637 (“Srinvasachar’ ),

This rejection is respectfully traversed. Applicant does not admit that claims 120 are
obvious over claims 1-25 of U8, patent no. 8,168,147 in view of Felsvang and Srinivasachar,

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-gvalnate this rejection, upon

an indication of allowable claims.
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I-60 of US pateni no. 8.512.655 in view of 1S, patent no. 5,435 980 “Felsvane™) and 118, patent

publication no. 2004/0244637 (“Srinivasachar’)

This rejection 1s respectfully traversed. Applicant does not admit that claims 1-20 are
obvious over claims 1-60 of U.S. patent no. 8,512,655 in view of Felsvang and Srinivasachar.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections bui do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable claims.

VI, The Office Action rejected claims 1-20 for nonstatutory double patenting over ¢laims

1-60 of U.S. patenino. 8.821 1% inview of US patent no. 5,433,980 (“Felsvane’) and 1.8 patent

publication no. 2004/0244637 (“Srinvasachar” ),

This rejection is respectfully traversed. Applicant does not admit that claims 120 are
obvious over claims 1-60 of U8, patent no. 8,821,819 in view of Felsvang and Srinivasachar,

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-gvalnate this rejection, upon

an indication of allowable claims.

VIEED The Office Action rejected ¢laims 1-20 for nonsgtamtory double patenting over claims

1-33 of LS. patent 0o, 9.757.68% i view of ULS. patent 0o, 5,435,980 (Felsvaney and U.S. paient

publication no. 2004/0244657 {(“Srinivasachar™)

This rejection is respectfully traversed. Applicant does not admit that claims 1-20 are
obvicus over claims 1-33 of U.S. patent no. 9,757 689 in view of Felsvang and Srinivasachar,

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as ne pending claim has vet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable ¢laims.
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=20 of U8 pateni no. 9.468.886 in view of U8, patent no. 5,435 980 “Felsvane™) and 118, patent

publication no. 2004/0244637 (“Srinivasachar’)

This rejection 1s respectfully traversed. Applicant does not admit that claims 1-20 are
obvious over claims 1-20 of U.S. patent no. 9,468,880 in view of Felsvang and Srinivasachar.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections bui do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable claims.

VUG The Office Action rejected claims 1-20 for nonstatutory double patenting over ¢laims

1-30 of U.S. pateni no. 8.652 235 inview of US patent no. 5,433,080 (“Felsvane’) and 1.8 patent

publication no. 2004/0244637 (“Srinvasachar” ),

This rejection is respectfully traversed. Applicant does not admit that claims 120 are
obvious over claims §-30 of U8, patent no. 8,652,235 in view of Felsvang and Srinivasachar,

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-gvalnate this rejection, upon

an indication of allowable claims.

VIII(HD, The Office Action provisionallv reiected claims 1-20 for nonstagtory double

patenting over claims 1-16 of application no. 18/298 304 in view of 118 patent no. 5 435 980

{“Felsvane™ and 1.8 patent publication no, 2004/0244657 (“Srimivasachar™)

This rejection is respectfully traversed. Applicant does not admit that claims 1-20 are
obvicus over claims 1-16 of application no. 15/295,594 ip view of Felavang and Srinivasachar.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as ne pending claim has vet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable ¢laims.
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YK, The Oftice Action provisionally reiected claims 1-20 for nonstatutory double

patenting over claims 8-20 of application no. 15/589.359 in view of U 8. patent publication ho.

2004/0244657 (“Srinivasachar™),

This rejection 1s respectfully traversed. Applicant does not admit that claims 1-20 are
obvious over claims 8«20 of application no. 15/589,359 in view of Srinivasachar.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections bui do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable claims.

YHI(. The Oihce Action provisionally rejecied claims 1-20 for nonstatutory double

patenting over claims 1-2C of application no. 18/833.029 in view of U8 patent no 5435980

“Felsvane™ and ULS. patent publication no. 2004/02446587 (“Srimavasachar™)

This rejection is respectfully traversed. Applicant does not admit that claims 120 are
obvious over claims 1-20 of application no. 15/853,029 i view of Felsvang and Srinivasachar,

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-gvalnate this rejection, upon

an indication of allowable claims.

VI, The Office Action provisionallv reiected claims 1-20 for nonstagtory double

patenting over claims 1-20 of application no, 14/712 358 in view of 118 patent publicalion no.
2004/0244657 (“Srinivasachar™).

This rejection is respectfully traversed. Applicant does not admit that claims 1-20 are
obvious over claims 1-20 of application po. 14/712,558 i view of Srinivasachar.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as ne pending claim has vet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable ¢laims.
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YIIEL). The Oftice Action provisionally reiected claims 1-20 for nonstatutory double

patenting over claims 1-20 of application no. 15/851970 in view of U.S. patent publication no.

2004/0244657 (“Srinivasachar™),

This rejection 1s respectfully traversed. Applicant does not admit that claims 1-20 are
obviocus over claims 1-20 of application no. 15/951970 in view of Srinivasachar

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections bui do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable claims.

YVIHI(M:, The Oihce Action provisionally rejecied claims 1-20 for nonstatutory double

patenting over claims 1-2C of application no. 158/382, 114 n view of UL S patent no. 5,435 980

“Felsvane™ and ULS. patent publication no. 2004/02446587 (“Srimavasachar™)

This rejection is respectfully traversed. Applicant does not admit that claims 120 are
obvious over claims 1-20 of application no. 15/382,114 in view of Felsvang and Srinivasachar.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-gvalnate this rejection, upon

an indication of allowable claims.

VN, The Office Action provisionallv reiected claims 1-20 for nonstagtory double

patenting over claims 1-20 of application no. 18/853 029 in view of 118 patent no. 5 435 980

{“Felsvane™ and 1.8 patent publication no, 2004/0244657 (“Srimivasachar™)

This rejection is respectfully traversed. Applicant does not admit that claims 1-20 are
obvicus over claims 1-20 of application no. 15/853,029 io view of Felavang and Srinivasachar.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as ne pending claim has vet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable ¢laims.
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YVIIKG;, The Oftice Action provisionally reiected claims 1-20 for nonstatutory double

patenting over claims 1-20 of application no. 15/978.760 in view of U.S. patent no. 5,435 980

{“Felsvane™) and U S, patent pubbication no. 2004/0244657 (“Sninivasachar”™).

This rejection 1s respectfully traversed. Applicant does not admit that claims 1-20 are
obvious over claims 1-20 of application no. 15/978,760 in view of Felsvang and Srinivasachar.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections bui do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable claims.

YVHI(P, The Oihce Action provisionally rejecied claims 1-20 for nonstatutory double

patenting over claims 1-10. 14, and 21-25 of application no. 15/974.343 in view of U.S, patent

publication no. 2004/0244637 (“Srinvasachar” ),

This rejection is respectfully traversed. Applicant does not admit that claims 120 are
obvious over claims 1-10, 14, and 21-25 of application no. 15/974,343 in view of Srimvasachar.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-gvalnate this rejection, upon

an indication of allowable claims.

YHEO The Office Action provisionallv reiected claims 1-20 for nonstagtory double

patenting over clatms 1.9 10, 12 16, and 18-42 of anplication no, 15/997.09] mview of U S

patent publication no, 2004/02446357 (“Srimvasachar”y

This rejection is respectfully traversed. Applicant does not admit that claims 1-20 are
obvicus over clatms 1, 9, 10, 12, 16, and 18-42 of application no. 15/997,091 in view of
Srinivasachar

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasinuch as no pending claim has yei to be allowed. Applicant will re-evaluate thas rejection, upon

an indication of allowable claims.
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YR The Office Action provisionally rejected claims 1-20 for ponstatutory double

patenting over claims 1-29 of application no. 16/309,071.

This rejection 1s respectfully traversed. Applicant does not admit that claims 1-20 are
obvious over claims 1-29 of application no. 16/509,071.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections bui do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable claims.

YVHIE). The Oihce Action provisionally rejecied claims 1-20 for nonstatutory double

patenting over claims 1-29 of application no. 16/309, 146

This rejection 1s respectfully traversed. Applicant does not admit that claims 1-20 are
obvious over claims 1-29 of application no. 16/509,146.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections bui do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable claims.
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CONCLUSION

It is respectiully submitted that the claims are to condition {or allowance, and notification o

that effect is earnestly requested. The Examiner is invited to telephone the undersigned at (612)
349-9580 to facilitate prosecution of this application.
If necessary, please charge any additional fees or deficiencies, or credit any overpaviments to

Dieposit Account No. 19-0743.

Respecifully submitted,

SCHWEGMAN LUNDBERG & WOBSSNER, PA.
P.O. Box 2938

Minneapolis, MN 53402-0938

(612) 373-6900

Date _November 25, 2020 By / \\.\Ll‘\Qmp’( LA

Nichoi as P Lanzatella
Reg. No. 63,803
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IN THE CLAIMS

Please amend the claims as follows:
i {Currently Amended) A method for separating mercury from a mercury-containing gas, the
method comprising:

combusting a mixture of coal and an additive_in a combustion chamber, to form the mercury-

contatmng gas, wherein the addiiive 15 chosen from halides, halogens, salts thereof, and
combinations thereof’
adding a particulate sorbent material comprising activated carbon into the mercury-

=y

containing gas, wherein a weight ratioof 17, b, B By CF Ol or a combinaticn thereof in the

additive fed to the combustion chamber to an amount of the sorbent material added to the mercury-

comaimng gas i3 from 1,102 10 36160,

prometing at-teast-a-portion-of the-serbent-materral-by-chemioally-reacting the sorbent-

chemically-reactingconiacting mercury in the mercury-containing gas with the promoted
sorbent material, to form a mercury-sorbent; and

separating the mercury-sorbent from the mercury-containing gas.

2. {Currently Amended) The method of claim 1, {further comprising mixingadding the additive

[Tand}]to the coal before combusting the coal,

3 {(Original) The method of claim 2, wherein the additive nuxed with the coal 15 ip a liguid.
4. {Currently Amended) The method of claim 3, wherein the ligwd 15 a hydrocarbon, a-
chlormated-hydrecarbon-supercritical carbon dioxide, water, salt solution, or a combination thereof

S. {Canceled)

6. {Canceled)

7. {Canceled)
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Tithe: BOBBENTE FOR THE QXIDATION AND BEMOVAL OF MERCURY

& {Oviginal) The method of claim 1, wherein carbocations in the activated carbon of the

mercury-sorbent accept electrons from mercury atoms of the mercury-sorbent,

9. {Original} The method of claim 1, wherein the additive is substantially in vapor form in the

mercury~coniaining gas.

10, {Original) The method of claim I, wherein the additive is chosen from Cly, HCI, sodium

chloride, calcium chloride, and a combination thereof.

il {Onginal) The method of claim 1, wherein the additive 1s chosen from Bry, HBr, sodium

bromide, calcium bromide, and a combination thereof.

12. {Original) The method of claim 1, wherein the additive is chosen from PBr;, 8Ciz, and a

combination thereof

13 {(Originaly The method of claim 1, wherein the additive is chosen from Iz, B, sodium

iodide, calcium jodide, potassium todide, and combinations thereof

14 (Ongnaly The method of claim 1, wherein the activated carbon is chosen from powdered
activated carbon, granular activated carbon, carbon black, carbon fiber, aerogel carbon, pyrolysis

char, and combinations thereof

i5. {(Onginaly The method of claim 1, further compnsing adding an alkaline component to the
mercury-containing gas, the alkaline component chosen from alkali elements, atkaline earth

clements, alkali salts, alkaline earth salts, and combinations thereof,

16.  (Currently Amended) The method of claim 1, further comprising contacting at-least-one-of-

the sorbent matenal and-the-promoted-sorbent-materal-with a mercury-stabilizing reagent chosen
from 8, Se, HnS, 8Os, HeSe, 8e(d:, C8;, P2Ss, and combinations thereof
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Application Mumber: 15/951 970 Dk 48001188
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Tithe: BOBBENTE FOR THE QXIDATION AND BEMOVAL OF MERCURY

i7. {Currently Amended) The method of claim 1, further comprising contacting at-least-one-ef-
the sorbent material and-the-promoted-serbent-material-with a secondary component chosen from

hatogens, hydrogen halides, Group V halides, Group VI halides, and combinations thereof

18 (Ongnal) The method of claim 17, wherein the secondary component 1s chosen from

halogens, halide salts, Hi, HBr, HCI, and combinations thereof

19, (Original) The method of claim 17, wherein the secondary component is chosen from b, HI,

and combinations thereof

20, {Currently Amended) A method for separating mercury from a mercury-containing gas, the
method comprising:

combusting eeal-mixed-with-an-addittvecoal comprising an additive in a combustion

thereot, to form the mercury-coniaining gas, wherein the additive comprisesaand b, b and ¢, a and

¢.orab andg
b} Br and/or Bry,
¢) O andfor Cly;

injecting a sorbent material comprising activated carbon into the mercury-containing gas,_

wherein a weieht ratio of T B B, Brs, O Chyor a combination thereol in the additve fed 1o the

combustion chamber 1o an amount of the sorbent material added to the mercurv-coniaining 2as 1s

from 110010 30:100;

prefmeting-ai-teast-a-pertion-of-the-serbent-material-by-chemically-reacting the sorbent-

FaE & g
chemically-reaetingoontacting mercury o the mercury-contatning gas with the premeted-
sorbent material, to form a mercurv-sorbent; and

separating the mercury-sorbent from the mercury-containing gass
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where-combustion-occurs,

21 {New} The method of claim I, wherein the additive comprisesaand b, band ¢, aand ¢, or a,
b, and ¢

ay I and/or Iy,

b} Br and/or Br,

¢} i and/or Cls.

22. (New} The method of claim 1, wherein a weight ratio of T, Iz, Br', Br:, or a combination
thereof in the additive fed to the combustion chamber to an amount of the sorbent material added to

the mercury-containing gas is from 1:100 to 30:100.

23 {New} The method of claim 1, wherein a weight ratio of I, Br, By, or a combination
thereof in the additive fed to the combustion chamber {0 an amount of the sorbent material added to

the mercury-containing gas is from 1100 10 30:100.
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A/N 15/951,970 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor{s}y  Edwin 8. Olson et al. Fxaminer: AMBER ROSE ORLANDO
Application No.: 15/951,970 Group Ast Unit: 1776

Filed: Apnil 12, 2018 Docket No. 4826.001U88
Confirmation No.. 6410

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

AMENDMENT & RESPONSE UNDER 37 C.FR. § 1.111

Mail Stop Amendment
Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1450¢

Applicant has received the Non-Final Office Action dated May 27, 2020, Please enter the
following,

This response is accompanted by a Petition, as well as the appropriate fee, to obtain a three-
month extension of the pertod for responding to the Office Action, thereby moving the deadline for

response from August 27, 2020 to November 27, 2020,
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INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(sy: Hdwin S. Glson et al.
Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Pocket No.: 4820 001088 Serial No.: 15/951,970

Filed: April 12, 2018 Due Date: November 27, 2020
Examiner HEIDI RIVIEREKELLEY Group Art Unit 1773

Customer No- 21186 Confirmation No.. 6410

Mail Siop Amendment
Commissioner for Patenis
PO, Box 1450

Alexandria, VA 22313-1430

We are transmitting herewith the following attached items (as indicated with an "X}

X Amendment and Response under 37 CFR § 1111 {19 pus.)
Petition for Extenston of Time {1 pg.}
Aunthorization to charge Deposid Account 19-0743 in the amount of $1480.00 to cover the Extension of
Time Fee.
X Supplemenial Information Disclosure Statement (2 pgs. ), Form 1449 (2 pgs.} Copies of Cited References
{23}
X Authorization to charge Depostt Account 19-0743 in the amount of $260.00 to cover the fee for
consideration of Information Disclosure Statement under 37CF R § 1 97(¢)

if net provided for in a separade paper filed herewith, please consider this a PETITION FOR EXTENSION OF TiME for
sufficient nyumber of months 1o enier these papers and please charge any additional fees or credid overpayment to Depasit
Account Mo, 19-0743. I applicable, anv papers or fees supplied berewith are considered to be tinsely filed pursuant 6 37
CF.R. § 1.7(a), the response period falling on a Federal Holiday, Saturday or Sunday being extended to the next succoeding
business day.

f
SCHWEGMAN LUNDBERG & WOESSNER, P A By / Hi\-"i('«&@l’m% {/;W?‘%WW’ /

Customer No.: 21186 Nicholas P. Lanzatella
Reg. No. 63,803
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Filing Date: 12-Apr-2018

Title of Invention: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
First Named Inventor/Applicant Name: Edwin S. Qlson

Filer: Janal M. Kalis/Megan Read

Attorney Docket Number: 4820.001US8

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a}

Description Fee Code

Quantity

Amount

Sub-Total in
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Basic Filing:

Pages:

Claims:
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Extension - 3 months with $0 paid 1253 1 1480 1480
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SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 260 260
Total in USD ($) 1740
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Application No. Applicant(s)

15/951,970 Olson et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
AMBER R ORLANDO 1776 No

- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY 1S SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Exiensions of time may be available under the provisions of 37 CFR 1.136{a). In no event, however, may a reply be limely filed afler 31X {§) MONTHS from the mailing
date of this communication.

- IENO period for reply is specified above, the maximum staludory period will apply and will expire SIX (8) MONTHS from the mailing dale of this communication.

- Failure to reply within 1he set or extended peariod for reply will, by staluie, cause the applicalion to become ABANDONED {35 U.5.C. § 133).
Any reply received by the Office ater than three monthis after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b}.

Status
1)@ Responsive to communication(s) filed on 04/12/2018.
O3 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(J This action is FINAL. 2b) M This action is non-final.

3O An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)3 Since this application is in condition tor allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parfe Quayie, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-20 is/are pending in the application.
5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) [J Claim{s) ____is/are allowed.
7) Claim(s) 1-20 is/are rejected.
8) O Claim(s) ____is/are objected to.

9 [ Claim{s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

hitp:/Awww,uspto gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)J The specification is objected to by the Examiner.

11)@ The drawing(s) filed on 04/12/2018 is/are: a) accepted or b)J objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the cerregtion is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
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Notice of Pre-AlA or AlA Status
The present application is being examined under the pre-AlAfirst to invent provisions.
DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present application is being examined under the pre-AlAfirst to invent provisions.
Claim Rejections - 35 USC § 102
In the event the determination of the status of the application as subject to AIA35 U.S.C. 102
and 103 {or as subject to pre-AlA 35 U.5.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and
the rationale supporting the rejection, would be the same under either status.
The following is a quotation of the appropriate paragraphs of pre-AIA35 U.S,C. 102 that form
the basis for the rejections under this section made in this Office action:

A personshall beentitled to a patent unless —

(b} the invention was patentedordescribed ina printed publicationinthis ora foreigncountryorin

public use oronsale inthis country, more than one year prior to the date of application for patentin
the United States.

Claim(s} 1-2, 5-10, 14-15, 17, and 20 isfare rejected under pre-AlA 35 U.5.C. 102(b) as being
anticipated by Felsvang et al. US 5,435,980.

For claims 1, and 20 the Felsvang et al. reference discloses a method for separating mercury
from a mercury-containing gas, the method comprising: combusting a mixture of coal and an additive,
wherein the additive is chosen from halides, halogens, salts thereof, and combinations thereof to form
the mercury-containing gas {column 4, lines 39-50), wherein the additive is chosen from halides,
halogens, salts thereof, and combinations thereof {(column 4, lines 39-50); adding/injecting a particulate
sorbent material comprising activated carbon into the mercury-containing gas {column 6, lines 6-14);

promoting at least a portion of the sorbent material by chemically reacting the sorbent material with the
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additive in the mercury-containing gas, to form a promoted sorbent material {column 6, lines 6-14 as
both the additive and the activated carbon are being added, this promotion would inherently take
place); chemically reacting mercuryin the mercury-containing gas withthe promoted sorbent material,
to form a mercury-sorbent; and separating the mercury-sorbent from the mercury-containing gas
{column 6, lines 6-14 and figure, objects 2 and 8) separating the mercury —sorbent fram the mercury-
containing gas (figure objects 2 and 8); wherein the coal and promoter are mixed at a location upstream
of a combustion furnace where combustion occurs {column 4, lines 39-50).

For claim 2, the Felsvang et al. reference discloses mixing the additive and the coal before
combusting the coal {column 4, lines 39-45).

For claims 5 and 6, one having ordinary skill in the art before the invention was made would
recognize that contacting the activated carbon with the additive would inherently produce the same
result as that of the present invention, Therefore Felsvang et al. reference discloses the claimed
promoted sorbent material {as shown above) and is being made in the same manner as that of the
claimed invention, it too would have active sites, wherein the active sites comprise halide anions bound
to the activated carbonand comprises active sites and wherein the active sites comprise carbocations
bound to halide anions.

For claims 7 and 8, one having ordinary skill in the art before the invention was made would
recognize that contacting the activated carbon with the additive would inherently produce the same
result as that of the present invention. Therefore Felsvang et al. reference discloses chemically reacting
the sorbent material with the additive in the mercury-containing gas comprises chemically
reacting carbene species edge sites in the activated carbon with the additive and carbocationsin the
activated carbon of the mercury-sorbent accept electrons from mercury atoms of the mercury-sorbent.

For claim 9, the Felsvang et al. reference discloses the additive is substantially in vapor form

in the mercury-containing gas {column 4, lines 45-62}.
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For claim 10, the Felsvang et al. reference discloses the additive is chosen from Cl,, HCI, sodium
chloride, calcium chloride, and a combination thereof (column 4 lines 51-58).

For claim 14, the Felsvang et al. reference discloses the activated carbon is chosen
from powdered activated carbon, granular activated carbon, carbon black, carbon fiber, aerogel carbon,
pyrolysis char, and combinations thereof (column 4, lines 5-12).

For claim 15, the Felsvang et al. reference discloses adding an alkaline compeonent to the
mercury-containing gas, the alkaline compeonent chosen from alkali elements, alkaline earthelements,
alkali salts, alkaline earthsalts, and combinations thereof (claim 3 and column 4, lines 24-34),

For claim 17, the Felsvang et al. reference discloses contacting at least one of the sorbent
material and the promoted sorbent material with a secondary component chasen from halogens,
hydrogen halides, Group V halides, Group VI halides, and combinations thereof (column 6, lines 11-22).

For claim 18, the Felsvang et al. reference discloses the secondary component is chosen

from halogens, halide salts, HI, HBr, HCl, and combinations thereof {column 6, lines 11-22}).

Claim Rejections - 35 USC § 103
The following is a quotation of pre-AlA3S U.S.C. 103({a) which forms the basis for all obviousness
rejections set forth in this Office action:
(a} A patent maynotbe obtained though theinventionis notidentically disclosed or describedas set
forth in section 102, if the differences betweenthe subject matter sought to be patentedandthe
priorartare suchthatthe subject matter as a whole would have been obvious at the time the

invention wasmade to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived bythe mannerin which the invention was made.

The factualinquiries set forth in Graham v. John Deere Co., 383 U.5. 1, 148 USPQ) 459 (1966),
that are applied for establishing a background for determining obviousness under pre-AlA35 U.S.C.

103(a) are summarized as follows:
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1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue,

3. Resolving the level of ordinary skill in the pertinent art.

4, Considering objective evidence present in the application indicating obviousness or
nonabviousness.

This application currently names joint inventors. In considering patentability of the claims under
pre-AlA 35 U.5.C. 103(a), the examiner presumes that the subject matter of the various claims was
commenly owned at the time any inventions covered therein were made ahsent any evidence to the
contrary. Applicant is advised of the obligation under 37 CFR 1.56to point out the inventor and
invention dates of each claim that was not commonly owned at the time a later invention was made in
arder for the examiner to consider the applicability of pre-AlA 35 U.S.C. 103{(c) and potential pre-AlA35
U.S.C. 102(e)}, {f} or (g} prior artunder pre-AlA 35 U.5.C. 103(a).

Claims 3 and 4 is/are rejected under pre-AlA 35 U.5.C. 103(a) as being unpatentable over
Felsvang et al. US 5,435,980 as applied in claim 2 above, and further in view of Vosteen et al.
US2004/0086439.

For claims 3 and 4, the Felsvang et al. reference does not explicitly state that the additive mixed
with the ccal is in a liquid and wherein the liquid is a hydrocarbon, a chlorinated hydrocarbon,
supercritical carbon dioxide, water, salt solution, or a combination thereof,

The Felsvang et al. reference does disclose that additive canbeing in and aqueous solution and
wherein the liquid is a hydrocarbon, a chlorinated hydracarbon, supercritical carbon dioxide, water, salt
solution, or a combination thereof {column 4, lines 23-30 and 39-42),

The Vosteen et al. reference discloses the additive is mixed with the coal and is a liquid and
wherein the liquid is a hydrocarbon, a chlorinated hydracarbon, supercritical carbon dioxide, water, salt

solution, or a combination thereof (paragraph [0014]).
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It would have been cbvious to cne having ordinary skill in the art before the invention was made
to have modifier the Felsvang et al. reference to include the additive is mixed with the coal and is a
liquid and wherein the liquid is a hydrocarbon, a chlorinated hydrocarbon, supercritical carbon dioxide,
water, salt solution, or a combination thereof (Vosteen et al. paragraph [0014]) so as to allow the
additive to effectively contact the component to be burnt.,

Claim 11 isfare rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Felsvang et
al. US 5,435,980 as applied in claim 1 above, and further in view of Vosteen et al. U52004/0086439.

For claim 11, the Felsvang et al. reference does not disclose the additive is chosen from Br,,
HBr, sodium bromide, calcium bromide, and a combination thereof,

The Vosteen et al. reference discloses the additive is chasen from Br,, HBr, sodium bromide,
calcium bromide, and a combination thereof {paragraph [0010]).

It would have been obvious to one having ordinary skill in the art to before the invention was
made to have modified the Felsvang et al. reference to include the additive is chosen from Br,,
HBr, scdium bromide, calcium bromide, and a combination thereof (Vosteen et al. paragraph [0010]) so
as to provide a cost efficiency and effective removal means for mercuryfrom flue gas.

Claim 12 is/are rejectedunder pre-AlA 35 U.S.C. 103(a) as being unpatentable over Felsvang et
al. US 5,435,980 as applied in claim 1 above, and further in view of Chang US 2006/0057044.

For claim 12, the Felsvang et al. reference does not disclose the additive is chosen from PBr,
SCl,, and a combination thereof,

The Chang et al. reference discloses an additive is chosen from PBr, SCl,, and a combination
thereof (abstract).

It would have been obvious to one having ordinary skill in the art before the invention was made
to have modified the Felsvang et al. reference to include in addition or in place of the chlorine the

additive is chosen from PBr, 5Cl,, and a combination thereof (Chang et al. abstract) so as to aid in the
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removal of mercury from the gas stream. Further the courts have held it to be within the general skill of
a worker in the art to select a known materialon the basis of its suitability for the intended use as a
matter of obvious design choice. In re Leshin, 125 USPQ 416,

Claim 13 is/are rejectedunder pre-AlA 35 U.S.C. 103(a) as being unpatentable over Felsvang et
al. US 5,435,980 asapplied in claim 1 above, and further in view of Vosteen et al. US2004/0086439 and
Srinivasachar et al. US2004/0244657.

For claim 13, the Felsvang et al. reference does not disclose the additive is chosen from |,, HI,
sodium icdide, calcium iodide, potassium iodide, and combinations thereof.

The Vosteen et al. reference recognizesthat iodine compounds are more effective than that of
chlorine or bromine (paragraph [0017]).

The Srinivasachar et al. reference discloses an additive is chosen from |5, HI, sodium iodide,
calcium iodide, potassium iodide, and combinations thereof (paragraph [0031]).

It would have been cbvious to one having ordinary skill in the art before the invention was made
to have meodified the Felsvang et al. reference to include in addition to or in preplacement of the
chloride component an additive chosen from |, HI, sodium iodide, calcium iodide, potassium iodide, and
combinations thereof (Srinivasachar et al. paragraph [0031] and Vosteen et al. paragraph [0017]) so as
to obtain a desired effectiveness as well as cost for the removal of mercury from the flue gas.

Claim 16 is/are rejectedunder pre-AlA 35 U.S.C. 103(a) as being unpatentable over Felsvang et
al. US 5,435,980asapplied in claim 1 above, and further in view of Vosteen et al. US2004/0086439.

For claim 16, the Felsvang et al, does not disclose contacting at least one of the sorbent material
and the promoted sorbent material witha mercury-stabilizing reagent chosen from S, Se, ThS, 502,

ThSe, SeCh, CS;, P;5c, and combinaticons therecf.
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The Gadkaree et a. reference discloses at least one of the sorbent material and the promoted
sorbent material with a mercury-stabilizing reagent chosen from S, Se, ThS, SO2, ThSe, SeCh, CS;, P»Ss,
and combinations thereof {(abstract and column 2, lines 29-35).

It would have been obvious to one having ordinary skill in the art befare the invention was made
to have modified the Felsvang et al. reference to include at least one of the sorbent material and the
promoted sorbent material with a mercury-stabilizing reagent chosen from S, Se, ThS, SO2, ThSe, SeCh,
CS;, P,Ss, and combinations thereof (Gadgaree etal, abstract and column 2, lines 29-35) so as to provide
an efficient means for removing mercury from flue gas.

Claim 19 is/are rejectedunder pre-AlA 35 U.S.C. 103(a) as being unpatentable over Felsvang et
al. US 5,435,980asapplied in claim 17 above, and further in view of Vosteen et al. US2004/0086439 and
Srinivasachar et al. US2004/0244657.

For claim 19, the Felsvang et al. reference does not disclase the secondary component is chosen
from |5, HI, and combinations thereof.

The Vosteen et al. reference recognizesthat iodine compounds are more effective than that of
chlorine or bromine {paragraph [0017]).

The Srinivasachar et al. reference discloses an additive is chosen from |5, HI, sodium iodide,
calcium iodide, potassium iodide, and combinations thereof {paragraph [0031]).

It would have been obvious to one having ordinary skill in the art before the invention was made
to have modified the Felsvang et al. reference to include in addition to or in preplacement of the
chloride component an additive chosen from |3, Hl, sodium iodide, calcium iodide, potassium iodide, and
combinations thereof (Srinivasachar et al. paragraph [0031] and Vosteen et al. paragraph [0017]) so as

to obtain a desired effectiveness as well as cost for the removal of mercury from the flue gas.
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Double Patenting

The nonstatutory double patenting rejection is based on ajudicially created doctrine grounded
in public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise
extension of the “right to exclude” granted by a patent and to prevent possible harassment by multiple
assignees. A nonstatutory double patenting rejection is appropriate where the conflicting claims are not
identical, but at least one examined application claim is not patentablydistinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have been obvious
over, thereference claim{s). See, e.g., Inre Berg, 140F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); inre
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); Inre Longi, 759 F.2d 887, 225 USPQ 645 (Fed.
Cir. 1985); Inre Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164
USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321{d} may be used to
overcome an actual or provisional rejection based on nonstatutory double patenting provided the
reference application or patent eitheris shown to be commonly owned with the examined application,
or claims an invention made as a result of activities undertaken within the scope of a joint research
agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file
provisions of the AlA as explained in MPEP § 2159, See MPEP §§ 706.02(1){1) - 706.02{(1)(3) for
applications not subject to examination under the first inventor to file provisions of the AlA, A terminal
disclaimer must be signed in compliance with 37 CFR 1,321(b}.

The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit
www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed
determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A
web-based eTerminal Disclaimer may be filled out completely online using web-screens, An eTerminal

Disclaimer that meets all requirements is auto-processed and approved immediately upen submission.
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For more information about eTerminal Disclaimers, referto

www aasnta.gov/natents/orocesy/filefefs /s uidance/eTD - info-d s,

Claims 1-20 are rejected on the ground of nonstatutory double patenting as being unpatentable
over claims 1-30 of U.S. Patent No. US 7,435,286 (286} in view of Felsvang et al. US 5,435,980 and
Srinivasachar et al. US 2004,/0244657.

‘286 discloses the claimed invention except for mixing the coal and the additive prior to the
furnace and the additive comprising I, HI, aniodide compound or a combination thereof.

Felsvang et al. and Srinivasachar et al. disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the artto have modified the ‘286
referenceto include for mixing the coal and the additive prior to the furnace and the additive
comprising |3, HI, aniodide compound or a combination thereof {Felsvang et al. and Srinivasachar et al,
as shown above} 50 as to supplemant the halogen content of the system so a3 to increase the mercury
sarption capability and because the halogen compounds are recognized equivalents for the removal of
Hg.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are rejected on the ground of nonstatutory double patenting as being unpatentable
over claims 1-25 of U.S. Patent No. US 8,168,147 (147} in view of Felsvang et al. US 5,435,980 and
Srinivasachar et al. US 2004,/0244657.

‘147 discloses the claimed invention except for for mixing the coal and the additive prior to the
furnace comprising |, HI, aniodide compound or a combination thereof,

Felsvang et al. and Srinivasachar et al. disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the artto have modified the ‘147

reference to include for mixing the coal and the additive prior to the furnace and the additive
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comprising |5, HI, aniodide compound or a combination thereof {Felsvang et al. and Srinivasachar et al.
as shown above] 5o as to suppiement the halogen content of the system so asto increase the mercury
sorption capability and becausa the halogen compounds are recognized equivalents for the removal of
Hg.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are rejected on the ground of nonstatutory double patenting as being unpatentable
over claims 1-60 of U.S. Patent No. US 8,512,655 {‘655}) in view of Felsvang et al. US 5,435,980 and
Srinivasachar et al. US 2004,/0244657.

‘655 discloses the claimed invention except for mixing the coal and the additive prior to the
furnace and the additive comprising 13, HI, aniodide compound or a combination thereof,

Felsvang et al. and Srinivasachar et al. disclose these limitations as shown above.

It would have been cbvious to one having ordinary skill in the artto have modified the ‘655
reference to include for mixing the coal and the additive prior to the furnace and the additive
comprising |,, HI, aniodide compound or a combination thereof {Felsvang &t al. and Srinivasachar et al.
as shown above} 5o as to suppiement the halogen content of the system so asto increase the mercury
sarption capability and because the halogen compounds are recognized equivalents for the removal of
Hg.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are rejected on the ground of nonstatutory double patenting as being unpatentable
over claims 1-60 of U.S. Patent No. US 8,821,819 (‘819}) in view of Felsvang et al. US 5,435,980 and

Srinivasachar et al. US 2004,/0244657.
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‘819 discloses the claimed invention except for mixing the coal and the additive prior to the
furnace and the additive comprising 15, HI, aniodide compound or a combination thereof,

Felsvang et al. and Srinivasachar et al. disclose this limitation as shown above,

It would have been obvious to one having ordinary skill in the art to have modified the ‘819
referenceto include the coal comprising the additive and the additive comprising |, HI, aniodide
compound or a combination thereof {Felsvang &t al. and Srinivasachar et al. as shown above} so as to
supplement the halogencontent of the system so as to increase the mercury sorption capabiiity and
because the halogen compounds are recognized equivalents for the rermoval of Hg.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are rejected on the ground of nonstatutory double patenting as being unpatentable
over claims 1-33 of U.S. Patent No. U$ 9,757,689 (689} in view of Felsvang et al. US 5,435,980 and
Srinivasachar et al. US 2004/0244657.

‘689 discloses the claimed invention except for for mixing the coal and the additive prior to the
furnace and the additive comprising I, HI, aniodide compound or a combination thereof.

Felsvang et al. and Srinivasachar et al. disclose this limitation as shown above,

It would have been cbvious to one having ordinary skill in the artto have modified the ‘689
referenceto include for mixing the coal and the additive prior to the furnace and the additive
comprising 15, HI, aniodide compound or a combination thereof {Felsvang et al. and Srinivasacharet al. }
50 as to supplernent the halogen content of the system $0 as to increase the mercury sorption capability
and because the halogen compounds arg recognized equivalents for the removal of Hg.

This is a provisicnal nonstatutery double patenting rejection because the patentably indistinct

claims have not in fact been patented.
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Claims 1-20 are rejected on the ground of nonstatutory double patenting as being unpatentable
over claims 1-20 of U.S. Patent No. US 9,468,886 (886} in view of Felsvang et al. US 5,435,980 and
Srinivasachar et al. US 2004,/0244657.

‘886 discloses the claimed invention except for for mixing the coal and the additive prior to the
furnace and the additive comprising 15, HI, aniodide compound or a combination thereof,

Felsvang et al. and Srinivasachar et al. disclose this limitation as shown above.

It would have been cbvious to one having ordinary skill in the artto have modified the ‘886
referenceto include the coal comprising the additive and the additive comprising |, HI, aniodide
compound or a combination thereof {Felsvang «t al, and Srinivasachar et al. as shown above} s asto
supplernent the halogen content of the systern so a5 1o Increase the mercury sorption capability and
becauss the halogen corpounds are recognized equivalents for the rernovaiof He.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are rejected on the ground of nonstatutory double patenting as being unpatentable
over claims 1-30 of U.S. Patent No. 8,652,235 (‘235) in view of Felsvang et al. US 5,435,980 and
Srinivasachar et al. US 2004,/0244657.

‘235 discloses the claimed invention except for mixing the coal and the additive prior to the
furnace and the additive comprising 15, HI, aniodide compound or a combination thereof,

Felsvang et al. and Srinivasachar et al. disclose this limitation as shown above,

It would have been obvious to one having ordinary skill in the artto have modified the ‘235
referenceto include for mixing the coal and the additive prior to the furnace and the additive
comprising |,, HI, aniodide compound or a combination thereof {Felsvang &t al. and Srinivasachar et al.

as shown above] 5o as to suppiement the halogen content of the system so asto increase the mercury
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sarption capability and because the halogen compounds are recognized equivalents for the removal of
Hg.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-16 of copending Application No. 15/295594 {('594) in view of Felsvang etal.
US 5,435,980 and Srinivasachar et al. US 2004/0244657.

‘594 discloses the claimed invention except for mixing the coal and the additive prior to the
furnace and the additive comprising 15, HI, aniodide compound or a combination thereof,

Felsvang et al. and Srinivasachar et al. disclose this limitation as shown above,

It would have been obvious to one having ordinary skill in the artto have modified the ‘594
referenceto include for mixing the coal and the additive prior to the furnace and the additive
comprising |,, HI, aniodide compound or a combination thereof {Felsvang &t al. and Srinivasachar et al.
as shown above} 0 as to supgiemeni the halogen content of the systern so as to Increase the mercury
sarption capability and because the halogen compounds are recognized equivalents for the removal of
Hg.

This is a provisicnal nonstatutery double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 8-20 of copending Application Na, 15/589359 (‘359) in view of Srinivasachar et
al. US 2004/0244657.

‘359 discloses the claimed invention except for the additive comprising |, HI, anicdide
compound or a combination thereof,

Srinivasachar et al. discloses this limitation as shown above.
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It would have been cbvious to one having ordinary skill in the artto have modified the ‘359
referenceto include the additive comprising |, HI, aniodide compound or a combination thereof
{Srinfvasachar as shown above) a3 the halogen compounds are recognized equivalants for the removal
of Hg.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisicnally rejected on the ground of nonstatutery double patenting as being
unpatentable over claims 1-20 of copending Application No. 15/853029 {‘029) in view of Felsvang etal.
US 5,435,980 and Srinivasachar et al. US 2004/0244657.

‘029 discloses the claimed invention except for mixing the coal and the additive prior to the
furnace and the additive comprising 13, HI, aniodide compound or a combination thereof,

Felsvang et al. and Srinivasachar et al. disclose this limitation as shown above,

It would have been obvious to one having ordinary skill in the art to have modified the ‘029
reference to include for mixing the coal and the additive prior to the furnace and the additive
comprising |,, HI, aniodide compound or a combination thereof {Felsvang &t al. and Srinivasachar et al.
as shown above] 5o as to suppiement the halogen content of the system so asto increase the mercury
sarption capability and because the halogen compounds are recognized equivalents for the removal of
Hg.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-20 of copending Application No. 14/712558 {‘558) in view of and

Srinivasachar et al. US 2004,/0244657.
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‘558 discloses the claimed invention except for the additive comprising |5, HI, anicdide
compound or a combination thereof,

Srinivasachar etal. and disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the artto have madified the ‘558
referencetoinclude the additive comprising I, HI, aniodide compound or a combination thereof
{Srinfvasachar as shown above) asthe halogen compournds are recognized equivalents for the removal
of Hg.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-20 of copending Application No. 15/951970 (‘970)in view of Srinivasachar
et al. US 2004/0244657.

‘970discloses the claimed invention except for the additive comprising |, HI, anicdide
compound or a combination thereof.

Srinivasachar et al. discloses this limitation as shown above.

It would have been obvious to one having ordinary skill in the artto have modified the ‘970
reference to include the additive comprising |5, HI, aniodide compound or a combination therecof
{Srinbvasachar as shown above) asthe halogen compounds are recognized equivalents for the removal
of Hg.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-30 are provisicnally rejected on the ground of nonstatutery double patenting as being
unpatentable over 1-20 of copending Application No. 15/382114 (‘114) in view of Felsvang etal. US

5,435,980 and Srinivasachar etal. US 2004/0244657.
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‘114 discloses the claimed invention except for mixing the coal and the additive prior to the
furnace and the additive comprising 15, HI, aniodide compound or a combination thereof,

Felsvang et al. and Srinivasachar et al. disclose this limitation as shown above,

It would have been obvious to ane having ordinary skill in the art to have modified the ‘114
referenceto include for mixing the coal and the additive prior to the furnace and the additive
comprising |,, HI, aniodide compound or a combination thereof {Felsvang &t al. and Srinivasachar et al.
as shown above} 0 as to supgiemeni the halogen content of the systern so as to Increase the mercury
sarption capability and because the halogen compounds are recognized equivalents for the removal of
Hg.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over 1-20 of copending Application No. 15/853029 (‘029) in view of Felsvang et al. US
5,435,980 and Srinivasachar et al. US 2004/0244657.

‘029 discloses the claimed invention except for mixing the coal and the additive prior to the
furnace and the additive comprising 15, HI, aniodide compound or a combination thereof,

Felsvang et al. and Srinivasachar et al. disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the artto have modified the ‘029
referenceto include for mixing the coal and the additive prior to the furnace and the additive
comprising |3, HI, aniodide compound or a combination thereof {Felsvang &t al. and Srinivasacharet al,
as shown above} 50 as to supplemant the halogen content of the system so a3 to increase the mercury
sarption capability and because the halogen compounds are recognized equivalents for the removal of

Hg.
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This is a provisicnal nonstatutery double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over 1-20 of copending Application No. 15/978,760 {'760) in view of Felsvang et al. US
5,435,980 and Srinivasachar et al. US 2004/0244657.

‘760 discloses the claimed invention except for mixing the coal and the additive prior to the
furnaceand the additive comprising |,, HI, aniodide compound or a combination thereof.

Felsvang et al. and Srinivasachar et al. disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the artto have modified the ‘760
referenceto include for mixing the coal and the additive prior to the furnace and the additive
comprising |3, HI, aniodide compound or a combination thereof {Felsvang et al. column 5, 60-65% and
Srinivasachar et al. as shown above) s¢ asto supplement the halogen content of the system se as to
increase the mearcury sorption capability and because the halogen compounds are recognized
equivalants for the removal of Hg.

This is a provisicnal nonstatutery double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisicnally rejected on the ground of nonstatutery double patenting as being
unpatentable over 1-10, 14 and 21-25 of copending Application No. 15/974,343 (‘343) and Srinivasachar
et al. US 2004/0244657.

‘343 discloses the claimed invention except for the additive comprising |z, HI, aniodide
compound or a combination thereof,

Srinivasachar et al. discloses this limitation as shown above.

It would have been obvious to one having ordinary skill in the artto have modified the ‘343

reference to include the additive comprising |5, HI, aniodide compound or a combination therecof
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{Srinfvasachar as shown above) asthe halogen compournds are recognized equivalents for the removal
of Hg.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over 1,9,10,12,16 and 18-42 of copending Application No. 15/997,091 (‘091) in view of
Srinivasachar et al. US 2004/0244657.

‘091 discloses the claimed invention except for the additive comprising |5, HI, anicdide
compound or a combination thereof,

Felsvang et al. and disclose this limitation as shown above,

It would have been obvious to one having ordinary skill in the artto have modified the ‘091
referencetoinclude the additive comprising I, HI, aniodide compound or a combination thereof
{Srinfvasachar as shown above) asthe halogen compounds are recognized equivalents for the rermoval
of Hg.

This is a provisicnal nonstatutery double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisicnally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-29 of copending Application No. 16/509,071{‘071).

‘071 discloses essentially the same invention with little to no patentability distinct differences.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisicnally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-29 of copending Application No. 16/509,146 ('146).

‘146 discloses essentially the same invention with little to no patentability distinct differences.
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This is a provisicnal nonstatutery double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to AMBER ROSE ORLANDO whose telephone number is (571)270-3149. The
examiner can normally be reached cn Monday-Thursday 7:00-5:30.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collabeoration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AR} at http://www.uspto.gov/interviewpractice.

If attemptsto reachthe examiner by telephone are unsuccessful, the examiner’s supervisor,
Duane Smith can be reached on (571)272-1166. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Infermation regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Statusinformaticon for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private PAIR system, contact
the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automatedinformation system, call 800-786-

9199 {IN USA OR CANADA) or 571-272-1000.

AMBER ROSE. ORLANDO
Primary Examiner
ArtUnit 1776
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US-6,528,030 3/4/2003 Madden, Dehorah A, et al.
US-6,576,585 6/10/2003 Fischer, Stefan, et al.
US-6,579,507 6/17/2003 Pahlman, John, et al.
US-6,596,661 7/22/2003 Neufert, Ronald
US-6,610,263 8/26/2003 Pahlman, John, et al.
US-6,638,485 10/28/2003 lida, Kozo, et al.
US-6,808,692 10/26/2004 Oehr, Klaus H.
US-6,818,043 1116/2004 Chang, Ramsay, et al.
US-6,848,374 2/1/2005 Srinivasachar, Srivats, et al.
US-6,878,358 4/12/2005 Vosteen, Bernhard, et al.
US-6,942 840 9/13/2005 Broderick, Thomas E
US-6,953,494 10/11/2005 Nelson Jr., Sidney, et al.
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US-6,960,329 11/1/2005 Sellakumar, Kumar M.

Us-7,017,330 3/28/2006 Bellows, James C.

US-7,081,434 7/25/2006 Sinha, Rahindra K,

Us-7,124,591 10/24/2006 Baer, Joan Mae, et al.

uUs-7,211,707 5172007 Axtell, Holly C, et al.

US-7,247,279 7/24/2007 Pahlman, John, et al.

Us-7,293,414 11/13/2007 Huber, David J.

US-7,435,286 10/14/2008 Qlson, Edwin S, et al.

US-7,435,286 10/14/2008 Olson, Edwin S., et al.

US-7,442,239 10/28/2008 Armstrong, J. A., et al.

US-7,479,263 1/20/2009 Chang, Shih-ger, et al.

US-7,514,052 4/7/2009 Lissianski, Vitali Victor, et al.

Us-7,521,032 4/21/2009 Honjo, Shintaro, et al.

US-7,544 338 6/9/2009 Honjo, S., et al.

US-7,563,311 7/21/2009 (Graham, James R

Us-7,611,564 11/3/2009 Mcchesney, Joe, et al.

US-7,622,092 11/24/2009 Honjo, S., et al.

US-7,722,843 5/25/2010 Srinivasachar, S.

Us-7,767,174 8/3/2010 Lui, K., et al.

Us-7,780,765 8/24/2010 Srinivasachar S., et al.

Us-7,938,571 5M10/2011 Irvine, James H

US-7,942 566 517/2011 Irvine, James H

Us-8,007,749 8/30/2011 Chang, Shih-ger, et al.

US-8,080,088 12/20/2011 Srinivasachar, Srivats

Us-8,168,147 5172012 Olson, Edwin S, et al.

US-8,168,149 51/2012 Gal, Eli, et al.

Us-8,173,566 5/8/2012 Olson, Edwin S, et al.

US-8,216,535 710/2012 Pollack, Nicholas R, et al.

US-8,512,655 8/20/2013 Qlson, Edwin S, et al.

Us-8,652,235 2/18/2014 Olson, Edwin S, et al.

US-8,821,819 9/2/2013 Qlson, Edwin S, et al.

Us-9,011,805 4/21/2015 Olson, Edwin S, et al.

US-9,468,886 10/18/2016 Qlson, Edwin S, et al.

Us-9,662,629 5/30/2017 Olson, Edwin S, et al.

US-9,669,355 6/6/2017 Qlson, Edwin S, et al.

Us-9,757,689 9/M12/2017 Olson, Edwin S, et al.

Us-20010002387A1 5/31/2001 Tsutsumi, Yoshio, et al.
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US-20010003116A1 6/7/2001 Neufert, Ronald
Us-2002/01505a1 10/17/2002 Pahlman, John E, et al.
US-20020033097A1 3/21/2002 El-shoubary, Youssef, et al.
US-20020043496A1 4/18/2002 Boddu, Veera M., et al.
US-20020134242A1 9/26/2002 Yang, Ralph T, et al.
US-20020150516A1 10/17/2002 Pahlman, John, et al.
US-20030057293A1 3/27/2003 Boecking, Friedrich
US-20030104937A1 6/5/2003 Sinha, R. K.
US-20030136509A1 7124/2003 Virtanen, Jorma
US-20030206843A1 11/6/2003 Sidney Jr, Nelson G
US-20030206846A1 11/6/2003 Jangbarwala, Juzer
US-20040003716A1 1/8/2004 Nelson Jr, Sidney
US-20040013589A1 1/22/2004 \osteen, Bernhard, et al.
UsS-20040076570A1 4/22/2004 Jia, Charles Q
US-20040109800 6/10/2004 Pahlman, John E, et al.
Us-20050000197A1 1/6/2005 Krantz, Jeffrey
US-20050019240A1 1/27/2005 Lu, Xiao-chun, et al.
UsS-20050074380A1 4/7/2005 Boren, Richard M, et al.
US-20050147549A1 717/2005 Lissianski, Vitali Victor, et al.
US-20050227146A1 10/13/2005 Ghantous, Dania, et al.
US-20060048646A1 3/9/2006 Olson, Edwin S, et al.
US-20060057044A1 3/16/2006 Chang, Shih-ger, et al.
UsS-20060112823A1 6/1/2006 IAvina, David Christopher
US-20060191835A1 8/31/2006 Petrik, Viktor |, et al.
UsS-20060204418A1 9/14/2006 Chao, Chien-chung, et al.
US-20070167309A1 7/19/2007 Qlson, Edwin S.
UsS-20070168213A1 TH9/2007 Comrie, Douglas C
US-20070234902A1 10/11/2007 Fair, David L, et al.
US-20070295347A1 12/27/2007 Paine Ill, John B, et al.
Us-20080080951A1 4/17/2008 Mao, Dongsheny, et al.
US-20080107579A1 5/8/2008 Downs, William, et al.
UsS-20080134888A1 6/12/2008 Chao, Chien-chung, et al.
US-20080182747A1 7/31/2008 Sinha, R. K.
US-20080207443A1 8/28/2008 Gadkaree, Kishor Purushottam, et al.
US-20080292512A1 11/27/2008 Kang, Shin G.
Us-20090031708A1 2/5/2009 Schmidt, Darren D.
UsS-20090062119A1 3/5/2009 Olson, Edwin S., et al.
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US-20090081092A1 3/26/2009 Yang, Xiaolin David, et al.
US-20090136401A1 5/28/2009 Yang, Xiaolin David, et al.
US-20090235848A1 9/24/2009 Eiteneer, Boris Nikolaevich, et al,
US-20090297413A1 12/3/2009 Olson, Edwin S, et al.
US-20090320678A1 12/31/2009 Chang, Ramsay, et al.
US-20100024842A1 2/4/2010 Fukumoto, Kazuhiro, et al.
US-20100047146A1 2/25/2010 Olson, Edwin S., et al.
US-20110076210A1 3/31/2011 Pollack, Nicholas R, et al.
US-20110168018A1 7M14/2011 Mohamadalizadeh, Ali, et al.
US-20120183458A1 7H19/2012 Qlson, Edwin S, et al.
US-20130280156A1 10/24/2013 Olson, Edwin S, et al.
US-2014/0224121A1 8/14/2014 Mimna, Richard A., et al.
US-20140056787A1 2/27/2014 Qlson, Edwin S, et al.
US-20140255279A1 9/11/2014 Olson, Edwin S, et al.
US-20140308188A1 10/16/2014 Qlson, Edwin S, et al.
US-20150098878A1 4/9/2015 Olson, Edwin S
US-20150246315A1 9/3/2015 Qlson, Edwin S, et al.
US-20170100692A1 4/13/2017 Olson, Edwin S, et al.
US-20170128908A1 5M11/2017 Qlson, Edwin S., et al.
US-20170173524A1 6/22/2017 Olson, Edwin S, et al.
US-20170173557A1 6/22/2017 Olson, Edwin S, et al.
US-20170239644A1 8/24/2017 Qlson, Edwin S, et al.
US-20180133646A1 5M17/2018 Pavlish, John H, et al.
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CA-1099490A 4/21/1981 Dedong, Geert, et al.

CA-2150329A1 12/29/1995 Scherer, Volker, et al.

CA-2327602A1 6/6/2001 Robles, Antonio

CA-2400898A1 8/30/2001 Maes, Rudy J, et al.

CA-2584327A1 4/13/2006 Pavlish, John H, et al.

CA-2757309A1 10/28/2010 Olson, Edwin S, et al.

CA-2757309C 1/3/2017 Olson, Edwin S, et al.

CN-101048218A 10/3/2007 Olson, Edwin S, et al.

CN-101053820A 10/17/2007 Geng, Jianming Qian

05/21/2020
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Examiner Foreign Document Number
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Publication Date Name of Patentee or Applicant of cited Document T1

CN-101293196A

10/29/2008 Zhenglong, Yang

CN-101816922A 9/1/2010 Song, Hu, et al.
CN-102413899A 4/11/2012 Olson, Edwin 8, et al.
CN-104519410A 4/15/2015 Olson, Edwin S., et al.
CN-104619410B 5/4/2016 Olson, Edwin S, et al.
CN-1048173A 1/211991 Guoguan, et al.
CN-105188910A 12/23/2015 Olson, Edwin S.
CN-107661744A 2612018 Olson, Edwin 8, et al.
DE-10233173A1 2/12/2004 \Vosteen, Bernhard, et al.
DE-202012003747U1  [11/15/2012

DE-3426059A1 1/16/1986 Seipenbusch, Jurgen, et al.

DE-3816600A1

11/23/1989 Kaizik, Alfred, Dr., et al.

EP-0208490A1 1/114/1987 Moller, Jens Thousig, et al.
EP-1386655A1 2/4/2004 Vosteen, Vosteen Bemhard, et al.
EP-1458474 9/22/2004 Hammel, Charles F, et al.
EP-1570894A1 9/7/2005 Lissianski, V. V.

FR-2529802 113/1984 Pelosi, J., et al.

GB-2122916A 1/25/1984 Nishino, Hiroshi, et al.
JP-09256812 9/30/1997 Masanori, K., et al.

JP-4943197B4

11/19/1974 Yokota, Noriyuki, et al.

JP-4953590A 5/24/1974
JP-4933593A 5/24/1974
JP-4966592A 6/27/1974
JP-50145324A 3/3/11980
JP-506438B4 3/M13/1975 'Yokota, Noriyuki, et al.
JP-51003386A 11211976 Soya, Kensuke, et al.
JP-544868A 1/13/1979 Seki, Michiharu, et al.
KR-1020027006149 71212002 Tsuyoshi, O., et al.
SU-1163982A 6/30/1985 Belozerov, |. M.
SU-732207A1 5/5/1980 Valueva, Svetlana P, et al.
WO-0162368A1 8/30/2001 Maes, Rudy J, et al.
WO-0228513A2 4/11/2002 Pahlman, John E, et al.
WO-03072241A1 9/4/2003 Hammel, Charles F, et al.
WO-2004089501A2 10/21/2004 Mazyck, D. W., et al.
WO-2004094024A2 11/4/2004 Qlson, Edwin, et al.
WO-2006039007A2 4/13/2006 Olson, Edwin S, et al.
WO-2006039007A3 4/13/2006 Olson, Edwin S, et al.
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WO-2006009611A1

9/21/2006 Comrie, Douglas C, et al.

WO-2000018539A3

2/5/2009 Schmidt, Darren D.

WO-2010123609A1

10/28/2010 Qlson, Edwin S, et al.

WO-2013162968A2

10/31/2013 Olson, Edwin §, et al.

WO-2013162968A3

10/31/2013 Olson, Edwin, et al.

WO-2014137907A2

9/12/2014 Qlson, Edwin S, et al.
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published,

04-27-10", 17 pgs

"Application Serial No. 10/554,018 Response filed 11-01-10 to Final Office Action mailed

"Application Serial No. 10/554,018, Final Office Action mailed 04-27-10", 8 pgs

"Application Serial No. 10/554,018, Non Final Office Action mailed 10-06-09", 8 pgs

"Application Serial No. 10/554,018, Notice of Allowance mailed 01-19-12", 7 pgs

mailed 10-06-09", 9 pgs

"Application Serial No. 10/554,018, Response filed 02-08-10 to Non Final Office Action

mailed 06-09-09", 1 pg

"Application Serial No. 10/554,018, Response filed 08-10-09 to Restriction Requirement

"Application Serial No. 10/554,018, Restriction Requirement mailed 06-09-09", 5 pgs

"Application Serial No. 11/209,163, Advisory Action mailed 04-21-08", 3 pgs.

"Application Serial No. 11/209,163, Final Office Action mailed 01-23-08", 20 pgs

"Application Serial No. 11/209,163, Non Final Office Action mailed 08-13-07", 14 pgs.

"Application Serial No. 11/209,163, Notice of Allowance mailed 07-14-08", 7 pgs

"Application Serial No. 11/209,163, Preliminary Amendment filed 02-27-07", 9 pgs

01-23-08", 29 pgs

"Application Serial No. 11/209,163, Response filed 03-24-08 to Final Office Action mailed

mailed 06-07-07", 2 pgs

"Application Serial No. 11/209,163, Response filed 07-09-07 to Restriction Requirement

"Application Serial No. 11/209,163, Response filed 11-13-07 to Non Final Office Action
mailed 08-13-07", 19 pas

"Application Serial No. 11/209,1863, Restriction Requirement mailed 06-07-07", 6 pgs

"Application Serial No. 12/184,860, Examiner Interview Summary mailed 04-05-11", 3 pgs

"Application Serial No. 12/184,860, Final Office Action mailed 05-11-11", 15 pgs

"Application Serial No. 12/184,860, Non Final Office Action mailed 01-19-11", 14 pgs
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"Application Serial No. 12/184,860, Response filed 04-07-11 to Non Final Office Action
mailed 01-19-11", 12 pas

"Application Serial No. 12/184,860, Response filed 07-08-11 to Final Office Action mailed
05-11-11", 11 pgs

"Application Serial No. 12/201,595, Final Office Action mailed 03-10-10", 13 pgs.

"Application Serial No. 12/201,595, Non Final Office Action mailed 04-16-09", 21 pgs.

"Application Serial No. 12/201,595, Response filed 10-16-09 to Non Final Office Action
mailed 04-16-09", 18 pas

"Application Serial No. 12/419,219, Final Office Action mailed 10-14-10", 17 pgs

"Application Serial No. 12/419,219, Non Final Office Action mailed 01-15-10", 13 pgs

"Application Serial No. 12/419,219, Non Final Office Action mailed 02-23-11", 17 pgs

"Application Serial No. 12/419,219, Non Final Office Action mailed 08-04-11", 18 pgs.

"Application Serial No. 12/419,219, Notice of Allowance Mailed 01-10-12", 7 pgs

"Application Serial No. 12/419,219, Preliminary Amendment filed 04-08-09", 7 pgs

"Application Serial No. 12/419,219, Response filed 02-14-11 to Final Office Action mailed
10-14-10", 19 pgs.

"Application Serial No. 12/419,219, Response filed 05-20-11 to Non Final Office Action
mailed 02-23-11", 14 pgs

"Application Serial No. 12/419,219, Response filed 07-15-10 to Non Final Office Action
mailed 01-15-10", 22 pgs

"Application Serial No. 12/419,219, Response filed 10-27-11 to Non Final Office Action
mailed 08-04-11", 12 pgs

"Application Serial No. 12/429,058, Advisory Action mailed 05-29-12", 3 pgs

"Application Serial No. 12/429,058, Ex Paite Quayle Action mailed 02-14-13", 7 pgs

"Application Serial No. 12/429,058, Examiner Interview Summary mailed 12-28-12", 4 pgs

"Application Serial No. 12/429,058, Final Office Action mailed 10-31-12", 21 pgs

"Application Serial No. 12/429,038, Final Office Action mailed 12-20-11", 21 pgs

"Application Serial No. 12/429,058, Non Final Office Action mailed 06-11-12", 18 pgs

"Application Serial No. 12/429,058, Non Final Office Action mailed 07-19-11", 20 pgs

"Application Serial No. 12/429,058, Notice of Allowance mailed 01-16-14", 5 pgs

"Application Serial No. 12/429,058, Notice of Allowance mailed 09-11-13", 11 pgs

"Application Serial No. 12/429,058, Response filed 01-31-13 to Final Office Action mailed
10-31-12", 19 pgs

"Application Serial No. 12/429,058, Response filed 03-07-13 to Ex Parte Quayle Action
mailed 02-14-13", 7 pgs

"Application Serial No. 12/429,058, Response filed 05-11-12 to Final Office Action mailed
12-20-11", 11 pgs

"Application Serial No. 12/429,058, Response filed 09-11-12 to Non Final Office Action

mailed 06-11-12", 16 pgs

05/21/2020
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OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS

Examiner | Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine, T1
Initial * journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andfor country where
published.

"Application Serial No. 12/429,058, Response filed 10-18-11 to Non Final Office Action
mailed 07-19-11", 17 pas

"Application Serial No. 13/427 665, Non Final Office Action mailed 01-04-13", 23 pgs.

"Application Serial No. 13/427,665, Non Final Office Action mailed 08-03-12", 12 pgs.

"Application Serial No. 13/427 665, Notice of Allowance mailed 04-16-13", 8 pgs

"Application Serial No. 13/427 665, Response filed 03-21-13 to Non Final Office Action
mailed 01-04-13", 20 pas

"Application Serial No. 13/427,665, Response filed 10-10-12 to Non Final Office Action
mailed 08-03-12", 15 pgs

"Application Serial No. 13/427,685, Preliminary Amendment filed 03-22-12", 3 pgs

"Application Serial No. 13/453,274, Advisory Action mailed 11-24-14", 3 pgs

"Application Serial No. 13/453,274, Final Office Action mailed 10-16-14", 4 pgs

"Application Serial No. 13/453,274, Non Final Office Action mailed 05-30-14", 6 pgs.

"Application Serial No. 13/453,274, Notice of Allowance mailed 01-05-15", 5 pgs

"Application Serial No. 13/453,274, Response filed 09-02-14 to Non Final Office Action
mailed 05-30-14", 13 pgs.

"Application Serial No. 13/453,274, Response filed 11-06-14 to Final Office Action mailed
10-16-14", 7 pgs.

"Application Serial No. 13/453,274, Response filed 12-09-14 to Advisory Action mailed 11-
24-14", 6 pgs

"Application Serial No. 13/966,768, Non Final Office Action mailed 12-08-13", 7 pgs.

"Application Serial No. 13/966,768, Notice of Allowability mailed 08-01-14", 6 pgs

"Application Serial No. 13/966,768, Notice of Allowance mailed 04-18-14", 7 pgs

"Application Serial No. 13/966,768, Preliminary Amendment filed 08-14-13", 3 pgs.

"Application Serial No. 13/966,768, Response filed 03-06-14 to Non Final Office Action
mailed 12-06-13", 6 pgs.

"Application Serial No. 13/966,768, Supplemental Preliminary Amendment filed 08-15-13",
6 pgs.

"Application Serial No. 14/102,896, Advisory Action mailed 12-16-15", 3 pgs

“Application Serial No. 14/102,896, Final Office Action mailed 08-26-15", 12 pgs

"Application Serial No. 14/102,896, Non Final Office Action mailed 03-23-15", 13 pgs

"Application Serial No. 14/102,898, Notice of Allowance mailed 06-10-16", 7 pgs

"Application Serial No. 14/102,896, Response filed 01-22-16 to Advisory Action mailed 12-
16-15", 11 pgs

"Application Serial No. 14/102,896, Response filed 06-22-15 to Non Final Office Action
mailed 03-23-15", 10 pgs

"Application Serial No. 14/102,896, Response filed 11-24-15 to Final Office Action mailed
08-26-15", 5 pgs

"AEEIication Serial No. 14/195,360, Corrected Notice of Allowance mailed 02-27-17", 2 ES
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Attorney Docket No: 4820.001US8

OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS

Examiner | Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine, T1
Initial * journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andfor country where
published.

"Application Serial No. 14/195,360, Corrected Notice of Allowance mailed 03-29-17", 2 pgs

"Application Serial No. 14/195,360, Final Office Action mailed 03-18-16", 18 pgs

"Application Serial No. 14/193,360, Final Office Action mailed 11-22-16", 7 pgs

"Application Serial No. 14/195,360, Non Final Cffice Action mailed 06-20-16", 11 pgs

"Application Serial No. 14/193,360, Non Final Office Action mailed 06-20-16", 11 pgs

"Application Serial No. 14/195,360, Non Final Cffice Action mailed 11-24-15", 19 pgs

"Application Serial No. 14/193,360, Notice of Allowance mailed 02-07-17", 3 pgs

11-22-16€", 7 pgs.

"Application Serial No. 14/193,360, Response filed 01-18-17 to Final Office Action mailed

mailed 11-24-15", 21 pgs.

"Application Serial No. 14/195,360, Response filed 02-22-16 to Non Final Office Action

03-18-16", 15 pgs

"Application Serial No. 14/193,360, Response filed 05-17-16 to Final Office Action mailed

"Application Serial No. 14/318,270, Advisory Action mailed 02-17-17", 4 pgs

"Application Serial No. 14/318,270, Corrected Notice of Allowance mailed 05-22-17", 2 pgs

"Application Serial No. 14/318,270, Final Office Action mailed 11-25-16", 25 pgs

"Application Serial No. 14/318,270, Non Final Office Action mailed 06-02-16", 24 pgs

"Application Serial No. 14/318,270, Notice of Allowance mailed 05-15-17", 8 pgs

11-25-16", 14 pgs

"Application Serial No. 14/318,270, Response filed 01-25-17 to Final Office Action mailed

11-25-16", 15 pgs

"Application Serial No. 14/318,270, Response filed 02-27-17 to Final Office Action mailed

mailed 01-14-18", 9 pgs.

"Application Serial No. 14/318,270, Response filed 03-02-16 to Restriction Requirement

mailed 06-02-16", 14 pgys.

"Application Serial No. 14/318,270, Response filed 08-22-16 to Non Final Office Action

"Application Serial No. 14/318,270, Restriction Requirement mailed 01-14-16", 8 pgs

"Application Serial No. 14/564,860, Final Office Action mailed 11-17-16", 4 pys

"Application Serial No. 14/564,860, Non Final Office Action mailed 07-12-16", 6 pgs

"Application Serial No. 14/564,860, Notice of Allowance mailed 01-30-17", 6 pgs

"Application Serial No. 14/564,860, Preliminary Amendment filed 12-10-14", 8 pgs

"Application Serial No. 14/564,860, Preliminary Amendment filed 12-10-14", 6 pgs.

mailed 03-16-16", 9 pgs.

"Application Serial No. 14/564 860, Response filed 05-06-16 to Restriction Requirement

mailed 07-12-16", 11 pgs

"Application Serial No. 14/564,860, Response filed 10-03-186 to Non Final Office Action

"Application Serial No. 14/564,860, Restriction Requirement mailed 03-16-16", 5 pgs

"Application Serial No. 14/712,558, Advisory Action mailed 02-12-18", 8 pgs
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Attorney Docket No: 4820.001US8

OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS

Examiner
Initial *

Include name of the author (in CAPITAL LETTERS), tie of the article {when appropriate), title of the item (book, magazine, |  T1
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"Application Serial No. 14/712,538, Examiner Interview Summary mailed 03-05-18", 3 pgs

"Application Serial No. 14/712,558, Final Office Action mailed 12-06-17", 9 pys

"Application Serial No. 14/712,558, Non Final Office Action mailed 07-02-18", 16 pgs

"Application Serial No. 14/712,558, Non Final Office Action mailed 07-06-17", 7 pgs

"Application Serial No. 14/712,558, Response filed 01-23-18 to Final Office Action mailed

12-06-17", 13 pgs

"Application Serial No. 14/712 558, Response filed 04-02-18 to Final Office Action mailed

12-06-17", 7 pgs.

"Application Serial No. 14/712,558, Response filed 10-08-17 to Non Final Office Action
mailed 07-06-17", 12 pgs

"Application Serial No. 14/712,558, Supplemental Amendment filed 06-13-2018", 14 pys.

"Application Serial No. 14/712,558, Supplemental Amendment Filed 5-15-2018", 6 pgs.

"Application Serial No. 14/712,558, Supplemental Preliminary Amendment filed 05-15-15",

6 pgs

"Application Serial No. 15//974,343 Preliminary Amendment Filed 5-15-2018", 7 pgs.

"Application Serial No. 15//978,760, Preliminary Amendment Filed 5-15-2018", 7 pys.

"Application Serial No. 15/295,594, Preliminary Amendment filed 01-26-17", 8 pgs

"Application Serial No. 15/295,594, Preliminary Amendment filed 06-13-17", 7 pgs

"Application Serial No. 15/295,584, Response filed 07-03-18 to Restriction Requirement

mailed 05-22-18", 9 pgs.

"Application Serial No. 15/295,594, Restriction Requirement mailed 05-22-18", 6 pgs

"Application Serial No. 15/295,584, Restriction Requirement mailed 06-29-18", 5 pgs

"Application Serial No. 15/295,594, Supplemental Amendment Filed 5-15-2018", 10 pgs.

"Application Serial No. 15/382,114, Preliminary Amendment filed 04-04-17", 3 pgs

"Application Serial No. 15/449,112, Advisory Action mailed 04-24-18", 3 pgs

"Application Serial No. 15/449,112, Final Office Action mailed 02-15-18", 13 pgs

"Application Serial No. 15/449,112, Non Final Office Action mailed 09-27-17", 17 pgs

"Application Serial No. 15/449,112, Notice of Allowance mailed 07-12-18", 8 pgs

"Application Serial No. 15/449,112, Response filed 01-16-18 to Non Final Office Action
mailed 09-27-17", 16 pys

"Application Serial No. 15/449,112, Response filed 02-15-18 to Final Office Action mailed

02-15-18", 13 pgs.

"Application Serial No. 15/449,112, Response filed 04-06-18 to Final Office Action mailed

02-15-18", 13 pgs

"Application Serial No. 15/452,527, Preliminary Amendment filed 03-08-17", 3 pgs.

"Application Serial No. 15/589,359, Final Office Action mailed 06-04-18", 13 pgs

"Application Serial No. 15/589,359, Non Final Office Action mailed 02-21-18", 15 pgs

"Application Serial No. 15/589,359, Preliminary Amendment filed 01-03-18", 6 pgs

JAMBER R ORLANDO/
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* EXAMINER: Initial if reference considered, whether or nol citation is in conformance with MPEFR 609. Draw line through citation if nol in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant is 1o place a check mark here if English language Translation is attached

ALL REFERENCES COMSIDERED EXCEPT WHERE LINED THROUGH. /A.R.O/

PAC ET AL. EXHIBIT 1023
Page 1657



Receipt date:; 07/28/2018

1E/951,870 « GAU: 1776

Modified form PTO/SEASA(04-07) OMB 651-0031
LS Patent & Trademark Olfice: LS. DEPARTMENT OF COMMERCE

STATEMENT BY APPLICANT

Complete if Known

Under the Pa@rwnrk Reduction Act of 1985 no persons gre reguired to I‘ESEI‘Id o a collection of informaticn unless it contams 3 vabd OME control number.

Substitute for form 1448A/PTO Application Number 15/95 1,9?0

INFORMATION DISCLOSURE Filing Date April 12, 2018

First Named Inventor Edwin S. Olson
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Examiner
Initial *

Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine,
journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andfor country where
published.

T1

"Application Serial No. 15/589,359, Response filed 05-18-18 to Non Final Office Action
mailed 02-21-18", 14 pgs.

"Application Serial No. 15/978,760 , Response filed 07-13-18 to Non Final Office Action
mailed 06-29-18", 12 pys

"Application Serial No. 15/978,760, Non Final Office Action mailed 06-29-18", 9 pgs

"Application Serial No. PCT/US04/12828, International Search Report mailed 10/22/2004",
2 pgs

"Application Serial No. PCT/US2014/0199186, International Preliminary Report on
Patentability mailed 09-17-15", 14 pas

"Application Serial No.14/195,360, Response filed 09-16-16 to Non Final Office Action
mailed 06-30-16", 12 pgys.

"Bromine and its Compounds”, Jolles, Z. E., Editor, Academic Press, Inc., New York, NY,
(1966), pgs. 193 and 205

"Canadian Application Serial No. 2,523,132, Office Action mailed 07-18-11", 3 pgs

"Canadian Application Serial No. 2,523,132, Response filed 01-16-12 to Office Action
mailed 7-18-11", 5 pgs

"Canadian Application Serial No. 2,584,327, Office Action mailed 03-03-09", 4 pgs.

"Canadian Application Serial No. 2,584,327, Office Action mailed 12-07-09", 2 pgs

"Canadian Application Serial No. 2,584,327, Response filed 03-19-10 to Office Action
mailed 12-07-09", 8 pgs

"Canadian Application Serial No. 2,584,327, Response filed 09-02-09 to Office Action
mailed 03-03-09", 21 pas

"Canadian Application Serial No. 2,707,363, First Examiners Report Received 6/16/11", 2
pgs

"Canadian Application Serial No. 2,757,309, Office Action mailed 12-07-15", 3 pgs

"Canadian Application Serial No. 2,757,309, Response filed 06-06-16 to Office Action
mailed 12-07-15", 13 pgs

"Canadian Application Serial No. 2,757,309, Voluntary Amendment filed 01-30-135", 27 pgs

"Canadian Application Serial No. 2,871,422, Response filed 02-26-16 to Office Action
mailed 09-09-15", 13 pys.

"Canadian Application Serial No. 2,871,422, Office Action mailed 04-02-15", 5 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 04-24-18", 4 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 08-31-17", 4 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 09-09-15", 3 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 12-22-16", 5 pgs

"Canadian Application Serial No. 2,871,422, Response filed 02-26-18 to Office Action
mailed 08-31-17", w/ Amended Claims, 53 pgs

"Canadian Application Serial No. 2,871,422, Response filed 06-21-17 to Office Action
mailed 12-22-16", 41 pgs

EXAMINER ! ER R © o/ DATE CONSIDERED 05/21/2020

* EXAMINER: Initial if reference considered, whether or nol citation is in conformance with MPEFR 609. Draw line through citation if nol in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant is 1o place a check mark here if English language Translation is attached
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Examiner | Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine, T1
Initial * journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andfor country where
published.

"Canadian Application Serial No. 2,871,422, Response filed 08-28-15 to Canadian Cffice
Action mailed 04-02-15", 22 pgs

"Chinese Application Serial No. 200480017704 .4, Office Action mailed 12-08-11", (w/
English Translation), 6 pgs

"Chinese Application Serial No. 200480017704 .4, Response filed 01-20-12 to Cffice Action
mailed 12-08-12", (w/ English Translation of Amended Claims), 10 pgs.

"Chinese Application Serial No. 200580037037.0, Chinese Office Action, dated June 25,
2013 (and English translation)”, no english translation, 46 pgs

"Chinese Application Serial No. 201380033231.6, Office Action mailed 02-21-15", w/ Partial
English Translation, 6 pgs

"Chinese Application Serial No. 201380033231.6, Response filed 01-14-16 to Cffice Action
mailed 09-21-15", w/English Claims, 7 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 01-16-18", (English
Translation), 8 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 07-12-17", W/
English Translation, 8 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 07-25-16", (With
English Translation), 4 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 12-23-16", W/
English Translation, 39 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 12-23-16", 24 pgs.

"Chinese Application Serial No. 201480025701.9, Response filed 03-27-18 to Cffice Action
mailed 01-16-18", w/ English Claims, 20 pgs

"Chinese Application Serial No. 201480025701.9, Response filed 09-15-17 to Office Action
mailed 07-12-17", w/ English Translation, 21 pgs

"DARCO® FGD- Powdered Activated Carhon”, Norit Americas Inc. Datasheet No. 1100,
(May 2009), 1 pg

"DATABASE WPI Week 197450", Thomson Scientific, London, GB; AN 1974-86199V
XP002514926

"European Application Serial No. 05814011.2, Response filed 08-02-11 to European
Search Report mailed 04-14-09 and Office Actioin mailed 11-03-09", 20 pgs.

"Eurcpean Application Serial No. 05814011.2, Communication Pursuant to Article 94(3)
EPC mailed 11-05-09", 4 pgs

"European Application Serial No. 05814011.2, Decision to grant mailed 06-08-12", 2 pgs

"Eurcpean Application Serial No. 05814011.2, Extended European Search Report mailed
04-14-09", 13 pgs

"European Application Serial No. 05814011.2, Office Action mailed 01-25-08", 2 pgs.

"Eurcpean Application Serial No. 05814011.2, Office Action mailed 01-31-12", 4 pgs

"European Application Serial No. 05814011.2, Office Action mailed 04-27-12", 6 pgs

EXAMINER /AMBER B ORLANDO/ DATE CONSIDERED 05/21/2020

* EXAMINER: Initial if reference considered, whether or nol citation is in conformance with MPEFR 609. Draw line through citation if nol in conformance and not
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PAC ET AL. EXHIBIT 1023
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /A.R.O/ Page 1659



Receipt date:; 07/28/2018

1E/951,870 « GAU: 1776

Modified form PTO/SEASA(04-07) OMB 651-0031
LS Patent & Trademark Olfice: LS. DEPARTMENT OF COMMERCE

STATEMENT BY APPLICANT

Complete if Known

Under the Pa@rwnrk Reduction Act of 1985 no persons gre reguired to I‘ESEI‘Id o a collection of informaticn unless it contams 3 vabd OME control number.

Substitute for form 1448A/PTO Application Number 15/95 1,9?0

INFORMATION DISCLOSURE Filing Date April 12, 2018

First Named Inventor Edwin S. Olson
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Examiner Name Unknown
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OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS

Examiner
Initial *

Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine,
journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andfor country where
published.

T1

"European Application Serial No. 05814011.2, Office Action mailed 11-05-09", 2 pgs.

"European Application Serial No. 05814011.2, Partial European Search Report mailed 04-
14-09", 13 pgs.

"European Application Serial No. 05814011.2, Response filed 02-28-12 to Cffice Action
mailed 01-31-12", 30 pas

"European Application Serial No. 05814011.2, Response filed 04-18-08 to Office Action
mailed 01-25-08 and Third Party Observations submitted 12-04-07", 7 pgs.

"European Application Serial No. 05814011.2, Response filed 05-11-10 to Communication
Pursuant to Article 84(3) EPC mailed 11-05-09", 11 pgs

"European Application Serial No. 05814011.2, Response filed 05-11-10 to Office Action
mailed 11-05-09", 11 pgs.

"European Application Serial No. 05814011.2, Response filed 02-09-11 to Extended
European Search Report mailed 04-14-09", 20 pas

"European Application Serial No. 05814011.2, Third Party Observations submitted 03-19-
12", 7 pgs.

"European Application Serial No. 05814011.2, Third Party Observations submitted 12-04-
07", 5 pgs.

"European Application Serial No. 10767485.7, Decision to grant mailed 04-17-14", 2 pgs

"European Application Serial No. 10767485.7, Extended European Search Report mailed
12-06-12", 5 pgs

"European Application Serial No. 10767465.7, Intention to Grant mailed 03-17-14", 44 pgs

"European Application Serial No. 10767465.7, Intention to Grant mailed 09-30-13", 44 pgs

"European Application Serial No. 10767465.7, Response filed 02-03-14 to Intention to
Grant mailed 09-30-13", 11 pgs

"European Application Serial No. 10767465.7, Response filed 08-20-13 to Extended
European Search Report mailed 12-06-12", 18 pas

"European Application Serial No. 11189248.3, Communication Pursuant to Article 94(3)
EPC mailed 11-26-12", 4 pgs

"European Application Serial No. 11189249.3, Decision to Refuse mailed 12-19-13", 18 pgs

"European Application Serial No. 11189249.3, Extended European Search Report mailed
02-01-12", 7 pys

"European Application Serial No. 11189249.3, Office Action mailed 11-04-13", 4 pgs

"European Application Serial No. 11189248.3, Response filed 02-04-13 to Communication
Pursuant to Article 94(3) EPC mailed 11-26-12", 9 pys

"European Application Serial No. 11189249.3, Response filed 08-28-12 to Extended
European Search Report mailed 02-01-12", 9 pgs

"European Application Serial No. 11189249.3, Summons to Attend Oral Proceedings

mailed 04-15-13", 7 pgs

EXAMINER /AMBER R ORLANDG/ DATE CONSIDERED ~ 05/21/2020

* EXAMINER: Initial if reference considered, whether or nol citation is in conformance with MPEFR 609. Draw line through citation if nol in conformance and not
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OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS

Examiner
Initial *

Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine,
journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andfor country where
published.

T1

"European Application Serial No. 11189252.7, Communication Pursuant to Article 94(3)
EPC mailed 01-09-13", 4 pgs

"European Application Serial No. 11189252.7, Decision to grant mailed 05-02-14", 2 pgs

"European Application Serial No. 11189252.7, Extended European Search Report mailed
01-23-12", 6 pgs

"European Application Serial No. 11189252.7, Extended European Search Report mailed
05-09-12", 12 pgs

"European Application Serial No. 11189252.7, Office Action mailed 10-30-13", 4 pgs

"European Application Serial No. 11189252.7, Office Action mailed 12-11-13", 6 pys
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EAST Search History

EAST Search History (Prior Art)

"20020033097" | "4530765" | "5346674" |
"6080281" | "4708853" | "6027551" |
"6136072" | "6258334" | "6818043" |
"20060057044" | "20080207443" |
"20010002387" | "3826618" | "4814152" |
"4820318" | "4889698" | "5891324" |
"6528030" | "20050227146" | "5419834"
"7942566" | "20080134888" | "3662523" |
"3849267" | "4196173" | "4500327" |
"6942840" | "20020134242" |
"20030136509" | "20050147549" |
"20060112823" | "20080134888" |
"6471936" | "20010003116" |
"20050019240" | "20060048646" |
"4956162" | "5575982" | "6372187" |
"6375909" | "7435286" | "7514052" |
"20050074380" | "20090081092" |
"5288306" | "1984164" | "4101631" |
"5695726" | "6080281" | "6848374" |
"20050000197" | "5300137" | "5607496" |

"5672323" | "6214304" | "6953494" |

Ref iHits Search Query DBs Default :Plurals:Time
# ‘Operator Stamp
L1 91 ["7435286" US-PGPUB; AD] ON 2020/05/21
USPAT; 15:54
USOCR; FPRS;
EPO; JPO
S1 45 {95/134.ccls. or 95/142.ccls. or US-PGPUB; AD) ON 2013/09/09
110/345.ccls. or 423/210.cds.) and USPAT 09:19
activated carbon and promoter
S2 0 {95/134.ccls. or 95/142.ccks. or US-PGPUB; AD] ON 2013/09/09
110/345.ccls. or 423/210.cds.) and sorben {USPAT 09:19
and promoter and activated carbond and
mercury
S3 0  {95/134.ccls. or 95/142.ccks. or US-PGPUB; AD] ON 2013/09/09
110/345.ccls. or 423/210.cds.) and USPAT 09:20
sorbent and promoter and activated
carbond and mercury
S7 1737 (20020150516" | "4786483" | "5400522" [US-PGPUB;  AD) ON 2015/03/17
| "5505766" | "6383981" | "6878358" |  IUSPAT 12:25
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"5245120" | "20070168213" | "7938571" |
"20040003716" | "20040013589" |
"3194629" | "3786619" | "5827352" |
20040109800 | "20070295347" |
"5435980" | "6136749" |
"20030206846").PN.

S8 13 "11209163" US-PGPUB; AD] ON 2015/03/17
USPAT 12:28
S9 i3 M1209163" and non carbon US-PGPUB; AD] ON 2015/03/17
USPAT 12:28
S10 i161 {(B01D53/64, BO1D2257/602, US-PGPUB; AD] ON 2015/03/17
B01D2253/104, B01D2253/10, USPAT 13:49
BO1D53/10).cpc. and (halogen or halide of
HBr) with sorbent
S11 0 (95/134.ccls. or 95/142.ccls. or US-PGPUB; AD] ON 2015/03/17
110/345.ccls. or 423/210.cds.) and USPAT 13:50
sorbent and promoter and activated
carbond and mercury
$12 116 y{95/134.ccls. or 95/142.ccls. or US-PGPUB; AD) ON 2015/03/17
110/345.ccls. or 423/210.cds.) and USPAT 13:50
(halogen or halide of HBr) with sorbent
$13 1172 {BO1D53/64, BO1D2257/602, US-PGPUB; AD] ON 2015/08/20
B01D2253/104, B01D2253/10, USPAT 22:04
B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent
S14 67 (95/134.ccls. or 95/142.ccls. or US-PGPUB; AD] ON 2015/08/20
110/345.ccls. or 423/210.cds.) and USPAT 22:04
activated carbon and promoter
S$15 67 ['6136749" US-PGPUB; AD) ON 2016/05/27
USPAT 09:11
S16 20 ['684374" US-PGPUB; AD] ON 2016/05/27
USPAT 09:12
S17 i1 {"20040003716" US-PGPUB; AD] ON 2016/05/27
USPAT 09:12
S18 68 ['6848374" US-PGPUB; AD] ON 2016/05/27
USPAT 09:12
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$19 41 ["7435286" US-PGPUB; AD) ON 2016/05/27
USPAT 09:13
$20 13 "8168147" US-PGPUB; AD) ON 2016/05/27
USPAT 09:13
$21 69 {(95/134.ccls. or 95/142.ccls. or US-PGPUB; AD) ON 2016/06/07
110/345.ccls. or 423/210.cds.) and USPAT 09:06
activated carbon and promoter
S22 i181 {(B01D53/64, BO1D2257/602, US-PGPUB; AD] ON 2016/06/07
B01D2253/104, B01D2253/10, USPAT 09:06
B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent
$25 28 ["5266280" US-PGPUB; AD) ON 2016/06/07
USPAT 13:41
526 281 isorbent with mercury and (diameteror US-PGPUB; AD] ON 2016/09/29
size) with ("30™ or "40" or "50" or "60" or {USPAT; 15:01
"70™) with (sorbent or carbon) USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB
$27 148 sorbent with mercury and (diameteror  {US-PGPUB; AD) ON 2016/09/29
size) with ("30" or "40" or "50" or "60" or USPAT; 15:02
"70™) with (sorbent or carbon) and USQOCR; FPRS;
halogen EPO; JPO;
DERWENT;
IBM_TDB
528 1159 isorbent with mercury and (diameteror US-PGPUB; AD] ON 2016/09/29
size) with ("30" or "40" or "50" or "60" or {USPAT; 16:18
"70") with (sorbent or carbon) and USOCR; FPRS;
halogen$4 EPO; IPO;
DERWENT;
IBM_TDB
$29 206 {sorbent or activated carbon) with US-PGPUB; AD) ON 2016/09/29
mercury and (diameter or size) with ("30" {USPAT; 16:22
or "40" or "50" or "60" or "70"™) with USOCR; FPRS;
(sorbent or carbon) and halogen$4 and  {EPO; JPO;
activated carbon DERWENT;
IBM_TDB
S30 {195 (B01D53/64, BO1D2257/602, US-PGPUB; AD] ON 2016/09/30
B01D2253/104, B01D2253/10, USPAT 13:48
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B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent

$33 6 {"20040003719" US-PGPUB; AD) ON 2016/11/16
USPAT,; 10:56
USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB

S34 49 ["2004003716" US-PGPUB; AD) ON 2016/11/16
USPAT; 10:57
USQOCR; FPRS;
EPO; JFO;
DERWENT;
IBM_TDB

S35 81 ['6848374" US-PGPUB; AD] ON 2016/11/16
USPAT,; 10:58
USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB

S36 56 "7435286" US-PGPUB; AD) ON 2016/11/16
USPAT; 11:02
USQOCR; FPRS;
EPO; JFO;
DERWENT;
IBM_TDB

537 7 plson.in. and ("40" microns).cim, US-PGPUB; AD] ON 2016/11/16
USPAT,; 11:04
USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB

$38 0 {("40" microns and halocarbon US-PGPUB; AD) ON 2016/11/16
sorbent).clm. USPAT; 11:05
USQOCR; FPRS;
EPO; JFO;
DERWENT;
IBM_TDB

S39 i0  ihalocarbon sorbent).clm. and "40" US-PGPUB; AD] ON 2016/11/16
microns and olson.in. USPAT; 11:05
USQCR; FPRS;
EPO; JFO;
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DERWENT;
IBM_TDB

S40 65 40" microns and olson.in. US-PGPUB; AD) ON 2016/11/16
USPAT; 11:06
USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB

S41 :3907 {"40" microns).cim. US-PGPUB; AD) ON 2016/11/16
USPAT; 11:06
USQOCR; FPRS;
EPO; JFO;
DERWENT;
IBM_TDB

542 29  {("40" microns and sorbent).clm. US-PGPUB; AD] ON 2016/11/16
USPAT,; 11:06
USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB

S$43 i1 {halocarbon sorbent).clm. and olson.in.  {US-PGPUB; AD) ON 2016/11/16
USPAT; 11:08
USQOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

544 36 {sorbent).clm. and olson.in. US-PGPUB; AD] ON 2016/11/16
USPAT,; 11:08
USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB

S45 0  {sorbent).clm. and olson.in. and "40" US-PGPUB; AD) ON 2016/11/16
micron USPAT; 11:08
USQOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S46 17 11209163 US-PGPUB; AD] ON 2016/11/16
USPAT; 11:09
USOCR; FPRS;
EPO; JFO;
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DERWENT;
IBM_TDB

547

20110233133"

{US-PGPUB

USPAT,;
USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB

AD)

ON

2016/11/16
11:27

548

"20110023427"

US-PGPUB;
USPAT;
USQOCR; FPRS;
EPO; JPO;
DERWENT;
IBEM_TDB

AD]

ON

2016/11/16
11:28

549

15

"2004025274"

US-PGPUB;
USPAT,;
USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB

AD]

ON

2016/11/16
11:32

S50

11

"20040025274"

US-PGPUB;
USPAT;
USQOCR; FPRS;
EPO; JFO;
DERWENT;
IBM_TDB

AD)

ON

2016/11/16
11:32

551

15

"2004025274"

US-PGPUB;
USPAT,;
USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB

AD]

ON

2016/11/16
11:33

$52

40

"6312489"

US-PGPUB;
USPAT;
USQOCR; FPRS;
EPO; JFO;
DERWENT;
IBM_TDB

AD)

ON

2016/11/16
11:33

553

30

("20030024872" | "20050045553" |
"20050144916" | "4008060" | "4640779" |
"4655921" | "4673503" | "4738778" |
"4746432" | "4799944" | "5043000" |

US-PGPUB;
USPAT;
USOCR

AD]

ON

2016/11/16
11:36

PAC ET AL. EXHIBIT 1023
Page 1674




"5051118" | "5120296" | "5174896" |
"5320657" | "5512075" | "5674302" |
"6152979" | "6312489" | "6315130" |
"6336946" | "6398836" | "6585793" |
"6598749" | "7648546").PN. OR
("7931723").URPN.

S54 33  {("4200444" | "4640779" | "5968215" | US-PGPUB; AD] ON 2016/11/16
"6059851").PN. OR ("6312489").URPN.  {USPAT; 11:40
USOCR
S$55 5 "'8518142" US-PGPUB; AD) ON 2016/11/16
USPAT; 11:54
USOCR
556 4 "8747505" US-PGPUB; AD] ON 2016/11/16
USPAT; 11:57
USOCR
S57 2 4318270 {US-PGPUB;  iADJ ON~ 2016/11/16
USPAT; 12:06
USOCR
S58 i13 pac with size with sorbent US-PGPUB; AD) ON 2016/11/16
USPAT; 12:13
USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB
559 1197 {(B0O1D53/64, B0O1D2257/602, US-PGPUB; AD] ON 2016/11/16
B01D2253/104, B0O1D2253/10, USPAT 15:23
BO1D53/10).cpc. and (halogen or halide of
HBr) with sorbent
S60 0 BO1D53/64, B01D2257/602, US-PGPUB; AD] ON 2016/11/17
B01D2253/104, B01D2253/10, USPAT 12:39
BO1D53/10).cpc. and (halogen or halide of
HBr) with sorbent "4198388"
561 10 4198388" US-PGPUB; AD] ON 2016/11/17
USPAT 12:39
S62 0 ["2010083696" US-PGPUB; AD] ON 2016/11/17
USPAT 13:32
S63 2 ["20100083696" US-PGPUB; AD] ON 2016/11/17
USPAT 13:32
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S64 2 jabsorp$5 with mea with methanol with  {US-PGPUB; AD) ON 2016/11/17
acid USPAT 13:36
$65 2 {"20070283813" US-PGPUB; AD) ON 2016/11/17
USPAT 13:39
S66 21  {"4469596" US-PGPUB; AD) ON 2016/11/21
USPAT 08:29
S67 4 "2003229245" US-PGPUB; AD) ON 2017/05/10
USPAT; 10:36
USOCR; FPRS;
EPO; JFO;
DERWENT;
IBM_TDB
S68 2 "20030229245" US-PGPUB; AD] ON 2017/05/10
USPAT; 10:36
USQOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB
$69 45 "5,338,458" US-PGPUB; AD) ON 2017/05/10
USPAT; 10:38
USOCR; FPRS;
EPO; IPO;
DERWENT;
IBM_TDB
S70 45 ["5338458" US-PGPUB; AD] ON 2017/05/10
USPAT; 10:38
USQOCR; FPRS;
EPO; JFO;
DERWENT;
IBM_TDB
S71 213 {(B01D53/64, BO1D2257/602, US-PGPUB; AD] ON 2017/05/10
B01D2253/104, B01D2253/10, USPAT 11:02
B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent
$72 64 ("1786483"| "1984164" | "2317857" | US-PGPUB; AD) ON 2017/05/10
"20010002387" | "20010003116" | USPAT 11:20

"20020134242" | "20020150516" |
"20030136509" | "20040003716" |
"20040013589" | "20050019240" |
"20060048646" | "20060191835" |
"20090062119" | "20100047146" |
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"20120183458" | "20140056787" |
"3194629" | "3662523" | "3786619" |
"3826618" | "3849267" | "4196173" |
"4500327" | "4814152" | "4820318" |
"4889698" | "4959162" | "5300137" |
"5409522" | "5462908" | "5505766" |
"5575982" | "5607496" | "5672323" |
"5695726" | "5827352" | "5891324" |
"6027551" | "6080281" | "6136072" |
"6136749" | "6214304" | "6258334" |
"6372187" | "6375909" | "6383981" |
"6471936" | "6528030" | "6818043" |
"6848374" | "6878358" | "6942840" |
"6953494" | "7101631" | "7435286" |
"7479263" | "7514052" | "7563311" |
"7611564" | "8007749" | "8168147" |
"8168149" | "8512655").PN,

S73 3 ("20090235848" | "20110076210" | US-PGPUB;  :AD) ON 2017/05/10
"20150246315").PN. USPAT 11:31

S79 3 ("20090235848" | "20110076210" | US-PGPUB;  :AD) ON 2017/06/27
"20140224121").PN. USPAT 09:36

S80 96 ("1984164" | "2317857" | "20010002387" {US-PGPUB;  :ADJ) ON 2017/06/27
| "20010003116" | "2002004349¢6" | USPAT 09:41

"20020134242" | "20020150516" |
"20030104937" | "20030136509" |
"20040003716" | "20040013589" |
"20040076570" | "20050019240" |
20060048646 | "20060191835" |
"20080182747" | 20080292512 |
"20090062119" | "20090136401" |
"20090320678" | "20100047146" |
"20110168018" | "20120183458" |
"20130280156" | "20140056787" |
"20140255279" | "20140308188" |
"20150098878" | "3194629" | "3662523" |
"3786619" | "3826618" | "3849267" |
"3876393" | "4094777" | "4101631" |
"4196173" | "4338896" | "4500327" |
"4708853" | "4786483" | "4814152" |
"4820318" | "4889698" | "4956162" |
"5300137" | "5336835" | "5409522" |
"5462908" | "S505766" | "5575982" |
"5607496" | "5672323" | "5695726" |
"5827352" | "5891324" | "6027551" |
"6080281" | "6136072" | "6136749" |

"6214304" | "6258334" | "6372187" |
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"6375909" | "6383981" | "6471936" |
"6528030" | "6638485" | "6808692" |
"6818043" | "6848374" | "6878358" |
"6942840" | "6953494" | "6960329" |
"7081434" | "7211707" | "7435286" |
"7479263" | "7514052" | "7521032" |
"7544338" | "7563311" | "7611564" |
"7622092" | "7722843" | "7767174" |
"7780765" | "8007749" | "8168147" |
"8168149" | "8216535" | "8512655" |
"8652235" | "8821819" | "9011805").PN.

593

581 honeycomb with plug$4 and plug$4 with  {US-PGPUB; AD] ON 2017/06/27
length USPAT 14:45
$82 0  honeycomb with plug$4 and plug$4 with  US-PGPUB; AD) ON 2017/06/27
length with less than with "5" USPAT 14:45
583 0 honeycomb with plug$4 and plug$4 with  {US-PGPUB; AD] ON 2017/06/27
length with less than USPAT 14:45
584 127 ‘honeycomb with plug$4 and plug$4 with  {US-PGPUB; AD] ON 2017/06/27
length with "5" USPAT 14:46
585 241 ‘honeycomb with plug$4 and plug$4 with  {US-PGPUB; AD] ON 2017/06/27
length with mm USPAT 14:47
586 41 honeycomb with plug$4 and plug$4 with  |US-PGPUB; AD) ON 2017/06/27
length with "3 mm " USPAT 14:49
587 28 honeycomb with plug$4 and plug$4 with  {US-PGPUB; AD] ON 2017/06/27
length with "3 mm " and plug$4 with USPAT 14:52
porosity
$88 28 thoneycomb and plug$4 with length with  {US-PGPUB; AD) ON 2017/06/27
"3 mm " and plug$4 with porosity USPAT 14:53
$89 43 honeycomb and plug$4 with porosity with {US-PGPUB; AD) ON 2017/06/27
"100" USPAT 15:06
$80 120 fhoneycomb and piug$4 with pore (size or [US-PGPUB;  ADJ ON 12017/06/27
diameter) with "100" USPAT 15:07
S91 18 saw with honeycomb with filter US-PGPUB;  :AD) ON  2017/06/29
USPAT 13:31
S92 230 {(BO1DS53/64, BO1D2257/602, US-PGPUB;  :AD) ON  2017/12/01
B01D2253/104, B01D2253/10, USPAT 14:36
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B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent

S93 2 120060260468 {US-PGPUB; AD) ON 2018/07/03
USPAT 10:34
$94 19 'engine with air with inlet with filter$4 with |US-PGPUB; AD) ON 2018/07/03
cone USPAT 15:26
S95 .36 ngine with air with inlet with filter$4 with {US-PGPUB; AD) ON 2018/07/03
cone or conical or (diameter with USPAT 15:27
increas$4 or decreas$4)))
S96 24 {("3771638"| "3870495" | "3872012" | US-PGPUB; AD] ON 2018/07/03
"4157902" | "4702754" | "5125940" | USPAT; 15:31
"5522909" | "5549724" | "5632793").PN. USOCR
OR ("5888260").URPN.
S97 41 ("0153535" | "0439091" | "1398685" | US-PGPUB; AD] ON 2018/07/03
"1530163" | "1887052" | "2087688" | USPAT; 15:31
"4003836" | "4018580" | "4032455" | USOCR
"4039308" | "4065276" | "4261710" |
||4410341|| | "4414110" | "4699715" I
"5106397" | "5178656" | "5522909" |
"5549722" | "5549724" | "5888260" |
"6397842" | "6508052" | "D401597" |
"D401942" | "D403414" | "D403416").PN.
OR ("6808552").URPN.
598 15  {("D403416™).URPN. USPAT AD] ON 2018/07/03
15:33
S99 0  ["20030089233" USPAT AD] ON 2018/07/04
12:29
$100i3  "20030089233" US-PGPUB; AD) ON 2018/07/04
USPAT; 12:29
USOCR; FPRS;
EPO; PO
S101126 6833023 {US-PGPUB; AD) ON 2018/07/04
USPAT; 12:29
USOCR; FPRS;
EPO; PO
S102:2  1"20070168213" US-PGPUB; AD) ON 2018/07/09
USPAT; 13:08
USQOCR; FPRS;
EPO; JPO
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$103i14 icarbocations with sorbent with bromine  {US-PGPUB; AD) ON 2018/07/09
USPAT; 13:14
USOCR; FPRS;
EPO; PO
S104:0 i side forming a cross sectional shape of {US-PGPUB; AD) ON 2018/07/09
each of the first USPAT; 13:47
USQOCR; FPRS;
EPO; JPO
5105:0 non of side forming US-PGPUB; AD] ON 2018/07/09
USPAT; 13:56
USQOCR; FPRS;
EPO; JPO
510630 none of side forming US-PGPUB; AD] ON 2018/07/09
USPAT; 13:56
USQOCR; FPRS;
EPO; PO
5107:0 none of sides forming US-PGPUB; AD] ON 2018/07/09
USPAT; 13:56
USOCR; FPRS;
EPO; PO
$109i13 olson.in. and (alkali and promoter and US-PGPUB; AD) ON 2018/07/17
earth).clm, USPAT 16:22
$110i0  iolson.in. and (alkali and promoter and US-PGPUB; AD) ON 2018/07/17
earth with vapor).clm, USPAT 16:22
$111i10 iolson.in. and (alkali and promoter with US-PGPUB;  iAD) ON 2018/07/17
vapor).clm. USPAT 16:22
S$112i0  {"2015008283" US-PGPUB; AD) ON 2018/07/23
USPAT 06:26
S113i2  {"20150082833" US-PGPUB; AD) ON 2018/07/23
USPAT 06:26
$114i24  lolson.in. and liquid.cim. and promoted  [US-PGPUB;  ADJ ON 12018/07/23
USPAT; 07:50
USQOCR; FPRS;
EPO; JPO
S115i75  iremov$4 with mercury and (br or US-PGPUB; AD] ON 2018/07/23
bromine) with liquid with carbon USPAT; 07:54
USQOCR; FPRS;
EPO; JPO
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$116i0  separating greater than "70" wt% of the |US-PGPUB; AD) ON 2018/07/23
mercury USPAT; 09:17
USOCR; FPRS;
EPO; PO
$117:0  {(separating greater) with (of the US-PGPUB; AD) ON 2018/07/23
mercury)).clm. USPAT; 09:17
USQOCR; FPRS;
EPO; JPO
$118i20 "11209163" US-PGPUB; AD] ON 2018/07/23
USPAT; 09:43
USQOCR; FPRS;
EPO; JPO
511940  {during with after with mercury with US-PGPUB; AD] ON 2018/10/01
sorbent) USPAT; 17:38
USQOCR; FPRS;
EPO; PO
5120:304 sorbent with mercury and sorbent with US-PGPUB; AD] ON 2018/10/01
boiler USPAT; 17:39
USOCR; FPRS;
EPO; PO
$121i2  {"20070168213" US-PGPUB; AD) ON 2018/10/01
USPAT,; 17:41
USOCR; FPRS;
EPO; JPO
512218 ibefore with burn$4 with coal with sorbent {US-PGPUB; AD] ON 2018/10/01
USPAT,; 17:42
USQOCR; FPRS;
EPO; JPO
$1233i204 {("0174348" | "0202092" | "0208011" | US-PGPUB; AD] ON 2018/10/01
"0224649" | "0229159" | "0298727" | USPAT; 17:42
"0346765" | "0347078" | "0367014" | USOCR

"0537926" | "0537998" | "0541025" |
"0625754" | "0647622" | "0685719" |
"0688782" | "0700888" | "0744908" |
"0846338" | "0894110" | "0896876" |
"0911960" | "0945331" | "0945846" |
"1112547" | "1167471" | "1167472" |
"1183445" | "1788466" | "1984164" |
"20020065581" | "20020114749" |
"20020184817" | "20030088370" |
"20030103882" | "20040003716" |
"20040013589" | "20040086439" |
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"20040219083" | "20050039598" |
"20060047526" | "20060210463" |
"2016821" | "2059388" | "2089599" |
"2511288" | "3194629" | "3288576" |
"3437476" | "3599610" | "3662523" |
"3725530" | "3764496" | "3823676" |
"3838100" | "3849267" | "3849537" |
"3956458" | "3961020" | "3974254" |
"4040802" | "4075282" | "4094777" |
"4101631" | "4115518" | "4148613" |
"4174373" | "4196173" | "4226601" |
"4233274" | "4272250" | "4280817" |
"4305726" | "4322218" | "4377599" |
"4387653" | "4394354" | "4440100" |
"4472278" | "4474896" | "4519807" |
"4519995" | "4555392" | "4582936" |
"4602918" | "4629721" | "4693731" |
"4716137" | "4741278" | "4758418" |
"4764219" | "4786483" | "4804521" |
"4807542" | "4824441" | "4830829" |
"4873930" | "4886519" | "4892567" |
"4915818" | "4933158" | "4936047" |
"4964889" | "5013358" | "5024171" |
"5049163" | "5116793" | "5126300" |
"5137854" | "5162598" | "5190566" |
"5238488" | "5350728" | "5368617" |
"5409522" | "5435980" | "5447703" |
"5460643" | "5505746" | "5505766" |
"5571490™).PN. OR ("5587003" |
"5618508" | "5635150" | "5659100" |
"5670122" | "5733516" | "5738834" |
"5787823" | "5810910" | "5897688" |
"5910292" | "5989506" | "6024931" |
"6083289" | "6240859" | "6258334" |
"6372187" | "6375909" | "6475451" |
"6521021" | "6528030" | "6533842" |
"6558454" | "6610263" | "6613110" |
"6719828" | "6732055" | "6737031" |
"6746531" | "6790420" | "6808692" |
"6848374" | "6878358" | "6942840" |
"6953404" | "6962617" | "6974564" |
"6975975" | "7468170" | "7507083" |

"7674442" | "7758827" | "7776301").PN.

5124

"15573128"

US-PGPUB;
USPAT;
USOCR

AD]

ON

2018/10/02
12:07
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$125i2  {"20110207597" US-PGPUB; AD) ON 2018/10/02
USPAT; 12:08
USOCR
S126i2  ["20070168213" US-PGPUB; AD] ON 2018/10/02
USPAT; 17:30
USQOCR; FPRS;
EPO; PO
S$127:71 sorbent with before with coal and US-PGPUB; AD) ON 2018/10/02
remov$4 with mercury USPAT; 17:30
USOCR; FPRS;
EPO; PO
$128i234 ["6953494" US-PGPUB; AD) ON 2018/10/02
USPAT; 17:38
USQOCR; FPRS;
EPO; PO
$129i121 ["5435980" US-PGPUB; AD] ON 2018/10/02
USPAT; 17:40
USQOCR; FPRS;
EPO; JPO
5130135  promoter with sorbent and "30" g US-PGPUB; AD] ON 2018/10/02
USPAT; 22:19
USQOCR; FPRS;
EPO; JPO
513128 promoter with sorbent with mercury and  {US-PGPUB; AD] ON 2018/10/02
"30" g USPAT,; 22:19
USQOCR; FPRS;
EPO; PO
$132i4  ipromoter with sorbent with mercury and |US-PGPUB; AD) ON 2018/10/02
("30" g).cIm. USPAT,; 22:20
USOCR; FPRS;
EPO; PO
$133i4  promot$4 with sorbent with mercury and |US-PGPUB; AD) ON 2018/10/02
("30" g).cIm. USPAT,; 22:23
USQOCR; FPRS;
EPO; JPO
51344 promot$4 with sorbent with mercury and {US-PGPUB; AD] ON 2018/10/02
pre.cim. USPAT; 22:41
USQOCR; FPRS;
EPO; JPO
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$135:2 promot$4 with sorbent with mercury and {US-PGPUB; AD) ON 2018/10/02
pre-heater USPAT; 22:42
USOCR; FPRS;
EPO; PO
S136i2 promot$4 with sorbent with mercury and |US-PGPUB; AD) ON 2018/10/03
pre heater USPAT; 08:36
USQOCR; FPRS;
EPO; JPO
513757 promot$4 with sorbent with mercury and {US-PGPUB; AD] ON 2018/10/03
pre USPAT; 08:36
USQOCR; FPRS;
EPO; JPO
5138124 sorbent with preheat$4 with coal US-PGPUB; AD] ON 2018/10/03
USPAT; 08:39
USQOCR; FPRS;
EPO; PO
$139i121 ["5435980" US-PGPUB; AD] ON 2018/10/03
USPAT; 08:47
USOCR; FPRS;
EPO; PO
$140:i23 "11209163" US-PGPUB; AD) ON 2018/10/03
USPAT; 11:28
USOCR; FPRS;
EPO; JPO
51415 "14102896" US-PGPUB; AD] ON 2018/10/03
USPAT; 11:48
USQOCR; FPRS;
EPO; JPO
S142i7  "12429058" US-PGPUB; AD] ON 2018/10/03
USPAT; 12:09
USQOCR; FPRS;
EPO; JPO
S14344  ["12202595" US-PGPUB; AD] ON 2018/10/03
USPAT; 12:23
USOCR; FPRS;
EPO; PO
$144:20 ["12201595" US-PGPUB; AD) ON 2018/10/03
USPAT; 12:24
USOCR; FPRS;
EPO; JPO
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$145 "14564860" US-PGPUB; AD) ON 2018/10/03
USPAT,; 12:27
USOCR; FPRS;
EPO; PO

S$146 "15978760" US-PGPUB; AD) ON 2018/10/03
USPAT; 12:28
USQOCR; FPRS;
EPO; JPO

$147 "15589359" US-PGPUB; AD] ON 2018/10/03
USPAT; 12:32
USQOCR; FPRS;
EPO; JPO

5148 "15853029" US-PGPUB; AD] ON 2018/10/03
USPAT,; 12:37
USQOCR; FPRS;
EPO; PO

$149 "15997091" US-PGPUB; AD] ON 2018/10/03
USPAT,; 12:42
USOCR; FPRS;
EPO; PO

$150 "14712558" US-PGPUB; AD) ON 2018/10/03
USPAT,; 12:42
USOCR; FPRS;
EPO; JPO

S151 "15951970" US-PGPUB; AD] ON 2018/10/03
USPAT,; 15:18
USQOCR; FPRS;
EPO; JPO

S152 "15382114" US-PGPUB; AD] ON 2018/10/03
USPAT; 15:47
USQOCR; FPRS;
EPO; JPO

$153 15853029 US-PGPUB; AD] ON 2018/10/03
USPAT,; 15:51
USOCR; FPRS;
EPO; PO

S$154 "20070168213" US-PGPUB; AD) ON 2018/10/03
USPAT,; 18:18
USOCR; FPRS;
EPO; JPO
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$155i69 {"4279873" US-PGPUB; AD) ON 2018/10/03
USPAT,; 18:42
USOCR; FPRS;
EPO; PO

$156i75 |"'7435286" US-PGPUB; AD) ON 2018/10/04
USPAT,; 07:59
USQOCR; FPRS;
EPO; JPO

S157i4  ["15295594" US-PGPUB; AD] ON 2018/10/04
USPAT; 08:08
USQOCR; FPRS;
EPO; JPO

S158i1  ("20180257030™).PN. US-PGPUB; AD] ON 2018/10/04
USPAT 09:31

$159i86 {"5569436" US-PGPUB; AD] ON 2018/10/04
USPAT; 09:32
USQOCR; FPRS;
EPO; PO

S160i6  "5785935" US-PGPUB; AD) ON 2018/10/04
USPAT; 09:33
USOCR; FPRS;
EPO; PO

$161i8  ["6475471" US-PGPUB; AD) ON 2018/10/04
USPAT; 09:33
USQOCR; FPRS;
EPO; PO

S162i53 {"6103205" US-PGPUB; AD] ON 2018/10/04
USPAT; 11:46
USQOCR; FPRS;
EPO; JPO

51630 pyrolysis with char with mercury with US-PGPUB; AD] ON 2018/10/04

activated USPAT; 11:49

USQOCR; FPRS;
EPO; PO

5164117  pyrolysis with char with mercury US-PGPUB; AD] ON 2018/10/04
USPAT,; 11:49
USOCR; FPRS;
EPO; PO
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S165i121 ipyrolysis with char with activated carbon {US-PGPUB;  iAD) ON 2018/10/04
USPAT; 11:50
USOCR; FPRS;
EPO; PO
S166:0  pyrolysis with char with activated carbon {US-PGPUB;  :AD) ON 2018/10/04
with mercury with sorbent USPAT; 11:50
USQOCR; FPRS;
EPO; JPO
5167143  pyrolysis with char with activated carbon  {US-PGPUB; AD] ON 2018/10/04
and mercury with sorbent USPAT; 11:50
USQOCR; FPRS;
EPO; JPO
5168:118 pyrolysis with char with tire US-PGPUB;  iADJ ON 2018/10/04
USPAT; 12:04
USQOCR; FPRS;
EPO; PO
516958 pyrolysis with char with activated carbon  {US-PGPUB; AD] ON 2018/10/04
and mercury USPAT; 12:04
USOCR; FPRS;
EPO; PO
S170i8  {"20040081724" US-PGPUB; AD) ON 2018/10/04
USPAT; 15:07
USOCR; FPRS;
EPO; JPO
51714 "14128179" US-PGPUB; AD] ON 2018/10/04
USPAT; 15:10
USQOCR; FPRS;
EPO; JPO
517284 activat$4 carbon with boiler with coal and {US-PGPUB; AD] ON 2018/10/15
remov$4 with mercury USPAT: 13:27
USQOCR; FPRS;
EPO; JPO
5173188 activat$4 carbon with boiler with coal and {US-PGPUB; AD] ON 2018/10/15
(remov$4 or filter$4 or absorb$4 or USPAT; 13:27
adsorb$4) with mercury USOCR; FPRS;
EPO; PO
S174:0 mercury with stabiliz$4 with sulfer dioxide |US-PGPUB; AD) ON 2018/10/15
USPAT; 14:23
USOCR; FPRS;
EPO; JPO
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$175i75 {"7435286" US-PGPUB; AD) ON 2018/10/15
USPAT,; 15:07
USOCR; FPRS;
EPO; PO

$176i6  "9468886" US-PGPUB; AD) ON 2018/10/16
USPAT; 06:48
USQOCR; FPRS;
EPO; JPO

S177i17 ["8821819" US-PGPUB; AD] ON 2018/10/16
USPAT; 06:51
USQOCR; FPRS;
EPO; JPO

S178i15 {"8652235" US-PGPUB; AD] ON 2018/10/16
USPAT,; 06:55
USQOCR; FPRS;
EPO; PO

$179i93 [I'6136749" US-PGPUB; AD] ON 2018/10/24
USPAT; 09:08
USOCR; FPRS;
EPO; PO

$180i4  "9757689" US-PGPUB; AD) ON 2018/10/24
USPAT 12:37

S$18119  ["8939388" US-PGPUB; AD) ON 2018/10/29
USPAT; 09:59
USQOCR; FPRS;
EPO; PO

$182:669 urea with inject$4 with filter$4 with US-PGPUB; AD] ON 2018/10/29

exhaust USPAT: 10:15

USQOCR; FPRS;
EPO; JPO

$183i12 urea with inject$4 with filter$4 with US-PGPUB; AD] ON 2018/10/29

exhaust and urea with quench$4 USPAT; 10:16

USQOCR; FPRS;
EPO; PO

S184i13 ["3615165" US-PGPUB; AD] ON 2018/10/29
USPAT,; 10:35
USOCR; FPRS;
EPO; PO
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$185i136 iurea with quench$4 with remov$4 US-PGPUB; AD) ON 2018/10/29
USPAT; 10:39
USOCR; FPRS;
EPO; PO

$186i48 urea dust with scrub$4 US-PGPUB; AD) ON 2018/10/29
USPAT,; 11:25
USQOCR; FPRS;
EPO; JPO

$187i38 ['6221155" US-PGPUB; AD] ON 2018/10/29
USPAT; 12:04
USQOCR; FPRS;
EPO; JPO

$188i6  {"9468886" US-PGPUB; AD] ON 2018/10/29
USPAT,; 14:12
USQOCR; FPRS;
EPO; PO

5189i773 ammonium with remov$4 with mercury  {US-PGPUB; AD] ON 2018/12/03
USPAT,; 14:14
USOCR; FPRS;
EPO; PO

$190i108 @ammonium with salt with remov$4 with  \US-PGPUB; AD) ON 2018/12/03

mercury USPAT; 14:15

USOCR; FPRS;
EPO; JPO

519145  ammonium with salt with remov$4 with  {US-PGPUB; AD] ON 2018/12/03

mercury and activated carbon USPAT; 14:15

USQOCR; FPRS;
EPO; JPO

$192i42 ['5556447" US-PGPUB; AD] ON 2018/12/03
USPAT; 14:21
USQOCR; FPRS;
EPO; JPO

$193i174 {"4500327" US-PGPUB; AD] ON 2018/12/03
USPAT,; 14:21
USOCR; FPRS;
EPO; PO

$194i72 "4500327" and ammonium US-PGPUB; AD) ON 2018/12/03
USPAT,; 14:23
USOCR; FPRS;
EPO; JPO
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S$195i3 anionic couterion US-PGPUB; AD) ON 2018/12/03
USPAT,; 14:32
USOCR; FPRS;
EPO; PO
$19613480 @nionic counterion US-PGPUB; AD) ON 2018/12/03
USPAT,; 14:32
USQOCR; FPRS;
EPO; JPO
51972422 anionic counterion and ammonium with  {US-PGPUB; AD] ON 2018/12/03
salt USPAT; 14:32
USQOCR; FPRS;
EPO; JPO
51989 anionic countarion and ammonium with  |US-PGPUB; AD] ON 2018/12/03
salt and remov$4 with mercury USPAT; 14:32
USQOCR; FPRS;
EPO; PO
$199i52 ['6960329" US-PGPUB; AD] ON 2018/12/03
USPAT,; 14:50
USOCR; FPRS;
EPO; JPO
$200i4  {"20040003716" US-PGPUB; AD) ON 2018/12/06
USPAT,; 11:23
USOCR; FPRS;
EPO; JPO
S201i1  {"45219176".FMID. US-PGPUB; AD] ON 2018/12/06
USPAT; FPRS 13:32
52020 pyrolysis with char with activated carbon  {US-PGPUB; AD] ON 2019/01/07
with mercury with sorbent USPAT; 09:41
USQOCR; FPRS;
EPO; JPO
5203:284 {sorbentor activated carbon) with US-PGPUB; AD] ON 2019/04/15
mercury and (diameter or size) with ("30" USPAT; 14:29
or "40" or "50" or "60" or "70"™) with USOCR; FPRS;
{sorbent or carbon) and halogen$4 and  EPQ; JPO;
activated carbon DERWENT;
IBM_TDB
$204i88 activat$4 carbon with boiler with coal and |US-PGPUB; AD) ON 2019/04/15
(remov$4 or filter$4 or absorb$4 or USPAT; 14:29
adsorb$4) with mercury USOCR; FPRS;
EPO; JPO
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$205i42 "6132790" US-PGPUB; AD) ON 2019/06/12
USPAT 16:06
520619 'remov$4 with mercury and calcium nitrate | US-PGPUB; AD) ON 2019/06/12
with sorbent USPAT 16:55
S20711 remov$4 with mercury with calcium ' US-PGPUB; AD) ON 2019/06/12
nitrate USPAT 16:57
8208.1 "20040146613" US-PGPUB; AD) ON 2019/06/13
USPAT; 12:59
USOCR; FPRS;
EPO; JPO
S209:71 {("6372187").URPN. USPAT AD] ON 2019/06/18
10:24
$210:48 ("6372187").URPN. and (iodide or HI) USPAT AD] ON 2019/06/18
10:25
§311161 ™ {iodide or HI) with injectsd and mercury  US-PGPUB: HADI ON  :2019/06/18
with remov$4 USPAT; 10:30
USQOCR; FPRS;
EPO; JPO
521285 {iodide or HI) with coal and mercury with {US-PGPUB; AD] ON 2019/06/18
remov$4 USPAT; 10:35
USQOCR; FPRS;
EPO; PO
5213131 "6558454" US-PGPUB; AD] ON 2019/06/18
USPAT; 10:41
USQOCR; FPRS;
EPO; PO
$214i5  ["15295594" US-PGPUB; AD) ON 2019/07/30
USPAT; 12:48
USOCR; FPRS;
EPO; PO
§215i82  ['7435286" IUS-PGPUB;  iADJ ON~ 12019/07/30
USPAT; 16:29
USQOCR; FPRS;
EPO; JPO
S216i65 "4013516" US-PGPUB; AD] ON 2019/07/30
USPAT; 21:01
USQOCR; FPRS;
EPO; JPO
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$21724  {"4699896" US-PGPUB; AD) ON 2019/07/30
USPAT,; 21:01
USOCR; FPRS;
EPO; PO
$218i2  1"20120100053" US-PGPUB; AD) ON 2019/08/17
USPAT 11:40
$219i1  "20130157845" US-PGPUB; AD) ON 2019/08/17
USPAT 11:40
$220i204 rcoal with combust$4 and sorbent with US-PGPUB; AD) ON 2019/09/04
(iodine or iodide or HI) USPAT 12:15
52211184 icoal with combust$4 and sorbent with US-PGPUB; AD] ON 2019/09/04
(iodine or HI) USPAT 12:18
52221184 icoal with combust$4 and sorbent with US-PGPUB; AD] ON 2019/09/04
(iodine or HI) and (iodine or HI) USPAT 12:20
5223 .0 electric utility coal combustion chambear  |US-PGPUB; AD] ON 2019/09/04
USPAT,; 14:06
USQOCR; FPRS;
EPO; JPO
5224112  electric with coal combustion chamber US-PGPUB; AD] ON 2019/09/04
USPAT; 14:07
USQOCR; FPRS;
EPO; PO
52251755 electric with coal with combustion US-PGPUB; AD] ON 2019/09/04
USPAT,; 14:08
USQOCR; FPRS;
EPO; PO
$226:219 electric with coal with combustion with US-PGPUB; AD) ON 2019/09/04
chamber USPAT; 14:09
USOCR; FPRS;
EPO; PO
§227189  lelectric with coal with combustion with  [US-PGPUB;  ADJ ON~ 12019/09/04
chamber USPAT; 14:09
USOCR
5228:20 subbituminous with coal with chamber US-PGPUB; AD] ON 2019/09/04
USPAT,; 19:42
USQOCR; FPRS;
EPO; PO
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$229i191 subbituminous with coal with combustion [US-PGPUB; AD) ON 2019/09/04
USPAT; 19:43
USOCR; FPRS;
EPO; PO

$230:1009 lignite with coal with combustion US-PGPUB; AD) ON 2019/09/04
USPAT; 20:09
USQOCR; FPRS;
EPO; JPO

52310 lignite with coal with combustion and US-PGPUB; AD] ON 2019/09/04

mercury with sorbet USPAT; 20:10

USQOCR; FPRS;
EPO; JPO

523254  llignite with coal with combustion and US-PGPUB; AD] ON 2019/09/04

mercury with sorbent USPAT; 20:10

USQOCR; FPRS;
EPO; PO

S233i4  "14917980" US-PGPUB; AD] ON 2019/09/05
USPAT; 12:48
USOCR; FPRS;
EPO; PO

$234i246 ['6878358" US-PGPUB; AD) ON 2019/09/05
USPAT; 13:31
USOCR; FPRS;
EPO; JPO

$250:25 {"2012035853" US-PGPUB; AD] ON 2019/09/19
USPAT; 14:19
USQOCR; FPRS;
EPO; JPO

$251:i326 {(BO1D53/025).cpc. US-PGPUB; AD] ON 2019/12/04
USPAT 15:09

S252i2  ["20050274307" US-PGPUB; AD] ON 2019/12/09
USPAT 08:26

§253i11  F9221013" US-PGPUB; iADJ ON~72019/12/08
USPAT 09:06

525436 ["B556447" US-PGPUB; AD] ON 2019/12/09
USPAT 09:15

S255i42 ["7361200" US-PGPUB; AD] ON 2019/12/09
USPAT 09:23
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$256i16  {"20020114749" US-PGPUB; AD) ON 2019/12/09
USPAT 09:23
S25711  F'20030113239" 'US-PGPUB; AD) ON 2019/12/09
USPAT 09:25
S258i1  "20040244657" 'US-PGPUB; AD) ON 2019/12/09
USPAT 09:26
8259.1 "20070259781" US-PGPUB; AD) ON 2019/12/09
USPAT 09:26
$260i3  "10343114" US-PGPUB; AD) ON 2019/12/09
USPAT 10:11
$261i134 {"5435980" US-PGPUB; AD) ON 2019/12/09
USPAT; 12:08
USQOCR; FPRS;
EPO; PO
5262.1 "20040244657" US-PGPUB; AD] ON 2019/12/09
USPAT,; 12:13
USOCR; FPRS;
EPO; JPO
$263i4  ("10471412" | "20050274307" | US-PGPUB; AD] ON 2019/12/09
"20190329179" | "20190329215").PN. USPAT 12:21
826412 F20050274307" {US-PGPUB; AD] ON 2019/12/23
USPAT; 23:35
USQOCR; FPRS;
EPO; PO
$265i107 ['6848374" US-PGPUB; AD] ON 2019/12/24
USPAT; 00:10
USOCR; FPRS;
EPO; PO
$266i112 ['6848374" US-PGPUB; AD) ON 2020/05/20
USPAT; 22:32
USQOCR; FPRS;
EPO; PO
526784 'phosphorus (tribromide or tri bromide) 'US-PGPUB; AD) ON 2020/05/20
and remov$4 with mercury USPAT; 23:36
USQOCR; FPRS;
EPO; PO
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$268:93 phosphorus with (tribromide or tri US-PGPUB; AD) ON 2020/05/20
bromide) and remov$4 with mercury USPAT; 23:37
USOCR; FPRS;
EPO; PO
$269:259 {tribromide or tri bromide) and remov$4  |US-PGPUB; AD) ON 2020/05/20
with mercury USPAT; 23:37
USQOCR; FPRS;
EPO; JPO
527062  (tribromide or tri bromide) and remové4 {US-PGPUB; AD] ON 2020/05/20
with mercury and coal with flue USPAT; 23:37
USQOCR; FPRS;
EPO; JPO
5271110  sulfur chloride and remov$4 with mercury {US-PGPUB; AD] ON 2020/05/20
and coal with flue USPAT; 23:38
USQOCR; FPRS;
EPO; PO
$272i0  sulfur wiht chloride and remov$4 with US-PGPUB; AD] ON 2020/05/20
mercury and coal with flue USPAT; 23:40
USOCR; FPRS;
EPO; PO
$273i304 sulfur with chloride and remov$4 with US-PGPUB; AD) ON 2020/05/20
mercury and coal with flue USPAT; 23:40
USOCR; FPRS;
EPO; JPO
527482 iphosphorus with (tribromide or tri US-PGPUB; AD] ON 2020/05/20
bromide) and sorbent USPAT; 23:47
USQOCR; FPRS;
EPO; JPO
527541 phosphorus with (tribromide or tri US-PGPUB; AD] ON 2020/05/20
bromide) and sorbent and (mercury or USPAT; 23:48
Ha) USQOCR; FPRS;
EPO; JPO
5276123  sulfur dichloride and sorbant and {meraury {US-PGPUB; AD] ON 2020/05/20
or Hg) USPAT; 23:50
USOCR; FPRS;
EPO; PO
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Ref (Hits Search Query DBs Default Plurals Time Stamp
# Operator
5S4 0 Yactivated carbon and non-carbon sorbent and (USPAT {AD] ON 2013/09/09
carbon sorbent and mercury and halogen and 09:20
promoter).cim.
S5 11 i(activated carbon and carbon sorbentand  [USPAT|AD] ON2013/09/09
mercury and halogen and promoter).dm. 09:20
S6 1 i carbon sorbentand mercury and halogen  [USPAT [AD] ON 12013/09/09
and promoter).clm. 09:20
523 1 K activated carbon and non-carbon sorbent and {USPAT |AD] ON™12016/06/07
carbon sorbent and mercury and halogen and 09:06
promotear).clm.
$24 2 i carbon sorbentand mercury and halogen USPAT |AD] ON 2016/06/07
and promoter).clm, 09:06
S$31 1 {activated carbon and non-carbon sorbent and {USPAT {AD] ON 2016/09/30
carbon sorbent and mercury and halogen and 13:48
promoter).cim.
532 2 Y carbon sorbent and mercury and halogen USPAT :AD] ON 2016/09/30
and promoter).clm. 13:48
574 0 sorbentand halocarbond and mean particle USPATAD] ON 2017/05/10
size).clm. 11:03
575 0 Ysorbentand halocarbon and mean particle USPAT :AD] ON 2017/05/10
size).clm. 11:03
§76 1 i{sorbent and mean partidie size and USPAT [AD) ON T 13617/05/10
breakthrough).clm. 11:03
577 5 {sorbentand halocarbon).cim, USPAT :AD] ON 2017/05/10
11:05
578 17 olson.in, and halocarbon USPATAD] ON 2017/05/10
11:06
51080 inone of sides forming USPAT :AD] ON 2018/07/09
13:56
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Under the Paperwork Reduction Act of 1985 no pesons are required to respond toa collection of informiation unless it contains a valid OME control number.
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Substiute for form 1445APTO Application Number 15/951,970
INFORMATION DISCLOSURE Filing Date Aprnl 12, 2018
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US-20040086439A1 5/6/2004 Vosteen, Bernhard, et al.
US-20070180990A1 8/9/2007 Downs, William, et al.
US-20180257030A1 9/13/2018 Qlson, Edwin 8., et al.
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FOREIGN PATENT DOCUMENTS

Examiner Eoreig"l Document Number Publication Date MName of Patentee or Applicant of cited Document T1
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OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS
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Initial * journal, serial, symposium, catalog, etc.}, date, page{s}, volume-issue number{s}, publisher, city and‘or country where

published.

"Application Serial No. 14/712,558, Non Final Office Action mailed 10-19-18", 26 pgs

"Application Serial No. 14/712,558, Non-Final Office Action mailed 10-19-18", 35 pgs

"Application Serial No. 14/712,558, Response filed 08-14-18 to Non Final Office Action
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"Application Serial No. 15/295,594, Non Final Office Action mailed 10-23-18", 20 pgs

"Application Serial No. 15/295,594, Response filed 07-24-18 to Restiiction Requirement
mailed 06-29-18", 9 pgs.

"Application Serial No. 15/382,114, Response filed 09-12-18 to Restiiction Requirement
mailed 08-28-18", 8 pgs.

"Application Serial No. 15/382,114, Restiiction Requirement mailed 08-28-18", 9 pgs

"Application Serial No. 15/589,359, Final Office Action mailed 09-12-18", 14 pgs

"Application Serial No. 15/589,359, Non Final Office Action mailed 10-22-18", 12 pgs
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EXAMINER DATE CONSIDERED

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 608, Draw line through citation if not in conformance and not
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OTHER DOCUMENTS - NON PATENT LITERATURE DOCUMENTS

Examiner |Include name of the author {in CAPITAL LETTERS]}, title of the article {when appropriate}, title of the item {book, magazine, T1
Initial * journal, serial, symposium, catalog, etc.}, date, page{s}, volume-issue number{s}, publisher, city and‘or country where
published.

"Application Serial No. 15/589,359, Response filed 07-26-18 to Non Final Office Action
mailed 06-04-18", 14 pgs.

"Application Serial No. 15/589,359, Response filed 09-14-18 to Final Office Action mailed
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"Application Serial No. 15/974,343, Non Final Office Action mailed 07-27-18", 12 pgs

"Application Serial No. 15/974,343, Non Final Office Action mailed 10-29-18", 22 pgs

"Application Serial No. 15/974,343, Response filed 08-14-18 to Non Final Office Action
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"Application Serial No. 15/997,091, Non Final Office Action mailed 11-02-18", 27 pgs
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mailed 07-27-18", 10 pgs
PIETRZAK, et al., "Preparation of nitrogen-enriched activated carbons from brown coal”,
Energy and Fuels 20.3, (2006), 1275-1280
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Under the Paperwork Reduction Act of 1985 no pesons are required to respond toa collection of informiation unless it contains a valid OME control number.

3 Complete if Known
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INFORMATION DISCLOSURE Filing Date Apr’il 12, 2018
STATEMENT BY APPLICANT First Named Inventor Edwin S. Olson
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Examiner Name Unknown
Sheet 1 of 2 Attomey Docket No: 4820.001US8

US PATENT DOCUMENTS

Examiner USP Document Number Publication Date MName of Patentee or Applicant of cited Document
Initial *

US-20190009247A1 1/10/2019 Olson, Edwin S, et al.

FOREIGN PATENT DOCUMENTS

Examiner Foreign Document Number Publication Date MName of Patentee or Applicant of cited Document T1
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OTHER DOCUMENTS - NON PATENT LITERATURE DOCUMENTS

Examiner | Include name of the author {in CAPITAL LETTERS]}, title of the article {when appropriate}, title of the item {book, magazine, T1
Initial * journal, serial, symposium, catalog, etc.}, date, page{s}, volume-issue number{s}, publisher, city and‘or country where
published.

"Application Serial No. 14/712,558, Amendment and Response filed 12-03-18 to Non Final
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"Application Serial No. 14/712,558, Final Office Action mailed 01-11-19", 27 pgs
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"Application Serial No. 15/974,343, Final Office Action mailed 01-14-19", 25 pgs

"Application Serial No. 15/978,760, Amendment and Response filed 12-03-18 to Non Final
Office Action mailed 10-10-18", 25 pgs

"Application Serial No. 15/978,760, Final Office Action mailed 12-26-18", 21 pgs

"Application Serial No. 15/978,760, Response filed 03-20-19 to Final Office Action mailed
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"Application Serial No. 15/997,091, Final Office Action mailed 01-11-19", 20 pgs
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Laboratory, Office of Research and Development, (February 18, 2005), 59 pgs
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published.
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Summary”, US EPA Office of Air Quality Planning and Standards, (December 1997}, 95 pgs
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Boilers: Interim Report”, US EPA Office of Research and Development, National Risk
Management Laboratory, Air Pollution Prevention and Control Division, (December 2001),
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.5.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b}-{d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.5.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.5.C, 371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the application as a
national stage submission under 35 U.5.C, 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105} will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application,
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INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor{sy,  Edwin S Olson et al
Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Daocket No 4820001088 Sertal No. 15/051.970
Filed: Apnl 12, 2018 Due Date: N/A
Examiner AMBER ROSE ORLANDO Group Art Unit 1776
Customer Moo 21186 Confirmation No.: 6410

Mail Stop Amendment
Commissioner for Patents
PO Box 1456

Alexandria, VA 22313-1430

We are transmitiing herewith the following attached items (as indicated with an “X7):
Communication Concerning Prior and Copending Applications (1 pg )

Supplemental Information Disclosure Statement (2 pgs ), Form 1449 (2 pgs.) Copies of Cited References
(26,

(ES

if ant provided for in a separate paper filed kerewith, please consider this a PETITION FOR EXTENSION OF TIME for
sufficient mumber of months (o eufer these papers and please charge any additional fees orcredit sverpayment $o Deposil
Account No. 19-8743, I applicable, any papers or fees supplied hervewith are considered to be timely filed pursuant to 37
CLE.R. § L7(a), the response period falling on a Federal Heliday, Satarday ar Sunday being extended to the next succeeding
husiness day.

SCHWEGMAN LUNDBERG & WORSSNER, P.A. A\\ \QL}(XP /I’:\N‘\%

Customer No.: 21186 \u: holas P. Lanzatella
Reg No. 63,803
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S/N 15/951 970 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(sy): Edwin 8§ Olson et al. Examiner: AMBER ROSE ORLANDO
Serial No.: 13/051 970 Group Art Unit: 1776

Filed: April 12 2018 Docket: 4820001088

Customer No.: 21186 Confirmation No.: 6410

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

COMMUNICATION CONCERNING PRIOR OR COPENDING APPLICATION{S)

Mail Stop Amendment
Commissioner for Patents
PO Box 1430

Alexandria, VA 22313-1430

Pursuant to the guidance of MPEP §§ 2001 06(h) and 2004(9), Applicant would like to
bring the following additional application(s) to the Examiner’s attention. The identification of
these applications is not intended 1o suggest that the subject matter claimed in any listed
application is, or has been, substantially similar to any claim or claims in the present application.

Serial No/ Filing Date Attorney Docket  Tile
Patent No.

16/574,935 September 18, 4820.003U83 ACTIVATED CARBON SORBENT
2619 INCLUBING NITROGEN AND
METHODS OF USING THE 5AME

Respectfully submitted,

SCHWEGMAN LUNDBERG & WOESSNER, P A,
P.0. Box 2938

Minneapolis, MN 55402

(617) 349-9580

Date  11/26/2019 BJ N\a\(_ %Lﬂ}? W W/

Nicholas P Lanzatella
Reg No. 63,303
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S/N 15/951 970 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(sy Edwin § Olson et al Examiner: AMBER ROSE ORLANDO
Serial No.; 15/951,970 Group Art Unit: 1776

Filed: April 12, 2018 Docket; 4820 061083

Customer No: 21186 Confirmation No ; 6410

Title: SORBENTS FOR THE OXIDATION AND REMOVAL CF MERCURY

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

MS Amendment
Commissioner for Patents
P.0. Box 1450

Alexandria, VA 22313.1450

In compliance with the duty imposed by 37 CF R § 156, and in accordance with 37
CER.§§ 1.97 ef. 5eq.. the enclosed materials are brought to the attention of the Examiner for
consideration in connection with the above-identified patent application. Applicant respectfully
reguests that this Information Disclosure Statement be entered and the documents listed on the
attached PTO 1449 Form be considered by the Examiner and made of record. Pursuant to the
provisions of MPEP 609, Applicant requests that a copy of the PTG 1449 Form, initialed as being
considered by the Examiner, be returned to the Applicant with the next official communication.

Pursuant to 37 CFR. § 1.97(b), it is believed that no fee or statement is required with the
Information Disclosure Statement. However, if an Office Action on the merits has been mailed
after filing of the application or after the filing of the most recent RCE, the Commissioner is
hereby authorized to charge the required fees to Deposit Account No. 19-0743 in order to have
this Information Disclosure Statement considered.

Pursuant to 37 C.F R § 1.98(a}2), copies of cited U.S. Patents and Published
Applications, and Non-Published Applications wdentifiable by USPTO Serial Number, are no
longer required to be provided to the Office. Applicant acknowledges the requirement to submit
copies of foreign patent documents and non-patent lterature in accordance with 37 CFR §

1.9%(a)2).

PAC ET AL. EXHIBIT 1023
Page 1716



SUPPLIMENTAY INFORMATION BISCLOSURE STATEMENT Page 2
Serinl Nunden i 5/851 970 D $R20.001USR
Filing Dage: Apaeit 12, 2048

Tile: SGRBENTS FOR THE OXIDATION AND REMO VAL OF MERCURY

The Examiner is invited t0 contact the undersigned at the telephone number indicated if

there are any questions regarding this commumnication.

Respectfully submitted,

SCHWEGMAN LUNDBERG & WOESSNER P.A.
P.O. Box 2938

Minneapolis, MN 55402

(612) 3499530

Date  11/26/2019 By / \\m ipl«y‘ﬂ}? /{\%W/

Nicholas P Lanzatella
NP Reg No. 63,803
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark (Hfice

Address COMMISSIONER FOR PATENTS
P Box 1450

Ql;&ﬁg$i£ﬂg\;:guua 223131450
APPLICAT-ION FILING or GRP ART
NUMBER 3 lic) DATE TINIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSQ IND CLAIMS
15/951,970 04/12/2018 1776 1880 4820.001US88 20 2
CONFIRMATION NO. 6410
21186 CORRECTED FILING RECEIPT
SCHWEGMAN LUNDBERG & WOESSNER, P.A.
B BOX 2933 O

MINNEAPOQLIS, MN 55402
Date Mailed: 10/17/2019

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verity the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Edwin 8. Olson, Grand Forks, ND;
Michael J. Holmes, Thompson, ND;
John H. Pavlish, East Grand Forks, MN;
Applicant(s)

Midwest Energy Emissions Corp., Lewis Center, OH;
Power of Attorney: The patent practitioners associated with Customer Number 21186

Domestic Priorlty data as clalmed by applicant
This application is a CON of 14/712,558 05/14/2015
which is a CON of 14/318,270 06/27/2014 PAT 9757689
which is a CON of 13/966,768 08/14/2013 PAT 8821819
which is a CON of 13/427,665 03/22/2012 PAT 8512655
which is a CON of 12/419,219 04/06/2009 PAT 8168147
which is a CON of 12/201,595 08/29/2008 ABN
which is a DIV of 11/209,163 08/22/2005 PAT 7435286
which claims benefit of 60/605,640 08/30/2004

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.} - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 05/09/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/951,970

Projected Publicatlon Date: Not Applicable
Non-Publication Request: No

Early Publicatlon Request: No
Title

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
Preliminary Class
095
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to Flle) Translition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifles the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant’s license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Fareign Patents™ for mare information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at hitp://www.uspto gov/web/offices/pac/doc/general/index.html.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights}, you may wish
to consult the U.S. Government website, http://www stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits” giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-899-HALT (1-866-399-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.8.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.5.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.8.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit hitp:/www . SelectUSA . gov or call
+1-202-482-6800.
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N UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark (Hfice
Address COMMISSIONER FOR FATENTS

P Box 1450

Alexandyia, Vuguia 22313-1450

WHW LD oY
[ APPLICATION NUMBER |

FILING OR 371:C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKETNOJTITLE |
15/951,970 04/12/2018 Edwin S. Olson 4820.001U88
CONFIRMATION NO. 6410
21186 POA ACCEPTANCE LETTER
SCHWEGMAN LUNDBERG & WOESSNER, P.A.

e AL

Date Mailed: 10/17/2019

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 10/11/2019.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

fhteffera/
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Ampnded FTOVAIAIBZE{07-13)

Appeaved 1o uss Bydugh 1173072014, GMB 08810035

1.5, Paterit and Trademark Offioe; LS. DEPARTMENT OF SOMMERQE

Urider the Papenwork Bediction Act of 19485, 0o p@muﬁs are reéguired fo respcm -3 cobectian of information uiless it displays a valid CMEB coniit nimber.

P@WER @F AW@RNEY Y &PPUGANT

1 | hereby revoke alf previous powers of attorney given in the application identified in sither the attached transmittal letter orthe
| hoxes below.

Application Number | Filing Date

Ed 1 hereby appotrr{ the Fatent Pracletlﬂner{s) associated with the foflowing Customer Number as myfour alzorney{s) or
agent{s), and 1o transact all buginess in the United States Patent and Trademark Ofiice conneciad th for
application referenced in the attachied transmittal letter (form PTORIA/B2A) or identified aboved 2314

OR

1 hereby appoint Praciitioner(s} named in the attached st {form PTO/AIA/G2C) as myfour attorney(s) or agent(s).
and to {ransact aff business in the Linited Stateg Patant ang Trademark Gifice eonnected therewith for the. patent
application reterenced in the altached transmitial letier (form FTO/AIAB2A)Y or identified above. {Note: Complate

_ Torm PTOAIABRC )

Please racugnize of change the correspondence address for the application adenhﬁed in the attachaed

Z iransmiﬂa! ielter fo:

1 & The address associated with the above mentioned Gustomer Number.

. OR ' '

1 [} The address associateg with Customer Mumber:

oR .

{1 Firm or ]

Address

City T T e ]  Zip]
Country . '

_ Teiepnene e _ 5 [ Emait_|

- Jamthe Appkcant {if the ﬁpp!lcam isa gurist!c emﬂya list the Apphcant niamig in the bOx;

#idwest Encrgy Emissions Corp.

inventor or Juint inventor {lifte not requireg-below)

Legat Represeniative of 2. Deceased or Legally Incapacitated Invenior Hitle not required below)

Assignee or Person to Whom thg Inventor fs Under an Obfigation to Assign {f¥ovide signer's thle ¥ applicant is 4 juristic
entity)

Person Wha (ilih_azjwisa Shmﬁs' Sufficisnl Proprietary Interest {e.g., a patition under 37 CFR 1.46(b}2) was

granted in the' application or is concurfently being Sled with this document) {pravide signei’s title if applicant is a
jurigiic entity}.

O .EEIE

SEGNATURE of Applicani ior Patert
The underssgned !whosa title Is supplisd bei@w} is-authorized to act on behalf of the applicant (e.g., where the applicantis a
fiuristic entity}. £ ,; A

Sighature 1 f,a, f ) ' Daie ' I N
__ - ’” jgw *f"‘.."" f*"‘._ S (Qutionat) F//{yf&”‘z’?} ,‘?

‘Name | xj.?bhn Paviich

Thie ‘Chief Tmimaiogy Officer

L!_ng Signature ~ Thts form must be s:gne-j by the. appliaani i acoordance with 37 GFR 133, See 37 CFR 1.4 {4 signatire réquiremants and
certmcatior-s i more tha one applcant. use muihpﬁe forns, L ) R . ) )

Satalof 1 forms are submitied.

Tus colleclion of informationd eaguined by 37 CFR 137, 1.92 and 1,33 The mfnnnahun i reqqueﬁ w uhtum ar rf“am a hem:nt iy ive public w"u:h iz lo ‘i‘o {and br,r the E.-‘SP"O o
precess) an aplivabon. Condideniality s goverred by 35 LLS.CL 122 and 3P OFR. 111 and 1.4, Yhis Sotlection iz stimater o take 3 o ‘w0 comptete, inciuding g Q. Frapanng, ang
sumniting the comptetes applicaton-form to the USETO. Time will vary depending upan tha ndiaduel casy, Aoy commsnison the amount of e you require te compiote this form andfar
susgesions for reducisg this buden, should be saat @ the Gheet infinnalion Oificer, S, Paont ana Trademark Cffee, (1.6, Department of Commarse, 2.0, Box 1450, Alesandia, ¥8
22313-1450, D0 NOT SEND FEES OR COMPLETED FORMS TO TS ADDABSS, SENLTO: Cotnmissions: Tmm PO, Bow 1450, Slexnnvita, VA Z2315-1450.

I you nesd gssisianad i eampipog the fons, galt 1-80G-FTO910% and sehact opwon 2
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Attomney Docket No, 4820001038

Amended PTO/ALASS (08-12)

Approved for use through 01/312013. ONB 0651-0031

U.S. Patenl and Trademark Cffice; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1665, no persons are required ta respond Lo 2 coliection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c}
Applicant/Patent Owner.  Midwest Energy Emissions Corp.
Application No./Patent No.: _13/951,970 Filed/issue Date: April 12, 2018
Titled: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Midwest Enemy Emissions Coip, a Corporation

{Mame of Assignee) {Type of Assignee, e.q., corporation, partnership, universily, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose gie of options 1, 2, 3 or 4 below):
1. [ The assignee of the entire right, title, and interest.

2. ] An assignee of less than the entire right, title, and interest (check applicable box):

7] The extent (by percentage) of its ownership interest is %. Additional Statement{s} by the
owners holding the balance of the interest must be submiited 1o account for 100% of the ownership interest.

[.] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s} by the owner(s) holding the balance of the interest must be submitted to account for the entire
vight, title, and interest.

3 B The assignee of an undivided interest in the entirety {a complete assignment from one of the joint inventors was made),
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s} by the owner{s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. E] The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety {a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4} is evidenced by either {choose gne of options A ar B below):

A. [ An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame, or for which a copy thereof is attached.

B. B A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
ENERGY AND ENVIRONMENTAL RESEARCH

1. From: PAVLISH, JOHN H. To: _CENTER FOUNDATION

The document was recorded in the United States Patent and Trademark Office at

Reel 050462 ,Frame __ 0111 , or for which a ccg)y thereof is attached.

NERGY AND ENVIRONMENTAL RESEARCH

2. From: OLSON, EDVWIN S. Ta: —GCENTER EQUNDATION

The document was recorded in the United States Patent and Trademark Office at

Reel 050461 , Frame __ 0076 , of for which a copy thereof is attached.

{Page 1 0of 2]

This collection of information is required by 37 CFR 2.73{b}. The information is reguired to obtain or retain a benefit by the public which is to file (and by the USPTC 1o
process} an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.11 and 1,14, This collection is estimated to take 12 minutes 1o complets, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this hurden, should be sent (e the Chief Infarmaticn Officer, U5, Patent and Trademark
Cffice, U8, Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOCT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Attorney Docket No, 4820001 US8

Amended PTCAIAMRG (08-12}

Approved for use through 01/31/2013, GMB 0851-0031

.5, Patenl and Trademark Office; U.S, DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1885, nG persons are requived to respond to a collection of information unless it displays a vahid OMB control number,

STATEMENT UNDER 37 CFR 3.73(c)

ENERGY AND ENVIRONMENTAL RESEARCH
3. From: HOLMES, MICHAEL J. To. _CENTER EQUNDATION

The document was recorded in the United States Patent and Trademark Office at

Reel 050481 , Frame __ 0741 , or for which a copy thereof is attached.

ENERGY AND ENVIRONMENTAL RESEARCH
4. Fromy  sepTED EOUNDATION To: MIDWEST ENERGY EMISSIONS CORP.

The document was recorded in the United States Patent and Trademark Office at
Reel 050462 , Frame __ 0607 , or for which a copy thereof is attached.

5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[} Additional documents in the chain of titie are listed on a supplemental sheet(s).

[ As required by 37 CFR 3.73(c){1)D), the documentary evidence of the chain of title from the original ownerto the
assignee was, or concurrenily is being. submitted for recordation pursuant to 37 CFR 3.11.

INOTE: A separate copy {i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the LISPTO, See MPEP 302.08}

he undemlgned {whoge title is sup ied bW@g@ a/\ on behalf of the assignee.
10411/2019

Slghature ‘ Date
Nicholas P. Lanzatella USPTO Reg. No. 63,803
Printed or Typed Name Title or Registration Number

{Page 2 of 2]
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Electronic Acknowledgement Receipt

EFS ID: 37436359
Application Number: 15951970
International Application Number:
Confirmation Number: 6410

Title of Invention:

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCLIRY

First Named Inventor/Applicant Name: Edwin S. Olson
Customer Number: 21186
Filer: James Lee Shands/Diana Johnson
Filer Authorized By: James Lee Shands
Attorney Docket Number: 4820.001U58
Receipt Date: 11-0CT-2019
Filing Date: 12-APR-2018
Time Stamp: 15:02:46

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
5648295
1 4820001USBUADSPOADecSign yes 15

ed.pdf

edicbadleldbdanad7H7i47566ad30babs)
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Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 1
Miscellaneous Incoming Letter 2 2
Qath or Declaration filed 3 5
Raquest for Carrected Filing Receipt 6 6
Application Data Sheet 7 12
Power of Attorney 13 13
Assignee showing of ownership per 37 CFR3.73 14 15
Warnings:
Information:
Total Files Size (in bytes); 5648295

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b}-{d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.5.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.5.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date {see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105} will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s)  Edwin S Olson et al.
Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Docket No.: 4820.001US8

Filed: April 12, 2018 Serial No . 15/951,970
Examiner: AMBER ROSE ORLANDO Group Art Unit: 1736
Customer No.: 21186 Confirmation No.: 6410

Commissioner for Patents
P.O. Box 1450
Alexandna, VA 22313-1450

We are transmitting herewith the attached:

Communication Re: Late Submission of Declaration (I pg.).
Signed Declaration (3 pgs.)

Communication Re: Update to Application Data Sheet (1 Pg)).
Marked Up Application Data Sheet (6 Pgs.)

Power of Attorney (1 pg)

Statement Under 37 CFR 3.73 (¢) (2 pgs.)

I 5 e 1 14

It is believed that no additienal fee is required. However, if necessary, please charge any additional required fees or credit
overpayment to Deposit Account No, 19-0743,

Schwegman Lundberg & Woessner, PLA. éy\\‘( l‘k& LMP ( W %/ /

Customer No.: 21186 Nicholas P. Lanzatella®
Reg. No. 63,803

CERTIFICATE UNDER 37 CFR |8 The undersigned hereby certifies that tlis correspondence is being filed using the USPTO's electrenic
filing system EFS-Web, and is addressed to; Commissioner for Patents, P.O. Box 1430, Alexandria, VA 22313-1450 on this _11th_day of
Qctober, 2019

Diana Johnson /Diana Johnson/
Name Signature
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S/N 15/951,970 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s); Edwin S. Olson et al, Examiner; AMBER ROSE ORLANDO
Serial No - 15/951,970 Group Art Umit: 1736

Filed: April 12, 2018 Docket: 4820.001US8

Customer No.: 21186 Confirmation No - 6410

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

COMMUNICATION RE: TLATE SUBMISSION OF DECEARATION

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

In comphiance with 37 CFR 1.63, we submit the Signed Declaration. Corresponding fees
with regard to the late submission were paid with the filing of the application on April 12, 2018
therefore applicants believe no additional fees are due at this time.

Applicants assume the application is now in proper order and in condition for allowance.
Please direct any inquiries to the undersigned at (612) 349-9580. If necessary, please charge any

additional fees or credit overpayment to Deposit Account 19-0743.

Respectfully submitted,

Schwegman Lundberg & Woessner, P A
P.O. Box 2938

Minneapolis, MN 35402

(612) 349-9580

o L N otk it/

Nicholas P. Lanzatella
Reg. No. 63,803
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S/N 15/951,970 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s); Edwin S. Olson et al, Examiner; AMBER ROSE ORLANDO
Serial No - 15/951,970 Group Art Umit: 1736

Filed: April 12, 2018 Docket: 4820 0011UiS8

Customer No.: 21186 Confirmation No - 6410

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

COMMUNICATION RE: UPDATE TO APPLICATION DATA SHEET

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Applicants hereby request that the information provided on the Application Data Sheet
filed in the above-referenced application on April 12, 2018, be updated with the information as
provided on the enclosed marked up Application Data Sheet.

We therefore submit a marked up copy of the Application Data Sheet which shows an
update to the Applicant Information.

Once this request is entered, 1t 1s respectfully requested that the USPTG update their
records and provide confirmation of the above request by way of an Updated Filing Receipt.

It is believed that no fee is required to fulfill this request, however, if necessary, please

charge any additional required fees or credit overpayment to Deposit Account No. 19-0743,

Respectfully submitted,

Schwegman Lundberg & Woessner, P A
PO Box 2938

Minneapolis, MN 55402

(612) 349-9580

Date __10/11/2019 By/ \\.\Ll\amp ‘W /

Nicholas P. Lanzatella
Reg. No. 63,803
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Under the Paperwork Reduction Act of 1285 ne persons are redquiredto respond to a collection_of infermation unkes
Attorney Docket Number

Application Data Sheet 37 CFR 1.76

bodified PTOMAIAM4 (12-13)

Approved for use thrgugh 042042017 OME 0851-0032
US. Patent and Trademark Office; U5, DEPARTMENT OF COMMERCE

5 it conlaing a valid OMB conlrol number.

4320.001U58

Application Number

15/951,970

Title of Invention

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

The application data sheet is part of the provisional or nanprovisionai application for which itis being submitted. The following form contains the
hibliographic dataarranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronicaily and submitted to the Office in electronic format using the Electronic Filing System (EFS)or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order
pursuant to 37 CFR 5.2 {Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor:

Legal Name

Prefix Given Name

Middle Name

Family Name

Suffix

Residence Information (Select One)

[JUS Residency

[INon US Residency ] Active US Military Service

City

State/Province

Country of
Residence

Mailing Address of Inventor:

Address 1

Address 2

City

State/Province

Postal Code

Country

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33{a).

O an Address is being provided for the correspondence Information of this application.

Customer Number

Email Address

Application Information:

Title of the Invention

Attorney Docket Number

Small Entity Status Claimed [}

Application Type

Subject Matter

Suggested Class {if any}

Sub Class {if any)

Suggested Technology Center (if any)}

Total Number of Drawing Sheets {if any)

Suggested Figure for Publication (if any}

PAC ET AL. EXHIBIT,1
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Bodified PTOMAIAM4 (12-13)
Approved for use thrgugh 042042017 OME 0851-0032
US. Patent and Trademark Office; U5, DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1285 ne persons are requiredio respond to a collection_of infermation unless it conlaing a valid OMB conlrol number.
L. Attorney Docket Number 4820.001US8
Application Data Sheet 37 CFR 1.76
Application Number 15/951,970
Title of Invention SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

The application data sheet is part of the provisional or nanprovisionai application for which itis being submitted. The following form contains the
hibliographic dataarranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronicaily and submitted to the Office in electronic format using the Electronic Filing System (EFS)or the
document may be printed and included in a paper filed application.

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.5.C. 111(c) and 37 CFR 1.57{a). Do not
complete this section if application papers including a specification and any drawings are being filed. Any domestic benefit or foreign
priority information must be provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and
“Fareign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by
this reference to the previously filed application, subject to conditions and reguirements of 37 CFR 1.57{a).

Application number of the previously [Filing date {YYYY-MM-DD) intellectual Property Authority or
filed application Country Publication

Publication Information:

O Request Early Publication {Fee required at time of Request 37 CFR 1.219}

D Reguest Not to Publish. | hereby request that the attached application not be published under 35 1.5,
€. 122{b} and certify that the invention disclosed in the attached application has not and will not be the subject of an
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen
menths after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Entereither Customer Number or complete the Representative Name section below. If bothsections are completed the
Customer Number will be used for the Representative Information during processing.

Please Select One: O customer EI US Patent Practitioner £ timited Recognition (37 CFR 11.9}
Customer Number
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IMPROVED SORBENTS FOR REMOVING MERCURY FROM EMISSIONS
PRODUCED DURING FUEL COMBUSTION

BACKGROUND

[0001] It has become both desirable and necessary to reduce the hazardous
substance content of industrial flue gasses. The hazardous substances can have a
deleterious affect on the public health and the environment. ndustry and government
have been working to reduce the emissions of such substances with good progress
being made. Special focus has been on flue gas from coal-fired boilers, such as that
found in electric generation plants. Recent focus has also been on emissions from
cement kilns. But there is more to do. Hazardous substances include particulates, e.g.
fly ash, acid gases, e.g. SOx, NOx, as well as dioxing, furans, heavy metals and the
like.

[0002] The methods used to mitigate the emission of hazardous substances depend
on the nature of the hazardous substance, the minimum emission level sought, the
volume of emitted gas to be treated per unit time and the cost of the mitigating method.
Some hazardous substances lend themselves to removal from gaseous effluent by
mechanical means, ¢.9. capture and removal with electrostatic precipitators (ESP),
fabric filters (FF) or wet scrubbers, Other substances do not lend themselves to direct
mechanical removal.

[0003] Hazardous gaseous substances that are present in a gaseous effluent present
interesting challenges, given that direct mechanical removal of any speacific gaseous
component from a gas stream is problematic. However, it is known, and an industrial
practice, to remove hazardous gaseous components from a gaseous effluent by
dispersing a fine particulate adsorbent evenly in the effluent to contact and capture, in
flight, the targeted gaseous component. This is followed by mechanical removal of the
adsorbent with its adsorbate from the effiuent vapor by ESP, FF or wet scrubbers. A
highly efficacious adsorbent is carbon, e.g., cellulosic-based carbons and coal-based
carbons in a form such as powdered activated carbon (PAC). Such PACs, for
example, can be used with or without modification. Modified PACs may enhance
capture of the target hazardous substance by enhancing adsorption efficiency. PAC
modification is exemplified by US 4,427,630; US 5,179,058; US 6,514,907; US
6,853,494, US 2001/0002387; US 2006/0051270; and US 2007/0234902. Cellulosic-

1
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based carbons include, without limitation, carbons derived from woody materials,
coconut shell materials, or other vegetative materials, Coal-based PACs include,
without limitation, carbons derived from peat, lignite, bituminous, anthracite, or other
similar sources.

[0004] A problem with thé use of carbons in industrial applications, is their unreliable
thermal stability, that is, the lack of assurance that they are resistant to self-ignition.
Seif-ignition is especially problematic when the carbon is used in the treatment of warm
or hot gaseous effluents or when packaged or collected in bulk amounts, For example,
bulk PAC is encountered (i) when the PAC is packaged, such as in super-sacks or {ii}
when formed as a filter cake in an FF unit or is collected in silos or hoppers associated
with an ESP, TOXECON unit, and baghouse. Self-ignition results from unmitigated
oxidation of the carbon and can lead to its smoldering or burning. Self-ignition is
exacerbated by the carbon being warm or hot, as ¢ouid he the case when used in
treating coal-fired boiler effluents. If oxygen (air) is not denied to the oxidation site or if
the site is not cooled, the heat from the initial oxidation will propagate until the carbon
smolders orignites. Such an ignition can be catastrophic. Utility plants are especially
sensitive about self-ignition as smoldering or fire within the effluent line can cause a
plant shut-down with widespread consequences to served customers.

[0005) Further information on PAC thermal stability can be found in US 6,843,831,
“Process for the Purification of Flue Gas." Some carbons are more resistant to seif-
ignition than others. For example, in the US, the use of coal-derived PACs is often
employed for utility flue gas treatment, in part because of the generally recognized
good thermal stability of coal-derived PACs.

[0006] It would be advantageous if PACs of lesser thermal stability, such as those
derived from certain cellulosic-based carbons could be modified to be more thermally
stable so that the practitioner could enjoy the benefit of the excellent adsorption
qualities of cellulosic-based carbons, It would also be advantageous to improve the
thermal stability of certain coal-hased PACs, such as, those that are lignite-based,
since even these carbons have been associated with selfignition and smoldering

events.
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THE INVENTION

[0007] This invention meets the above-described needs by providing an activated
carbon that has been exposed to a non-halogenated additive comprising sulfur, sulfuric
acid, sulfamic acid, boric acid, phosphoric acid, ammonium sulfate, urea, ammonium
sulfamate, monoammonium phosphate, diammonium phosphate, melamine, melamine
phosphate, boric acid/borate combination, silica gel/sodium carbonate, or
urea/formaldehyde and, optionally to a halogen and/or a halogen-containing compound,
and that has at least one of the following: (i) a temperature of initial energy release that
is greater than the temperature of initial energy release for the same activated carbon
without the exposure to the non-halogenated additive and, optionally, to the halogen
and/or the halogen-centaining compound; (i} a self-sustaining ignition temperature that
is greater than the self-sustaining ignition temperature for the same activated carbon
without the exposure; or {jii) an early stage energy release value that is less than the
early stage energy release value for the same activated carbon without the exposure. |t
is believed that any one or more of the qualities recited in (i), (i) and {iii) is indicative of
an enhancement of the thermal stability of an activated carbon exposed to one or mare
non-halegenated additives, and optionally to a halogen and/or a halegen-containing
compound, according to this invention as compared to the same activated carbon
without the exposure. This invention also relates {o a process for enhancing the
thermal stability of activated carbon. The process comprises exposing the activated
carbon to a non-halagenated additive comprising suifur, sulfamic acid, boric acid,
phosphoric acid, ammonium sulfate, urea, ammonium sulfamate, monoammeonium
phosphate, diammonium phosphate, melamine, melamine phosphate, boric acid/borate
combination, silica gel/sodium carbonate, or urea/formaldehyde and, optionally, to a
halogen and/or a halogen-containing compound, at a temperature and for & time
sufficient so that the exposed activated carbon has at least one of the following: (i) a
temperature of initial energy release that is greater than the temperature of initial
energy release for the same activated carbon without the exposure to the non-
halogenated additive and, optionally to the halogen and/or the halogen-containing
compound; (ii) a self-sustaining ignition temperature that is greater than the self-
sustaining ignition temperature for the same activated carbon without the exposure; or
(iil) an early stage energy release value that is less than the early stage energy release
value for the same activated carbon without the exposure. This invention also relates
3
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to a process for mitigating the atmospheric release of gaseous hazardous substances
from flue gases containing such substances, the process comprising contacting the flue
gas with activated carbon that has been exposed to a non-halogenated additive
comprising suifur, sulfamic acid, boric acid, phosphoric acid, ammonium sulfate, urea,
ammonium sulfamate, moncammonium phosphate, diammonium phosphate,
melamine, melamine phosphate, boric acid/borate combination, silica gel/sodium
carbonate, or urea/formaldehyde and, optionally, to a halogen andfor a
halogen-containing compound, and that has at least one of the following: (i} a
temperature of initial energy release that is greater than the temperature of initial
energy release for the same activated carbon without the exposure to the non-
halogenated additive and, optionally to the halogen and/or the halogen-containing
compound; {ii) a self-sustaining ignition temperature that is greater than the seif-
sustaining ignition temperature for the same activated carbon without the exposure; or
(i) an early stage energy release value that is less than the early stage energy release
value for the same activated carbon without the exposure.

[0008] The activated carbons of this invention ¢can be, as before noted, derived from
both cellulosic-based and coal-based materials,

[0009] The production of activated cellulosic-based carbons, e.g., wood-based PACs,
is well known and generally entails either a thermal activation or chemical activation
process. For more details see, Kirk-Othmer Encyclopedia of Chemical Technology, 4™
Edition, Volume 4, pages 1015-1037 (1992). The activated wood-based carbon can be
produced from any woody material, such as sawdust, woodchips, coconut shell
materiais, or other vegetative materials. The production of activated coal-based
carbons, e.g., lignite-based PACs, are produced by similar processes.

[0010] Activated cellulosic-based carbons are commercially available. For example,
activated wood-based carbons can he obtained from MeadWestvaco Gorporation,
Specialty Chemical Division. Activated coal-based carbons are also commercially
available. Activated lignite-based carbons can be obtained from Norit Americas, Inc.,
whilst activated bituminous-based carbons can be obtained from Calgon Corporation.
Activated carbons can be characterized by their particle size distribution (D', D* and
D9°); average particle size; BET surface area; lodine No.; total pore volume,; pore
volume distribution (macro/meso and micro pores); elementa!l analysis; moisture
content; and ash speciation and content. Particularly useful activated carbons have

one or more of the following characteristics:
4
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Characteristic General Range Specific Range
DY 1-10 pm 2-5 ym

D% 5-35 um 10-20 pm

D% 20-100 um 30-60 um
Average Particle Size: 10-50 um 5-25 pm

BET: >300 m*/g >500 m%g
lodine No.: 300-1200 mg/g >600 mg/g
Total Pore Volume: 0.10-1.20 ¢cig 0.15-0.8 ccly
Macro/Meso Pore Volume:  0.05-0.70cc/g 0.05-0.40cc/y
Micro Pore Volume; 0.05-0.50 ccfy 0.10-0.40 cefg
Ash Content: 0-15 wt% <10 wit%
Moisture Content: 0-15 wt% <5 wt%

[0011] A non-halogenated additive comprising sulfur, sulfamic acid, boric acid,

phosphoric acid, ammonium sulfate, urea, ammonium sulfamate, monoammonium

phosphate, diammonium phosphate, melamine, melamine phosphate, boric acid/borate
combination, silica gel/sodium carbonate, or urea/formaldehyde can be used in treating

carbons in accordance with this invention.
[0012] The halogen and/or the halogen-containing compound optionally used in

treating cellulosic-derived carbons in accordance with this invention can comprise

bromine, chlorine, fluorine, iodine, ammonium bromide, other nitrogen-containing

halogen salts, sodium bromide, calcium bromide, potassium bromine, other inorganic

halides, etc.

[0013] The non-halogenated additive and, optionally, the halogen and/for
halogen-containing compound treatment of the carbons can be affected by batch or
continuous methods. A suitable batch process feeds the carbon to a tumble

reactor/dryer whereaupon it is mixed with the non-halogen compound. The non-halogen
compound can be added as a crystalline material, dry 'powder. slurry or sciution
depending upon the physical and/or solubility properties of the non-halogen compound.
Upon completion of the feed of non-halogen compound, the treated carbon material can
be dried as needed, especially if its moisture content exceeds 5 wt% based on the total
weight of the fed carbon. in one application, gaseous Brg, at its boiling point

temperature, is optionally fed to the reactor/dryer at an initial temperature of from about
5
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75 °C to about 82 °C. The reactor/dryer pressure is conveniently kept at around
ambient pressure. The dryer is run in the tumble mode during and after the feed. The
post-feed tumble period is from about 30 minutes to an hour. Quantitatively, the
amount of Br; fed corresponds identically or nearly identically with the desired bromine
content of self-ignition resistant carbon. For example, if a seif-ignition resistant carbon
having a bromine content of about 5 wt% is desired, then the amount of Bra fed is 5
parts Brz per 95 parts of treated carbon. The Br; feed rate is essentially uniform
throughout the Br; feed period. After the post feed tumble period, the self-ignition
resistant carbon is removed from the reactor/dryer to storage or packaging.

[0014] A suitable continuous process for treating carbon features a separate feed of
non-halogenated additive, and optionally, the halogen and/or halogen-containing
compound, and the carbon to a continuous reactor. The non-halogenated additive and
the optional halogen and/or halogen-containing compound can be co-fed as well. The
particulate carbon is conveniently transported to and through the continuous reactor by
a gas such as air and/or nitrogen. To enhance mixing, a downstream eductor can be
used to insure turbulent mixing. Quantitatively, the same proportions used as in the
batch method are used in the continuous method.

[0015] In both the batch and continuous modes it may be preferable, depending upon
the properties of the non-halogenated additive, to introduce the optional halogen and/or
halogen-containing compound prior to introaduction of the non-halogenated additive by
methods described above. |

[0016] In both the described batch and continuous methods, all of the optional
halogen and/or halogen-containing compound is incorporated in the self-ignition
resistant carbon material. Thus, it is convenient to refer to the amount of Brz in the self-
ignition resistant carbon material by reference to the amounts of Br; and treated carbon
fed to the reactor. A 5 kg feed of Br; and a 95 kg feed of ireated will be deemed to
have produced a gaseous bromine treated self-ignition resistant carbon material
containing 5 wt% bromine. However, if a practitioner should desire to directly measure
the Incorporated bromine, such measure can be affected by Schéniger Combustion
followed by silver nitrate titration,

[0017] The optional halogen and/or halogen-containing self-ignition resistant carbon
material can contain from about 2 to about 20 wt% halogen, the wt% being based on
the total weight of the self-ignition resistant carbon. A wit% halogen value within the

6
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range of from about 5 to about 15 wt% is especially useful when treating flue gas from
coal-fired boilers.

[0018] Several techniques exist for determining the thermal properties of materials.
For example, one can determine (i) the temperature of initial energy release; (i) the
self-sustaining ignition temperature; and/or (jii) the early stage energy release values.
For these determinations it is useful to have a Differential Scanning Calorimetry (DSC)
trace of the heat flow values vs temperature (°C) of the treated and untreated activated
cellulosic-based carbon samples as they are controllably heated. The DSC conditions
can be as follows: the sample size is about 10 mg; the carrier gas is air at a flow rate of
100 ml/minute; the temperature ramp rate is 10 degrees centigrade/ minute from
ambient temperature to 850 °C. The DSC can be run on a TA Instruments Thermal
Analyst 5000 Controller with Model 2960 DSC/TGA module. The DSC traces created
from the DSC test results can be analyzed with TA Instruments Universal Analysis
Software, version 4.3.0.6. The sample can be dried thoroughly befare bging submitted
to DSC testing. Thermal drying is acceptable, e.g., drying a 0.5 to 5.0 gram sample at
a temperature of 110 °C for 1 hour, The values obtained from the DSC testing can be
traced on a Heat Flow (watts/gram) versus Temperature (°C) graph.

[0019] The thermal stability of a substance can be assessed, e.g., via the
temperature of initial energy release, a.k.a., the point of initial oxidation (P10} of the
substance. As used in this specification, including the claims, the PIO of compositions
and/or sorbents of this invention is defined as the temperature at which the heat flow,
as determined by DSC, has increased by 1.0 W/g with the baseline corrected to zero at
100 °C. PIO has been found to be a good predictor of thermal stability, especially when
compared fo values for PACs known to generally have suitable thermal stability, i.e.
“benchmark carbons.” One such a benchmark carbon is exemplified by the lignite coal
derived PAC impregnated with NaBr marketed by Norit Americas, inc., designated
DARCO Hg-LH, which coated PAC has been found tc have a PIO value of 343 °C.
[0020] Another thermal stability assessment method of comparison is the self-
sustaining ignition temperature (SIT). The SIT is usually defined as the intersection of
the baseline and the slope at the inflection point of the heat flow as a function of
temperature curve. The inflection point can be determined using TA instruments
Universat Analysis Software. Generally, the inflection paint is defined in differential
calculus as a point on a curve at which the curvature changes sign. The curve changes
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from being concave upwards (positive curvature) to concave downwards (negative
curvature), or vice versa.

[0021] One final thermal stability assessment method involves determining the early
stage energy release values by integration of the DSC trace between 125 °C to 425 °C
and between 125 °C to 375 °C. The values from these two integrations are each
compared against the same values obtained for PACs that are known to generally have
suitabie thermal stability, i.e. “benchmark carbons.” Such a benchmark carbon is again
exemplified by the lignite coal derived PAC designated as DARCO Hg-LH, which has
been found to have an early stage energy release values (125 °C to 425 °C) of 1,378
joules/gram and 370 joules/gram for 125 °C to 375 °C.

EXAMPLES

[0022] The following examples, summarized in Table 1, are ilustrative of the
principles of this invention. It is understood that this invention is not limited to any one
specific embodiment exemplified herein, whether in the examples or the remainder of
this patent application. The general procedure used to prepare the samples comprised
blending a solution of non-halogenated additive with activated carbon. Certain non-
hatogenated additives (e.g., elemental sulfur), due to their special handiing and
solubility properties, are more preferably blended as a dry powder with the carbon. The
activated carbon mixture was dried overnight in a recirculating air oven to provide a
treated carbon. The treated carbon was optionally hrominated with elemental bromine
according to the process disclosed in US 6953494 or blended with other halogen
sources, such as sodium bromide, potassium bromide, caicium bromide, hydrogen
bromide, and/or ammonium bromide.

Examples 1-56.

[0023] The following table lists P1O values for a series of samples. The PAC
designations are as follows:

-DARCO Hg LH — commercially-available lignite-based powdered activated carbon
treated with sodium bromide; particle size, avg. = 18.1 pm.

-TWPAC - thermally-activated wood-based powdered activated carbon, from
MeadWestvaco; particle size = 15.4 um; surface area = 756 m?/g; pore diameter, avg. =
21.0A
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-CCN - activated coconut-based powdered activated carbon, from Jacobi; particle size,

avg. = 20.7 pm.

-CWPAC - chemically-activated wood-based powdered activated carbon, from

MeadWestvaco; particle size = 16.2 um.

Table 1. Thermal Properties of Cellulosic PACs Treated with Non-Halogenated
Additives and (Optionally) Sources of Halogen

Example Activated Treatment PIO

Carbon {°C)
1 {Comparative) Lignite DARCO Hg-LH 343
2 (Comparative) TWPAC None 266
3 (Comparative) TWPAC Br, (5%) 356
4 (Comparative) TWPAC HCI{3.5%) 310
5 (Comparative) TWPAC HNO3 (3.5%) 300
<] TWPAC Suifamic Acid (3%) 384
7 TWPAC Suifamic Acid (10%) 416
8 TWPAC Suifamic Acid (3%); Br, (5%) 302
9 TWPAC Sulfamic Acid {1.5%); Br; (5%) 388
10 TWPAC Sulfur (5%) 402
11 TWPAC Sulfur (2.5%) 397
12 TWPAC Sulfur (2.5%); Br, (5%) 376
13 TWPAC Sulfur (1.2%); Brz (5%) 378
14 TWPAC Sulturic Acid (3%) 309
15 TWPAC Sulturic Acid (3%); Br: (5%) 386
16 TWPAC Sulfuric Acid {1.5%); Br, (5%) 375
17 TWPAC Boric Acid (5%) 338
18 TWPAC Boric Acid (5%); Brz (5%) 411
19 TWPAC Phosphoric Acid {5%) 373
20 TWPAC Phosphoric Acid (5%); Bra (5%) 403
21 TWPAC Anmmonium Sulfate (5%;) 399
22 TWPAC Ammenium Sulfate (3.4%) 384
23 TWPAC Ammonium Suliate (5%); Br: (5%) 395
24 TWPAC Urea (5%) 306
25 TWPAC Urea (5%); Bra {5%) 377
28 (Comparative} | TWPAC Bry (10%) 370
27 TWPAC Sulfuric Acid (15%); Bra (10%) 413
28 TWPAC Bra (10%); Sulfuric Acid (15%) 421
29 (Comparative) | TWPAC NaBr (10%) 287
30 (Comparative) | TWPAC NaBr (5%) 282
il TWPAC NaBr (5%); S {2.5%) 372
32 TWPAC NaBr (5%); Ammonium Sulfate (1.2%) 363
33 TWPAC NaBr (5%); Sulfamic Acid (5%) 392
34 TWPAC NaBr (5%); Sulfamic Acid (1.5%) 358
35 (Comparative) | TWPAC KBr {10%) 276
36 (Comparative) | TWPAC KBr {5%) 270
37 TWPAC KBr {5%); Sulfamic Acid (5%) 304
38 TWPAC KBr {5%); Sulfamic Acid {1.5%) 343
39 (Comparative) | TWPAC CaBr,; (10%) 307
40 (Comparative) | TWPAC 347

CabBr, (5%)
9
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Example Activated Treatment PIO
Carbon {°C)
41 TWPAC CaBr; (5%); Sulfamic Acid (5%) 362
42 TWPAC CaBr; (5%); Sulfamic Acid (1.5%) 320
43 {Comparative} | TWPAC ag. HBr (10%) 305
44 (Comparative) | TWPAC aq. HBr (5%) 338 |
45 TWPAC aq. HBr {(5%); Sulfamic Acid (5%) 380
46 TWPAC aq. HBr (5%}; Sulfamic Acid (1.5%) 335
47 {Comparative) | TWPAC NH,Br (10%) 398
48 (Comparative) | TWPAC NH4Br {5%) 368
49 TWPAC NH,Br (§%); Sulfamic Acid (5%) 401
50 TWPAC NHJBr (6%); Sulfamic Acid (1.5%) 386
51 (Comparative) | CCN None 320
62 CCN Sulfamic Acid {5%) 430
53 CCN Suliamic Acid {5%); Br, (5%) 447
54 CCN Sulfuric Acid (5%) 433
55 CCN Sulfuric Acid (5%); Brz (5%) 417
56 CCN Boric Acid 483
57 CCN Boric Acid; Br, (5%) 455
58 CCN Sulfur (2.5%) 438
59 CCN Sulfur (5%) 441
80 CCN Suifur (2.5%); Bra (5%) 443
81 (Comparative) | CCN NaBr (5%) 354
62 (Comparative) | CWPAC None 353
63 (Comparative) | CWPAC Brs {5%) 300
64 CWPAC Boric Acid (5%) 371
65 CWPAC Boric Acid (5%); Br, (6%) 353
66 CWPAC Sulfamic Acid {5%) 389
67 CWPAC Sulfamic Acid (5%); Bra (5%) 360
68 CWPAC Phosphoric Acid {5%) 363
&9 CWPAC Phospharic Acid (5%); Bra (5%) 342
70 CWPAC Sulfur (5%) 378
71 CWPRAC Sulfur (2.5%) 375
72 CWPAC Sulfur (2.5%(; Brz (5%) 342
73 L.ignite None 392
74 Lignite Br; (5%) 358
75 Lignite Baoric Acid (5%) 452
78 Lignite Boric Acid (5%); Bra (5%) 416
77 Lignite Sulfamic Acid (5%) 421
78 Lignite Sulfamic Acid (5%); Br: (5%) 382
79 Lignite Phosphoric Acid (5%) 423
80 Lignite Phosphoric Acid (5%); Bra (5%) 383
81 Lignite Suifur (5%) 410
82 Lignite Sulfur (5%); Br, {(5%) 308

[0024] The following data indicate that the processes of this invention not only
improve the thermal properties of brominated and non-brominated activated carbons
but also provide good mercury capture results as well. These data were obtained using
the mercury capture device described in US 6953494,
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Table 2. Mercury Capture Data for Treated PACs of Examples 2, 3, 8, 10, 12, 15,
18, 20, 23, 25, 26, 27, 28, 29, 30, 33, 36, 40, 47, 48

Brominated PAC Mercury Capture, (%, Ava)
Example 2 (Comparative) 46
Example 3 (Comparative) 72
Example 8 75
Examplg 10 50
Example 12 77
Example 15 75
Example 18 76
Example 20 73
Example 23 70
Example 25 71
Example 26 (Comparative) 79
Example 27 76
Example 28 53
Example 29 (Comparative) 71
Example 30 {Comparative) 69
Example 33 59
Example 36 (Comparative) 61
Example 40 (Comparative) 68
Example 47 (Comparative) 74
Example 48 (Comparative) 89

[0025] Iiis to be understood that the reactants and components referred to by
chemical name or formula anywhere in the specification or claims hereof, whether
referred to in the singular or plural, are identified as they exist prior to being combined
with or coming into contact with another substance referred to by chemical name or
chemical type (e.¢., another reactant, a solvent, or etc.). It matters not what chemical
changes, transformations and/or reactions, if any, take place in the resulting
combination or solution or reaction medium as such changes, transformations and/or
reactions are the natural result of bringing the specified reactants and/or components
together under the conditions called for pursuant to this disclosure. Thus the reactants

1M
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and components are identified as ingredients to be brought together in connection with
performing a desired chemical reaction or in forming a combination to be used in
conducting a desired reaction. Accordingly, even though the claims hereinafter may
refer to substances, components and/or ingredients in the present tense ("comprises”,
"is", etc.), the reference is to the substance, component or ingredient as it existed at the
time just before it was first contacted, combined, blended or mixed with one or more
other substances, components and/or ingredients in accordance with the present
disclosure. Whatever transformations, if any, which occur in situ as a reaction is
conducted is what the claim is intended to cover. Thus the fact that a substance,
component or ingredient may have lost its original identity through a chemical reacticn
or transformation during the course of contacting, combining, blending or mixing
operations, if conducted in accordance with this disclosure and with the application of
common sense and the ordinary skill of a chemist, is thus wholly immaterial for an
accurate understanding and appreciation of the true meaning and substance of this
disciosure and the claims thereof. As will be familiar to those skilled in the art, the
terms "combined", "combining”, and the like as used herein mean that the components
that are "combined" or that one is "combining” are put into a container, e.9., a
combustion chamber, a pipe, etc. with each other. Likewise a "combination” of
components means the components having been put together in such a container.
[0026] While the present invention has been described in terms of one or more
preferred embodiments, it is to be understood that other modifications may be made
without departing from the scope of the invention, which is set forth in the claims below.

12
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CLAIMS

What is claimed is:

1. An activated carbon that has been exposed to a non-halogenated additive
comprising sulfur, sulfuric acid, sulfamic acid, boric acid, phosphoric acid, ammonium
sulfate, urea, ammonium sulfamate, monoammonium phosphate, diammonium
phosphate, melamine, melamine phosphate, boric acid/borate combination, silica
gel/sodium carbonate, or urea/formaldehyde and, optionally to a halogen and/or a
halogen-containing compound and that has at least one of the following: (i) a
temperature of initial energy refease that is greater than the temperature of initial
energy release for the same activated carbon without exposure to the non-halogenated
additive and, optionally to the halogen and/or the halogen-containing compound; (i) a
self-sustaining ignition temperature that is greater than the self-sustaining ignition
temperature for the same activated carbon without the exposure; or (jii) an early stage
energy release value that is less than the early stage energy release value for the same
activated carbon without the exposure.

2. The activated carbon of claim 1 wherein the halogen andfor the halogen-containing
compound comprises bromine, chloring, fiucrine, iodine, ammonium bromide, other
nifrogen-containing halogen salts, or sodium bromide, potassium bromide, caicium
bromide, or other inorganic bromide salts.

3. A process for enhancing the thermal stability of activated carbon, which process
comprises exposing the activated carbon to a non-halogenated additive comprising
sulfur, sulfuric acid, sulfamic acid, boric acid, phosphoric acid, ammonium sulfate, urea,
ammonium sulfamate, menocammonium phosphate, diammonium phasphate,
melamine, melamine phosphate, boric acid/borate combination, silica gel/sodium
carbonate, or urea/formaldehyde and, opticnally to a hatogen and/or a halogen-
containing compound at a temperature and for a time sufficient so that activated carbon
that has been exposed to the non-halogenated additive and, optionaily to the halogen
and/or the halogen-containing compound has at least one of the following: (i) a
temperature of initial energy release greater than the temperature of initial energy
refease for the same activated carbon prior to exposure to the non-halogenated additive
13
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and, optionaily to the halogen and/or the halogen-containing compound; (i) a seif-
sustaining ignition temperature that is greater than the self-sustaining ignition
temperature for the same activated carbon prior to the exposure; or (iii) an early stage
energy release value that is less than the early stage energy release value for the same
activated carbon prior to the exposure.

4. The process of claim 3 wherein the halogen and/or the halogen-containing
compound comprises bromine, chlorine, fluorine, iodine, ammaonium bromide, other
nitrogen-containing halogen salts, or sodium bromide, potassium bromide, calcium
bromide, or other inorganic bromide salts.

5. A non-halogenated additive comprising sulfur, sulfuric acid, sulfamic acid, boric acid,
phosphoric acid, ammonium sulfate, urea, ammonium sulfamate, monoammonium
phosphate, diammonium phosphate, melamine, melamine phosphate, boric acid/borate
combination, silica gelfsodium carbonate, or urea/formaldehyde and, optionatlly a
halogen and/or a halogen-containing compound exposed, activated carbon that
contains from about 2 to about 20 wt% halogen and has at least ane of the following: (i)
a temperature of initial energy release that is greater than the temperature of initial
energy release for the same activated carbon prior to exposure fo the non-halogenated
additive and, opticnally the halogen andfor the halogen-containing compound; (ii) a self-
sustaining ignition temperature that is greater than the self-sustaining ignition
temperature for the same activated carbon prior to the exposure; or (i} an early stage
energy release vaiue that is less than the early stage energy release value for the same
activated carbon prior to the exposure.

6. The activated carbon of claim 5 wherein the halogen and/or the halogen-containing
compound comprises bremine, chlorine, fluorine, iodine, ammonium bromide, other
nitrogen-containing halogen salts, or sodium bromide, potassium bromide, calcium
bromide or other inorganic bromide salts.

7. A process for mitigating the atmospheric release gaseous hazardous substances
from flue gases containing such substances, the process comprising contacting the flue
gas with an activated carbon that has been exposed to a non-halogenated additive

comprising sulfur, sulfuric acid, sulfamic acid, boric acid, phosphoric acid, ammonium
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sulfate, urea, ammonium sulfamate, monoammonium phosphate, diammonium
phosphate, melamine, melamine phosphate, boric acid/borate combination, silica
gel/sodium carbonate, or urea/formaldehyde and, optionally to a halogen and/or a
halogen-containing compound and that has at least one of the following: (i} a
temperature of initial energy release that is greater than the temperature of initial
energy release for the same activated carbon prior to exposure to the non-halogenated
additive and, optionally to the halogen and/or the halogen-containing compound; {ii) a
seif-sustaining ignition temperature that is greater than the self-sustaining ignition
temperature for the same activated carbon prior to the exposure; or (jii) an early stage
energy release value that is less than the early stage energy release value for the same
activated carbon prior to the exposure.

8. The process of claim 7 wherein the flue gas has a temperature within the range of
from about 100 °C to about 420 °C.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b}-{d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.5.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.5.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date {see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105} will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

PAC ET AL. EXHIBIT 1023
Page 1779




Modified form PTOYSEASAD4-07) OME 651-0031
US Patent & Trademark Office: U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985 no pesons are required to respond toa collection of informiation unless it contains a valid OME control number.

Complete if Known

Substitute for form 1440A/PTO

Application Number 15/951,970

INFORMATION DISCLOSURE Filing Date April 12, 2018
STATEMENT BY APPLICANT First Named Inventor Edwin S. Olson
{(Use as many sheets as necessary) Group Art Unit 1736
Examiner Name Unknown

Attomey Docket No: 4820.001US8
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US PATENT DOCUMENTS
Elxnz:{?éil:\fr USP Document Number Publication Date MName of Patentee or Applicant of cited Document

US-4,013,516 31221977 Greenfield, Charles, et al.
US-4,699,896 10/13/1987 8ing, Kenneth S, et al.
US-5,569,436 10/29/1996 Lemer, B. J.
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US-20070180990A1 8/9/2007 Downs, William, et al.
US-20180257030A1 9/13/2018 Olson, Edwin S., et al.
US-20180257031A1 9/13/2018 Olson, Edwin S., et al.
US-20180280870A1 10/4/2018 Olson, Edwin S, et al.

FOREIGN PATENT DOCUMENTS

Examiner
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Eoreig"l Document Number Publication Date MName of Patentee or Applicant of cited Document
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OTHER DOCUMENTS - NON PATENT LITERATURE DOCUMENTS

Examiner
Initial *

journal, serial, symposium, catalog, etc.}, date, page{s}, volume-issue number{s}, publisher, city and‘or country where
published.

Include name of the author {in CAPITAL LE'I'I'E_RS}, title of the article {when appropriate}, title of the item {book, magazine,

T1

"Application Serial No. 14/712,558, Non Final Office Action mailed 10-19-18", 26 pgs

"Application Serial No. 14/712,558, Non-Final Office Action mailed 10-19-18", 35 pgs

"Application Serial No. 14/712,558, Response filed 08-14-18 to Non Final Office Action
mailed 07-02-18", 11 pgs

"Application Serial No. 15/295,584, Non Final Office Action mailed 10-23-18", 20 pgs

"Application Serial No. 15/295,594, Response filed 07-24-18 to Restiiction Requirement
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"Application Serial No. 15/382,114, Response filed 09-12-18 to Restiiction Requirement
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"Application Serial No. 15/382,114, Restiiction Requirement mailed 08-28-18", 8 pgs

"Application Serial No. 15/589,359, Final Office Action mailed 09-12-18", 14 pgs

"Application Serial No. 15/589,359, Non Final Office Action mailed 10-22-18", 12 pgs

EXAMINER

DATE CONSIDERED

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 608, Draw line through citation if not in conformance and not
considerad. Include copy of this form with next communication to applicant. 1 Applicant is to place a check mark here if English language Translation is attached
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Examiner Name Unknown
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"Application Serial No. 15/974,343, Non Final Office Action mailed 07-27-18", 12 pgs

"Application Serial No. 15/974,343, Non Final Office Action mailed 10-29-18", 22 pgs

"Application Serial No. 15/974,343, Response filed 08-14-18 to Non Final Office Action
mailed 07-27-18", 11 pgs

"Application Serial No. 15/978,760, Non Final Office Action mailed 10-10-18", 17 pgs

"Application Serial No. 15/997,091, Non Final Office Action mailed 07-27-18", 13 pgs
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"Application Serial No. 15/997,091, Response filed 08-14-2018 to Non Final Office Action
mailed 07-27-18", 10 pgs
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S/N 15/951.970 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s). Edwin S. Olson et al. Examiner; Unknown

Serial No.:  15/951,970 Group Art Unit: 1736

Filed: April 12, 2018 Docket: 4820.001US8

Customer No.: 21186 Confirmation No : 6410

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

MS Amendment
Commissioner for Patents
P.O.Box 1450

Alexandria, VA 22313-1450

In compliance with the duty imposed by 37 C FR_ § 1.56, and in accordance with 37
CFR. §§ 197 et. seq., the enclosed materials are brought to the attention of the Examiner for
consideration in connection with the above-identified patent application. Applicant respectfully
requests that this Information Disclosure Statement be entered and the documents listed on the
attached PTO 1449 Form be considered by the Examiner and made of record. Pursuant to the
provisions of MPEP 609, Applicant requests that a copy of the PTO 1449 Form, initialed as being
considered by the Examiner, be returned to the Applicant with the next official communication.

Pursuant to 37 CFR. § 1.97(b), it is believed that no fee or statement is required with the
Information Disclosure Statement. However, if an Office Action on the merits has been mailed
after filing of the application or after the filing of the most recent RCE, the Commissioner is
hereby authorized to charge the required fees to Deposit Account No. 19-0743 in order to have
this Information Disclosure Statement considered.

Pursuant to 37 CFR. § 1.98(a)(2), copies of cited U.S. Patents and Published
Applications, and Non-Published Applications identifiable by USPTO Serial Number, are no
longer required to be provided to the Office. Applicant acknowledges the requirement to submit
copies of foreign patent documents and non-patent literature in accordance with 37 CFR §

1.98(a)(2).
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SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT Page 2
Setial Number:15/951,970 Dkt: 432¢.001US3
Filing Date: April 12, 2018

Tite: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

The Examiner is invited to contact the undersigned at the telephone number indicated if

there are any questions regarding this communication.

Respectfully submitted,

SCHWEGMAN LUNDBERG & WOESSNER, P A,
P.O. Box 2938

Minneapolis, MN 55402

(612) 349-9580

Date 11/13/2018 By / \\,\dl(amp W /

Nicholas P Lanzatella
NPLjj Reg. No. 63,803
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S/N 15/951.970 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Edwin S. Olson et al. Examiner; Unknown

Serial No.:  15/951,970 Group Art Unit: 1736

Filed: April 12, 2018 Docket: 4820.001US8
Customer No.: 21186 Confirmation No : 6410

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

COMMUNICATION CONCERNING PRIOR OR COPENDING APPLICATION(S)

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Pursuant to the guidance of MPEP §§ 2001.06(b) and 2004(9), Applicant would like to
bring the following additional application(s) to the Examiner’s attention. The identification of
these applications is not intended to suggest that the subject matter claimed in any listed
application is, or has been, substantially similar to any claim or claims in the present application.

Serial No./ Filing Date Attorney Docket Title
Patent No.
16/130,670 September 13, 4820.005U82 SORBENT COMPRISING CARBON
2018 AND NITROGEN AND METHODS
OF USING THE SAME

Respectfully submitted,

SCHWEGMAN LUNDBERG & WOESSNER, P A,
P.O. Box 2938

Minneapolis, MN 55402

(612) 349-9580

Date  11/13/2018 B/ I\ l«\QLMP }\{\W"’,/

Nicholas P. Lanzatella
Reg. No. 63,803
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s). Edwin S Olson et al
Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Docket No.: 4820.001US8 Serial No.: 15/951,970
Filed: April 12, 2018 Due Date: N/A
Examiner: Unknown Group Art Unit; 1736
Customer No.: 21186 Confirmation No.: 6410

Mail Stop Amendment
Commissioner for Patents
P.O.Box 1450

Alexandria, VA 22313-1450

We are transmitting herewith the following attached items (as indicated with an “X”);

X Communication Concerning Prior and Copending Applications (1 pg.)
X Supplemental Information Disclosure Statement (2 pgs.), Form 1449 (2 pgs.) Copies of Cited References

(19).

If not provided for in a separate paper filed herewith, please consider this a PETITION FOR EXTENSION OF TIME for
sufficient number of months to enter these papers and please charge any additional fees or credit overpayment to Deposit
Account No. 19-0743. If applicable, any papers or fees supplied herewith are considered to he timely filed pursuant to 37
C.F.R. § 1.7(a), the response period falling on a Federal Holiday, Saturday or Sunday being extended to the next succeeding
business day.

SCHWEGMAN LUNDBERG & WOESSNER_ P A. B{ Al ¢ \QLM'P AW /

Customer No - 21186 Wicholas P. Lanzatella
Reg. No. 63,803
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Electronic Acknowledgement Receipt

EFS ID: 34299318
Application Number: 15951970
International Application Number:
Confirmation Number: 6410

Title of Invention:

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCLIRY

First Named Inventor/Applicant Name: Edwin S. Olson
Customer Number: 21186
Filer: Jordan Rivard Golomby/Jamie Johnson
Filer Authorized By: Jordan Rivard Golomb
Attorney Docket Number: 4820.001U58
Receipt Date: 13-NQV-2018
Filing Date: 12-APR-2018
Time Stamp: 17:44:48

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
279612
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b}-{d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.5.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.5.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date {see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105} will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark (Hfice
Address COMMISSIONER FOR FATENTS

P Box 1450

Alexandyia, Vuguia 22313-1450

WWW.LEpto. 2o

[ APPLICATION NUMBER | FILING OR 371+C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO/TITLE |
15/951,970 04/12/2018 Edwin S. Olson 4820.001U88
CONFIRMATION NO. 6410
21188 PUBLICATION NOTICE

SCHWEGMAN LUNDBERG & WOESSNER, P.A.

P, B 2008 A

MINNEAPOLIS, MN 55402

Title:SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Publication No.US-2018-0229182-A1
Publication Date:08/16/2018

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently hitp:/Awww.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.12(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
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ABSTRACT DE202012003747

Nitrogen-modified and / or nifrogen-funclionalized activated carbon, in particiiar having catalytic
and / or reactive properties, preferably activated carbon with nifrogen as catalytically aclive
hetercatom, oblainable by a process, wherein in the process an activated carbon {("starting
activated carbon™) used as starling material first of all surface oxidation using and / orin the
presence of at least one oxidation reagent ("OR™) and the thus obtained, surface oxidized
activaied carbon following equipment, in particular modification and / or funclionalization, with
nitrogen, in particular with nitrogen-containing funclional groups, using and / or or in the presence
of at least one nitrogen modifving reagent ("5MR").
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{57} Hauptansoruch: Stickstoffmodifizierte undroder stick-
stofffunidionalisierte Akdivkohle, insbesondere mit katalytie E 8 b
schen undfoder reaktiven Eigenschaften, vorzugswaise Ak- :-1_‘ o
tivkohie mit Stickstoff als katahdisch aktivern Heteroatom, e~ & v
naitlich durch ein Verfabren, wobsi bei dem Verfahren sing 6
2is Ausgangsmaterial singesetzte Akiivkohie {“Ausgangs- el /L yd
akdivkohla"} zundchst einer Oberfléchentxidation unter Ver- — 0
wendung undfoder in Gegenwart mindestens eines Oxida- £ st
tionsreagenzes ("ORT) unterzogen wird und die auf diese g 6l
Weise erhaltene, an ihrer Oherflache oxidierte Aklivkohle 2 ol
nachfolgend einer Ausristung, insbesondere Modifizierung o
andioder Funkliohalisierung, mit Stckatolf, insbeasondere mit 2y
stichstofthaltigen funktonellen Gruppen, untar Verwendung o 2202
yndioder in Gegenwan mindestens eines Stickstofmodif- ! ._;_!
zierungsreagenzes ("SMR") unterzogen wird. Ordationszei Oxdationszeil

PAC ET AL. EXHIBIT 1023
Page 1793



DE 202012003747 U1 2013.01.10

Boschroibung

[¢D414] Die vorliagende Erfindung helrifft das technische Gebiet adsorptiver Materialien auf Basls von Aldiv-
kohle, welche insbesondere katalytische und/oder reaktive Eigenschaften, inshesondere auf Basis einer Stick-
stofimodifiziaring undioder Sticksiofffunktionalisiarung, vorzugsweaise mil Stoksiofl als Katalylisch aktivenm He-
teroatom, aufwsizen,

[0082] insbesonders betrifit die vorliegande Exfindung sing stickstoffimadifizierte undioder stickstofffunitiona-
lisierte Aklivkohde, insbesondere mit kalalytischen undioder reakliven Bigenschalten, vorzugsweise eline Ak-
tivkohle mit Stickstoff als katabtisch aktivem Heleroatom, welche durch ein Verfahren zu deren Hersisliung
arhalilich st

[0083] Des Welteren betrifil die varlisgende Efindurg Schutzmateriatien, welche anler Verwendung der Ak
tivkohie nach der Erfindung hergestsllf sind baw. dis Alkdivkohle rach der Erfindung aufasisen.

[0084] Zudem hetrifft die vorliegende Erfindung auch Filter bew. Filtermaterialian, welche unter Verwendung
dar Aktivkohie nach der Erfindung hergastelit sind baw. welche die erfindungsgamifle Aktivkohle aufweisen.

[0D85] Aldivkohie ist aufgrund itver recht unspezifischan adsorptiven Eigenschaften das am meisten ange-
wendete Adsorbens, Gesetziiche Auflagen, aber auch das sieigende Bewusstsein der Verantwortung fir die
Umwael, fihren 2u einem sieigendan Badarf an Aklivkohie.

[0096] Akiivkohie wird im Allgemsinen durch Carbonisierung {synonym auch als Schweling, Pyrolyse, Ab-
brand sfo. bezeichnat) und anschiisfends Akiivierung kohienstoffhaltiger Ausgangsverbindungen srhalten,
Die Beschaffenhelt der arzeugien Aklivkohle - Tein- oder grobporig, Test oder brilehig, feintaili oder kornfdr-
mig eic. ~ hngl dabel ishesondere auch vom Ausgangsmaierial ab - neben den Verfahrensbedingungan
fir die Carbonisierung und Aktivierung. Ubliche Ausgangsmaterialien sind insbesonders Kokosnussschalen,
Holzkohle und Holz (2. B, Holzabfblie), Torf, Steinkohle, Pache, aber auch besondere Kunstsioife bzw. organi-
sche Polymere, die unter anderam bei der Hersteliung von Aktivkohlageweben aine gewisse Raolle spiefen. Fir
wellergehende Einzalheiten 2w Akdivkohieharsteliung kann insbesondere verwiesen werden auf H. v, Klenke
und E. Bader, "Aktivkohle und ihre industrielle Anwendung”, Enks Verlag Stuligart, 1880,

(0087 Aklivkohie wird in verschisdenen Formen verwendet: Pulverkohle, Splitterkohle brw. Kornkohle, Form-
kohie und seit Ende der 1870sr Jabwe auch kugeifrmige Aldiviohls ("Kagealkohle"). Kugsiftrmige Aldivkohie
hat geganidber anderan Formen von Aktivkohis, wie Pulver-, Splitter-, Korn- und Formkohie und dergleichen,
gina Rethe von Vortsilen, die sie fiir bestimmite Applikationen wertvoll oder sogar anverzichibar macht: Sis ist
rieselfahig, abriebfest hzw, staubfrel und harl. Kugelkohle ist wegen ihrer spezielien Form, aber auch wegan
der hohen Abrisbfestigkedt beispielsweise fr besondere Einsatzgehiete sehr gefraglh

[0098] Kugelkohle wird heute noch meist durch mehrstufige und sehy aufwandige Verfahran hergestelit. Das
behkanntests Verfahren besteht in der Herstellung von Kiigelchen aus Steinkohientesrpech und gesigneten
asphallartigen Rickstinden dor Erddichomie, welche oxidiert - damit sis unschislzbar werdan — und nachial-
gend gesolwall und akiiviern werden. Beispielsweise kann die Kugelkohie auch in sinem mabsstufigen Verfah-
ran ausgehsnd von Bitumen hergestellt werdsn. Disse mehrstufigen Verfabvan singd sebr kostenintensiy, und
der damit verbundene hohe Preis dieser Kugelkohle verhindert viele Anwendungen. bei denen die Kugelkohie
aufgrund ihrer Eigenschafien sigentlich bavorzugt werden miisste.

[B8083] In der WO 9B/076885 A1 wird ein Verfahwen zur Merstellung von Akdivkohleldigelchen beschrieben, bei
dem zunachst eine Mischung, die sinen aus der Diisocyvanathersteliung stammenden Destillationsrickstand,
ginen kohlenstoffhalligen Verarbeitungshilfssioff und gegebeneanfalls einen oder mehrere weitere Zusalzsioffe
urfasst, zu rlesalifrmigen Kigedohan verarbadted wird und anschiiellend die aul diese Weise evhalienan K-
gelchen carbonisiert und dann aktiviert wearden.

(80181 Aus dem Sland der Technik bakannt ist farner die Herstellung von Kugelkohle durch Schwelung und
snschiielends Aklivierung von neuen oder gebrauchien lonenaustauschern, die Sulfonsduregruppen enthal-
ten. baw. durch Schwelung von lonenaustauschervorstufen in Gegenwart von Schwelelsaurs und anschilie-
lende Aldivierung, wobel die Sulfonsauwregruppen bzw. die Schwefelsiure die Funidion eines Vernetzers ha-
ben. Solche Verfahren sind balspielsweise in der DE 43 28 219 A1 dnd in dor DE 43 04 026 A1 sowie in der
DE 196 00 237 A1 einschiiefilich der deutschen Zusaizanmeidung DE 196 25 069 A1 beschniehen.
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[0D14] Weiterhin sing aus dem Stand der Technik Verfahren bekannt, bel denen d¢le Merstellung von
Aldivkohis, insbasongere Kugelkohls, durch Schwelung und anschiiellende Akbivierung sulforderter di-
vinythenzobvernelzter Polystyrola (¢, h. sulfonierte  Styrol{ Divinvibenzol-Copolvmere) erfolgt (vgl 2. B
DE 102007 050 971 A1)

[0012] Bad spozisfien Anwandungen ist abar nicht nur die Geomelrie bzw. dis Suflere Gestalt der Alktivkehie
von entscheidender Bedsutung, sondern auch deren Porgsitdt, insbesondere das Gesamiporenvolumen und
die Adsorplionskapazitdt einerseils und dis Verteiling der Poren, d. h. der Anteil an Mikro-, Meso- und Ma-
keoporen i Bezug auf das Gesamiporervolumean, anderarsails; inshesondare kann dis Porositl durch die
Auswahl der Ausgengsmaterialien sowie dis Vedahrensbedingungen gezielt gesteusrt werden. Im Rahmen
der vorfegenden Erfindung bezeichnet der Bagriff der Mikroporan solche Poran mit Porendurchmesssm van
weniger als 2 nm, wohingsgen der Begrilf der Mesoporen soiche Poren mit Porendwrchmessern im Beraich
vori 2 nm {dL b 2 o elnschiiellich) bis 30 s einschiieflich bezelchnet und der Begriff dar Makioporen soiche
Poren mit Porendurchmessern von mahr als 50 nm {d. h. > 50 nm) bazeichnat.

[0013] Aufgrund ihrer guten adsorptiven Eigenschaften kommt Aklivkohle fiir eine Vietzahl von Arwendungen
zun Eingatz: So wird Aktivkobds beisplelsweise in der Medizin oder Pharmazie aingasetzt, aber such in der La-
bensmittelindustrie. Auch fily Filteranwendungen findet Aldivkohle weilrsichands Anwendungen (2. B. Filiration
von Gasen und Fllissigkaiten, Entfarnung von unerwiinschien oder schidiichen bzw. toxischen Gasen sto ).

[0014] Inshesondere kann Aktivkohlg in Adsorptionsiitermaterislien, insbesonders auch spezielf in Schutzma-
terialien gegeniibar Giften, wie chemisch-bickogischen Kampfsioffen, wis beispielsweise ABC-Schulzbeldei-
dung, zun Einsalz Kominen. Zu diesem Zweck sind insbasonderes ufl- und wasserdempidurchiassige Schutz-
anziige gegen chemische Kampfstoffe hekannt; derartige lufi- und wasserdampidurchidssige Schutzanzilge
basitzen ofimals aing Adsorptionsfilterschicht mit Aklivikohia, waiche die chamischen Gifte adsorbisret.

[0018] Zur Steigarung der Adsorptionsieistung wird Aktivikohie oft mit giner katalytisch aktiven oder reaktiven
Komponente ausgeristet, indem die Alklivkohle beispielsweise mit einem biozid bezw. biostatisch wirkendan
Katalysator, insbesondere aul Basis von Metallen oder Metallverbirdungen, imprdgniert wird. Eine derartige
Aktivkohis kann insbesonders In Schutzmaderialien zum Einsalz kommen, wie sie baisplelswaise baschriaben
sind in der DF 145 10 869 A1, welche ein mehringiges, textiles, gasdurchidssiqges Fillermatlerial mit giner
Adsarptionsschicht auf Basis von Aktivkohle, inshesonders in Form von karbonisierten Fasern, anthalt, die mit
sinem Katalysator aus der Grupps von Kupfar, Cadmium, Platin, Falladium, Quecksilber und Zink in Mengen
von 0,05 bis 12 Gew.-%, bezogen auf das Aktivkohlematarial, impragriart ist

[0D18] Eine spezislle, in digsem Zusammenhang zum Einsatz kommende Impragnierung ist beisplelswaise
eine so ganannie ABER-Imprignierung. welche geganiiber spazifischen toxischen Substanzen eine katavii-
sche bew. abbausnde Wirkung aufweist, In dissem Zusamimenhang bezieh sich Typ A auf bastimmie orgge-
rische Gase und Dimpfe mit einem Sledepunkt » 65°C, beispielsweise Cyolohexan. Typ B beziehi sich auf
bestimmie anorganische Gase und Dample, beispislsweise Cyanwassorsioff. Typ E heozieht sich auf eing ab-
bauende baw. schitzends Wirkung gegenitber Schwefsldioxid und anderen sauren Gasen und Damplen. Typ
K gohiisfilich baziehi sich auf aing Schutzfunktion gageniiber Ammoniak und organischan Ammoniakderivaten.
Flir welterfibrende Informationen kann auf die diesbeziigliche Europbische Morm EN 14387 {Januar 2004)
vanrwiesen werden.

[0017] Nachiellig bei herkdmmlichen Imprégnierungen von Aktivkohie mil Metalien bazw. Maialisalzen (st ing-
hesondere die Talsache, dass durch die Imprignierung ein Tell der Adsorptionskapazitd! der Aktivikohie, wel-
che fir dis Adsorption und somit fiir die Unschédlichmachung von chemischen Schadstoffen bandtigt wird,
varlorengeht. Durch die aus dem Stand der Technik bekanmten Impragnierprozesse der Aktivikohle mit Matallen
bzw. Metallsalzen wird somit die LeislungsiBhigkeit der Aldivkohle nachteilig heeinlrdchtigl. Des Weiteren wird
dirch afne nerkdmmbichs Impragniaveng nicht immer die gewiinschie Wirksamkelt erredchi. Auch das Problem
des Durchschlagens von Gifi- bzw,. Kampisioffan bei hohen Konzentrationen wird durch dieses Prinzip nicht
immer geldst; andererseits wird bei sehr geringen Konzendrationan an zu enffernenden Schadstofien oder sté-
renden Gasan (2. B. bei dor Luflaufhersitung fir Reinraumbedingungan) off nicht dis gewlinschte Effizianz
arraichi, da eing Adsorption erst bel hdheren Konzentrationen sinsetzt. Schilieltlich bendtigt der herkimmiiche
Impragnistprozess mit Metallen baw. Metalisaizen relativ grofle Mengen des Impragniermaterials, da ein gro-
ler Teil des als Feasistoff vorliegendan Impragniermaterials bei der Adsorption nicht zur Verfligung sieht, ins-
besondere dann nicht, wenn groflere Schichtdicken des impragnisrmaterials im Porensystem der Altivkohle,
insbesonders in Form von Kristailiten, vorliegan,
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[0018] Einweilerer Nachtell der Ausriistung von Aktivkohie mit Metallen hew. Metalisalzen besteht darin, dags
herkémmiiche Aklivikohle an ihrer Oberflache unpolar bzw. hydropholb ausgebiidet ist und insbesondere keine
sigrifikanie Affinitdt gegeniber den eingasatzian Imprégnisrmitteln basitz!, welche zur reakdiven bzw. kataly-
tischen Ausriistung der Aktivkohle eingesetzt werden. Infolgedessen muss ein grofier Uberschuss an Impri-
ghistmitteln eingesetzl weorden, um (berhaupt eina gowisse Beladunyg der Aklivkohie zu gewdhrieisten. Die
Imprégnisrmitiel haflen im Aligemainen nur Gber rein physikalische Wechselwirkungan und kiirmen bei Kontakt
mit Filssigkelten unerwiinschiermalien zumindest zu einem Gberwisgendan Tell wisder entfernt werden.

[0019] Dariber hinaus ist s im Sland der Technik insbesondere im Hinblick auf die Adsorption saurer Ga-
sz, wie Schwefeldioxid und derglsichen, vorgesehan, eine nachtrgliche Imprignisrung der Akiivichle mit
inshesondere basischen stickstoffhaltigen Impragnierreagenzien, inshesondere Aminen, durchzufithren. Hior-
bei reten gleichermaflen die ruvor gaschiiderten Nachtsile aul, insbesondere was den Einsalz eines groften
Uberschusses an imprigniermitied, die schiechte Bestandigksit der Impriignierung und das Verstopfen des
Porensystems der Akthvkohle anbelangt.

(00207 Dariibar hinaus wurde im Stand der Technilt auch versucht, eine Ausristung haw. Imprégnierung auf
Basis von stickstofhaltigen mprignierreagenzien insofern 2u realisieran, als das Imprégnierreagenz im Rahe
men des Herstellungsprozesses der Aktlivkohle, inshesaundere bei dey Akivierung, dem zu behandelnden Sub-
sirat zugegeben wird. Dissbeziglich wird i Stand der Techaik Ammaoniak bzw. NH, als entsprechendes Inv
pragnierreagenz eingesetzl, insbesondere in Form von Ammoniskwasser. Die zugrundelisgende Vorgshens-
weise, wonach némlich das Impragnierreagenz im Hahimen des Akthvigrungsprozesses und somil wlhrend
der Hergteliung der Akivikohie als solkche zugegshen wird, ist jedoch insbesondere dabingeband nachteailig,
dass mit sinem grofen Uberschuss an Impragrienreagenz gearbsitet werden muss, da ain Gberwisgender Tail
des imprignisrreagenes nicht zur eigentlichen imprignisrung verwendet wird, sondarn vielmehr Bastandtel
das Aldivierungsprozesses ist. Weiterhin ist bei dieser Vorgehansweise nachteilig, dass dar sigentliche Iimpra-
grigrprozess nur schiocht kontrofliert werden kann, da die Zugabe des Imprigniareagenzes in Rahmen der
eigentliichen Akfivierung statifindst, bel welcher ndmlich gleichzsitig auch ein Abbrand der Aktivkchie erfoigt,
was einer homogenan Beladung der Aktivkohie mit hohen Mengen des Impragnierungsreagenz abiriiglich ist.
In digsem Zusammenhang isi auch anzufGhren, dass die Gegenwarl des Imprignierungsreagenzes gleichar-
maflen auch eine kontrodiierte und exakt reproduzierbare Durchiihnung des Aklivisrungsprozesses erschwert
bzw. verhindert, inshesondere was die Aushildung einer definderien Porenstrukiur und dergleichen anbelangt.
Waiterhin ist as im Hinblick auf die zuver geschilderts Vorgehensweise mit der Zugabe des Impragniereagan-
zas brw. -mitleds wihrand des Aktivierungsprozesses nicht maglich, eine chemische Anbindung bzw. Integra-
tion der Stickstoffkomponente an das Aktivkohlegerilst zu arvaichen, insbesonders da das zugrundelisgende
Aldivkohissubsirat hinsichilich seiner Oberfldchenbaschaifenhalt unpolar bzw, hydrophob ist, was einem in-
kontaktbringen baw. einer Wechselwirkung mit dem Imprégniarreagenz abiriglich ist. Auf Basis digser Vorge-
hensweise ist a5 somit im Ergebnis nicht mdglich, eine effeldive imprignisrung mit einer katahvtisch akithvean
Komponente zu ermdglichen, da sowohi die Ausristung mil der zugrundelieganden reakliven Komponenle
weder dauerhaft noch in grofen Mengen bzw. homogen erfolgt und dardber hinaus gleichzeitig such der Ak-
tivigrangsmrozess ake solcher nachtedlig beeinfiusst ist.

[0024] Es st dahar eing Aulgabe dar vorliegendan Erfindung, adsorpiive Malarialion mit realktivaen und/odar
katahtischen Bigenschaften in Form von Aktivkohie bereitzustalien, wobel die zuvor gaschildertan Machieile
des Standes der Technik zumindest weitgehsend vermisden oder aber wenigstens abgeschwacht werden sob-
fan.

[0022] Insbesondere soll bn Rabwmen der vorfiegenden Erfindung sing Aktivkobhie bereligesielll werden, wel-
che eine reaklive bew. katahtische Ausriistung auf Basis von Stickstoff als katalylisch akiivem Hetgroatom
aufweist und welche sich inshesondere zur Adsorption baw. Unschadlichmachung von inshesondere sauren
Schadsiodfen bzw. Schadgasen eignet, wobei die erfindungsgemail hersiigestslite Aktivikohle gegeniiber dem
Stand der Technlk weiterflinvend verbessert sein soll und insbesondare auch chemisorplive Bigenschattan
aufweisen soll. Inshesondere solt im Rahmen der vorfiegenden Erfindung ein effizientes Verfahren singasetzt
werden, welches die Bersitsielhung siner Aklivkohle erméglicht, die in effizienter Waise mit ainer reaktiven brw.
katahdtisch aktiven Komponante in Form von Stckstoff ausger(isiet ist, wobsl gleichzeitly gewihrieisist sein
scill, dass die Zugrundeliegends Ausristung mit der katalytisch akiiven Komponente dausrhaft ist und zu har-
vorragendean reakliven bzw. katahvtischen Eigenschafien der resuitisrenden Aktivkohie flilwi.

[8823] Wie dis Anmelderin nun in véllig Gberraschender Weise herausgefundan hal, Kann die zuvor angs-
fatwie und der vorliegenden Erfindung zugrundeliegends Aufgabe in nicht erwarleler Weise dadurch geidst
warden, dass im Rahmen der vorfsgenden Exfintung eing sticksioffmndifiziette brw. slickstofffunktionaiisisre
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Aldivikohie bergitgestelll wird, welche durch ¢in Varfahren erhaltlich ist, wonach als Ausgangsmalerial Akdiv-
kohie als solche eingesetzt wird, welchs zundchst ainer Cherfichenoxidation unter Binsatz mindasiens eines
{iiidationsreagenzes {TOR"} siner Oberflachenoxidation unterzogen wird und wonach die 5o erhaltens, anihre
Cherflache oxidierte Aktivkohle nachfolgend einer Ausriistung mit Stickstofl bzw. mit stickstoifthaltigen funktic-
nellen Gruppen unter Einsalz mindestens alnes Stickstofmodifizisrungsreagenzes {PSMR™) unlerzogen wird.

[B024] Zw Lisung der zuvor geschilderien Aufgabe schidgt die vorliegende Erfindung somit - gemdl einam
ersten Aspekt der varliegenden Erfindung - die erfindungsgemalle stickstoffmodifizierte baw. stickstofffunitio-
nadisierie Akilvkohls, inshesondare mit kalsivtischen bazw. reaktivern Eigerschaften, vorzugswalse sing Akliv-
kohle mif Stickstoff als katalytisch aktiverm Heteroatom, weiche mit sinem Verfabren zu threr Herstellung be-
reifgestell ist, gomdl Anspruch 1 vor. Waitere, insbesondere vorteithafte Ausgestaltungen des arfindungsge-
mall durchgefithrien Yerfahrens sind Gegenstand der diesbeziiglichen Unteranspriichea,

[B025] Weillerer Gegenstand der vorliegendsn Erfindung — gemafl emem zweiten Aspekt der vorlisgenden
Erfindung - ist die stickstoffmodifizierte baw. stickstofffunktionalisierte Aklivkohie nach der Erfindung, welche
insbesondere katalylische baw. reakiive Eigenschafien und welche vorzugsweise Stickstoff als katalvtisch ak-
tives Heteroatom aufwaist, gemdl den dissbeziigiich ynabhdingigen Ansoriichen. Weitere, insbesondera vor-
teithafte Ausgestaltungen der erfindungsgeméfien Aktivkohle sind Gegenstand der entsprechenden Urderan-
sprfiche.

[0026] Darlber hinaus sind wailterer Gagenatand der vorlisgenden Erfindung - gomal oinem dritten Aspekt
der vorliegenden Erfindung - die erfindungsgeméalien Schulzmaterialien, insbesondere Ui den zivilen bzw,
milidrischen Bereich, inghesondere Schutzbekleidung, gemah dem diesbeziiglich unabhingigen Anspruch.

(00277 Schilellich sind weiterar Geganstand dor Erfindung — gamdn ainem vietlen Aspeki der vorlisgenden
Erfindung — Fifter und Flitermateriafien, Insbesondere zur Enffernunyg von Schad-, Geruchs- und Giftstoffan
atler Art, gemdl dem belrsffenden unabhingigen Anspruch.

[0028] Es versteht sich von selbst, dass bei der nachfolgenden Beschreibung der vorliegenden Erfindung
solche Ausgesialtungen, Ausflibrungsformen, Vorteile, Beisplele oder dergleichen, waichs nachiolgend - 2u
Zwecksn der Vermeidung unntiger Wiederholungen - nur zu sinem sinzelnen Edfindungsaspeld ausgeflhit
werden, saibstvarstandlich auch in Berug auf dis iibrigen Erfindungsaspeite entsprechend gelten, ohne dass
dies einer ausdriicklichen Erwihnung bedarf.

[4D2%] Weiterhin versteht es sich von selbst, dass bei nachifcigenden Angaben von Werlen, Zahlen und Be-
reichen die diesbeziiglichen Werte-, Zahlen- und Bereichsangaben nicht beschrénkend zu verstshen sind: es
varsteht sich dabei fiir den Fachmann von selbst, dass einzelfalibedingt oder anwendungshezogen von dan
angegebanan Beraichan bzw, Angaben sbgewichen werden kann, ohine dass der Rahmen dor vorliagendsn
Erfindung verlassen ist,

(0030] Judem gilt, dass alle im Folgenden genannten Warle- bew. Parameterangaben oder dergleichen grund-
satzlich mit genormiten bzw. standardisierton oder explizit angoegehenen Bastimmungsverfahren oder aber an-
dernfafis mit dem Fachmann auf diesem Gehilat an sich galdufigen Bestimmungs- bzw, Messmathoden ermit-
talt bzw. bastimmt werden kbnngn,

[0031] bm Ubrigen gift, dass bel allen nachstehend aufgefinhrten refativen bzw. prozentualen, insbesondere
gewichishezogenen Mengenangaban, zu beachien ist, dass disse Angaber: in Rahmen der vorlisgenden Er-
findung vom Fachmann derart auszuwdhlen baw. zu kombinigren sind, dass in der Summe - gegebenentalls
unier Einbeziehung weiterer Komponanten bzw. Inhalisstoffen, inshesonders wia nachfolgend definiert - stets
100% bzw. 100 Gew -% resuftisren. Dies versteht sich fir den Fachmann aber von salbst.

[0032] Dies vorausgeschickt, wird im Folgenden die vortiegends Erfindung naher beschrieben:

Gemalk einem ersten Aspeki der vorliegenden Erfindung betrifft die vorliegende Erfinduna eine stickstofimodiii-
zisrle haw. stickstofifunktionalisients Aldivkohis, weiche durch ain Verfaliwen 2y deren MHerstellung srhiitlich ist,
wobei die mit dem afindungsgemal eingesetzten Verfahven hergesielite Aktivkohis katalytische bzw. reaklive
Eigenschaften aufwaist. Bai dor mit dem erfindungsgemdn singessizien Verfahren hergestalitan Aktivkohie
handelt es sich inshesondere um sine Aldivkohle mit Slickstoff als katalytisch aktivem Heteroatom. Das erfin-
dungsgemél durchgetiilyte Verfatwen Zeichnet sich dadurch aus, dass eine als Ausgangsmaleria! eingeselz-
te Aktivikohie (“Ausgangsakiivikelide”) zundchst ainer Cherfiachenocnddation unter Verwendung bzw. in Gegen-
wart mindestens eines Oxidationsreagenzes (TORT) unterzagen wird und die auf diese Weiss erhaltens, an ih-
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rer Oberflachs oxidiarte Aktivkohie (inlermedial™ nachfolgend einer Ausristung, inshesondere Modifizierung
bzw. Funldionalisierunyg, mit Stickstoff, inshastndere mit stickstofthaltigen funktionellen Gruppen, unter Ver-
wandung bzw. in Gegenwart mindestens sings Stickstoffmaodifizicrungsreagenzes {TSMRT) unterzogen wird.

[6033] Wie zuvay angsfih, bastehd dis grundiggende kKlae der vorliegandan Erfindung somit darin, aing Ak-
tivikohle auf Basis eines Varfahrens herdiizusiellon, auf dessen Basis os méglich ist, eine Aktivkohis als Aus-
gangsmaterial in optimierter Weiss mit Stickstoff zu modifizieren bzw. zu funktionalisisran, wabsl Stickstoff
als katalylisch aktives Heteroatom fungisrt und wobel Stickstoff in gezielter Weise insbesondere an die Ober-
fichenstruklur der eingassizien Aktivikehie gekoppelt bzw, chemisch gebunten bazw. dauerhailt nmobilisiert
wird, und zwar in Form von stickstoffhaltigen funkéionellen Grappen sinerseits oder aber nach Art giner Do-
tierung mit Sticksioff baw. siner N-Dotierung unter Integration bzw. Einbau in das Kohlensioffgerist der Ak-
tivkohie (d. h. unier Immobilisierung bew. Einhindung des Sticksioffs in bzw. an dag Kohlenstoffgeriists des
Endprodukis) andsrarseits,

[0034] In diesem Zusammenhang ist es im Rahmen der vorlisgenden Erfindung vollig (iberraschend, dass
durch die der eigentiichen Sticksiofffidierung baw. -modifizierung vorgeschaltete Cherflichanoxidation der als
Ausgangsmaterial eingessizten Aktivkohls eine signifikante Verbesserung der Stickstofimadifizierung bew.
Sticksteffunkionalisierung der Aktiviiohle erreicht wird. Chne sich auf diese Theorie beschrinken bzw. Test-
lagen zU wollen, wird durch die gezielte und zweackgerichiets Oxidation der Oberfiache der gingeasetzten Ak-
tvkohle unter Verwendung sperisiior Oxidationsreagenzien ("OR"} die Oberfldchenstrukiur der Altivkohle im
Hintlick auf die Modifizierung bzw. Funktionalisierung mit Stickstoff insofern optimiart, als zum ginen hydrophile
Sruturan geschaffen how. die Hydrophiltt der Aktivkehle als solche gesteigert wird, was die Interaktion mit
dem Sticksioffmodifizisrungsreagenz {T3MRT) verbessert. Zum andaren werdan durch die gezialts Oxidation
der Oharfidche dar Aktivkohle insbesondere solche funktionelien chemischen Gruppen geschaffan, weiche
mit dom Sticksiofmodifizierungsreagenz ("SMR™} inshesondere unter Ausbhildung chemischar Bindungen zu
interagieren bzw. zu reagleren imstands sind, was dis chemischa Bindung bzw. Integration des Sticksioifs in
Bezug auf die Aktivkchle verbessert baw. ermdglicht. Auf Bagis der stfindungsgemaf durchgeflihrien Oxidati-
ot im Sinne einer Vorbehandiung der Aktivkohle wird die Affinitat der Aktivkohie zurm Stickstoffmodfizierungs-
reagenz {"3MR”} erhdht.

[B035] Wie nachilgend noch Im Einzeinen geschildert, ist es aufgrund der spezielien Verfahrensfihrung mig-
fich, dia resultierende stickstoffimodifizierte baw. sfickstofiffundtionalisierts Aktiviiohle haw. dis mit Stickstoff
ausgeriistate Aldivkohle individuell anzupassen bew. maflzuschneidern, was sowohl auf Ebene der Oxdadati-
or: dar elngaseizten {Ausgangs-idktivkohle als auch m Hinblick auf die nachfoigende Stickstofimodifizierung
mglich ist, so dass im Ergebnis awf Basis des erfindungsqemaf durchgefihnen Verfahrens Aktivkohien be-
reifgestelit werden, welche insgasamt elnem braiten Einsatzspektrum zugénglich sind baw. im Speziellen fir
die Adsorption bzw, Unschadiichmachung spezieller toxischar Substanzen optimiert sind.

(00367 Ein welterer zentraler Voriell der arfindungsgema’ durchgefiihrien Verfahrensiiihrung ist darin zu se-
hen, dass sing Viekabl kommerziell erhiitlicher baw. hardesisiblicher Aldivkohlen als Ausgangsmateria! fur die
erfindungsgemal vorgesshene Verfahrensithrung bzw, Maodifiziereng singesetzt werden kdnnen, so dass das
griindungsgaman durchgefithris Verfahren gewissarmaiien univarseli v Minblick aul dis Ausgangsmaterialion
o Dasis von Aktivikohile, heispielsweise mit variabler Porositii oder dargleichen, slngessetzi werden kann, Auf-
grundd der sozusagen nachgeschaitaten Modifizierung baw. Ausrilstung mit Stickstoff warden im Rahmen der
Aktivkohishersieilung als solche vorfiegende Prozesse, wie Carbonisierung und Aktivierung, nicht heeinflusst.

[6037] Aufgrund der erfindungsqemdl realisierien Verfahrensfiihrung mit der Funkiionalisisrung der Aktivkoh.
le mit slickstoffhalligen funkdionellen Gruppen bzw. mit der gezighen Integration vont Stickstodf in die Kohlen-
sinffoberfidche bzw. in das Gerlist der Aktivkohle werden somit speristie stickstoffmodifizierte baw. stickstoff-
funklionalisiarte Aktivkohlen erhialien, weiche sine katalylische Akiivital brw. Healdivitdt und somit chaemisorp-
tive Eigenschaflen gegeniiber unterschiedlichen Subsianzen, insbesonders toxischen gasfbrmigen Substan-
zen, aufweisen. Diesbezilglich welsen dis mit dem erdfindungsgemall durchgefiihnien Verfahren erhaltenan
stickstoffmodifizierten bzw, sticksiofffunktionalisierien Aktivkohien eine hohe Eignung filr den inshesondere
katahdtischen haw. reaktiven Abbau verschiadensy toxischer Gase auf. Hierbel kann es sich baispielswelse
und in nicht beschrankender Weise um sogenannie Chemical Warfare Agents {CWAs), Toxic Industrial Mate-
rials {Tids), wie aréfere Molskilis, belspiclewsise Einylennxid oder dergleichen, um Toxic Industrial Chami-
cats {TICs), wis N, S, HL8, Cl, HCI oder derglsichen, handeln, insbesondere eignet sich dis mit dem
grfindungsgemad il durchgefihrien Verfabran erhaltene stickstofffunktionalisionte baw. stickstoffimodifizierte Ak-
tivikohie bzw, die mit Stickstoff ausgeristete Aktiviioide zur Adsorpiion baw, Unschadlichmachung von insbe-
sondsre sauren dschen Gasen, wie M5, 50, baw. HCL
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[0038] Ohne sich aul giese Theorie beschrdnken bzw. festiogen 20 wollan, ist insbesondere ein Abbau auch
von solchen toxischen Gasen bzw. Schadgasen (ber sine Oxidation an der Koblenstoffoberfibche der muodi-
fiziorten Aktivkohie maglich, wic os baispisisweise in nicht boschrankender Waeise fir 50, H,5, AsH, sowie
DS, moglich ist. Dies ist inshesondere dann der Fall, wenn der Stickstoff, wis zuvor geschildert, in das Koh-
lansioffgorls! der erfindungsgemalt modifizierien Aktivkohie nach Art ginar N-Dotlerung Intagriort baw. inkor-
poriert ist, 4. h. der Stickstoff sozusagen Inmobiliskert ist, insbesondere durch chamische undicder kovalenie
Bindung in das Kohlenstoffgeriist der erfindungsgemal modifizierten Akdivkohie.

[0039%] Dariber hinaws weist die auf Basis des arfindungsgemidl eingeselzien Veriahrens erndliliches stick-
sioffmodifizierte baw . stickstofffunktionalisisrte Aklivkohle - gleizhermalen ohne sich auf diese Theorie be-
schranken hzw. festlegen 2u wollen — eine katalylische Aktivitat hzw. reaklive Eigenschaften gegeniiber sol-
chan toxischen Substanzen bew. Gassen auf, welche mit den ausgebildeten stickstoffhaliigen funktionelien
Grappren auf der Oberftiiche der arfindungsgamdl modifizierten Aklivkohle zu reagieren imstande sind, wie
beispielsweise Fommaldebyd und NO -Verbindungan,

(00407 Auf Basis der der vorlisgenden Erfindung zugrundsliegenden Konzeption mit der speziellen Ausrds-
tung von Aktivkohle mit Stickstoff wird somit in villig iberraschender Weise eing Aktivkohle nach der Effindung
bereitgestslll, welche Uber hervorragende Eigenschafien hinsichtlich der {Chemi-)Sorplion bzw des katabil-
schen und/oder reakiiven Abbaus von unierschiedlichen Schadstoffen haw. toxischen Gasen, wig chomischan
ift- baw. Kampfsiofen, verfiigt, Beispiclsweise signet sich die so ausoeriistete Akiivkohle auch fir den ins-
besondere oxidativen Abbau von insbesondere schwelsihaltigeon Komponantan eignen. Glelchermalien kKdn-
nen dia 50 erhallenen Aktivkohien durch eine zweckgerichtete Ontimierung der diesbeziigichen Ausriistungen
fiir Breithandanwandurgien, beispisisweaise im Rahmaen von Atemschuizenwendungen, singesetzt werden. In
dissem Zusammenhang kommt auch ain Einsatz in ABEK-Filtern, inshasondere in Kombination mit weiteran
Adsorbantien in Bairacht.

[0D41] Im Allgemeinen signet sich die erfindungsgemalie Aktivkohle beispislswaise zu Gasadsorptionen und
inshesondere zur Adsorption von Schwefel enthaltenden Gasen (wie Schwelsloxiden und/oder Schwefelwas-
serstoff), von stickstoffenthaltendesn Gasen (wie Stickoxiden und/oder Stickstoffwassersioffen, wie Ammonk-
ak} sowis von halogenhalligen Gasen {wis Chiorwasserstoffgas). GlaichermaBen elgnet sich dis edindungs-
gemaie Akiivkohls auch zur Adsorption von organisch besisrten schidiichen Substanzen, wie heispielswei-
sa Formaldehyd oder dergleichan, insbesondere welst dig erfindungsgeméfie Aktivikohie besonders gute Ei-
genschaften im Hinblick auf die Sarption, inshesondere Physisorplion und/oder Chemisorption, von Schwefal-
unid Stickstoffoxidan, Halogarnwasserstoffen, Cyangas, Cvanwasserstoff, Schwefalwassarstoff, Chlorgas, Ar-
senwassersioff und/inder Ammoniak auf,

(80427 Aufgrund der erfindungsgemafien Konzeption des erfindungsgemall eingesetzten Varfahrans mit der
sozgsagen vorgeschailelen Oharfldchenoxidabion baw. der der Oherlilfichenoxidation nachgeschalteten Aus-
ristung mit Stickstoff der zu behandelnden Aktivkohie als Auvsgangsmatenial wird eine hesonders homaoge-
ne bzw. gicichmdBigs Ausristung baw. Beladung der Allivkohile — und zwar inshesonders uber das goesam-
te Porenspekirum — mit dem zu inkorporierenden. Stickstofl erreicht, da das Stickstoffmodifizierungsreagenz
{"SMR" hesonders qut in das Porensystem sindringen kann und dort aufgrund der vorgaschaltetan Oxidatian
mit der hoher Affinia der Reaklionsparamater zusinander sine gleichmalige Beladung der Altivkonle untaer
Aushildung stickstoffhaltiger funktioneller Gruppen baw. unter Integration baw. Immobilisierung von Stickstoff
in das Kohlenstoffgeriist gewitrisistet.

[6043] Das erdindungsgemal durchgefithite Verfabran zeichnel sich dabel durch elne gewissermallen zwel
stufige Verfahrenstlihrung aus, wobel namlich zundchst herkOmmiiche Alitivkohle als Ausgangsmaterial giner
Charflachenoxidation unterzogen wird und nachfolgend dis so erhaltene, an ihver Oberfldche oxidiertes Ak-
tivkohle nachfolgend in 2weckgerichteler Weise unter Verwendung sines Stickstofimodifizierungsreagsenzes
{"SMR"} it Stickstoff ausgeriistet wird, and zwar auf Basis von stickstoffhattigen funklionsiien Gruppen und/
oder auf Basis der Inkarparation baw. des Einbaus von Stickstoff im Sinme einer Stickstoffdotierung {(N-Dotie-
rung} in das Kohlenstofigeriist, inshesonders in das die duflere und innere Gherfliche bhildende Kohlenstofi-
geriist.

[G044] Indiesem Zusanmnenhang ist a5 erfindungsgama B 2udem villig dbarraschend. dass das Poransystem
der als Ausgangsmatarial eingesetzien Akiivkohte zumindest im Wesentlichen nicht dirch die Ausrlistung mit
demm Slickstoff beeinflusst wird, Mit andsren Worlen ist es erfindungsgemall gawahrigisted, dass das Porsn-
sysism der Akiivkohle nicht baw, zumindest im Wesantiichen nicht nachisilig hinsiohtlich der Adsorption von
Schadstoffen basintlusst wird. Dig auf Basis des erfindungsgamal durchgefihiien Verfabrens erhditiche Ak-
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tivkohile waist somit auch nach Ausristung haw. Funidionalisierung mit Stickstofl 2. B. eing hohs, der Adsorp-
tion von Schadstoffen zugdnghche BET-Oberflache auf, so dass die grundleganden Bigenschatften der Akdiv-
kohie als solche auch bel Ausrlistung mit Stickstoff erhalten blatben, was nich! vorhersehbar war, Somit ist dic
erfindungsgeméfie Vorgehensweise im Gegensatz zu der im Stand der Technik bekannten imprignierung mit
dem Vorteif verbunden, dass Kein Verlust an spezifischer Oberfldche baw. Gosamiparenvolumen vorliedt und
auch die Porenstrukiur als soiche imy Hinblick auf thre Verteliung in Form von Mikeo-, Meso- und Malgoporen
zumindest im Wesantlichan nicht verinder! wird,

[0045] Dlesbezighich war as im Rahmen der vorliegendan Erfindung vBllig Gherraschend, dass durch die ge-
Ziglte Ausristung der Akiivkohle mif Stickstoff - im grundlegendsn Uinterschied zu den Vershren des Standes
der Technik - nicht zu Verstopfungen des Porensysiems fithrt, da die Stickstoffkomponente dauerhaft unter
Ausbildung chemischer Bindungen in dis Kohlenstoffstrukiur der Aktivkohie intagriert ist, und 2war entweder
auf Basls stickstoffhaltigay funidionelier Gruppan oder unter Integration in die Koblenstoffrealrix der bahandel-
ter bzw. modifiziertan Aktivkohle. Insbesonilere wird aufgrund der erfindungsgemdl realisienten Verfahrens-
fihrung eine Kristalibildung baw. sine Auskristallisation innerhailh des Porensystems verhindert, was die Leis-
tungsfahigkeit der erfindungsgaméien Altivkohle noch weiter verbessert. Auch hierin ist ein entschaidender
Undersochied zu dem in Stand der Techniic bekannten Imprignierverishren zu sshen, welche insbesondere
bel milvopurdser Aktivkohle zu einem Auftreten von Varstopfungen im Hinblick auf die Porenstrukiur der Ak-
tivkohle fuhit.

[0046] Aufgrund der gezislten Ausristung der Aktivkohle mit Btickstofl als katalytisch aldives Helergatom weist
die mit dem erfindungsgemalt durchgefiihrien Varfahren hargastellite Aktivkohie, wie zuvor angefihel, sozusa-
gen eing reaiiive hew. katalytische Oberlache in BErgdnzung zu den chemisarptiven und/oder physisorptiven
Eigenschafien der Aktivkohle als solche auf. Die mit dem erfindungsgemal durchgefithrien Verfahren erhit-
liche Aktivkohio vereint folglich chamisorptive wia physisorptive Eigenschaiten in sinem einzigen Material und
ist somit imstande, die Sorbate bzw. dis zu sorbieranden Substanzen -~ iim Untarschied zu richikatalvtischar
bzw. nichireaktiver Aktivkohis - auch zuverlassig und reversibel bzw. dauerhaft zu binden bzw. abzubauen.

[8047] Auch durch die besonders homogens bew. gielohmiBBige Ausriistung der mit dem erfindungsgemif
durchoellbrien Verfabwen erhiaithchen Aktivkohle mit der Stickstoffkomponente wird die Leistungsfahigkelt der
s0 grhalienen stickstoffmadifizierien baw. sticksiofffunkiionalisierten Aklivkohie im Hinblick auf dis Sorption
bzw. den Abbau zu entfemender Substanzen nochmals gestaigert, inshesondeare da dis so erhilifiche Akdiv-
kohie gewissermaBien iher ainan groflen Tef fwer Oherfiiche (iber kombinierle Eigenschaflen der Physis-
oration elnerseits und der Chemisorption aul Basls reaktiver baw, katabdischer Eigenschafien anderarseits
varfigt, welche sich zudem Gher die Summe der Einzslmalinabhimen hinaus verstirken, was als Indiz flir das
Yorliegen sings synergistischen Effelds geweriet werden muss.

[0048] Im Rabmen dor vorlieganden Erfindung wird somif ein leistungsfhiges Verfalren elngesetat, welches
Zu einem oplimierien Adsorpionssystem mit Kombinisrten und sich ergénzendan Eigenschafien von Physis-
oration einerseits und Chemisorption anderarseits fiihrt,

{3048] Wie zuvor angefinn, rosullient arfindungsgemdl oing furktonalisieris Aktivkohls, walche v Unler-
schied zum Stand dar Technik jagoch zumindest im Wasentlichen kelng signifikante Besintrichtigung anderar
physikochemischer Parameter, wis beigpielswsise Porositdt, Porenvolumen, Porenverieilung und derglsichen,
aufveist,

[6058] bn Rabmen der vorlisgenden Edindung st es zudem »Ollig Gherraschand, dass sich Aktiviiohde als sol-
che Gberhaupt in effsktiver Weise hinsichtlich der srfindungsgemall vorgesehanen Sticksioffmodifizierung bzw.
Stickstofffunktionalisierung eignet. Denn Aktivkohle weist aiso solche grundsatzlich hydrophobe Eigenschaften
auf, was einer effizienten Behandiung bizw. Interaldion mil dem Sticksioffmodifizierungsreageny ("SMR™) zur
Aushildung funktionaller Gruppen bzw, 2w Integration von Stickstoff grondsdtzlich abtriiglich st Insbasondere
ist es jedoch aufgrund der speziglien arfindungsgemal durchgefihrien Verfahrenswaise mit der zweckgerich-
ieten vorgeschalteten Oberflichenoxidation der als Ausganasmaterial singesetzien Aktivkohie in villig Gher-
raschendar und nicht vorhersehbarer Weise gelungen, die Kompatibilitdt van Aklivkahle einersaits und Stick.
stofimodifizierungsreagenz {"SMR™) anderarseits zu erhihen, um Aktivkohle als solche in effekiiver Weise mit
Stickstoff zu funktionalisieren baw. zu modifizioren, was U den Zuvor angseflhsten positiven Eigenschafien
hinsichtlich dar Sorption von Schadstoffen fithit.

{0051] Zusammentassend zeichnet sich dis erfindungsgemal realisierte Verfahrensfihrung somit dadurch
aus, dass aine spezich mit Stickstoff modifizierte baw. funklionalisiarie Aktivkohie erhalten wird, waiche dber
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hervorragende Adsorpionseigenschalten auf Basis einer Kombination von Physisorplion und Chemidsortion
varfigl, Insbesondere it edne bet herkdmmiicher Aktivkohig, z. B. bad Erschipfung oder Gberméiliger Bela-
dung haufig vorkommende Freiseizung baow. Resorption bereits sorbisrior Substanzen bei der orfindungsge-
malen Aktivkohle nicht bzw, nicht in nennenswerterm Mafle auf. Aufgrund der erfindungsgemaiien Konzeplion
der SBeredistallung ainer Altivkohla, walche neben lhven inhdrantan adsorpliven Eigenschaftan gleichermalian
reaktive brzw. katalytische Bigenschaften aufwaist, wird eing dauerhafi und im Allgameinen irreversitde Bin-
dung baw. sin sffizisnter Abbau sorbierter Substanzen gewhrleistet, was gleichermaflan zu elner verringsr-
ten Bresorption der in Rede stehenden Substanzen und 2u einer Sleigerung der Gesamtadsorptionskapazitit
fahrl, Aufgrund der festen chemischen Anbindung von Stickstoff an die Allivkohiastruldur legt zudem eine
dauerhafte und bestindige Mogifizierung der Aktivkohle mit Sticksioff vor. Inshesondere kann der dauerhafi
immobifisierte Stickstoff nicht durch Auswaschen oder dergleichen wisder von der Aktivkohie entfernt wardan.

[0052] Edfindongsgemal kann das eingaselzte Verfabren wealles zusammenfassend insofern charalderisiert
werden, als zunjchst i Rahmen der Verfahrensdurchfthrung sine Ausgangsaktivkohis bzw. ein Basisadsor-
bens einar chemischen baw. thermischen Oxidation zZwm Erhalf elner an ifwer Obarfldche oxidierten Aktivikoh-
e {oxidiertes Basisadsorbens) unterzogen wird, wobsi das so erhaliene Intermediat nachifolgend baw. in ok
nam sich der Oxidation anschlielanden Schritt bzw. In sinem separaten Schritt mit Stickstoff modifiziert baw.
funktionalisiart wird. Hierzu wird zundchst das oxidative Intermediat mit Jem Stckstoffmodifizierungsreagenz
{"GMR"} in Kontakt gobracht, beispielsweise untor Vorwendung einer Hamstofflisung, wobel in cinem solchen
Fali das oxidative Intermediat im Rahmen siner Tauchmethode oder dergieichen mit dem Stickstofimodifizie-
rungsreagenz ("SR} in Kontakt getyracht werden kann, GlsicharmaBan ist ein inkontakthringan auch im Rah-
man eines Lultslromas, belspislsweise unter Yerwendung von Ammoniak (NH.) ader dergleichan, méglich. Es
schilielit sich sine entsprachands thermische Behandiung zur Aushildung von stickstofthaltigen Funidionalisie-
rungen haw. zur Dotisrung des Akiivkohlegeriistes mit Stickstoff {d. h. zur immohilisiarung des Stickstoffs) an,

[0D53] Was gen Bagrift "Oberfliichenoidation”, wie er arfindungsgemal verwendet wird, anbelangi, so ist
hierunier insbestondere eine Oxidation solcher Oberflachen der als Ausgangsmaterial singesetzien Aklivkohie
zu varstehsn, welche in Kontakt mit der inshesondere das Oberfldchenreagenz (OR" enthaltenden Umgebung
stehen, baw. weiche sozusagen von aufien fir das erfindungsgemif singesetzie Oxidationsreagenz ("OR")
zugdnglich sind. Hierbed handel s sich insbesondere auch urm das Porensysiem der Aktivkohle auf Basis von
Makro-, Maso- und Mikroporen.

[B084] Chne sich auf diese Thaorie beschrnkan bew. fastlegen zu wollen, resudlient auf Basis der esfin-
dungsgemad realislerten Verfalvansiitheuny gewissermaen aine oxddiarte Schicht im Hinblick auf dis Akdiv-
kohie, weiche im Allgemeinen ther die nachfolgend noch angefiihnien sauerstoffhaltigen furklionslien Grup-
pen verfigt. Die sich der Oberflachenoxidation anschiisflende Ausrlistung mit dem Stickstoff edolgt dann —
gleichermafien ohne sich auf disse Thoorie beschrinken baw. festlegen zu wollen — inshesondere im Be-
reich der axidietten {Grenz-}Schichi, wobel die sausrstoffhaltigen funklionellen Gruppen gewissermalien als
Eindungs- bzw, Ankersiellen bow, Reaktionspartner fir das erfindungsgeméh eingesaizie Stickstoffmadifizie-
rungsreagenz CSMRT) fungieran.

[B085] Durch dis sich der Oxidation anachliaende Ausristung der Aktivkohig im Rahman des durchgefihr-
ten Verfahwens mit Sticksiolf als katalytisch aktivem Heteroatom werden soimit Aktivkohien mit reaktiven hzw,
katalytisch ekiiven Oberfidchen gengriart.

(00381 Was das erfindungsgamanl durchgefiinrie Verfahren welterhin anbelangt, $o kann es vorgesehsan gain,
dass die Oberfifichanoxidation unter Ausbildung slner hydrophiten Oberfiiche der Aktiviohie durchgediihet wird,
Erfindungsgemi8 ist s gleichermaflen mglich, dass die Obertichenoxidation zu eingr Ausbildung von sau-
arstoffhaltigen funkiionellen Gruppen an der Oherfliiche der Aktiviohle fiihrt. In diesem Zusammenhang kdn-
nen die sauerstoffhaligen funkionallen Gruppen ausgewadhit werden aus sauren und basischen saverstoffhal-
tigen furdkdionellen Gruppen sowie deren Kombinationen, insbasondere sauran und basischen Oberfifichenoxl-
den. inshesondere kinnen die sauersioffhaltigen funktionellen Gruppen ausgewahlt werden aus der Gruppe
von Hydroxyl, Carbond-, Carbonyl-, Anhydrid-, Lacton-, Chinon-, Pyron-, Chromen- und Ethergruppen sowie
deran Kombinationen. Derartigs Gruppen sigenen sich in besonderar Waise zur Interaktion mit dem Stickstoff
modifizierungsreagenz {"SMR™.

[B05T) Wie zuvor angefisthrt, fihren die an der Oberfldche der Alktivkohie inshesondere durch Reaklion des
Oxidationsreagenzes (OR™ mit der als Ausgangsmaterial eingeselrien Aktivkohle {"Ausgangsaldivkohla™ ant-
stehenden sauerstofthaltigen funkiioneilen Gruppen zu ainer Brhdhung der Hydrophilitat bzw. der hvdrophilan
Eigenschaftan der 50 behandelten Akiivkohie, was die Intaraktion mit dem nachiolgend eingeaseizien Sticksioff-
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modifizisrungsreagenz {SMR®) verbesser! und in enltsprechender Weilse 2U einar verbesserton Funklionali-
sigrung bzw, Modifizierung der Aktivkohle mit Stickstolf fiihwt, insbesondere kinnen die auf disse Weise gena-
rierten sauersicthaltigen funktionslien Gruppsn als Raaklionspariner fir das Stickstoffmodifizierungsreagens
{"SMR™} fungieren, um so Jdie chemische Bindung bew. den Einbau bzw, Integration von Stickstoff in die zu
mndifizigranda Aklivkohio zu verbessarn bzw. zu ermdglichen. Dis erfindungsgemad durchgefiihrs und vor-
geschaliele Cherfldchenoddation dient somit gewissermaiien zur Vorbareftung der nachicigenden Stickstoff-
madifizierung baw. -unktionalisierung der Aktivkohis. In diesem Zusammenhang wird durch die srfindungsge-
maf realisierte Oberfiichenoxidation ingbesondere auch dis Oherflachenhydrophilie des Kohlenstoffgerists
der 20 behandelndan Aktivkohie erhdhil, was zu der vorgenannten Vorteilen ket

[0D38] Was das erfindungsgeman durchgefihrte Verfahren weiterhin anbslangt, so kann durch die zweckge-
richiele CherfiEchenoxidation auch der pk-Wert, insbesondere der Oberflachan-phl-Wert, der an ihrer Cherfla-
che axidiarten Aktivikohis eingasteit werden, und 2war im Vargleich zu der Ausgangsakiiviiahle um einen Wert
von mindastens 0,25, insheasondere mindesiens 1,5, vorrugsweise mindestens 1,75, bevorzugh mindestans
1, besonders bavorzugt mindestens 1.5, verandert werden. Inshesondesre kann a8 vorgasehen sain, dass die
Aciditat der an ihver Cherfiiiche oxidisrten Aktivkohle arhdht undioder der pH-Warl, insbesondere dar Cher-
fidchen-pH-\Waert, der an ithrer Oherflichs oxidierten Akdivikohle durch dis vorgenommane Oxidation der Akliv-
kohle varringer! wird, inshesondare um einen Wert von mindestans 0,28, inshesondere mindestens 0.8, vor-
zugswelse mindestens 0,75, bavorzugt mindestans 1, besanders hevorzugt mindestens 1.5, oder dass durch
die vorgenommens Oxidation der Aktivkohle die Basizitét der an threr Oberflache oxidierten Aktivkohie arhdht
undioder der pH-Wert, Insbesondere der Obarflachen-pbi-Werl, der an drey Obharfidche oxidisrten Aktivkohie
arndht wird, inshesondare um einen Wert von mindestens 0,25, insbesondere mindesiens .5, vorzugswei-
sa mindestens 6,75, bevorzugt mindestans 1, besondsrs bevorzugt mindsstens 1.5, Durch dis 2weckgerich-
tete Einstefiung des pH-Werts auf Basis der arfindungsgemaft durchzufiihrenden Oberflichenoxidation der
Ausgangsaktivikohle kann ingshesonders die Afinitdt 2am nachfolgend singessizion Stickstofimodifizienings-
raagenz ("SMR"Y weller optimiert werden, was zu elner noch weltsrgehenden Effizienzstaigerung hinsichtlich
der Ausriistung der auf Basis des erfindungsgemaf durchgefiihrten Verahrens erhditlichen Akibvkohie mit
Stickstoff fiihrl. Inshesondere resuitiert hei Verwendung von Ausgangsaldivicohlen mit relativ hohem pH-Wert
bzw. basischen Ausgangsakiivkohien eine durch die Cherflachenoxidation hervorgerufene Verringerung des
Oberfichen-pH-Werles,

[0059] Erfindungsgemal kann es auch vorgesshen sain, dass die Oberflachenoxidation durchgefiibrt wird
derart, dass die suf disse Weise erhaliene, an ihrer Oherfliche oxidierte Aklivkohie einen Gehalt an sauerstoff-
haltigen funidionallen Gruppen, berechnet und/oder ausgadrliok als Gahalt an Bichtigen Bestandielien (8")
und bezogen auf das Trockengewicht der as ihwer Oherflache oxidierien Aklivkohle, von mindsstens 1 Gew .-
%. insbesondere mindestens 2 Gew.~%, vorzugsweise mindestens 3 Gaw.-%, bevorzugt mindestens 4 Gew.-
%6, und/nder im Bereich von 1 Gew.-% bis 30 Gew.-%, inshesonders 1.5 Gew -% bis 25 Gew -%, vorzugswaise
2 Gew .-% bis 20 Gaw -%. bovorzugt 2 Gow.-% bis 15 Gew -%, aufweist.

(00887 In diesem Zusammenhang kann im Rahmen der erfindungsgemall reglisiorten Verfahransiithrung der
Gehalt an sausrstefhaltigen funktionellsn Gruppen beispisisweise durch entsprechende Wahl der Temperatur
undioder Zelidauer undfoder Art und/odar Konzentration an Oxidationsreagenz {"OR") singestellt werdan. Ayl
diese Waise Kann eine Mafschneiderung des Oxidationsprozesses insbesondere bn Hinblick auf dis nachfol-
gende Stickstofffunktionalisierung bzw. -modifizierung srfcigen. Im Rahmsn der arfindungsgemil realisiertan
Verfahrensfithrung wird somit der Sauerstofigehalt der an ihwer Oberfldche oxidierten Aktiviohle im Verglaich
zu der singesetzten Ausgangsakiivkehle — welche im Allgemeinen sinen Sauerstofigehall von waniger als |
Gew -%, ausgedrickt als Gehalt an Aichtigen Bestandieilen C18°) und bezogern aul das Trockengewichi der
Ausgangsaldivkohle, aufweist - signifikant erhdhi.

(8081] Der Gehalt an fichligen Bestardteilen (18"} fungiert dabel in Allgemeinen als Ma iy die Oxidation
und bazieht sich msbesonders auf durch die Oxidation gehiidete Oherfiichenoxide. Inshesondere kann der
Gehalt an flichtigen Bastandisilen auf Basis dor 130 562:1981 bestimmt werden. Insbesonders kann der
Gehali an fillichligen Bestandisilen ("B} an der zuvor getrockneten, an ihrer Oberflache oxidierten Aktivkohie
bed einer antsprechenden Erwdrmung flir einan Zeltraum von 7 Mingten auf 900°C unter inerlen Bedingungen
bestimmt werden.

[0082] Durch die Einsteliung des Gehalts an sauerstofthaltigen funklionellen Gruppen kann auch die Menge
des nachiolgend einzubauenden Sticksiolfs vorgegeben bzw. beeinflusst werden, insbeasondere durch gine
erdsprachands Vorgabe der Anzahi an ReskBionspartnern. Die aufgenoimmene Menge an Slicksiodf der erfin-
dungsgemal bersiigestelitan stickstomodifiziertan baw. stickstofffunidionaiisierten Altivikohie korralien somif
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mit dem Gehall hzw. der Menge an Oberfldichenoxiden bew. mit den fllichiigen Bestandieilen der oxdierien
Basis iy Form der an ilwer Oberfiliche oxidierien Aktiviohile,

[4083] Was das im Rahmen der Oberfidchenoxidation singesetzte Guidationsraagenz {"OR") anbelangt, so
kinnen hiorzu sing Visizahl an Reagenzien baw, Varbindungen singesetzt wardsn. Grundsalzlich erfolgt dabai
der Uxidationsvorgang, wie nachfcigend geschildert, fiir slnen definlerten Zeltraum inshesondare unter Wir-
mie- baw. Temperaturginfiuse,

[0084] Iy Allgemainen kann das Oxidationsraagens (OR™ ausgewahlt werden aus der Gruppe von Sauer-
sioff, Ozon, anorganischen gder organischen Cidden undg Peroxiden sowie anorganischen oder organischan
Sauvren und Persduren und deren Kombinationan. In erfindungsgemdl bevorzugler Weise wird das Oxidatl-
onsreagenz ausgawahil aus der Gruppe von Sauersiolf, Wassearsioffperoxid (M,0,3, Salpelersaure (HNOL) und
Armmordumperoxodisulfal ((NH4L3.0,) sowle devan Kombinationan. i Rahmen der varliegenden Erfindung
wirdl msbesondera bei der Verwendung von Sausrsiol, welcher der zu oxidiersndan Aktivkohie insbesondeare
in Form von atmospharischer Luft zugeflihet werden kann, auch von einer sogenannten thermischen Oxidation
gesprochen, da diese in der Regel unter Erwdrmung stattfindel, wohingegen bel Verwendung der waiteren
Oxidationsreagenzien, inshesondere von Ha(O, baw. HNG, erfindungsgemdf im Allgemeinen auch von ginar
chemischan Oxidation gesprochen wird, das in diesem Fall in Abhangigkait von dem eingesetzten Reagenz
mitunter keine zusgitzliche Erwdrmung erforderlich ist, obwohl diese im Aligemsinen auch hier durchgefih
werden kann. inshesondere knnen die zuvor denannten Oxidationsreagenzisn ("OR™} in gasformiger und/
oder in flssigar Form, insbesondere in Form von vorzugswoise wassrigen Lésungen odar dergleichen cinge-
setzt werden, was dem Fachmann als soiches grundsizlich bekand ist.

[0085] Im Allgemeinen kann die Oberflachenoxidation unter Erwdrmen erfolgen. Hisrbei kann die Obearfla-
chenoxidation bei solchen Tomperaturen arfolgen, dass eine Realdion das Oxidationsreaganzes ("OR™) mil
dar Aldivkonle unter Ausbiidung von sauerstofthaltigen funktionsllen Gruppan an der Oberfiiiche der Aldivikohie
erfolgt. Inshesondere kann in diesem Zusammenhang die Oberfidchenoxidation im Temperaturbereich von -
20°C bis 1.000°C, inshesondere 0°C bis 800°C, vorzugsweise 20°C his 600°C, bevorzugt 30°C his 500°C,
durchgefihrt werden. Insbesonderae kann in diesem Zusammenhang die OberilBchenoxidation flr gine Zell-
daver i Berelch von 1 Minute bis 800 Minden, inshasondere 5 Minuten bis 300 Minulen, bavorzugt 10 Ming-
ter bis 400 Minuten, durchgefiihn werden. Hinrsichend kann das Mafl der Oberflachanoxidation, inshesondare
die Anzahl bew. der Gehalt an sauersioffhalligen Gruppen auf der Aktivikohlecherflache, vorgegeben werden,

[0D86] GemaR sinar arsten erfindungsgemah besonders bevarzugien Ausfiihrungsiorm kann das Oxidations-
reagenz (OR" ausgewahlt werden sus der Grupps von snorganischan oder organischen Oxiden und Peroxi-
den sowie anorganischen oder organischen Séuren und Persduren und deren Kombinabionen, bevorzugt aus
der Gruppe von Wasserstoffperoxid (H.05) und Salpeters@ure (HNQ,), vorzugsweise Salpetersdure (HNO,).
Insbesondere kann dabei die Cherfidchenoxidation dann im Temperaturbareich von -20°C bis 500°C, inshe-
sondere -13°C bis 400°C, vorzugswelse §°C bis 350°C, bevorzugt 16°C bis 300°C, basonders bevorzugl 15°C
bis 2507, ganz basornders bavorzugt 20°0 bis 20070, durchgefiihvt werden. Hisrbel handelt 65 sich, wie zuvor
beschrieben, sozusagen um eine chemische Oxidation, welche grundsitzlich und in Abhangigkeit des eings-
satzten Oxidationsreaganzes auch bei Raumiemperaiur durchgafihr werden kann.

[0D87] Gemal ainer 2weiten sriindungsgemial besonders bevirzugien Ausfiihrungsform kamn das Oxidati-
onsreagenz {"OR") ausgewshit werden aus der Gruppe von Sauerstoff und Ozon, vorzugsweise Sauarstoff
Insbesondere solite dabei die Obarfidchenmidation dann i Temperahwbersich von 100°C bis 1.000°C, ins-
hesondare 18070 big 800°C, vorzugswelse 200°C bis 780°C, bevorzugt 225°C bis 800°C, besonders bevor
zugl 250°C his 300°C, ganz besonders bevorzugt 250°C bis 430°C, durchgefiihrt werden. Wie zuvor angefiihrt
handelt es sich hierbei gewissermatien um aine thermische Oxidation.

[0D88] Was die eddindungsgemil vorgesehene Obarflchenoxidation der Aktivikohie anbelangt. so handalt es
sich hierbel zusammenfassend zum elnen gezielt ragalharen bzw. einstellbaren Prozess, welcher auf Basis
der Art und Weise des sinzusetzenden Oxidationsreagenzes ("OR"), der Oxidationszeit und/oder der Tempe-
ratur gesteyert werden kann, Wie 2uvor angeflihrt, wird durch die gazieite Oxidation die aul diess Welse an
ihrer Oberfidche oxidierte Aklivikohle 8 die nachfoigende Funktionalisierung baw. Modifizieruny mit Stickstoff
optimiart. S0 kann beisplelsweise in Abhangighteit von der Oxidationszeit der Gehelt an fldchiigen Bestang-
teiten als Mafd fiir den Oxidationsgrad erhtht werden. Zudem kann der pH-Weil, inshesondere der Oberfla-
chen-ph-Wert der an ihvear Oberfldche oxidierien Aktivkohie durch Wahl der Oxidationshedingungen eingesielil
bzw. malgeschneidert werden, belapielsweise (bar die Dauer der Oxidation. 8¢ ist pai der zuvor beschriebs-
nen chemischen Oxidation inshesonders die Bildung sauerer Oberachenoxide bevorzugt, wohingegen bei
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der ztivor beschriebonen thermischen Onidation insbesondere die Bildung basischer Oberfléchenoxiie bevor-
zZugt ist. Gleichermallen hal eine Zunehmende Oxidationszelt in Bezug auf die an ihwer Oberfldche oxidierte
Aktivkohis sinen Einfluss auf die sogenannte Rittaidichie der Aklivikohle, welche im Allgemeinen mit zunsh-
mender Oxidationszeit zumindest geringfiqig abnimmt. Gleichermafien hat dis Oxidation auch sinen Einfluss
auf das Gesamiporenvolumen, inshesondere das Gasamiporanyvolumen nach Gurvich, der Aktivkohis, welche
heisplelsweise mit zunehmender Oxidationszeit zumindest geringfigio vergrifiert wird. tm Ergebnis kann s0-
mit auf Basks der Oxidation die Cherfidchensigenschaften der Aktivkohis in gerzielier Welse hinsichtlich der
nachiolgendan Modifizierung mit Stickstofl eingesiellt brw. maiigeschneidert werden.

[0D59] Im Raohmen der srfindungsgemal realisierden Verfabrensfthnung kann es zudent vixgesehen sein,
dass im Anschiuss an die Oberfidchenoxidation und insbesonders vor der Ausristung, inshesondere Modi-
fizierang undioder Funkdionalisierung, mit Stickstoll eine Awsfreinigung bew. Trocknung der an fhrer Cherfla-
che oxidierien Aktivkohle sifolgt. In dissem Zusammenhang Kann die Aulrednigung miltels mindestens sines
Waschvorgangs in eingr Flissigkeit, insbesonders Wasser, erfulgen GleichermaBen kann die Trocknung up-
ter Erwdrmung der an ihrer Oberflache oxidierten Akilvkohle, inshesondere auf Temperaturen im Bereich von
40°C his 200°C, inshesondare 50°C bis 150°C, vorzugsweise 60°C bis 120°C, erfolaen. Durch dis gezislie
Trocknung der an ihrar Oberflache oxidierten Akiivikohle wird das so erhaltene Zwischanprodukt baw. interma-
diatl weiterfGhrend fir die nachfolgende Modifizierung bzw. Funklionalisierung mit Stickstolf optimiert, insbe-
sandsre da die ZuqdnglichKeit {ir das Stickstoffmodifizierungsreagenz {TSMRET} verbassert wird,

[6078] Was die sich der Oherfiichenoxidation der Aktivkonls anschiieflends Ausrlistung, insbesonders Mo-
difizierung bzw, Funktionalisierung, der an ihrar Oberfliche oxidierien Aklivkehie mit Sticksioff anbelangt, so
soiite digse ein inkontaktbringen dar nach der Oberfldchenoxidation erhaltenen Aktivkohie mit dem Stickstoff-
modifizierungsreagenz ("SMRT), insbesondere gefolgt von eingr thermischen Behandiung, umfassen, Auf die-
sa Waise wird die chemische Anbindung bzw. Inlegration bzw. die Aushiiduny stickstoffhalligar funidionsllar
Gruppan an der Cberfldche der zuvor mddierten Aldivkohle gewihneistet. Wie zuvor angeflint, interagieri das
Stickstoffmodifizierungsreagenz ("SMR”) inshesondere mit den sauerstoffhaligen Oberflachenfunktionalititen,
welche im Hahmen des vorangehenden Oxidationsschrities in gezislier Weise auf der Altiviohle generiert
worden singd.

[8071] Durch das Inkontalidbringsn der an threr Obarfidche oxidisrten Akiivkohls mit dem Stickstoffimadifizie-
rungsreaganz ("SMR™ wird inshesondere auch das mit der Umgebling in Verbindung stehende Poransystem
der Aktivkohle mit dem Stickstoffmodifizisrungsreagenz gefiillt bow. zusammengebracht, was auf diese Waise
die nachfolgenden chemischen Reaktionen inshasondere mit den sauarsiofthaltigen lunkdionellen Gruppan der
ar: itwer Oberfliche oxidierten Aklivkohie armdgiicht,

(00721 Inshesondere erfoigt im Rahmen der Modifizierung baw. Funklionalisierung mit Stickstoff eing Realdion
des Shickstofmodifiziorungsreagenzes ("SMR} mit den saderstoffhalligen funktionellen Gruppen, wig zuvor
defirier!, wobel diesbezighch ain zentraler Vortedt darin zu sehen ist, dass das Porenvolumaen der Aktivkoh-
I nicht signifikant oder allenfalls nur geringfligly vergindert wird. Erfindungsqemall iegt gowissermailen gine
chemische Anbindung von Sticksioff an den sauersiofthaliigen funktionellen Gruppen vor, walche gegehenan-
falls wallerfihrand modifiziart werdan kann, wig nachfokand noch angefithrl.

[0D73] Was das erfindungsgemdf flir gis Ausriistung, inghesondere Modifizisrung undfoder Funktionalisie-
rung, der an fhrer Oherflache oxidierten Aktivkohle mit Stickstoff eingesetzte Sticksiofmaodifizierungsreagenz
{"EGMR}) anbelangt, so kann digser erfindungsgemdn ausgewdhit werden aus der Gruppse von Marmstoff, Ame-
maoniak, Melamin und Aminasfuren sowie deren Kombinationan, inshesondere Harmstoff und Ammonizk sowie
dergn Kombinatiohen, vorzugswaise Mamsioff.

[8074] GemaR einer erfindungsgemall bevorzugten Ausflihrungsform kann als das fir die Ausriistung, inshe-
sondare Madifizierung sndinder Funkbionalisherung, der an hwer Oberfliiche oxddierten Aktivkohls it SHckstolf
singjesefzie Stickstoffmadifizisrungsreagenz "SMR"} Harmstoff verwendst werden. Indiesem Zusammenhang
kann dar Harnstoff in Form siner vorzugsweise wissrigen Lisung, bevorzugt in Form ainer zumindest im We-
sanilichen gosiitiglen Harnstofiiésung, singesetzt werden. im Allgemeinen Kann in Abhdingiakelt von dem ge-
wiinschien Grad der Stckstofffunktionalisisrung dis Menge und Konzentration der Harnsioffidsung entspre-
chend variiert wardan, was im fachiiblichen Kdnnen des Fachmanng liegh. In dissem Zusammenhang Kann et
findungsgemal beispisisweiss derart vorgegangen werden, dass die an ihrer Oberfldche oxidiarie Akdivkohie
zundchst in die Hamsloifidsung singetaucht wird, dia Oberfilissige Hamstoffidsung dann abdekantiert wird und
nachfolgend eing thermische Behandiung insbesondere in einem inerigasstyrom erfolgl,
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[0075] Gemal einer weiteren erfindungsgemdien Ausiihrungsiorm kann es auch vorgesehen sain, dass als
Stickstofimodifizierungsreagenz {SME™ Ammoniak (MNH,) verwendet wird, In dissem Zussmmenhang kann
Ammaoniak in Form des Gases und/ioder als Ammonipkwasser, ingbesondere in Form des Gases, eingasetd
werden. in diesem Zusammanhang kann die zu behandeinde und an ihrer Oherfidche oxidierte Aldivkohie
sinem Ammoniak- bzw. NH-Gasstrom b2w. einem Ne-haligen Gassirom unter sntsprechender Erwinnung
ausgesetzt werden,

[B076] Was die Ausriislung, inshesondere Modifizisrung haw. Funktionalisisrung, der an ihrer Oberfiiche oxi-
diertan Aktivkohie mil Slickstoff weiterhin anbaiangt, so kann diese i Rahmen des sefindungsgemiiy duche
gefiihrien Verfahrens durch Reaktion, insbesonders chemische Reaktion, vorzugsweise unter Ausbildung ko-
valenter Bindungen, des Stickstoffmodifizisrungsreagenzes ("SMR) mit der an ithrer Oberfliche oxidierten Ak-
tivkohle, insbesondere mit den sauarsioffhaitigen funktionslien Gruppen an der Oherfidche der Aktivkohle, er-
falgen. in desam Zusammenhang kamn es erfindungsgemdl vorgasahen seldn, dass die Ausriistung, insbe-
sondere Modifizierung undfoder Funktionalisierung, der an thrar Obserfldche oxidierien Aktivkohle mit Stickstoff
unter Ausbildung stickstofthaltiger funktioneller Grupnen, insbesondere ausgewablt aus der Grupps von Ami-
nen, inshesonders priméren, sekundiren, terliren und quartaren Aminen, Iminen und Azinen sowis deren
Kombinationen erfolgt, msbesonders kdnnern Amine, Imin-, Azine, Pyrrole, Niteile, Nitro-, Nitroso-, Pyridine, Imid-,
Amid-, Lactam- und/oder Pyridongruppen sowie deren ombinationes, ausgebildet werden. Erfindungsgemafi
kKann somit zumindest zundchst gine chamische Anbindung von Stickstoff unter Aushildung stickstoffhaltiger
funktionellen Gruppen vorliegen, wobel die chemisch Anbindung insbesonders an der Oberflache der zuvor
oxidierten Aktivkohie lokalisier? st und insbesondere adigrund giner chemischen Realdion unter Aushildung
kovaierder Bindungen mit den zuvor gebilceten sauersioffhaltigen funktionellen Gruppen resultiert,

(0077 Erfindungsyemal karn es aber auch vorgasehen sein, dass dis Ausnistung, inshesondera Maodifizis-
rung undioder Funktionalisioruny, der an ihrer Oberflache oxidisrten Aktivkohle mit Sticksiolf unter Integration
undioder Einbau, insbasondere unter Aushildung chemischer Bindungen, vorzugsweise unter Ausbildung ko-
valenter chemischer Bingungen, inshesondsre zwischen Sticksiolf einerseits und Kohlsnsiol andererseits, in
das Kohlenstoffgeriist undioder in die Kohlenstolfmatrix der an ibrer Oberfldche oxidierten Aktivkohie srfoigt.
Auf diese Waeise wird der Stickstoff sozusagen dirgkt in das Kohignstofigerist der Akliviohie inlegriert hzw,
aingebast, Dies antsprichl ainer Dolierung mit Stickstoff (N-Dotlerang). Die Integration von Stickslolf in das
Kohlenstofigerlist kann dabel ausgehend von der zuvor beschriebgnen Anbindung des Sticksioffs bzw. des
Stickstoffimodifizierungsreagenzes ("SMR" an die sausrsiofthaltigen funktionellen Gruppen erfolgen, insbe-
sondere im Rahmen einer nachfolgend noch spezifiziertan thermischen Behandiung, welche ausgshend von
den resultisrenden stickstoffhaltigen funkdionalian Gruppern 2u siner infegration das Slickstolfs in das Kohleti-
stoffgeriist der Aktivkohie inshesondere auf Basis ainer Pyrolvse fihri

[B078] Was die erfindungsgeméfl realisierte Verfahrensfiihrung weiterhin anbelangt, so kann es im Rahman
der vorlingenden Erfindung vorgesehen sain, dass die Ausriisiung, insbesondare Mod#izierung und/oder Funk-
tionalisterung, der an ihrer Cherfidche oxidierten Aktivkohle mit Sticksiolf under Brwdrman arfolgt, insheson-
ders auf Temperaturen oberhalb dor Zerselzungstomperatyr des Stickstoffmodifizisrungsreagaonzes ("EMR.
in diesam Zusammenhang kann die Ausriistung, insbesondere Modifizierung bzw, Funklionalisierung, der an
ihrar Obarfidche oxidiertan Aklivikohle mil Sticksiolf unter solchan Temparaturen erfolgen, dass eing Reaktion
des Stickstoffmodifizisrungsreagenzes {"SME™) mit dar an ihrer Cberfidche oxidierien Aktivkehie, inshesonda-
re mit den sauerstoffhaitigen funkiionslien Gruppen an dar Obgrilache der Aktivkohis, arfoigt. Insbesondere
kann diesbeziglich derart vorgegangen werden, dass die Ausriistung, insbesondere Modifizierung baw, Funk-
tionalisierung, der an ihrer Oberflache oxidierten Aklivkohle mit Sticksioff im Temperaturbereich von 200°C
s 1.200°C, inshasondere 300°C big 1.000°C, varzugswelse 500°C bis 950°C, durchgetihnt wird, Was die
Zeitdaver der Wirmebshandhang anhelangt, so kann es erfindungsgemaRl zudem vorgesehen sein, dass die
Ausristung, inshesondera Modifizierung baw. Funktionalisierung, der an thrar Oberflache oxidieren Akiivkohle
mit Slicksiodf fir eine Zeitdausr im Bareich von 0,1 Stundan bis 158 Stundan, inshesondere §,2 Stunden bis
10 Stundan, vorzugsweise 0.5 Stunden bis 8 Stunden, durchgeflihrt wird, Insbasondsre kann i Bazug auf die
Verwendung von Harnstoff als Stickstoffmaodifizisrungsreagenz ("SMR™ bei Temperaturen oberhalb von 180°C
varfabren werden, wobei die vorgenannte Temperatur der Zersetzunastermperatur von Hamstoff entsprichl

(00797 Was die zur Anbindung das Stickstoffmodifizierungsreagenzes "GMR™ an dis sauerstoffhaliigen Grup-
pen Zur Aushildung der stickstofthaltigen funkiionellen Gruppen baw. zur Integration des Sticksioffs in das
Kohlenstoffgeriist baw. —gitter durchgefiihrie Warmebshandlung der an ihrer Oherfiicha oxidierian Alkdivkohie
gemidh ainer welloren bovorzugten Ausfihrungsiorm wellerhin anbelangt, 50 Kann a6 arfindungsgemadnl vorge-
sahern sem, oass die Ausriistung, inshesondare Modifizierung undfoder Funktionalisierung, der an fhrer Ober-
fiache oxidierien Aktivkohle mit SHckstoff unter Erwarmen in Form ainer einstufigen Warmsbehandiung sifoigt.
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[0084] Diesheziglich kann a8 inshesondare vorgasehen sain, dass dis Ausriistung, inshesondare Modifizia-
rung baw, Funidionalisieruny, dev an ihrer Obarfidche oxidierten Aldivkohia mil Stickstoft unter Erwdrmen auf ai-
nen Temparatrberaich von 300°0 bis 700°C, insbesondare 400°C bis 6000, varzugsweise 40070 bis 853°C,
durchgeflibrt wird, inshesonders fir eine Zeitdauer im Bereich von 0,1 Stunden his 15 Stunden, hevorzugt 0,
2 Stunden bis 10 Stunden, vorzugsweiss 0.5 Stunden his 8 Stunden. Auf disss Welse werden inshasondore
stickstofthattige funktionalle Grupnen, wie sle zuvor definiert worden sind, ausgebildet

(0081] Erfindungsgemal kann es auch vorgesehen sein, dass dis Ausrisiung, insbesonders Modifizierung
undinder Farddionalisierung, der an frer Cherfiiche oxidierten Aktivkohle mit Slickstolf unier Erwiirmen agl
eingn Tempereturbereich vonr 780°C bis 1.200°C, insbesondare 840°C bis 1.100°C, vorzugsweise 830°C bis
1.050°C, durchgeflbet wird. Diesheziglich kann inshasondere flir sing Zeitdauer im Bareich von 4.1 Stundan
bis 15 Stunden, insbesondere 0,2 Stundan his 10 Stunden, vorzugsweise 0.5 Stunden bis § Stunden, varfah-
ven wearden. b Rahmen der zuvor beschriebenen Warmabehandiung erfolgt insbesondare eine infegration
bzw. gin Fmbau des Stickstoffs in das Kohlenstofigeriist hzw. die Kohlenstofmatrix der an ihrer Oberfliche
oxidierten Aktivkohla, insbesondere wie 2uvar definiert. Auf Basis dieser Verizhrenstiihrung mit siner Wirme-
behandiung unter hdheran Temperaturen erfolgt somit vorrangig eine Immobilisieruny des Sticksioffs aufgrund
giner chemischen Anbindung baw. Istegration von Stickstoff an baw. in das Kohlenstofiger(ist bzw. Kohlsn-
sioffgitter der Aktiviiohle, wobai auch diesbeziiglich - ohine sich auf disse Theoris beschrénken bzw. festlegan
zu wollen — zundchst sticksioffhaltige funktionelle Grupnen geblidat werden kinnen, welche nachiolgend 2ur
{Uberfitrung des Sticksiodfs in die Kohlenstoffstrukluy gewissermalen thermisch hzw. auf Basis von Pyrolyse
zarselzt wardan, 50 dass i Endproduki raakiiver baw. katabvtischer SticksiodT direkt in das Kohlenstoffgariiat
der so behandelten Akivikohle eingebaut bzw. inkorporiert vorliagt,

(0082] Gemil siner weiteren edfindungsgemaf bevorzugten Ausfihrungsform kann dis Ausriistung, insbe-~
sohders Modifizierung hew. Funklionafisierung, der an ihrer Oharfldche oxidiorton Aktivkohia mit Stickstoff auch
urder Erwirmen in Form einer mehrstufigen, inshesondere zweistudigan Yirmebshandiung erfolgen.

[0083] In diesem Zusammenhang kann es erfindungsgemal inshesondere vorgesehen sein, dass die Aus-
ritstung, inshesondere Modifizierung und/oder Funktionalisiorung, der an threr Oberfldche oxidierlen Aktivkoh-
fe mit Stickstoff In einer ersten Warmebehandlung unter Erwdirmen auf elnen Temperaturberelch von 306°0
bis 700°C, inshasondere 400°C bhis 804°C, vorzugsweise 400°C bis 550°C, und einsr nachiclgenden zwelien
Warmehshandlurg unter Erwarmen auf sinen Temperaturbersich von 750°C bis 1.200°C, insbesonders 800°C
bis 110070, vorzugsweise 850°C bis 1.080°C, durchgefithrt wird. Inshesondere kinnen dabet die jeweiligen
Wiarmebshandiungen, unabhéingig vonelinander, fiis aine Zelidauer im Bersich von 0,1 Stunden bis 15 Stunden,
insbesonders 0,2 Stunden bis 16 Stunden, vorzugsweise 0,5 Stunden bis 8 Stunden, durchgefithrl werden,
insbesondere werden auf diese Weise im ersten Schritt die stickstoffnaligen funktionellen Gruppen gebildat,
welche dann im zweilten Schritt unter Pyrolyse zerselzt werden, wobei der Stickstoff in das Kohlenstoffgeriist
Oberfitwt brw. cingebaut wird.

[0024] Dhe Temperatur der Warmebshandiung hat somit singn signifikanten Einfluss auf dis chamischs Kon-
stitution des in die Aktivkohie eingahrachten Stickstoffs. Bei niedrigen Tamparaturen der Wirmebehandiung,
wia zuvor definiart, rasuitisr] vorranglg dis Bildung von sticksioffhaltigen funktionellen Gruppen, und bel hiha-
ran Temperaturen, wie zuvor definiert, erfolgl inshasondere baw. vorrangig ein Einbau baw. eing integration
des Stickstoffs in die Gerlststruktur der Aldivikohle.

(00851 In diesem Zusammenhang kanh e5 auch vorgesehen sein, dass im Angchiuss an die Ausriistung,
insbesonders Modifizierung und/oder Punktionalislerung, mit Sticksiolf sine Aufreinigung undioder Trocknung
der erhaitenan Aldivkohle edoigh. In digsem Zusammenhang kann dis Aufreinigung mittels mindestens eines
Waschvorgandes in einer Flilssigkeil, insbesondere Wasser, erfolgen. Zudem kann eine Trocknung unter Er-
warmurg der mit Stickstoff ausgerisisten Aklivkohle, inshesondere auf Temperatuaren im Beareich von 40°C
bis 200°C, insbesondare B0°C bis 180°C, vorzugsweldss 80°C bis 120°C, erfolgan kdnmen, Darch den Aufral-
nigungs- bzw. Waschvorgang werdsn inshesorwders auch Verbrennungsriickstdnde von der mit Stickstoff mo-
difizierten Aklivkohie entfernt.

[0086] Aufgrund der erfindungsgemal realisierten Verfabransfihrung kann der Stickstoffgehalt der bahandel-
ten Akiivkohls signifikant gesteigart werdan, wobsl flir das erhaltens urd mit Stickstoff modifizierte Produkt
der Gehalt an flichtigen Bestandteila (8"} der Altivkohie als Mall auch filr den Gehalt an Stickstoffgruppen
nach erfolgler Stokstoffimodifizierung haw. funktionalisiorung herangezogen werden Kanhn, insbesonders im
Hinblick auf die zuvor definerten stickstoffhaltiven funktionelten Gruppen: So kann die mit Sticksioff ausge-
riistete Aldivkohie singn Gehalt an fillchtigen Bestandisilen OB, berogen auf das Trockengewicht der mil
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Stickstoff ausgeristelen Aklivkohle, von mindestens (0,1 Gew.-%, insbesondere mindastens 0.2 Gew.-%, vor-
Zugsweise mindestens 0.3 Gaw -%, bevorzugt mindestens 0.5 Gew.-%, besonders bevorzugt mindesians 1
Gew.-%, ganz besonders bavorzugt mindsstens 2 Gew.-%, undfoder im Beraich von 0,1 Gew .~-% bis 20 Gew.-
%, insbesondere 0,2 Gew.-% his 15 Gew -%, vorzugsweise 0,3 Gew.-% bis 12 Gew.-%, hevorzugt 0,5 Gew.-
9% bis 10 Gaw.-%, bosanders bovorzuat 1 Gew-% bis 10 Gaw -%, aufwsisen. Auch diesbaziiglich kdnnen
die fiichtigen Bestandieils {"B°) auf Basis der Norm 180 562:1981 bzw. untar Brvirman fiir 7 Minuten auf
ging Temperatur von $30°C unter nertatmosphiére bestimmi werden, wobsi inshesondere von der Trocken-
substany ausgegangen wird,

{8087] Dariber hinaus kann die mil Sucksioff ausgeristets Aklivkohie einen Sticksiofigehalt (d. h. Cesamt-
stickstoffigehalt), bezogen auf das Trockengewicht der mit Stickstoff ausgerisieten Aktivkohla, von mindes-
tens 0,1 Gew.-%, inshesondere mindestens 0,2 Gew.-%, vorzagsweise mindestens 0,3 Gew ~%, bevorzugt
mindestans 0,5 Gew.~%, besondsrs bevorzug mindestens 1 Gew.-%, ganz besondars bevorzugt mindestans
2 Gew -%, undfoder i Bareich von 8,1 Gew.-% bis 30 Gew -%, insbesondere 0,2 Gew.-% his 25 Gaw %,
vorzugsweise (0,3 Gew.-% bis 20 Gaw.~%, bevorzugt 0,5 Gew.~% bis 15 Gew ~-%, besonders bevorzugt 1 Gew .-
% bis 15 Gew.-%, aufweisen. In diesem Jusammenhang soliften mindastens 50%, inshesondere mindestens
G0%, vorzugswelse mindestens 70%, bavorzugh mindestens 80% des Stickstoffs, bezogen aul den Gesamt-
stickstofigehalt, in der mit Stickstolf ausgeristeten Akliviiehde chamisch gebunden und/oder integriert vorlie-
gen undioder nicht in Form von flichtigen Bastandisiian (787 in dar mit Sticksiol ausgeriisision Aklivkohie
vorliegan. Gleichermalien soliten in diesem Zusammaenhang 50% bis 89,9%, inshesondere 60% bis 29%, vor-
zugsweiss T0% bis 05%, bevorzugt 80% bis 90%, des Stickstolfs, bezogen auf den Gesamistickstofigehalt, in
der mit Sticksioff ausgeriisteten Aldivkohia chamisch gebunden undioder integriert vortiegen undiodar nicht in
Form von flichtigen Bastandtgilen (TIB7) in der mil Stickstoff ausgerisisten Aklivkohie vorliegen. Mit anderan
Waorten solite der Stickstoff auf Basis der obigen Ausfilhrungen bew, der obigen Mengen in das Kohlenstoff-
gerlist bzw. -gitter der Aktivkohig integriert vorfiegen, wobel dann der restliche Anteil an Slicksioff In Form von
stickstoithaltigen funktionallen Gruppen voriiegt, insbesondere wie zuvor definiert, Hierdurch wird sine Deson-
ders guie katalvlische Aklivitdt baw. Reakiivital bel gleichzsitig hervorragender Bestandigkeit der Ausriisiung
mit Stickstoff amreicht.

[0088] In dissem Zusammenhang werdan im Allgemeinen die hitheren Werte [ den in das Kohlenstofigardst
brw. -gitter der Aktivkohie intsgrierten Stickstoff erreicht, wenn die Ausriisiung, insbesondere Modifizieruny
undfoder Funitionalisisrung, der an ihrer Oberfliche axidiertan Aldivkohle mit Stickstoff unter Brwdrmen auf
sinen Temperaturbareich von 750°C bis 1.200°C, insbasondere wia zuvor definiert, durchoefiihrt wird. Der
Stickstoff fiagt dann aflenfalls nur 2a sinam garingan Antell in Form von stickstofihalligen funktionalien Grope
pan vor, Dagegen werden im Aligemainen geringere Werle fir den in das Kohlenstofigerist baw, ~gitter der
Aktivkohie integrierten Stickstoff erreicht, wenn die Ausrlistung, inshesondere Modifizierung undioder Funk-
tiohalisierung, der an ihrer Oberfldche oxidierien Akiviiohle mit Stickstoff unter Erwidrmen auf einen Tempe-
raturberaich von 300°C bis 700°C, insbesonders wis zuvor definiert, durchgeflihrt wird. Wie 2uvor erlautert,
liegt der Stickstoff dann zu einem grdéllaren Anteit in Form von stickstoffhaltigen funktionallen Gruppen vor,
Higrdurch kann insbesonders elng verbessarte Abbauisistung geqgeniiber bestimmian Substarnzen, wie insbe-
sonders Formatdehyd, erreicht werden,

[0D89] Weiterhin kann die mit Stickstoff ausgerisiele erfindungsgemaiie Akiivikohle sinen Gehalt an in das
Kohlenstoffgeriist singebautem bzw. infegriertem {d. h. sczusagen immobilisiertem) Stickstoll, bezogen auf
das Trockengewicht der mit Stickstoff ausgeriisteten Aklivkohie, von mindestens 0,05 Gew.~-%, inshesondere
mindestens 4,1 Gow -%, vorzugswelse mindestans 0.2 Gow.-%, bevorzugt mindestens 0,3 Gew.-%, besondars
hevorzugh mindestans 0,9 Gaw %, ganz basonders bevorzugt mindestens 1 Gew.-%, bzw, im Barsich von 0,
48 Gew.-% bis 30 Gew.-%, inshesonders (0,1 Gaw -% his 20 Gew -%, vorzugsweise §,2 Gew -% bis 20 Gew.-
%, bevorzuat 0,5 Gew.-% bhis 15 Gew -%, aufweisen,

[0006] In diesem Zusammenhang kann der leweilige Stickstoffgehall der edindungsgermalen Aktlvkohlen mit
an sich bekannien Methoden bestimmt werden. Der Gesamistickstoffgehalt kann mittels an sich bekannter
Elementaranalyse bestimmi werden, wihtrend die Ermittung der fllichtigen Bestandielle (18" gemaf der iSO
5621981 erfolgen kann. Aus der Differanz von mitlels Elemantaranalyse bestimimtem Gesamisticksinffgehalt
sinerseits und gemafl der 180 562: 1981 bastimmitem Gehalt an flicHigen Bestandteilen {4, k. fllichtigen stick-
stoffhaltigen funktionailan Gruppen) kann dann der Gehalt an immobilisiertam baw. in das Kohlenstoffgeriist
singeboutem Stickstoff ermiltelt werden,

[0081] Nachfolgend werden weiters charakiarislische Eigenschafien bzw. Parameter dar mit dem erfindungs-
gemal durchgsfithvten Verfahren erhiitiichen Aktivkohis definiert. Die nachickiendsn Parameigrangaben be-
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zixglich der im Rahmen deg edfindungsgemal durchgefihrien Verfahrens arhdltlichen sticksioffmodifiziertaon
bzw. stickstofffunktionalisierten Aklivikohie werden dabel mit genormien oder explizit angegebanen Bastin-
mngsverfahren odar mit dem Fachaann an sich geldufigen Bestimmungsmethoden hastimndd, inshasondare
die Parameterangaben betreffend die Charakierisiarung der Porositdt, der Porengrdlenverteilung und anderer
Adsorptionssigenschafton argeben sich im Aligemsinen jowalls aus dam batreflendan StickstofMsorptiongiso-
thermen dar belraifenden Aktivkohle baw. der vermassenan Produkis,

[8082] Insbesonders wird im Rahmen der vorliegenden BErfindung eing mit Stickstofl ausgeriistate Akivkohie
bzw. gine stickstoffmodifizierte oder stickstofffunktionslislente Aklivkohia erhialtan, welche sin Gesamitporenvo-
fumen, inshesondere ein Gesamtporenvolumen nach Gurvich, im Bereich von 0,4 ls 4 cmY/g, insbesondere
(.5 his 3,5 cw¥/g, vorzugsweise 0.6 bis 3 om¥y, besonders bevorzugt 0,7 bis 2,5 om’/y, aufwsist. In dissam
Zusammenhang soliten 30 bis 99%, inshesondare 40% bis 38%, vorzugsweise 50% bis 35%, des Gesamtpo-
renvoltimans, inshesondare des Gesamiporenvolumens nach Gusvich, der mit Stickstoff ausgaristatan Akt
kohle, durch Poren mit Porendurchmsssemn von < 30 nm, inshesonders durch Mikro- und/oder Mesoporsn,
gehildet werden. Gleichermaiten soliten in dissem Zusammenhang 10% bis B5%., insbesonders 20% his 30%,
vorzugsweise 30% bis 75%, das Gesamiporenvolumens, inshesondere des Gesamiporanvolumens nach Gur-
vigh, dar mit Sticksioff ausgariisteten Aktivkohle, durch Poren mit Porendurchmessarm im Bereich von 2 nm
bis 80y, insbesonders durch Mesoporen, gebildet warden,

(00931 Was die Bestimmung des Gesamiporenvolumens nach Gurvich anbelangt, so handel s sich um eine
dem Fachmann auf diesam Gebilet an sich bekannte Mess-Bastimmungsmethode. Zu weltergehenden Einzel-
heiten heziiglich der Bestimmung das Gesanmtporanvodumens nach Gurvich kann beispielsweise verwiesen
werden auf L. Gurvich (19158}, J. Phys. Chem. Soc. Russ. 47, 8035, sowie auf 5. Lowedl et g, Characterizali-
on of Porous Solids and Powdars: Surface Area Pore Size and Density, Kiuwer Acadamic Publishers, Ardicte
Technology Serias, Saften 1111

[0D34] Insbesonders kann es im Rahmen der vorliegenden Erindung vorgesehen sein, dass die mit Stickstoff
ausgeristete Aktiviohle ein durch Poren mit Porendurchmessern £ 2 nim geblidetes Porenvolurmen, insheson-
dere Mikroporenvolumen nach Carbon Black, insbesondere nach Auswertung mittels tplot, im Bereich von 0,
05 his 2 om®y, inshesondare 0,1 his 1.5 oy, vorzugsweise 9.2 bis 1,1 onvg, basonders bevorzugt 4.3 bis
1 cmi¥g, aufwelst. Gleichermaflen karm es vorgesehen sein, dass 10% bis 36%, insbesordere 20% bis 95%,
vorzugsweise 30% bis 80%, des Gesamiporenvolumens der mit Sticksioff ausgeriisteten Aktivkohle durch Po-
ren mit Porandurchmessern von = 2 nm, insbesondere durch Mikroporen, gebildet werden.

[4085] Die Bestimmungsmethode nach Carbon Black ist dem Fachmann an sich bekannt, 50 dass s diesbe-
ziglich keiner weilergehenden Einzelheiten badarf. Zudem kann 2u weitergehenden Einzelhsiien der Bestim-
mung der Porenoberfidchs und des Porenvolumens nach Carbon Black beispielsweise varwiesen werden auf
H. W, Mages, Evaluation of the External Surface Area of Carboh Black by Nitregen Adsorption, Prosentad at
the Meeting of the Rubber Division of the American Chem. 8oc., Colober 1984, z. B referiert in: Guardachro-
me Instruments, AUTOSOREB-1, AS1 WinVersion 1.50, Operating Manual, OM, 05061, Guantachroms Instry-
ments 2004, Florida, USA, Saiten 71

[0D8E] Im Ralinen der vorliagenden Erfindung ist as gleichermaifien vorteilhafi, wenn die stickstoffimodifizier-
te bew. stickstofffunidionalisiorte mit Stickstoff ausgsriistete Aktivkohle einen mittleren Porsndurchmesssy im
Bereich von 1 bis 60 nim, inshesondere 1 bis 55 nm, bevorzugt 1.5 his 30 nm, besonders bevorzugt 2 bis 45
run, atfweist.

[80%7] Um die Sorplionseigenschafien der mit dem erfindungsgemal durchgefihrtsn Verfahren erhiilichen
mit Stickstoff ausgeriistatan Aktivkohie zu erhalten bzw. zu gewahriaisten, solite die mit Stickstoff ausgeriistele
Aldivkohis sine spezifische BET-Oberfldche im Bereich von 500 m/g bis 3.500 m¥g, insbesondere 800 bis
3.000 miy, vorzugsweise 700 bis 2,750 mPg, besonders bevorzugh 800 bis 2.500 m#g, aufwsisen

(00981 Die Bestimmuing der spezifischen Oberfliche gemall BET ist dem Fachmann grundsédizlich als solche
bekanni, so dass dissbaziiglich keine weltergehendan Einzslheiten ausgefihrl 2u warden brauchen. Sémtliche
BET-Cherfiachenangabern baziehen sich auf die Bestimmung gemafl ASTM DE5S6-04, Im Rahmen der vor-
liegenden Erfindurng wird zur Bestimmung der BET-Oberildche - im Aligemsinen und sofern nachiolgend nicht
ausdrickiich abweichend angegeben — die so genannie MultiPoint-BET-Bestimmungsmethode (MP-BET) in
ginoin Partialdruckberaich pipg von §,08 Dis 0,1 angewendat,
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[0099] In Bazug aul wellergshende Einzetheifen zu der Bestimmung der BET-Oberflache bew. zu der BET-
Methode kann auf die vorgenannie ASTM DB5B56-04 sowie auf Fdmpp Chemielaxikon, 10, Auflage, Georg
Thieme Verlag, Stultgart/New York, Stichwort: "BET-Methode”, einschdiefilich der dort refarierten Literatur, und
auf Winnacker-Kichler (3. Auflage), Band 7, Seiten 93 ff. sowie auf £, Anal. Chem. 238, Seiten 187 bis 183
{1968, verwiesen wardan.

[§180] Des Weileren ist as von Voriell, wenn die stickstoffmadifizierie baw. stickstofffunkiionsalisierts baw. die
mit Sticksioff ausgeristete Aktivkonle eine durch Mikroporen gebiklaie Oberflache von 400 his 2.5300 mey,
insbesonders 500 bis 2,360 m¥fy, vorzugswaise 800 bis 2,100 ¥y, besonders bevorzugt 700 big 1.800 avy
g, aufweist.

{01811 Die stickstoffmodifizierte bzw. stickstofffunktionalisisrle baw. die mit Sticksiolf ausgeriistete Altivkohie
solite zudern aine Dichte vors 1,1 bis 3,5 g/mil, inshesonders von 1,5 bis 3 gfml, vorzugewelse von 1,75 bis 2,
78 gimd, bevorzugt von 2 his 2.5 gimi, aufwsisen.

[3182] Gleichermalisn sollle die sticksioffmodifizierte baw. stickstofffunkiionalisisrie bzw. dis mit Stickstoff
ausgeriistate Aktivkohle alne Schiitidiohte von 0,1 bis 1,5 ¢/mi, insbesondere von 0,15 bis 1 g/mi, vorzugsweise
von 0,2 bis §.8 g¢/mi, bevorzugt von 0,3 bis 8,6 g¢/mi, aufwaisen.

(01931 Zudem ist es von Vorteil, wenn die stickstofimodifizierie bazw. stickstofffunklionalisierte bzw. mit Stick-
stofl ausgeriistots Aktivikohle sing Druck- undioder Berstfastigkeit (Gewichishelastharkelt) pro Aktivkohlekorn,
inshesondere pro Aktivikohiekiigeichen, von mindestens 5 Newton, insbesondere mindastens 10 Newlon, vor-
rugsweise mindestens 15 Newton, bevorzugt mindsstens 20 Newton, aufweist undioder dass gdis Aktivkohie
ging Druclk- undioder Berstfestighelt (Gawichisbelastbarkeit) pro Aklivikohiakorn, inshesondere pro Aktivkohle-
kilgalchan, im Baraich von § bis 50 Newton, insbesondere 10 bis 45 Nawlon, vorzugsweise 15 bis 40 Newton,
auweist,

[0144] Was darlber hinaus die im Rahmen des effindungsgemal durchgefiihrten Verfahrens singesetaie Ak
tivkohle baw. Ausgangsakiivicohle anbelangt, weiche zundchsi an ihwer Qberfidche oxidiert und nachiclgend
mit Stickstolf modifizient bzw, ausgeristet wird, anbelangt, so kann diesbeziglich elne Vielzahi unterschiedil-
char Aldivkohlen, beisplelsweise mit unterschiedlicher Porenstrulduy im Hindlick auf die Verteilung von Mikro-,
Meso- und Malvoporen, eingesetzt werden, inshesondere kfinnen kommerziali erbalttiche bzw, handelsiibliche
Aktivkahien singasetzt warden. im RHahmen der vorliegendan Erfindung zum Einsatr kommendsg Aktivkohian
wardan balspislsweise von der Blichar GmbH, Erkrath, Deutschiand oder der AdsorTach GmbH, Preminitz,
Dautschiand. vertriehen.

[8145] Was dis erfindungsgemal singesetzte Aktivhohle bzw. Ausgangsaktivicohle weiterhin anbelangt, so
werden diesbezdgliich inshesondere eing kornlfdrmige, inshesondere kugelfdrmige Aktiviiohie verwendet. Die
sinQessaizie Aktivikohle bzw. Ausgangsaitivkohle, inshesondere Kornkohle oder Kugelkaehle, kann dabed nach
hekannten Verfahren des Stendas erhaiten warden: Ublicherweise werden zu diesem Zweck korn- bzw. Ku-
gelftrmig sulfonierte organische Polymere, inshesonders auf Basis von divinvibenzolvernatziem Polystyrol,
carbonisiart und anschiieBend zu deor betreffond an Aldivkohile aldiviert. Fir weltergehands disshaziglichs Ein-
zatheiten kann belspislswaise auf die Druckschriften DE 43 28 219 A1, DE 43 04 026 A1, DE 196 {0 237 A1
sowle EF 1 918 022 A1 baw. auf die paraliele, zu dersalben Patentfamilie gehdrende US 7,737,038 B2 ver-
wigsen wardan. Glaichermafien kann auch Aldivkohie auf Basis anderer Ausgangsmateriaiien, wie Pach oder
dergleichen, zum Einsalz kommen. Derartige Aktivkohlen sind dem Fachmann als sciche bekannt,

[8186] Insbesondere wird im Rahmen der vorliegenden Erfindung sine Aktivikohle als Ausgangsmaterial ein-
gesatzi, welche Partikelgréfan, inshesonderse Tellchendurchmasser, im Bareich von 0,001 bis 2 mm, insbe-
sondera 4,01 bis 1 mm, bevorzugt 0,08 bis 0,8 mm, vorzugsweise .1 bis 0.7 mim, besonders bevorzugt 4,15
bis 0,8 mum, aofwaist. Dabei sollten, hezogen auf die Aktivkohie, mindastens 80 Gew -%, Inshasondere min-
destens 00 Gew.-%, vorzugsweiss mindestens 95 Gew % der eingesetzten Aldivkohie Partikelgréfien, inshe-
sondere Telichendurchmasser, in den vorgenannten Bereichen aufweaisen. Weiterhin ist s erfindungsgemdl
vorteithaft, wern die als Ausgangamaterial singesetzie Akthvkohle mitllere Partikelgrdfien (D50}, insbesonde-
re miltlere Telichendurchmasser {DB0), im Bereich von 0,01 bis 1 mm, inshesondere 4,09 bis 2,8 mm, bevor-
zugt G,1 bis 4.8 mm, vorzugsweise .15 bis 0.5 mm, besonders bevorzugt 3,2 bis 0,4 mrm, aufweist. Die ent-
sprechenden Telichengrien bew. -durchmesser konnen beispislsweise auf Basis der Methode nach ASTM
D2862-97/4 bestimmt werden. Zudem kénnen die vorgenannten Groflen mit Bestimmungsmethoden auf Ba-
sis siner Siebanalyse, auf Basis von Rindgenbaugung, Laserdiffrakiomebie cder dergleichen bastinunt wer-
den. Die jeweiligen Bestimmungsmethoden sind dem Fachmann ais solche wohlbekannt, 8o dass es dieshe-
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zixglich kedner weiltoren Ausfibrungen bedarf. Die angegehenen Parameler dor Ausgangaktivkohle finden sich
in entsprechender YWeise auch in der sticksioffmodifizierten bzw, sokstofifunitionalisierten Aklivkohie wieder,

{01871 Das erfincungsgemal durchgefithrte Verfahren ist mit einar Vielzahi von Vorteilen verbunden, wie sie
heralls zuvor angafibrl sind, Aufgrund dor herausragendan Sorptionseigenschalten der mit dem erfindungs-
gemdn durchgefihiten Verfahren erhalienen pzw. erhditichan Althvikohle ist ein breltes Einsaiz- baw. Vearwan-
dungsspekirum méglich, wie a8 nachiolgend noch im Detall angeflihnt ist.

[0188] Weiterer Gegenstand der vorliegenden Erfindung — gemdf ainern zweilen Aspekt dor vorliegendan
Erfindung - ist die srindungsgemafie stickstofimodifiziente baw. stickstolffunktionalisierte Aktivkehle als solb-
cha, inshesondere mit katalytischen baw. reakliven Eigenschafien, vorzugswaise mit Stickstoff als katabtisch
aktivam Hetercatom.

[8183] Dhe stickstoffmodifizisrte bew. siickstofffunktionalisisrie Akthviohie nach der Erfindung ist durch Gher-
flachenoxidation einer ais Ausgangsmaterial eingesetzten Aktivikohle {"Ausgangsakiivkohle”) unter Verwen-
dung hzw. in Gegenwart mindestens eines Oxidationsreagenzes {"OR™} und nachiclgender Ausristung, ins-
basondere Modfizierung baw. Funkbionalisierung, mit Stickstoff der auf dinse Weise erhialtanen, an lhrer Ober.
flache oxidierten Altivikohie unter Verwendung bzw. in Geganwart mindesiens eings Stickstoffmodifizierungs-
reagenzes {"SMRT} arhililich.

[0118] Somit helnifit die vorliegends Exfindunyg gemidl diesam Erfindungsaspeakt auch dis stickstoffmod fizierle
bzw, stickstofffunitionalisierte Aktivikehie ais solche nach der Erfindung, insbesondera mit Katalylischan bzw,
reaktiven Figanschaflen, vorzugswaise mit Stickstoff als katalytisch akiivem Metercatom. Dis arfindungsgema-
fla Aktivkohie zeichnet sich dadurch aus, dass Stickstoff unter Aushildung chemischer Bindungen, vorzugs-
waise untar Ausbildung kovalanter chemischer Bindungen, an die Aktivkohle gebunden ist.

{91117 Was die erfindungsgemafie Aktivkohls hzw. die mit Stickstoff ausgeriistete Aktivkohle nach der Erfin-
dung als solche weiterhin anbelangt, so kann es erfindungsgemil vorgesshen sein, dass Sticksioff in Form
mindestens einer sticksiofthaltigen funktioneilen Gruppe, insbesondere ausgewahlt aus der Gruppe von Ami-
nen, insbesondera primdren, sekunddren, fortidran und quandren Aminen, Iminen und Azinen sowia deren
Komisinations i exrfolgh. Insbesonders kann der Stickstoff in Form von Amin-, Imire, Azin-, Pyrol-, Nitril-, Nitro-,
Nitroso~, Pyriding, Imid- Amids, Lactame und Pyridongrupoen sowie deren Kombinatinnen, vordisgen. Dabel ist
der Stickstofl vorzugswaeise an der stickstoffmodifizierten und/oder stickstofffunktionalisierten Aktivkohle ge-
bunden, vorzugsweise chemisch urdioder Kovalent gebundern,

{0112} Glsichermalen karm es erfindungsgemal vorgesshen sein, dass in Bezug auf die stickstoffmodifizierie
undioder stickstofffunktionalisierte Aktivikohie nach der Erfindung Sticksioff in das Kohlenstoffgeriist baw. in
die Kohienstoffmalrx der stickstoffimodifizierten baw. stickstofffunidionatisierten Aktivikohle vorzugsweise unter
Ausbiklung kovaelenter chemischer Bindungen, insbesondere zwischen Stickstolf einersaity und Kohlenstoff
anderorseits, integrisont bzw. singebaut ist.

{01137 I Rahmen der vortiegonden Erfindung Kann e8 vorgesehen sein, dass die stickstoffmoedifiziarte und/
oter sickstofffunktionatisiane Aktivkohie ainen Gehall an filichtigen Bestandielien (18"}, bezogan aul das Trow
ckengewichi der mit Stickstoff ausgerlistetan Aktivkahle, von mindasiens 0,1 Gew.-%, insbesondsere mindss-
tens 0,2 Gew.~%, vorzugsweise mindestens 0,3 Gew.-%, bevorzugt mindestens 0.5 Gew.-%, besonders be-
vorzugt mindestens 1 Gew.-%, ganz besonders bevorzugt mindestens 2 Gew.-%, und/ader im Bereich von 0,
1 Gaw -% bls 20 Gew -%, Inshesondare §.2 Gew.~% bis 15 Geaw.-%, vorzugswaise 0.3 Gew.~% bis 12 Gew.-
%, hevorzugt 0,5 Gew -% bis 10 Gew -%, besonders bavorzugt 1 Gew -% bis 10 Gew -%, aufweist Wis zuvor
angefihil, kSnnen die flichtigen Bestandteite ("B") als Mall fir den Gehalt an Stickstoff im Hinblick auf das
Vorliegen in Form von stickstoffhaltigen funklionellen Gruppen, insbesondere wie zuvor definiert, herangezo-
gan wesden. Fiir die dissbeziglichen Bestimmurngsverfabren kann auf ohige Ausiiihrungen verwissen werden,

[{8114] Weiterhin ist es i Rahmen der vorliegenden Erfindung von Vorledl, wenn die stickstoffmaodifizierie how.
stickstoffiunktionalisisrie Aklivkohle ainen Stickstoffgehalt, bezogen auf das Trockengewicht der mit Stickstoff
susgeristeten Aldivkohle, von mindsstens §,1 Gew .-%, inshasondere mindestens 3,2 Gew -%, vorzugswei-
se mindestens 0.2 Gow.-%, bovorzugt mindostens 0.5 Gew.-%, besonders bovorzug! mindestons 1 Geow.-
%, ganz hesonders bevorzugh mindastens 2 Gew.-%, und/oder im Bereich von 0,1 Gew -% bis 30 Gaw.-%,
insbesonders 0.2 Gew.-% bis 25 Gew -%, vorzugsweise §,3 Gew.-% bis 20 Gow -%, bevorzugt 0.5 Gew.-%
bis 18 Gew.-%, besonders bevorzugt 1 Gew % his 15 Gaw.-%, aufweist, Digsbaziighch sollfen mindastens
50%, insbhesonders mindastans 63%, vorzugsweise mindestans Y%, bevorzugt mindestens 80%, des Stick-
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sioffs, bazogen aul den Gesamistiockstofigehall, in der stickstoffmodifizicrten baw. sticksloMunklionalisiorion
Aldivkohis chemisch gebunden baw. integriert vorlisgen undfoder nicht in Form von flichtigen Bestandiailan
{"B7) in der stickstofimodifizierten undioder stickstofffunktionalisierten Aktivkohie vorliegen. Indissem Zusan-
menhang soliten 50% bis 89.9%. inshesondere §0% bis 4%, vorzugsweise 70% bis 85%, bevorzugt 80%
his 90%, des Sticksiolfs, bezogen aul den Gesamistickstofigehall, in der stickstoffmodifizienten haw. stickstof-
furiktionalisisrien Akiivkohle chemisch gebunden bzw, infegriert vorllegen undfoder nicht in Form von flichil-
gen Bestandiefien ("B"} in der sticksioffmodifiziertan undioder stickstofffunktionalisiarien Aklivkohie vorliegen.

[0115] Weiterhin kann die mit Stickstoff ausgerisiele erdindungsgemiiie Aklivikohle sinen Gehall an in das
Kohlenstoffgeriist cingebautem bzw. infegriertem {d. h. sczusagen immobilisiertem) Stickstoll, bezogen auf
das Trockengewicht der mit Stickstoff ausgeristeten Aldivkohie, von 0,05 Gew.-%, insbesondere mindestans
0,1 Gew -%, vorzugsweise mindestens 0,2 Gew -%, bevorzugt mindestens 0,3 Gew .-%, besonders bevorzugt
mindestans 0.5 Gaw %, ganz basonders bavorzugt mindestans 1 Gaw =%, baw. i Barelch von 6,05 Gew ~%
bis 303 Gew-%, insbesondare 1,1 Gew.-% bis 20 Gew.-%, vorrugsweise 0,2 Gew -% bis 20 Gew -%, bevorzugt
4,5 Gew.-% bis 15 Gew -%. aufveisan.

[8118] Insbesonders zeichnet sich die affindungsgemdle Aldivkohla mit Sticksloifmodifizierung baw Stick-
stofffunkiionalisierung auch durch die folgenden Parametar aus; fir dis dissbeziiglichen Bestimmungsverfah-
ran kann gleichermalien auf obige Ausfuhrungan verwiesen werdan:

Erfindungsgemal solite die stickstoffmodifizierte und/oder stickstofffunktionalisierte Aktivkohle ein Gesamipo-
rerwvoluman, insbasondere ein Gesamiporenvoinmen nach Gurvich, im Bereioh von (.4 bis 4 om™y, insheson-
dera 0,6 bis 3,5 omY/g, vorzugsweise 0,6 bis 3 om¥g, besonders bevorzugt 8.7 bis 2.5 emv'fy, aufwaisen,

[0117] Diesheriighch sollien mindestens 30% bis 99%, inshesondere 40% bis 89%, vorzugsweise 50% bis
88%, des Gesamiporenvolumens, insbesondars des Gesamiporenvolimans nach Gurvich, der stickstoffimo-
difizierten undfoder stickstoiffunkiionalisierten Aktivkohie, durch Poren mit Porendurchmsssern von < 50 nim,
inshesonders durch Mikro- und/oder Mesoporen, gebildet sein. Inghesondere kKdnnaen dabel 109 big 5%, ing-
hesondere 20% his 0%, vorzugsweise 30% bis 75%., des Gesamtporenvolumens, inshesondere des Geasami-
porenvolumens nach Guvich, der stickstolfmodifizierten und/oder stickstofffunkdionalisierten Aktivkohie, durch
Poren mit Porendwchinessam im Barelch von 2 nim bis 50 nmy, insbesondere durch Mesoporen, gabildet sein,

(0118] Weiterhin sollte dis sfickstoffmodifizierts und/foder stickstefffunktionalisiarte Aldivikohle erfindungsge-
mal ein durch Poren mit Porendurchmassern = 2 nm gebildetes Poranvolumen, inshasondere Mikroparenve-
umen rach Carbon Black, insbasondere nach Auswerlung miltels tplof, i Berelch vor 0,05 bis 2 cm™y, s
besondere 0,1 bis 1,5 cm®/g, vorzugswelss 8.2 bis 1,1 cm’g, besonders bevorzugt 0.3 bis 1 om’/g, aufwelsen,
Dabei sofiten 10% bis 95%, insbesonders 20% his 95%, vorzugsweise 30% bis 0%, des Gesaminorenvoli-
mens der stickstofimaodifizierten undfoder stickstofffunidionalisierten Alitivikohle durch Poren mit Porendurch-
massern von £ 2 nrn, insbasondere durch Mikroporen, gehildet sein.

[0118] Des Yeitoren soilte die stickstoffmodifizients und/oder stickstofffunktionaligierie Aktivikohie nach der
Erfindung sinen miteren Porendurchmaesser im Bereich von 1 bis 60 nim, insbesondere 1 bis 58 nm, bevorzugt
1,5 bis 50 nin, besonders bevorzugt 2 bis 45 nm, aufwelsen.

{9126 Erfindungsgemall sollfs die stickstofmodifizierte undioder stickstofffunktionalisierts Aktivkehle nach
der Srfindung rudem sine spezffische BET-Oberflache im Beraich von 500 m%yg bis 5.500 m¥g, inshesondere
800 bis 3.000 m¥y, vorzugsweise 700 bis 2.750 m'/y, besonders bevorzugt 800 bis 2.500 mPyg, aufwelsen.

[0121] Des Weitersn solite die mil Stickstoff ausgerisiete Aktivkohie eine durch Mikroporen gebildete Ober-
flache von 400 bis 2.500 miy, inshesondere 500 bis 2.300 m¥y, vorzugsweiss 800 bis 2100 miig, besonders
bavorzugt 700 bis 1.900 m, aufweisen.

[0122] Dariiber hinaus soilte die mit Stickstoff ausgeriistete Aktivkohle nach der Edfindung elne Dichte von
1.1 bis 3,5 gfmi, inshesondere von 1,5 bis 3 g/mi, vorzugsweise von 1,75 bis 2,75 g/mi, bevorzuat von 2 bis
2.5 gfmi, aufweisen.

[0123] Weiterhin solife die mit Stickstoff ausgeriisiete Aktiviiohle nach der Erfindung eine Schitidichte von 0,
1 his 1.5 g/mi, inshesondera von 0,15 bis 1 g/mi, vorzugsweise von 4,2 bis 0.8 gimi, heverzugt von 0.3 bis
1,6 g, aulweisen.
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[124] Erdindungsgemall soilte die mit Slicksialf ausgeriisiele Aktivkohis zudam sine Druck- und/oder Berst-
festigkeit {Gewichishelastbarkeit) pro Altivkohlekorn, insbasondere pro Aktivkohlekiigelchen, von mindastens
& Newton, insbasondere mindestans 10 Newlon, vorzugsweise mindastans 18 Newton, bavorzug! mindastens
20 Newton, aufweisen. Zudem solite die Aktivikohle sine Druckund/oder Berstfestighkeit {Gewichisbelastbarkeit)
pro Aklivkohlakorn, Insbesondarg pro Aktivkohleklgeichan, Im Beraleh von & bis 50 Nawton, inshasonders 10
s 45 Newton, vorzugsweise 15 bis 40 Mewton, aufweisen,

[0125) Was die sticksioffimodifizierie und/oder stickstofffuniktionalisiorte Aktivkohle wallerhin anbefangt, so
kann diese satbsltragend sein baw, in Form ainer insbesondere losen Schiittung vorkiegt,

[0126] Alternativ ist es aber auch mdgiich, dass die Aktivishie auf einem Tragermaterial aufgebracht ist.

[8127] Indiesem Zosammenhang kann das Trgermaterist gasduschidssiy, inshesondeare ufidureissiy, aus-
gebildst sein.

[0128] Was in diesem Zusammenhang das Trigermaterial als solches anbelangt, 50 sollls disses eine Gas-
durchidssigkeit, inshesonders Luftdurchifissigheit, von mindesians 10 brr?s™, insbesondera mindestens 30
ba®e”, vorzugswelse mindestens 58 fm¥g”, besorders bevorzugt mindestens 100 Im~s7, ganz beson-
ders bevorzugt mindestens 500 Fm2s™, und/oder sins Gasdurchidssigkeit, inshesonders Lufidurchifissighelt,
von bis zu 10.000 im g™, insbasondera bis zu 20.000 Fav?s™, bel einem Strémungswiderstand von 127 Pa
ayfweisen.

(012237 Gemal siner Ausfihrungsform der vorliegenden Erfindung kann das srfindungsgemaRl singessizte
Tragermaterial eine dreidimensionate Strukiur aufweisen. Iinsbesondere kann das erfindungsgemat einge-
soizte Trigormatorial gemaR disser Ausflihrungsform als vorzugsweise offenporiger Schaumstoff, besonders
bevorzugt als Polvurethanschaumstoff, ausgebiidet sain,

[01306] GemaR siner alternativen Ausiilhrungsform dagegen Kann das erfindungsgemal singesetzie Triger-
materiai eine zweidimensionale bazw. fachige Struklur aufweisen. Inshesondere kann bei dieser AusfUhrungs-
form das erfindungsgemal singesetzte Trigermaterial als vorzugsweise texiiies Flichengehiide susgehildet
sein. Beigpielsweiss kann das Trégermateriad als ein textiles Fldchengebilde, vorzugsweise ein kifidurchiassi-
ges Textimaterial, bavorzugt sin Gewsbe, Gewirka, Gestricke, Gelage adar Textiverbundsioff, inshasondare
Vies (Nonwoven), ausgebildet sein. Gleichermalen kann das Tragermaterial ein Fidchengewicht von § bis
1.0040 gim?, inshesondere 10 bis 500 gim®, bevorzugt 25 bis 450 gin?, aufweisen.

[0131] Bei dieser Ausfibrungsform kann das Tragaermaterial sin natlirliche Fasern undfoder synthetische Fa-
sarn (Chemiefasern) enthaltendes oder hieraus hestehendes textiles Fidchengebilde sein. in diesem Jusam-
meanhang kbnnen die natlirlichen Fasern aus der Gruppe von Wollfasern und Baumwolifasern {CO) ausge-
wahit sein. Judem kénnen dia synthelischen Fasern susgewahit sein aus der Gruppe von Polyvester (PES)
; Polvolefingn, insbesonders Polystivden (PE) und/oder Polypropyien (PR}, Palyvinvichioriden (CLFY, Polyvi-
mvlidenchioridan {CLF}); Acetaten {CA), Triacataten {CTA); Polyacryl (PAN)Y; Polvamiden (P4}, insbasondare
aromatischen, vorzugswaeise flammifoastien Polyamiden; Polyvinyialkoholan (FVAL), Polyurethanan, Polyviny-
lestarn; (Meth-)Acryiaten, Polymilchsiuren (PLA), Aldivikohie: sowls deren Mischungsen,

(61321 Uhlicherweise ist die stickstoffunktionalisierte baw, stickstoffmodifizierte Aktivkohie nach der Erfindung
an baw. suf dem Tragermatarial fixierl. Dies kann beisplelsweise miltels Varklebung (2. B. mittels cines Kiab-
stofis} oder indolge von Bigenklebrigkell oder Bigenadhdision, insbesondare des Trigermalerials verwiesen
werden.

[8133] Die erfindungsgemife Aldivicohle mit der Slickstoffmodifizierung baw. Stickstofffunklionalisiarung ist
it elnar Vielzahl von Vorteilen verbunden, wie sis bereils zuvor angeflibet sind,

{81341 Die Aktivkohie nach der Erfindung kenn fir zahireiche Verwendungen eingeselzt werden,

[8135] So kann die stickstoffinodifizierie bzw, stickstofffunktionalisierte Aktivkohle zur Herstellung von Filtarn
und Filtermatorialien aller &, insbhesondere 2ur Entfernung von Schad-, Garuchs- ung Giftstolfan aller Art,
insbesondere aus Luft- und/ioder Gasstrdmen, wie ABC-Schutzmaskenfittern, Geruchsfiltarn, Fldchenfiltern,
Luftfiltern, insbesonders Filtern iy die Raumiufirainigung, adsorptionsfahigen Trigersirukivren und Filtern fr
desr medizinischen Bergich, verwende! warden,
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(3138 Zudem kann die erfindungsgemiiie stickstolimodifizierte bzw. sticksioffiunktionalisierie Aktivkohie zur
Harstellung von Schutzmaterialien aller Arl, inshasondere von Schutzbekledung, insbesondere fiir den zvilan
oder miitdrischen Bereich, wie Schutzanzugen, Schutzhandschuhe, Schutzschuhwerk, Schutzsocken, Kopt-
schutzbekleidung und dergleichen, und von Schutzabdeckungen aller Art, vorzugsweise alie vorgenanrian
Schutzmatariation fiir den ABC-Eingatz, verwandet werdern.

{1371 Dabel weaist die erfindungsgemale stickstoffmodifizierts bew. sicksiofffunkiionalisierts Aktivkohie aus-
gezeichnate Sorptionseigenschalten auf, insbesonders in Bezug auf schwafeihaltige bzw. sticksioffhaltige Ga-
sa, wia Schwefelwassersiolfe, insbesondere Schwefalwasserstolf (H,;8), sowle gegeniber Ammoniak (NH;).

[6138] Inshesondere signet sich die erfindungsgemaie stickstolfmodifizierte bew. stickstofffunktionatiante Ak
tivkohle auch zur Verwendung als Sorptionsspeicher fiir Gase oder Flassigheiten. Zudem kann die erfindungs-
gemdie Akthvkohle mit Stickstofifunidtionalisierung hzw. Stickstoffmodifizierung als Katabysator oder Kataly-
satorirdger Verwendung finden. Fir die vorgsnanntan Anwendungen ist die hohe spezifische Oharfldche und
die ausgezeichnete Reakdivitidt haw. katalytische Aktivitat der edindungsgemidlen stickstoffmodifizierten baw.
stickstoiffunkiionalisierten Aktivikohle von enischeidender Bedeutung,

[413%] Weiterhin kann die erfindungsgemife stickstoffmodifizierte hzw, stickstofffunktionalisicrte Aldivikiohie
fir die chemische Ketalyse, inshesondears 2ur Katalyse chemischer Prozesss und Reaktionen, singesalzt wer-
dern.

[4148] Eine weitere Anwendungsmiglichkelt der erfindungsyemaien stickstoffmodifizierten bzw. stickstol-
funktionglisierten Aktivkohie llsgt in der Verwendung in oder als Gassensoren oder it Brennstofzselien.

[3141] Darlber hinaus liegt eing weiters Anwsndungsmdglichkeit der Aktivkohle nach der Exfindung mit Stick-
stoffmodifiziorung bzw. Stickstofffunkonalisierung By der Verwendung flir sorplive, inshesondare adsorpiive
Anwgndungen, insbesondere als vorzugsweise reakiives und/oder katalytisches Adsarbens.

{01427 Darlber hinaus eignet sich die erfindungsgemiile Altivkohie mil Sickstoffmodifizierung hzw, Stick-
stofifunktionalisierung zur Verwandung Hir die Gasreinlgung bazw. fir die Sasaulbereiturg.

[143] Eine weitere Varwendung der stickstofimodifizierten brw, stickstofffunktionalisiertan Aldivikohiz nach
der Erfindung st im Rahman der Entfarnung von Schadstoffen, inshesondara gasfirmigen Schadsioffen, odar
von umwalischidiichen, gesundheitsschidiichen oder toxischen Substanzen oder Gasen 2u sehen.

[0144] Schilellich eignet sich dis erfindungsgemée stickstofimodifizierts brw. sticksiofffunidionalisierte Al
tiviiohle auch fir die Verwendung zur Aufberaitung undioder Bereitstellung von Reinraumatmosphédren, inshe-
sondere iy die Elektroindusirie, insbesonders 1lr dis Maibleller- oder Chiphersteliung.

[8145] Darlber hinsus bolrifft dic vorlicgende Erfindung - gemall cingm grilten Agpekie der vorlisgenden
Erfindung — Schutzmaterialien, inshesondere fiir den zivilen oder militdrischen Beraich, inshesondare Sohutz-
bakiskdung, wie Schutzanzige, Schutzhandschuhe, Schutzgchubraark, Schutzsocken Schulzbekinidung und
dergleichen, sowie Schutzabdeckungen, vorzugsweise alle vorgenannian Schuizmaterialion fir den ABC-Ein-
satz, welche unter Verwendung der zuvor definierien stickstoffmaodifizierien bzw. stickstofffunitionalisiertan
Aldivkohie nach der Erfindung hergestelit sind baw. welche die zuvor definierte stickstoffimodifizierte bazw, stick-
stofifunktionzlisierte Aldivkohie nach der Erfindung aufergisen.

[0146] Drarliber hinaus sind weiterer Gegenstand der vorliegenden Erfindung -~ gemal sinem vierten Aspekt
der vorliegenden Edfindung ~ Filler und Filtermaterialion, insbesondere zur Entfernung von Schad-, Geruchs-
urid] Giftsioifen aller Arl, insbesonders aus Luft- und/oder Gasstriimen, wis ABC-Schutrmaskentiltar, Garuchs-
filter, Flachenfilfer, Luftfilter, iInsbesondara Pllter {lr die Raurmioftreinigung, adsorptionsfihige Tragerstrukivran
und Filter fir den madizinischan Bersich, hergastallt unter Verwendung der zuvor definierten Aldivkohie nach
der Erfindung mit Stickstoffmodifizierung bew. Stickstofffunktionalisierung bew. aufweisend die zuvor definierie
stickstoffmoedifizierte bzw. sticksiofffunkdionalisierts Aklivkohle nach der Exfindung.

[3147] Im Folgenden wird die vorliegende Erfindung anhand von bevorzugte Ausfubrungsbeispiele darstel
lenden Zeichnungen baw. Figurendarsteliungen niher eridutert. Im Zusammeanhang mit der Erutarung dieser
bevorzugten Ausfiibrungsbeispicle der vorllegenden Erfindung, weiche jedoch in Bazug aufl die vorlisgende
Erfindung keingsialis beschrinkend sind, werden auch weilergehands Vorieils, Eigenschalten, Aspekie und
Merkmale der vorliegenden Erfindung beschwieben.
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[0148] In den Figurendarsteilungen zeigh

terial eingesetzien Altivkohle gewdhiten Oxidationszeit auf verschiedens Parameter bzw, auf dis texturelien
Eigenschalten dar als Intoarmediat erhalienon, an ihrer Oberldche oxidiartan Aktivkohis;

genschaften der an ihrer Oberfliche oxidierten Aktiviohie von dem Gehalt an flilchiigen Bestandteilen (8" der
an ihrer Oberfldche oxidierten Aktivikonle als Maf} fir den Gehail an sauerstoffhaltigen funktionellen Gruppen
bzw. als Mal fir den Oxidationsgrad der als Intermedial erhaltenen andtrer Oberfifiche oxidierten Aktivkohle,

oxidierten Aktivkohie im Hinblick auf Basizitdt und Aziditht der gebildeien Gherflachenoxide, wobeid die zugrun-
deliegende Bestimmung mitlels poterdiometrischer Thration durchgefiihrt worden ist. Dig Figurendarstaliung

{"ORT urnter variablen Oxidationstemperaturen (thermische Oxidation). In der Figur bezeichnet der Buchstabe
*a" das basische Oberflachenoxide indizierands Kurvenmaximun,

rierte Harnstofidsungen baow, Wassersioffperoedd in unterschiediichen Konzantrationen eingesetzt (chemi-
sche Oxidation). In der Figur bezsichnet der Buchsiabe "b° das saure Oberfldchenoxids indizierends Kurvan-
mAXETIUm;

[0183] Fig. 1» eine grafische Darsteiiung zur Analvse der chemischan Baschaffennelt im Hinblick auf Basizi-
tat bhaw. Aziditdt der im Rahmen der Oxidation sthaltenen satersioffhaltigen funktionelien Gruppen, wobhel die
Daten mittels TPD-MS (Temperaturprogrammierte Desorption, gekonpelt mit Massenspelkiroskopie) ermiftelt
worden sind. Die Desorption von Kohlendioxid (CO5) indiziert dabei die wihrend der Oxidation vorliegende
Biidung saurer Oberfiichanoxide, wogegen dis Desorplion von Kohlenmonoxdd (C0) dis n Ralunen der Oxle
dation hervorgerufene Bildung basischer Oberflachenoxide Gruppen indiziert. The Oxidation wawrde auf Basis
der zuvor I Fig. 14 angefiibrien chemischean Oxidation durchgefibet.

[0154] Fig, 11 eine grafische Darslellung nach Magabe von Fig,. dg, wobsl sich die erhalienen Dalen baw.
Messwerle v Gegensatz hierzy aul eine miltels thenmischer Oxidation srhallenen, an ihrer Oberflachs oxi-
dierten Aktivkohle, wig in Fig. 1o angefiihrt, beziehen;

Aktivkohien, welche im Rahmen von Ouidation mitels (Luft-}Sauerstoff bel variablen Temperaturen bzw, Zei-
dauern gewonnen wurdsn {thermische Oxidation), im Vergleich 2y einem nichioxidisrien Ausgangsmaterial
bzw. zu sinor Ausgangsakiivkohis;

[0186] Fig. 2b eine grafische Darsteliung von Wassardampisothermen von an fwer Oberflachs oxidierten Ak-
tivkohlen, wobsl als dissbeziigliches Oxidationgreagenz (TOR"} Wassersioffperoxid baw. Salpetersdure (MNO,)
bei jeweils variabler Oxidationsdauer singesetzt wurde (chemische Oxidation} im Vergigich zu siner nichtoxi-
dierten Ausgangsalktivkohle,

sinfffunktionalisierion Aktivkohlen mil dem Einfluss der bei der Stickstoffausriistung gewahiten Temperatur auf
das Endprodulkt, wobei der jeweils rechie Adsorplionsast der unfersuchien Akiivkohle die Adsorption und der
jeweils linke Adsarptionsast der untersuchian Aktivkohle die Dasorption von Wasser darglelit;

Stickstofffunktionalisierung bzw, -modifizierung auf die jeweilicen Parameter baw, texturellen Eigenschaftan
der rastitierendan Aktivkohie und des dissbeziiglichen Einflusses der bel der Funktionalisierung bzw. Modifl-
Zierung mit Stickstoff gevwahiten Temperatur, wiobel in der grafischen Darstetiung das Symbod & die Basis- bzw,
Ausgangsakiivkohle, das Symbol @ dis nach Cherfichenoxidation erhaltene, an ihrer Oberfliche oxidiotie
Aldivkohis (intermediat), welche somil noch nicht sticksioffmodifizient bzw. Junktionalisiert ist, und das Symbol
& dhig it Stickstoff funidionalisicrie baw. modifiziarte Aktivkohle in Form des Endprodukes davstelien:
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{31859] #ig. 48 einanh dem erfindungsgemall durchgefihrion Verfahren zugrundaliogenden, das erlindungsas-
mal durchgefihrte Verfahwen jedoch in nichtheschrénkender Weise charakiansierencen Reaktionsablauf zum
Erhait siner stickstoffimodifiziertan baw. stickstofffunktionslisieren Akiivkohie, ausgehengd von gingr an ihwer
Cherflache coadierten Aktivikohie unter Einsatz von Harmsiolf als Stickstoffmodifizieningsreagenz {"SMR™);

[0188] Fig. 4k ein XPS-Bpakirum {-Ray Pholoslectron Spectroscopy; Rinigen-Fotoelekironenspekirosko-
piay zum Nachweis stickstoffhaltiger funktionelier Gruppen filr verschiedsne Wirmebshandlungsschritte zum
Erhalt der stickstefffunktionalisierten hzw. sticksioffmodifizierten Aktivkohien;

[0181] Fig. 8 eine grafischs Darstelung in Form aines Batkerdiagramems mil den fr verschiedene Aktivkorian
ermitteften Durchbruchzeiten in Beaug auf verschiedene Sorptionssubstanzen (MNH,, H,S sowie 30,), wobei
den Symbolen @ bis @ jewsils aud Basis von Hamgtoff stickstoffmodifizierte bew. stickstoffliunktionalisioris
Aktivkohisn darstedlen. In diesam Zusammenhang ststlen dis Symbole @ bzw. & stickstoffmodifizierte bzw,
stickstoiffunkiionaiisierte Aktivkohlen dar, welche auf Basis einer mit (Luft-YSauerstoff hei Temperaturen von
AGDC baw. 450°C an ihrer Oberfidche oxidierten Aktivkohlen erhalten wurden {thermische Oxidation). Das
Symbol & stellt zudem eine stickstoffmodifizierte baw. stickstolffunkiionalisierts Aktivkohle dar, welche auf
Basis eingr miltels Salpetersdure (HMNQO,) an threr Oherfliche oxidierten Aldivikohle erhalten wurde {chemische
{nidation):

oot (30) als zu sorbierendes Gas auf Basis sines Vergieichs von Ausgangsaktivikohle ("Ausgangsmateriat’)
gingrseils und alner stickstoffimodifizierien bezw. stickstofifunkiionalisiertsn Aklivikahle {("Endprodulkt™ anderaer-
saits;

[0183] Fig, 8h eine grafische Darsteliung von Durchbruchexperimenten nach Mallgabe der Ausitihwungen zu

[0184] Fig. Ta ein XPS-Speldrum eines C 1 s-Bereichs-Scans einer an ihver Oberfldche oxidisrten. jedoch
noch nicht stickstofmodfiziertan bow. stickstoffunddionalisierien Aktivkohles mil der Darsteliung der erhalie.
nen Messwerte {"Messdaten”) und dey entsprechenden Datenanpassung zu Zwecken der Obarfldchenanalyse
bzw. der chemischen Struktur der Oberfifiche der oxidierten Aktivkohie als Intermadiat des edindungsgema
durchgefilhrten Verfatrens;

Messdatan {"Mesadaten”™ und der entsprachenden Datenanpassung fir eing an iwer OberdiSche oxidierten,
jadoch noch nicht stickstoffmodifizienten bzw. stickstofffunitionalisierian Aktiviiohie.

{81867 Die Figurendarsteiiung gemal Fig. 1a versnschaulichi den Eirdluss der Oxidationszeit auf verschie-
dene Parameter bew. aufl die texturellen Eigonschaften der auf Basis der erfindungsgemd@ durchgsefithrion
Oxidation erhaltenen, an ihrer Oberfidche oxidierten Aktivkohle, wohel (Luft-)Sauarstoff als Oxidationsreagenz
{"ORTy singesatzt wurde (thermische Oxidation} und wobel als Ausgangsaktivkohle zum sinen eine nigdrig ak-
tivierte Aktivikohle und zum anderen eine hoch aktivierie Aktivikohle eingesalzt worgen ist. Die Figur zeigt, dass
mit zunehmender Oxidationszel der Gehall an fliichtigen Bastandisiien (8"} fiir beide Aktivkohien signifikant
ansteigh. Wie zuvor angaifithrt, stell der Gehailt an fliichtigen Bestandtellen der an ihrer Gherfliiche akiiviertan
Aktivkohie oin Mal fir don Gehall an sauverstoffhaltigen funktionellen Gruppen dar, wie sie im Rahmen der
Oxidation gebildet werden, Flir belde Aktivkohien wird somit mit zunehrmender Oxidationszahi ein Anslieg des
Gehalies an sauerstpithaltigen funktionellen Gruppen beobachtet, welche im waiteren Verlauf der erfindungs-
gemal realisierten Verfatrensfithrung als Reaklionspartner fiir das Stickstofimodifizierungsraagenz ("SMRY)
fungieren kdnnen. Fig, 12 veranschaulichl weiterhin, dass unter den gagehenen Yerfahrenshedingungen mit
zunetinandsy Oxdationszet der Oberftichen-pH-Wert dar joweiligen Aktivicobile vory elnen ielcht basischan
das Gesamiporenvoiumen (V) sowie die Riltteldichte (RD) fir beide Aktivkohlen im Rahmen der thermischan
Oixidation geringfligig verindert werden, wobel in Bezug auf das Gesamtporenvolumen sogar eine geringfi-
gige Erhéhung vorlisgt

Oberflache oxidierten Aklivkohle sinerseits sowie der Ritteldichte und des Gesamiporenvolumens anderer-
saits von dem Gehalt an Hichligen Bestandielien als Mall iy den Gehalt an sauerstofihattigen funktionaiion
Gruppan der an ihrar Obarfldche oxidierien Aktivkohle als Intermediat der erfindungsgemail umgesetzien Ver-
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fahvensiithrung. Fig. 1k Zoigt gloicharmalien, dass mit Zunahme dos Gehaits an saverstoifhaltigen unktionsl-
len Gruppen und damit des Oxidationsgrads der pH-Wert und die Ritteldichts der an ihrer Cherfiiche oxidier-
ten Aktiviiohle leicht abnimmt, wihvend in Bezug auf das Porenvolumen sine Zurahme zu beobachien ist.

[88] Weilarhin verdeutlicht dis Figurendarstallung gemanl Fig ic. dass im Rahmen dor tharmischen Oxi-
dation urder Emsatz von (Luft-)Sauersioff als Oxidationsreagenz ("OR") (chemische Oxidation} diz Bilduny
unier Verwendung von Harnstoff bzw, Wasserstoffperoxid (chemische Oxidation) gleicharmafien auch saure
Oberfldchenoxide gebildet werden. In diesem Zusammenhang bestiligen die Figurendarsteliungen gemai
Fig. 1o und Fig. 1f die zuvor angeltihrten experimentelien Befunde: So zeigt Fig, 1§, dass dis 2uvor angeiihrte
thermische Oxidation mafigeblich zur Desorption vony Kohlenmonoxid {C0) als Mal fiir die Bildung basischer
Ohberflachenoxide fiihrt, wihrend die Blldung saurer Oberfldchenoxide, welche durch die Dasorption von Koh-
lendioxid (CO,} angezeigl wird, nur in geringfiigigem MaRe erlolgl. In dissem Zusammenhang zeigt Fig, 1=,
dass gnler chemischen Qxidationsbedingungen im Rabimen dey arfindungsgemdal realisierten Verfabwensfihe
rung als intenmediat sine an fhrer Cherfldche oxidierte Aktivkohile erhalien wird, welche einen arhdhten Gehalt
an sauren Cherfiichenodden aufwsist

[0189] Insgesamt verdeutlicht die Figurendarstallung gemal Fig, 1a bis Flg. 1¢ somit, dass es bei der erfin-
dungsqgemal urmgessizten Verfahrensfithrung mit dar gezisiten Auswahi bzw. Abstimmung der Oxidationsbhe-
dingungen zur Bildung der an ihver Cherfliiche oxidisrten Aktivkohie um einen steuerbaren bzw. individuell
ginslelibaren Prozess handell, aulf dessen Basis das so erhaltens intermediat individuall ausgebildel werden
karnn, inshesondere im Hinblick auf die nachiclgende Ausriistung bzw, Modifizierung mit Stickstoft. Als dies-
bezuglich im Rahmen der Oxidation variable Varfshrensparameter kommean insbesonders zum sinsn das ein-
gesetzie Oxidationsreagenz ("OR") sowie zum andersn Temperatur und Oxidationszeit infrage. Die im Rah-
men der erfindungsgemanl realisierien Verfahrensfithrung vorgesehene oxidative Vorbehandlung zam Erhall
dar an ihver Oberfiiche oxidierten Aktiviohle als ntarmediat stefit somit ainen einstalibaren bow. individueli
abstimmbaren Prozess dar, wobel inshesandere die Intensitdt baw. das Mal der Oxidasion durch Prozesspa-
ramater wis Quidationszell, Oxidationstemperatur und Konzendration des eingeseizten Oxidationsreagenzes
{"OR™} und die Art der gebildeten Oberfldchenoxide tiber die Auswahl des Oxidationsmillels gesteuert baw,
maflgeschnsidert werden kann,

(0170] Weiterhin zaigen dis Figurendarsteliingan gemad Flg. fa und Flg, 2k die Wasserdampfisothermean
von auf verschiedene Art und Weise an threr Oberfidche oxidierter Aktivkohle im Vergleich zu einer nichioxi-
diertan Ausgangsakiivkohe, wobst Flg, 2a auf sine thenmische Oxidation unter Verwendung von (Loft)Sau-

auf den Einsatz von Quidationsreagenzien {"OR™ auf Basls von Wasserstofiperoxid und Salpetersaure bel
unterschiadlichen Oxidationszeiten {chemische Oxidation) abstellen, Dabei ist in beiden Figuren zu erkannen,
dass die durchgefihrie Oxidation zu giner Varschichung der Adsorption von Wasser in Hichtung Kleinerer pf
ny-Werte fahet, was eingr Erhdhung der Kapazitdt infolge der durchgefihrten OGxidation unier Schatfung hydro-
philer (harfiachen entspricht, was wiederum #n Hinblick der nachfvigenden Anbindung des Stickstoffmaodifi-
der Tomperaiur sinorseits und der Ouxidationszelt und -dauer anderorseils 2u einer hdhoren Kapazitdt bazw.
Zu einer vermehrien Bidung hydrophiter Oberfldchen der so bahandeitan Aktivkohie fiihrt, Entsprechend kann
Fiy. 28 entnommen werden, dass unter den vorlisgenden Bedingungen Salpetersiure 2y einer stirikeran ¥a-
pazitdtserhbhung bew. zu sinem hiheren Gehalt hydrophiler Oberflachen im Vergleich zu Wasserstoffperaxid
fithet, wobel auch hier aing weitere Erhdhung der enlsprechendsan Werte bei Zunahme der Oxidalionsdauer
24 beobachten st

(0171] Die Figurendarsteliung gemal Fig. 3a zeigt dis fir eine unter Verwendung von Ammoniak bei ver-
schisdensn Temperaturen sticksiolfmodiflizierle bew. sticksiofffunklionalisierte Aklivkchie erhaltensn Wasser-
damplisothermen, wobed hel elner geringeran Funktionalisleningstemperatur von 5360°C Im Verglelch 2u sinss
hi3heren Funktionalisisrungstemperaiur von 420°0 sine griflers Verschiebung der Adsorption zu Keineren pf
po~Wertan za beohachien ist, was auf eine hbhere Funktionalitdt, insbesondere auch im Hinblick auf die Aus-
hildung hydrophiler Oberflachen, der erhaltenen Alkdivkohle bai niedrigeren Temperaturen bazw. eine integrati-
on von Shckstolf in das Kohlanginifgeriist bei hiheren Temparaturen spricht. In diesem Zusammanhang Zeigt
die Figurendarsteliung gemal Fig, 3h, dass auf Basis der erfindungsgemilien umgesetzien Verfahrensfih-
rung it der Onddation von Ausgangsaktivkohie urdd der nachicigenden Stickstofimodifizierung baw. -funklic-
nalisierung die zugrundeliegenden Parameter hzw. toxturelien Eigenschafien der erhaltenan Aktiviiohis nicht
negativ beeinfiusst werden. Vielmehr ist sowohl in Bezug auf das Gesamiporenvoiumen nach Gurvich V),
das Mikroporenvolumen (Vo und der MP-BET-Oberflache zu beobachien, dass Jie curchgefiihrie Oxidati-
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of zur Aushbildung funiktioneller saverstofthaltiger Gruppen an der Oberfliche der Altivkohie sogar 2u alhem
leichten Anstieg und die nachfolgende Stcksiolfmodifizieruny bzw. -funklionalisierung allenfalls zu einer ge-
ringfigigen Abnahme dar in Rede stehenden Werte fiihwl, welche jedoch immer noch oherhalb dor Werts des
entsprechenden Ausgangsmaterials liegen. Die erfindungsgemall realisierte Verfahrensfithrung fiihrt somit in
kainar Waise zu ainer Verschicohiorung der angeflhrien Parameter deor zugrundeliagendsn Aklivitohla, wobal
diesbeziighich auch keine erheblichan Unterschiede hinsichitioh der bed der Stickstofffuniktionalisierung bzw,

fen untar Verwendung von Ammoniak mit Stickstoff ausgeriistat,

{#172] Die Figendarstellung gemal Fin, da wiederum zeigt einen beispislhefien, dem erfindungsgemai
durchgefiihrign Verfahren zugrundeliegenden Reaktionsablauf, wolel Abbildung A das Kohlenstoffgeriist der
ar ihrer Oberfléche oxidierien Akiivkohle (Intermediat) mit den ausgehildaten sauersioffhalligen funktionelien
Grappren darstellt, Under Zugabe vory Harnstoff als Stickstoffimadifizierungsreagensz ("S8NR"Y wird nachiolgend
das in Abbikdung B veranschaulichlie Zwischenproduki mit angebundensr Harnstoffkompongnte erhalisn. Ab-
bildung C zeigt das bel einer Temperaturbehandiung von 500°C erhaltens (2wischen-)Produkt mit der Umset-
zung des Harmstoffs zu den entsprechenden stickstoffhaltigen funktionellan Gruppen an der Oberflache der
Kohlenstofimalrix, wobel diesbeziighich zykdische MHarnstoffderivate, Nitrile, Amids b2w. primdre Aming ausgs-
bildet wardesn. Durch eine weiltere Temperaturbehandiung bet 320°C erfolut eine integration des Sticksioffs in
das Kahlenstoffgeriist brw. in die Kohienstoffmalrix der stickstoimodifizierieon baw. stickstofffunktionalisiertan
Aldivkohie anter Abbau der sticksteffhaltigen funidionellen Gruppe, wis in Abhildung D dargestellt.

[8173] In diesem Zusammanhag veranschaulicht die Figurendarsteliung gemal Fig. 4b auf Basis eines XPS-
Spektrums das Vorhandensein verschiedener Spezies von sticksioffhaltinen funiktionslien Gruppsn zu ver-
schisdensn Zeitpunkten bzw. bei verschisdenen Temperaturen wihrend des Vorgangs der Stickstoffmodifizie-
rung bzw. funktionalisierung. Wiahrend bei nledrigen Temperaturen inshesondere stickstoffhaltige funkiionalle
Gruppan aul Basls von Amiden baw. Pyirolen vorliegen, erfolgt bet héheren Temperaturan von 500°C eine
Umwandlung baw. gine Verlagerung zu insbesondere quaterndren stickstofthaltigen Gruppen, wihrend bel
noch hiheren Temperaturen von 820°C der Gehalt an den vorgenanntan Gruppen signifikant zuriickgeht, was
auf eine integration von Stickstoff in das Kohlenstofigerast baw. in die Kohlensioffmatrix der so behandelten
Aktivkohis hindeutet,

zaiten van drei verschiedenen erdindungsgemafien Aktivkohlen in Bezug auf die Sorption von Ammoniak (NH,),
Schwefelwasserstoff (H,8) und Schwefeldioxid (S0, im Vergieich 2u einer Ausgangsakiivkohle. Hisrzu wur-
den die entsprachendsn Aktivkohien unter definierien Bedingungen flir einen bestimmien Zsifraum einsm kon-
tingisrlichen Volumenstrom einer mit dem jeweiligen Schadgas angereichterten Atmosphére ausqgesetzt und
die jeweiligen Durchbruchzeiten bestimmt. Samiiiche erfindungsgemafiien Aldiviiohlen zeigen deutlich Gher die
Ausgangsakiivitohle hinausgehande Sorptionsieistungen sowohl in Bezug auf Ammoniak (NM.), Schwefelwas-
serstoff (H.S) als auch Schwefeldionid (80, Insgesamt ist das Sorpticnsverbalien der erfindungsgemaiien
Altivikohien als hervorragend sinzustufen,

{3175] Weiterhin verdoutlichan die Figurendarsteliungen gemal Fig 8 und Fig. 86 das signifikant varbes-
sarte Sorpticnsverhalien elner arfindungsgeman ausgeriistatan Aktivkohie (Endproduit} i Vergleich zu dem
singesatzien Ausgangsmaierial bzw. der eingsseizten Ausgangsakiivkohia. So zeigt die auf Bagls des erfin-
dungsgemai durchgefiihrien Verfahrens hergestaiits und mit Stickstoff ausgeriistete Aktivkohie ein signifikant
varbessartes Durchbruchverhalien gegenlber den zu sorbierenden Gasen Schwefeldioxid (S0,) (Fig. 83) ek
nerseits und Schwefelwasserstoff (H,58) (Fig. 8} andererseits. Zur Ermittiung der Burchbruchdaten wurden
die jeweiligen Aldivikohlen unter definierten Bedingungen sinem konstanten Volumenstrom giner mit dem zu
sorbierenden Gas angereicherten Atmosphére flir einen definierten Zeitraum ausgeselzt, wobei die In den je-
weiligen Figuren angegebenen Konzentrationen des zu sorbierenden Gases eingesseted wasden.

[8178] Schiiellich zeigen die Figurendarstellungen gemal Fig, ¥z und Fig, Th das Vorhandenssin von sauer-
stoffhaltigen funktionelien Gruppen einer filr die nachfolgende Stickstoffmodifizierung baw. Stickstoiffunktiona-
lisierung singesatzten an ibrer Oberfldche cxidierten Aktiviiohle, Durch Oxidation unter Einbezug eines Oxida-
tionsreaganzes {"OR") werden zahireiche saverstoffhaliige funktionelle Gruppen erhalten, wie 2. B. Carboxyl
und Carbonvigrappen, welche als Reaklionspartner bzw. Aminogruppen fiy die nachiolgende Mod#fizierung
baw. Funktionalisierung mit dem Stickstoffimodifizierungsreagenz ("SRR} fungisren.

(0177) Zusammenfassend ist es im Rahmen der vorliegenden Erfindung durch die Umsetzung cines spezi-
ehien Verfalwens erstmalig gelungen, eing Funklionalisisrung von Akdivicohle bzw, von polymerbasierter spha-
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rischer Aklivkohlg (PBSAC) mil stickstoffhaltigen unklionellen Gruppen baw. von Aktivkohis mit Integralion
von Stickstoff in die Kohlenstoffoberfidche (N-Dotierung} zu erhalien. Die so erhalienen Aktivicohian bzw. poly-
morbasierton sphirischen Aktivkohien (PBSALs) weisen dabel gine Realdivitat gegenitber unterschiedlichan
Zielgasen auf. Als entsprachende Zislgase fir die auf Basis des erfindungsoemall durchgefihrien Verfahrens
arhalisnen Aktivikohlen kinnan Gass in Batracht komimen, deran Abbay Gber eing Oxidation an der Kohlan-
stofioberfidche mdglich ist, wia as belsplelswaise fiir 8O,, H.8, ASH, sowie DMS der Fall ist,

{178] Die im Rahmen des edindungsgemil durchgeliihrien Verfahrens erhaltenan Aktivkohien kénnen glal-
chermaien sticksiolthalige funkilonelle Grupper: aul der Oberfldche aufwalsen, walche mit organischean Ga-
sen bzw. Dampfen Bindungen eingghen kinnen, wie Formaldehyd und gegsbensnfalis N -Verbindungen.
Durch die Stickstofiunktionalisierung kann im Aligemeinen die Basizitit der Oherfldche der Aktivkohie (m Ge-
gensatz zur Oxidation) erhoht werden. Die Aushildung von stickstoffhafligen funktionelien Gruppen bazw. die
Dotierung der Aktivikahle mit Stickstoff kann v Rahmen der erfindungsgemal realislerten Verfahrensfithrung
in nichi beschrinkendsr Waise durch das Flllen der Poren mit einer stickstoffhaltigen organischen Verbindung
{wie z. B. Hamsltoff) inshesondere aus wassrigen Losungen und einem sich anschlieBenden Pyrolyseprozess
erivigen.

[8179] Nach dem eigantlichen Herstellungsprozess kann sich ein Aufreinigungsschinill, insbasondere ein Wa-
schen it Wasser, anschliefien, inshesondere um alwaige Pyrolyse- bzw. Verbrannungsriacksténds zu entfer-
nen. e bei der Sticksicflunkiionalisierung baw. -modifizierung gewihite Temperatur beeinflusst im Rahman
der erfindungsgemdl umdeselzien Verfahrenstlihrung die chamische Konstitution deg singebrachien Stak-
stofis. In diesem Zusammenhang fiiren niedrige Temperaturen, insbesonders im Barelch von 830°C, insbhe-
sondere zur Austiidung von sticksioffhialtigen funkiionsiien Gruppen, wahrend hihere Temperaturen, inghe-
sonders im Bereich von 920°C vorrangig zu den zuver beschriebensn Nedotierten Aktivkohlen fiiht.

{0188] Im Rahmen der vorliegenden Erfindung hat es sich als besondaers vorisithaft gezelgt, dass im Rahmean
des erfindungsgemal durchgefihrien Verfahrens sine vorgeschaliste Oxidation der Aktivkohle durchgeflht
wird, da diese die Aufnahme von Stickstoff in signifikanten Mengen ermdglicht. In diesem Zusammenhang
korrgliert die Menge an aufgenommenam bzw. integriertem Sticksioff mit den flchtigen Bestandteilen der
coticharten Akbivkohle als Mafl tr die Menge bzw. den Gebalt an Oberfldchanoxiden auf dar Aktivkohle,

AUSFHRUNGSBEISPIELE:

1. Hersteliung einer arfindungsgemdl ausgeristatan
Aktivkohde mit Stickstoiffunkiionalisierung baw. -modifizierung:

[8181] Im Rahmen der im Foigenden beschriebenan Herstellung von arfindungsgemilen Aktivikohien wiurde
als Ausganasmaterial eine kugelfdrmige Aklivikohie als Ausgangsakiivikohle eingeselzt, welche auf Basis von
divinytberzoivernetziem Polvsivrol hergestelil worden ist, Eine derartige Ausgangsakiivicohle st von dar Fa,
Blicher GmbH, Erkrath {(Deutschland} erhaitlich.
a) Zur Herstellung der erfindungsgematien Alktivikohie & wurden 500 g der Ausgangsaktivkehle mit 1.000 ¢
ginor MNO,-Losung (50%) zusammengafliivt, und die resultiersnde Mischung wurde fiir 240 min gerlihrt.
Anschiisfiend wurde die Uberschiissige Salpetersure abdekantisnt, und die auf disse Weiss srhaliene oxl-
dierte Akiivkohie wurde mit destillieriem YWasser gewsschen und anschiielend getrocknat. Eine Menge von
500 g der an threr Oberfliche oxidisrten Alktivikohle wurden dann mit 1.000 g einer gesidttigten Hamsioffld-
sing zusammengefihrt, und die resultierends Mischung wurde fiir 2.8 h geriihrl. Anschiiefand wurde die
Gherschissige Harnstofidsung abdekantiert. Die mit der Harnstofliiseng ausgaristate Altivkohle wurde
soschiislend inm insrtgasstrom bei S00°0 &ir 240 min behandsel. Dis erhaltens stickstofimodifizierte haw.
stickstofffunktionalisiarte Aldivkohle wurde dann mit destillierterm Wasser gewaschen und getrocknet, um
etwaige Verbrennungs- bzw. Pyrolyseriickstiinde zu entfernen.
by Zur Havsdedlung der erfindungsgemiélen Altivkohls B winden 560 g dar Ausgangsakiivikohle mit 1.006 g
einer HMNG.-Ldsung (B80%) zusammengefithrt und die resultierande Mischung filr 240 min gerlibet. Anschiie-
Rend wurde Gberschilssige HNQO-Ldsung abdekantiert, und die 50 erhaltens oxidierte Aktivkohle wurde mit
gestilliorten: Wasser gewaschen und getrocknet. Anschiiefiend wurden 500 g der oxidiertan Aktivkohies mit
1.000 ¢ siner gesiltigten Harnstofidsung zusemmengefihil, und dis resularende Mischung wurde Tor 2,5
k gerithrt. Die Uberschiissige Harnstofdsung wurde abdekantiert. Dis mif dor Harmstoffidsung ausgeristele
Aktivkohie wurde im Inertgasstrom bei 320°C fir 240 min behandelt. Die so erhaliene stickstofffunklionali-
slere baw. slickstoffimodifizierte Aklivkohle wurde mil dogtilliertem Wasser gewaschen und anschiiefiend
gatrocknet, um Verbrannungsricksténds zu entfernen,
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¢} Zur Herstellung der erfindungsgemalien Aklivikohia © wurden 500 g der Ausgangsaldiviiobde im Drah-
rohrofen im Lufistrom bel 480°C fir 120 min behandelt. Die 30 erhaliene oxidieris Aktivikohle wurde mit
1.000 ¢ siner gesattigian Harnstoffidsung zusammaengeflihrt, und dis resultiorends Mischung wurde Tir 2,
& h geriibrt. Anschliefiend wurde die dbherschilssige Harnstoffldsung abdekantiert. Die mit der Harmsioffld-
sing ausgerisiete Aktivkohle wurde anschiielend im inartgasstrom bal 500°C fir 240 min bahandelt. Dig
resuitierande stickstoiimodifizierte bow. stickstofffunkiionalisierta Aldivkohle wurde schiiefiich gewaschen
und getrocknat, um stwaige Verbrennungsriickst@nde zu entfarnen.

dy Zur Hersisliung der erfindangsgemafien Aktivikohle D wurden 80 g der Ausgangsaktivikohle im Drgh-
rododen in Luftstrom bed 450°C filr 120 rain beharndelt, 500 g der so erhaltenen Aktivkolde wurden mil 1.000
g einer geséttigien HamsioMfidsung zusammengefihnt, und die resultierende Mischung wurds fiiy 2,8 h ge-
rithit, Anschiislend wurde die iberschissige Hamstoffiasung abdekantiart, und die mit der Harmstoffldsung
ausgerislete Aktivkohie wurde mit Inerlgasstrom bei 920°C fiir 240 min behandelt. Die aul diese Waise
erhaitene stickstnifmodifizierts baw. stickstofffunktionalisiens Aldivkohle wirde schifefilich mit destillisrtam
Wassar gewaschan und anschiieflend getrocknet, um etwaige Verbrennungsricksidnde zu enifernen.

{0182] Die erfindunosgemalie Aktiviohien A bis D weisen jeweils signifikant erhdhie Stickstofigehalle auf, und
die chemisorpliven Eigenschaflien sind jeweils als hervorragend sinzustufen.

[{183] In dissem Zusemmenhang wurde der jewsilige Sticksiofgehall dar srfindungsgemdian Aktivikohian
mit an sich bekannien Methoden bestimmt, Der Gesamisticksioffgahalt kann mittels an sich bekannter Ele-
mentaranalyse bestimmt werden, withrend dis Enmitiung der flichtigen Bestandiaile {"IB") demdl dor 1SO
5621981 erfolgan karn, Aus der Differanz von mitlels Elemantaranaiyse bestimimiem Gesamisticksiciigehalt
stoffhaltigen funktionellsn Gruppen) kann dann der Gehalt an immobilisiertam baw. in das Kohlenstoffgeriist
gingebautam Sticketoff ermilteit werden.

[0184] Im Einzelnen ergeben sich fir die erfindungsgemafien Aktivkohien A bis D die folgenden Sticksioff-
gehaite: S0 weist die erfindungsgamiiie Aktivikohle A sinen Gesamistickstoffgehalt von 13% auf, hezogen
auf das Trockengewichi der sticksinifmodifizierten baw. stickstofffunktionalisierten Aklivkohle, wobet hiervon
atwa 12%, bezogen auf dan Gesamistickstofigehalt, in Form von fliichtigen Bestandiellen ("B"} vorllegt, Fér
die erfindungsgemafie Aktivkahie B argibt sich ein snisprechender Gesamistickstoffgehall von 18 Gew -%,
bezogen auf das Tmokengawicht der shickstoffmodifizierten baw. sticksiofffunitionalisierten Akfivicohle, wobei
diesheriiglich lediglich 5% des Sticksioffs, berogen auf den Gesamistickstofigehalt, in Form von fliichligen
Bestandteden {"B") vorliegt, d. h. 95% des Stickstolfs fiegan in der Kohlenstoffimalrl integrian vor.

[0185] Weiterhin ergibt sich fiir die erfindungsgemae Aktivkohle © ain Gesamistickstofigehalt von 15 Gew.-
%, herogen auf die sticlksiofmodifizierte haw. sticlsiofffunktionalisierte Aldivikohle. In dissem Fall batrdgt der
Arleil des in Form von Blchligen Bestandlellen ("B vortiegendan Stickstolfs, bezogen auf den Gesamislick-
stofigehall, 14%.

[0136] Schiiefllich ergibl sich filr die erfindungsgemafie Aklivkohle D oin Gesamistickstoffigenall, bezogen auf
die sticksioffmodifiziarte baw. stickstofffunktionaliserte Aktivkohie von 18.5 Gew.-%e, wobel in dissem Zusam-
menhang 7% des Stickstolfs in Form von fldchiigen Bestandtellen (MB”) vortisgt.

[0187] Die Ergebnisse veranschaulichen den hohen Gehalt an Stickstoff in Bezuyg auf die erfindungsaemalian
Aktivkohlen, welche auf Basis des erfindungagemall durchgefithrien Verfalwens erhalten werden, wobeid dies-
hezigich gleicharmalan gewdhrlaistet s, dass sin hoher Antell des Stickstoffs Test in das Kohlenstofigardst
indegriert vorliegl. Die diesbexziigliche Integration baw. Inkorporierung des Stickstoffs in das Koblenstoffgeriist
ist bai hdheran Ternperaturen wéhrend der Stickstofimodifizierung bzw. -funktionalisierung stirker ausgebildat,
wahrend bei niedrigen Temperaturen der Anteil an stickstofthaltigen funkbionellen Gruppen erhdht ist.

[0188] In Bezug auf dis erfindungsgemaiien Aldivikohien wurden zudem Durchbruchuntersuchungen gegen-
Ober Schwelelwassersioff (H.S} durchgefithrt. In dissem Zusammaenhang wurde eine definierte Schitung der
jeweiligen Aktivikohien A bis D, welche lewsils sine Hine von 2 om aufwies, bei Temperaturen von 30°C sl
nem konstanten Volumenstrom mit konstanter Strdmungsgeschwindigkelt susgesstzt, wekcher 20 ppm HLE
enthiglt. Die erfindungsgemélion Aktivkohlen wissen dabei folgends Durchbruchzeiten aut So konnte Tir die
erfindungsgemaiie Aktivikohle A eine Durchbruchzeit von 112 min und fiir dis erfindunagsgemiiie Aktivkohis B
ging DurchbruchsZell von 123 min ermitiell werden, Weiterhin argab sich fiir die arfindungsgemédile Aklivkohie
C eing Durchbruchzeil von 112 min, und fiir die erfindungsgeméalie Aktivikohte D konnte eine Durchbruchzeit
von 119 min ernifiell werden. Emneg als Vergleich singesatzie unbehandslie Ausgangssilivkonle wiss sing
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Durchbruchzedt von ledighich 75 min aul. Die vorgenannien Ergebnisse balegen die signifikante Verbessering
der Adsorptionsleistung der erfindungsgemalien Aktivkohila in Bezug auf das zu sorbierende Schadgas.

{01881 Die zuvor geschilderten Herstellungsheispiele wurden wiederholl, wobsi jedoch als Stickstoffimaodifi-
Zigrungsraagens Melamin (Aklivkohia E7), gastirmigas Ammoniak ("Aklivkohia F7), Amimoniakwassor {"Aktiv-
kohle 3%} oder Aminosiuren {"Aktivkohle H') eingeselzt wurden; es waurden vergleichbare Ergabnisse arhaltan,

2. Weitere Ausfihvungsbeispiele und experimentaiie Untersuchunger:

[8190] Im Folgenden wird auf dig den bereils zuvor beschrighenen Figurendarsieliungsn zugrundeliegendsn

Lintersuchiungen haw. Ausfilhrungsheispisle wedtarfifhrend singegangen:
durchgefGhrien Oxidation der Ausgangsaklivkohie auf bestimmie Parameder der arhaltenen, an ihver Obar-
ftachs oxidierten Aktivkohle zugrunds. Dissbeztiglich wurds sine nisdrig akiivierte Ausgangsaktivkohie mit
relativ geringem Gesamiparenvolumen einersaits und sing hoch aktivierte Ausgangsaktivkohle mit relativ
hohem Gesamiporenvolumen anderarseits als fir die nachicigende Oxidation eingeseizies Material ver-
wendat. Die Oxidation wurde anter Verwendung von {Luft-)Sauerstoff als Oxidationsreagenz (OR™ im Sin-
ne der zuvor definiertan thermischen Oxidation durchgefiihit, wobet in diesem Zussmmenhang dis in Fig. 4
darqesieiiten Parameter in Abhangigkslt von der Oxidationszeit bestimmd wurden. Dabsl zeigt sich, dass
fur heide Ausgangsakindohlen mit zunehmender Oxidationsrzeil eine Erhdhung der fliichligen Bestandizile
18"} vortiegt, was ciner Generierung von sauerstoffhaltigen funktionellen Gruppen an der Oberfldche der
jewelligen Aktivkohle entspricht,
Oberflachen-pH-Wart und die Riltteldichte dar axidierten, jedoch noch nicht einar Stickstoffmaodifizienung
bzw. Stickstofffunktionalisierung untarzogenen Akliviohie sinken. Dahingshen istin Bezug auf das Gesamt-
porerneolumen eing leichie Erhfhung zu beobachten. Die dieshezigiich aufgefuncensan Abhdngigkeiten der
in Reds stehenden Parameter von der zugrundeliegenden Verfahrensdurchflibviung wird gleichermalien
durch die Figurendarsteliung gemii Pig, 1h bestdtigh Fir wellere diesbeziiglichs Ausflihrungen kann auf
obge Ausfibrungen zu den entsgrechenden Figurendarsteliungen verwiesen werden,
Zusamimenfassend st somit fastzustelien, dass durch die gazielle Auswahi von Prozessparamelemn, wie 2,
B. der Oxidationszeit, im Rahmen der dem erfindungsgemaf durchgefihrien Verfahren zugrundslisgenden
Oxidation von Ausgangsaktivkohle, die entsprechenden Eigenschaften der an ihrer Oberflache oxidierten
Aktivkohie als Intermedial dar erfindungagemal umgeseizian Verfahrensfihrung gezielt eingestellt brw.
mabgeschneidert wardan kinnen.
k) Die zuvor aufgezeigle Sinflussnalme von Prozessparametarn auf die texturellen Eigenschaften der an
ihrer Oberfldche oxidierten Aktivkohls wird auch durch den der Figurendarstsllung gema® Fig. 1o bis Fig. i
zugrundelisgenden Untersuchungskomplax, welcher auf die Einflussnahime der Oxidationshedingungen auf
die Basizitt bzw. Aziditdt der ausgebildeten Obarfisichenoxide abstellt, bestatigh. Indissem Zusammenhang
wurdgen entsprechende Ausgangsaldivkohien zum einen einer thermischen Oxidation unter Einsatz von
{Luft-Sauersioff als Oxidationsreaganz (COR') und andererseiis einer chemiachan Oxidation under Einsalz
vorn Salpatersaurs bew, Wasserstoffperoxid als Oxidationsreagenz {"OR™ unterzogen. Eine nachiolgende
Analyse dor s erhaftanan an ihrer Oberfldche oxidierlen Aktivkohilen Zeigh dabal, dass filr tharmischa Oxi-
daticnshbedingungan vorrangig basische Oberldchenoxide gebildat werden, wogegen fiir chemische Oxl-
datinnshedingungsen auch saure Oberfidchanoxide gebildet werdsn, Auf disser Basis kann somit dig che-
mische Struktur der Oberfliche der oxidierten Aktivikohie gezieilt eingestellt bzw. maligeschneidert werden.
Fir weitere Ausfihrungen kann zur Vermeidung unndtiger Wiederholungen auf die ohigen Ausfiihrungen
zu den entsprechenden Figurendarsteliungen varwiosern werden,
im Ergebnis zsigen die zugrundsliegenden Untersuchungen somit, dass dursh dig gezielte Auswahi der Oxi-
dationshedingungen die Basizitat bzw. Aziditdt durch Bildung spezislier Oberffdchenoxide gesteuert wer-
dan kann.
¢} by Rahmen eines welleren Unfersuchungskomplexes warden entsprechande Ausgangsmaterialien ale
nerseits einer thermischen Oxidation unter Eirfluss von {Luft-YSauersioff und andererseits siner chemi-
schen Oxidation unter Cinsaiz von Wasserstoffneroxid haw. Salpetersaure als jeweilige Oxidationsreagen-
zien {"ORY unterzogen. Die so erhaltenen an ihrer Obearflache oxidisrten Aktivkohlen {Intermediat) wurdan
anschiisfend hinsichilich dar Adsorption haw. Resorplion von Wasserdampf iim Vergleich zu einer nichi-
behandeiten Ausgangsakiivkohle {Ausgangsmaterial} untersucht. Wie in den Figurendarstaliungen gemal
Fig. 2a und Fig. 2b dargestsiit, erfolgt hisrbei ®ir dis behandsiien Aktivkohien dautdlichs Verschiebung zu

winsen werden.
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Im Ergebnig zeigen die in den Figurendarsteliungen gemal Fig. Za und Fig. 2b in Bozug genommensn
Untarsuchungen, dass die Wasserdampdisotherman durch dis erfindungsgemal vorgesehene Oxidation
der Aktivkohie signifikant beeirflusst werden, was insbesondere als Mal flir das Vorlisgen einer erhdhdan
Hydrophilie der Oberfléchs der Aklivikohie infolge der generierten sauerstoffhaltigen funktionellen Grappan
herangazogen wardan kann.

¢] Was die der Figurendarsteliung gemaf Pl 3z und Fig. 3k zugrundefiegandasy Untersuchungen anbe-
langt, so fokussiersn disse auf Versuchsparameter und Analyseergsbnisse fiir 2wel auf verschisdens Weil-
se stickstofffunktionalisiaris bzw. stickstolfmodifizierte Aktivkohien nach der Srfindung (N-PBSAC), weiche
jeweils ausgehend von Ausgangsaktivkohie auf Basis von Karhondsiarten und akiivierten Polymeren her-
gastelit wurden (PBSAC) Das in Hahmen des erfindungsgemil durchgeilhnen Verfatwens hergestalite
oxidierte Besisadsorbenz {Intermediat) enthisl dabei 13,7 Gew.-% fiiichiige Bestandisile "B, bezogen
auf das Trockengewicht des Intermediats.

In Bezug auf eine arste an ihrey Oberfldche oxidierten Aklivkohle wurde anschiieland die Sticksiolfimodi-
fizierung bew. -funktiopalisierung bel siner Temperatur von T = 300°C durchgefihrt, wobed digshaziiglich
die folgenden Verfahwensschritte durchgefiihrt worden sind. Dis an ihwer Oberflache aktivierte Aktivkohie
wurde in elnermn NH-Volurmernstrom (3 ifh) mit einer Aufheizrate von 38 Kimin auf 100°C erwdrmt, und die
Temperabuyr wurde fir 30 min gehalten. Anschiiefend wurde mit sinar Authelzrate von 26 Kimin auf 400°0
erwirmt. Anschiiefend wurds im Stickstoffstrom mit sinem Violumenstrom von § b mit 36 Kimin auf 500°C
aufgeheizt, wobsi gie Temparatur Flir 240 min gehaifen wirde. Anschiiellend arfoigte gine Abkiihiung {ber
KNacht unter Stickstoffatmosphare.

In Bezug auf die 2weite Aklivkohle wurde wis zuvor beschrighen verfahran, jedoch mit der Maligabe dass
unter Stickstoffatmosphire nicht gine Autheizung aulf 500°C, sondern auf 920°C erfolgts.

e 80 arhaifenen funktionalisierten Aktivkohien wigsen dis folganden Eigenschaltan aul

(191}
Stickstoffmodifizierte bzw. stick- | T=5800°C T=820°C
stofffunktionalisierie Aktiviohie
N-Geghailt [Gew.-%] 4,11 §.49
flirchlige Bestandteile (1B 10,2 4,86
RO il 547 541
pH-Wert 85 4.8
Vo fomigl 80,7397 §,7166
Vo omiig] 0,5848 $,8870
Mesoporenanteli [%] 21,0 18,1
MP-BET [m/g] 14786 1453

Die obige Tahelle zelgt inshesondere, dass bei der hiheren Temperaturen wihrend der Stickstoffmaodifi-
Zierung bzw. Stickstofifunktionalisiarung eine Verringerang des Anteils an lchiigen Bestandieilen ("fB")
voriiegt, was sinem Einbau baw, einer ntegradion des Stickstoffs in das Koblenstoflgertst bzw, die Kohlan-
stoffmairix der so behandelten Aldivkohiz entsprichi. Demgegentiber ist fiir niedrigers Temperaturen fest-
zustellen, dass der Antell an fllichligen Bestandteiten hiher ausfalll, was als Beleg fir das Vorlisgen des
Stickstoffs in Form von stickstoffhaltigen funkiionellen Gruppen zu wearten ist.

Zudem zaigl aing Analysa der antsprechenden Wasserdampfisothermen (Flg, 3a), dass bad niedrigen Tem-
paraturen (T = 504°C} die Funklionalisierung der behandalien Aldiviiohis hiher ist, was im Vergleich zu
dar bei hdheren Temperaturen (T = 820°C) funktionalislerten Aldivkohle 2 siner stirkeren Verschiehung
der entsprechenden Adsorptions- bew. Desorplionsdste zu geringen pfp-Werten fihrt, Zudem zeigh sich,
wig I Fig. 3b dargestalll, dass die oxidierte Basis baw. die an ibrar Oberfliichs oxidierten Aklivighlen im
Hinblick auf die Parameter geméaf dem Gesamiporenvohumen, Mikroporenvolumen und der MP-BET-Cher-
flache eing Erhdhung vorliegt, wobsl disse Werte durch dis nachfolgends Sticksioffunktionalisicrung nur
garingiigly vertingert werdean und immer noch oberball: der Ausgangswerte auf Basis der eingoselzion
Ausgangsaidivkonle agen. Disshaziglich kann auch auf ohige Ausiiihrungen zu den Figurendarstellungan
gemaf Fig. 3s und Fig. 38 verwiesan werden.

im Ergebnis zeigen die vorliegenden Untarsuchungen, dass hdhere Funkiionalisierungstemparaturen zu el
ner vermehrion Integration bzw. Inkorporation von Stickstolf In das Kohlenstoffgardst dor so ausgeriisteten
Aktivkohie fihren, wihrand niedrigere Temperaturen bad der Funklionaliskerung zur Aushildung stickstoff-
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hailiger funklionelier Gruppen [ihren, Zudem kann gezeigh werden, dass dis aerfindungsgemiie realisiane
Verfalwensfiihrung zu keinerlel negativen Beasintrichtigung der Produldparameter Tilwt.

fithrten Verfahren beispiethaft zugrundeliegenden Realdionsablauf mit der infearation von Sticksioff in das
Kohlenstofigarist. Eine Analyse gul Basis ainoas XPS-Spekirums Zeigh, win in Flg, 45 dargestellt, dass bed
niedrigen Temperaturen im Hahmen der Stickstoifmodifizierung baw. Stickstofffunitionslisierung vorrangig
stickstoffhaltige funktionsila Gruppen auf Basis von Amiden baw. Pyrrolen vorliegen, wahrend mit zunsh-
mender Temperatur eine Verschiehung zu stickstoffhaligen funkiionellen Grappen auf Basis von quaterna-
ran Stickstoffverbindungen vorfiegt. Bel einer weiterfiihrenden Temperaturerhdhung nehmen die endspre-
chenden XPS-Signate der jewsiiigen funktionefien Gruppen ab, was als Beleg Iy die Infegralion von Stick-
stoff in das Kohlenstoffgerist bzw. in die Kohlensioffmatriv der so behandelien Aktivkohie heranzuziehen
ist. ¥ir weitere Ausfihrungen kann aufl dis enisprechanden Ausfiihrungen zu den Figursndarstellungsn
gemal Fig, 4a und Fig. 4 varwiesen werdan,

fy im Rahmen der der Figurendarstsliung gemid Fig. £ zugrundeliegenden Untersuchungen varden die
Durchbruchzeiten von drel verschiedenen erfindungsgemélien Aktivkohien fiir die Schadgase NH,, H.S
und 8O, im VYergleich zu einar unbehandalten Ausgangsakiivkohle ermittell. In Bezug auf dis Durchbruch-
zeiten Hir Amimoniak (NH;) ergibt sich hlerbeld fillr die Ausgangsakiivkohile ein Wert von lediglich 14 min,
wahrand fir dis erffindungsgemaien Aklivkohlen mit der Stickstoifmodifizierung bzw, Ausriistung ain jewsi-
Higer Wert von 20 min, 22 min und 33 min arhgiten wird, In Bezug aul die Durchbruchzeit gegeniiber Schwe-
fedwassarstoff (H,8) wird fiir das unbehandelte Auscangsmaterial ein Wert von 80 min erreichi, witrend
demgageniber filr die arfindungsgemiiion Alkbivkohlien Werle von 120 min, 110 min 2w, nochmals 120
rin arhalien werden. Schiiefilich wurde in Bezuy aufl die Durchbruchzeit gegeniiber Schwefeldioxid {80.)
fiir das unbehandalle Ausqangsimaterial gin Waerl von 30 min ermittelt, wihrend fiy die dred srfindungsae-
méafien Aldivikohlen Werte von 78 min, 47 min sowis 58 min ermittelt wurde. Digsbeziiglich kann auch auf
chige Ausfihrungen zu Fig, § verwissen wardarn,

im Ergebnis zeigen dis durchgefithrten Untersuchungen, dass dis erfindungsgemdidlen Aktivkohlan in Ver-
gleich zu dem Ausgangsmaterial signifikant erhGhie Durchbruchzelten fiir dis in Rede stehenden Schadsiof-
fen aufweisen, so dass die erfindungsgemilen Aktivkohlen gegeniiber dem Ausgangsmaterial hinsichtlich
ihrer LeisiungsiBhigksit erheblich verbessert sind.

g1 Diese Belunde werdern auch durch die in der Figurendarsielung gemdfl Fig, G und Fig, 66 in Bezuy
genommenen Untersuchungen bestitigh So ist sowohi in Bezug auf Schwefeldioxid {83,) als auch in Be-
zug auf Schwefelvassersioff (H.8) jeweils elne signifikante Verbassarung des Durchbruchverhaltans im
Yergieich 2 einer unbehandelten Ausganagsaktivkohie zu benbachten. In Berug auf die der Figurendarstal-

Aldivkohie mit einer Belthdhe von 1,8 om und elner Beltfidchs von 1.3 om® hergestelil, wobsi das Schiitt-
be#t bei einer relativen Feuchte von 70% einem SO-Volumenstrom mit 1.000 ppm S0, bei 220 mifmin
ausgeselzt wirde, Bei dem uniersuchien Endprodukt handelt es sich um eine bei Temperaturen von 920°C
stickstoffimodifizierts baw. sticksiofffunklionalisierts Aktivkohile nach der Brfindung. In Bezug auf Fig, b
wurdge die untersuchie Aklivicohie in Form eines Schilttbetis mit einer Belthdhe von 1 om eingesatzt, Bai
einer relativen Fouchtigikell von 0% wurde das Aktivkohisbett sinem M S-Volumenstrom mit 26 ppm MG
bei 4.2 mvs ausgesetzl. Bei der eingesetzten Aktivkohle handelt es sich gleichermafien um dic bersits in
Fig. §a In Bezug genommaens Aklivkohie,

Die zugrundeliegenden Urdersuchungan Zeigen somit, dass auf Basis der erfindungsgemilen Stickstoff-
funktionalisierung eine signifikante Verbesserung hinsichtlich der Chemisorption dar zuvor baschriebshnen
Schadgase resultiert, was sich in deutlich vergréiierten Durchhruchzeiten widerspiegelt,

hy im Rahimen eines weiteren Untersuchungskomplexas wurden Strukiuranalysen an ainer im Rahmen des
erfindungsgemil durchgefihrten Verdahrens zam Erhalt des Inermedials an thray Oberfiiche oxidierten
Aktivkohle durchgefithnt, Wie bersits zuvor angefihrt, werden durch die Oxidation unter Einbezug eines
Oxidationsreagenzes ("OR™ verschiedene sauerstoffhaitige funktionelle Gruppen bew. Sperzies generlsrt,
weiche nachlolgend gewissermalien als Ankergruppen bew. Reakfionspartner flir die Anbhindung mit dem
Stickstofimodifizierungsreagenz ("SMR) fungleren. Gleichermaen besinflussen die aul diese Weise ber-
gasteliten sauerstoffhaliigen funkiionsilen Gruppen die Oberfidchensigenschafien der so oxidierien Aldiv-
kohle, inshesondere im Hinblick auf den pH-Wert; die Hydrophitie und dergieichen, was insbesondare auch
zu einer Optimierung der nachicigenden Interaktion mit dem Stickstoffmodifizierungsreagens fiihrt. Digs-
beziiglich kann auch auf ohige Ausfihrungsn zu den Figurendarsteliungen gemall Fig, Te und Fig. T
verwiesen werden,

i} Es wurdean welteren asrfindungsgemals Aktivkohlen unter Verwandung von Harmstolidsungen in der oben
heschriehenen Verfatrenswaise hergesisilt, wobei dis Harnstofibehandiung mit nachfolgender Warmebe-
handiung bei T = S06°C erfolgie. Die vorangehends Oherflichenmddation erfolgte in Gegenwart von Luft-
sauersioff. Die erhaitenen Aktivikohie varden flir Durchbruchimassungen an emem Schitbatt (Durchmes-
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ser: 50 mm; MOhe: 20 mm) ®8ir varschisdene Gase (H53 und S0,) gelestet {Strom mil jowails 1.000 ppm
Schadgas, Sirdmungsgeschwindigkeit: 0.1 nvs; 70% relative Feuchie, Messtemparatur: 20°C; Durchibruch
bai 10 ppm fr Mo und 5 pom fir SOL). Als Veargleich dienten sing unbsahandeite Aktivkohia (Vergisich
I} und sine herkdmmiich basisch impragnierte Aklivkohle (Vergieich 1), Flir H,S baw. SO, konnte bei der
erfindungsgemalion Aklivkohle sine Durchbruchzall von 122 min baw. 133 min ennilitelt wardan, wihrend
fiir die Vergleichskohie | die Werte bei < 1 min baw. 4 min und Tiir die Vergleichskohle H bel 57 min bow, 46
mirt lagen. Dis erfindungsgemafien Altivkohian welsen somit zwei- bis dreifach erhdhie Durchbruchzelien
im Vergisich zu herkdmmlich imprignderten Aldivkohlan auf; auch iy Cyclohexan und Chior werden sahr
tarige Dhrchbruchzeiten erhalten,

3 Veargleich siner erfindungsgemaiien Altivkohle mit Stickstoffmodifizisrung 2o Vergleichsaktivkohien:

[8132] b Rahmen der zugrundeliegendean Untersuchungen wurde eng erfindungsgemdie Altivikohle, wis sie
auf Basis der Ausfiihrungan zu der unter 1.} hergestallien erfindungsgemafien Akiivkohls B srhallernowurde, mit
Vergisichsaktivkohlen vergiichen, welche auf unterschiedliche Art und Weise mit Sticksioff ausgeristet wurden:
So wurde eine erste Vergisichskohle | erhaften, indem ausgehend von enisprechenden Polymeren sin zwal-
siufiger Prozess zur Herateliung der Aktivkoble auf Basis ainer Carbonisisrung mit nachfolgender Akbiviering
durchgeflhrt wurde, wobel die Aktbvierung in Segenwart von Kohlengioxid, Wasserdampl und Ammoniakgss
durchgetlihrt wurdes: das stickstofthaltige Mitte! in Form von N, wurde somit ihm Rahmaen der Aktivkohisher-
stellung bet der Aktivierung zugagehen.

10133] Des Waiteren vawde cine zwelte Vergleichsakiivkohie H erhalten, indem sine ferlige Aktivkohie {4,
fu nach Carbanisierung und Aktvierung) als solche siner harkdnmilichen Harmstoffimpragnierung unterzogen
wurde, wobel dissbeziiglich eine Harnstoffidsung mit der Aktivkohle gemischt und die Aktivkohis auf diese
Waoise impragniart baw. gelrdnkt wurda. Dia 50 erhaitene Aklivikohles wurdes anschiiefend getrocknet. Schiiafl-
lich wurde eine Vergleichsaktivikohie Hl erhalten, indeny aing Aktivkohie ohne zwischengeschaliete Oxidation
direkt siner Sticksioffmodifizierung unterzogen wurde, indem eine Hamstoffisung mit der Aktivkohie in Kon-
takt gebracht wurde und die auf diese Waise behandalte Aldivkohie einer nachfolgenden Warmebshandiung
urterzogen wurde. Die Vargleichsakiiviiohie H unterscheided sich somit von der erfindungsgemifen Aktivkoh-
la dadurch, dass eine Aktivkohle als solche wnd somit kelne an ey Oberflache oxidierls Aktivkohle ainer
nachfoigenden Behandiung zur Stckstofimedifizierung unterzogen wurde. Dis sntsprechende Aktivkohie wies
somit in Bazug auf das Stickstofimodifizierungsreagenz keine Ankergruppen auf

[0184] Anden so erhaltenen Unlersuchungen warden antsprechende Analysen des Slickstofigahalts urnd wal-
terfihrende Untersuchungen in Bezug auf das Durchbruchverhalten von Schwelelwasserstoff (H,8) durchge-
fiihet. Beriiglich der Analyse des Sticksioffgehalts und des Vorliegens von Stickstoff in der Aktivkohie kann auf
obige Ausfiilhrungen verwiesen werden, Die Durchbruchexparmente wurden auf Basis eingr Schiftung der
Ieweiligen Aktivkohle mit ainer MGhe von 2 om in einem konstanten Volumenstom bel ciner Temperalurvon T
= 30°C durchQetiihnt, wobel der mi einer konstanten Sromungsgeschwindigkeit durch die Schilfung gefilhrie
Volumenstrom mil 20 pom M5 verschen wurde. Die nachfolgends Tabelle zeigh die srhaltenen Ergobnisse.

Akdiviohle

B (B )

F(Vgh

It (vl s

vl

Stickstoifgehalt M-
Gehalt [Gew.~%]

18

Gahalt an Stick-
stoff nicht in Form
voi fiichtigen Be-
standieiien {Gew.-
%)

a5

Dngchbruchszeit
gegeniber M5
fmin}

2 100

548

81

[8135] Die Tabelle zeigt. dass in Bezug auf die efindungsgemils Aklivkoble B sowohl der Sehalt anin das
Gerlist gebundenem {(d. h. nicht in Form von fllichtigen Bestandteilen vorliegendem) Sticksiofl in der Aldivkohie
erhdht ist, wobel im Gegensatz zu den Vergleichsaktivkohien sin erheblich griflerer Anteil des Stickstoffs in
Form von pickifi(ichtigen Stickstofibastandtellan vorflegt, was als Mall filr dis Integration dags Stickstoffs in die
Aktivkohilemslrix baw, das Aktivkohlegerlist zu verstehen ist.
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{8198] Gleichormalion weist die erfindungsgemaile Aktivkohle B ein deutlich verbessartes Burchbwuchverhal-
ten gegentiber Schwefehvassersioff und somit eine signifikant verbesserte Leistungsfahigkeit im Verglaich zu
den Vergisichsaktivkohlen | bis 1 auf.

[0187] Im Rahman ainer weitarflihrernden Undersuchung wiurden dis zugrundeliagenden Aktivikohian, namiich
die erfindungsgemaiie Aldivkohle B und die Vergleichsaktivkobien | bis 11, einaim Waschvergang unter Var-
wendung von 1 N Salzséure fiir sing Zelidaver von ainer Stunde unterzogen. Anschiielland wurden die Ak-
tivkohlen neutralgewaschen und nachiolgend gelrociknet. Mit den so behandelten Aldivkohlen wurden erneut
Durchbruchmessungen in Bezug aul Schwefelwasserstofl (H,8), wie zuvor beschrieben, durchgefihl, Wih-
rand iy die erfindungsgeméile Aktivkohie B eing Durchbruchzelt von weiterhin mebr als 100 min srmitiell
werden konnte, betrugen die entsprechenden Durchbruchzeiten i dis Verglelchsaktivikohian | bis 1l 45 min,
18 min brw. 28 min. Dies st als Beleg dafir zu werlen, dass aufgrund des Waschvorgangs mit Salzsaure
Hinsichilich der Vergleichsaktivkohla | bis 1§ alne erhabliche Menge an Sticksiolf entfernt wurde, was fiir die
arfindungsgemiis Aktivkohle B nicht der Fall ist. Dies bedeutet, dass in Bezug auf die Verglsichsaktivkohien
| bis Hi der Stickstoff zumindast im Wesentlichen nicht in immaobiisierter Form vortiegt und somit lzicht entfermt
warden kann. Im Gegensaiz hierzy ist aufgrund der Inkorporation des Stickstoffs in das Kohlenstoffger(st ge-
mil Aktivkohie B der Stickstolf immohilisiert haw. fast verankart, was 2¢ der hohen Bestdndighkell auch gs-
geniber Suren fiht,

(01981 Im Ergebnis zeigen die durchgefiihrten Undersuchungen die hohe Leistungsfahigkeit und die positiven
Eigenschaften der auf Basis des arfindungsgemal durchgeliihiten Verlahrens erhéiblichen stickstofimodifizier-
ten bzw, stickstofffunktionalisierten Aktivkohlern,
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Schutzanspriichs

1. Stickstofimodifizierte undioder stickstofffunktionalisionts Aldivikohle, inshesonders mit Katalvtischan und/
oder reakiiven Eigenschaften, vorzugsweisa Allivkohle mit Sticksioff als katalylisch aklivem Heleroatom, er-
hiitich durch gin Verfalwan, wobai bei dam Varfahren sine als Ausgangsimatarial eingesetzte Alkdivkohis Aus-
gangsaktivkohle”} zundchst siner Cherfidchenoxidation unter Verwandung undinder in Gegarwart mindestans
sings (idationsreagenzes ("OR™ unterzogen wird und die auf diese YVeise erhaltene, an ihrer Obetfliche
oxidierte Aktivkohle nachiolgend einer Ausriistung, inshesondere Modfizierunyg und/oder Panidionalisierung,
mif Slickstoff, insbesondere mit stickstofhaltigen funklionellen Gruppern, unter Verwendung undioder i Ga-
genwart mindestens eines Stickstofmodifizierungsreagenzes SMR™ unterzogen wird.

2. Stckskoffmodifiziens undfoder stickstoffunktionalisiarte Akdivkohie nach Anspruch 1, dadurch gakenn-
zatchned, dass die Oberfidchenmddation unter Aushildurg alner hydrophilan Oberfldchs der Aldivkobds durche
gefihrt wird undfodsr dass die Cherfidchencnddation gnier Aushildung von sauersioffhaiigen funktionelien
Gruppen an der Oberflache der Aktivkahle durchgefihnt wird undioder dass die Oberfldchenaxidation zu siner
Aushitdung von sauersioffhaltigen funktionsllen Gruppen an der Oberfldche der Aktivikonhle fiitwt, inshesonde-
e wobet die saverstoffhaligen funktionsilen Gruppen ausgewdhit werdan aus sauren und basischen sauer-
stoffhaltigen funktionsllen Gruppen sowie deren Kombinationen, insbesonders sauren und basischen Cberfla-
chenoxiden, undfoder inshesondsre wobel die sausrstolthaltigen funktionsllen Gruppen ausgewahil wardan
aus Hydroxyl-, Carbond-, Carbonyl-, Anhydrid-, Lacton-, Chinon-, Pyron-, Chromen- und Ethergruppen sowie
deren Kombinationan.

3. Stickstoffmodifizierts undiodsar stickstofffunidionalisiens Aktiviohie nach Anspruch 1 gder 2, dadurch ge-
kannzeichnet,
dass durch die Oborflichanoxidation der pb-Werl, inshesanderg der Oberfidchen-ph-Wert, der an ihver Ober-
fische oxidierten Aktivkohle im Vergieich zu der Ausgangsaldivikohle um einan Wart von mindestens 0,25,
insbesonders mindestens 0.3, vorzugsweige mindestens §,73, bevorzugt mindestens 1, besonders bevorzugt
mindesiens 1,5, verfndert wird; und/oder
dass die Aciditit der an itrer Oberfldche oxidierien Aktivkohie erhint und/nder der pH-Wert, insbesonders der
Oberfichern-pH-Werl, der an ihrar Oberfiiiche oxidierten Aktivkohle verringert wird, insbesondera um ainen
Wert von mindestens 0,25, insbesonders mindesiens 0.5, vorzugsweiss mindestens §,75, bevorzugt mindes-
tens 1, haesonders bevorzugt mindestens 1.5, oder aber dass die Basizitédt der an ihwer Oberflache oxidierten
Aldivkohis erhiht undfoder der pH-Wert, insbasondere der Oberfldchen-pH-Wert, der an itrer Oberfliche oxi-
diertean Aktivkohie erhdht wird, inshesondare um alnen Wert von mindestens 0,25, inshesonders mindastens
4.5, vorzugsweise mindestens 0,75, bevorzugt mindsstens 1, basonders bevorzugt mindastens 1,5,

4, Stickstofimodifizierts undfioder sticksioffflunklionalisierte Aklivikohie nach einem der vorangehenden An-
spriiche, dadurch gekennzeichnet, dass die Obarfidchencxidation durchgefiihnt wird derart, dass dis aul die-
s Weise erhaltane, an irer Oberflache oxidierie Aldivkohie sinen Gehalt an sauersicffhialtigen funktionelien
Gruppen, berechnet und/odar ausgedriick! als Gehalt an Richtigen Bestandtellen "B und bezogen auf das
Trockengewicht der an threr Oberflache oxidierten Aktivkohie, von mindastens 1 Gew.-%, insbasondere min-
dastens 2 Gaw.~%, vorzugsweise mindasians 3 Goaw.-%, bevorzugt mindastons 4 Gew %, und/odar im Ba-
raich von 1 Gew -% bis 30 Gew -%, insbesondera 1.5 Gew.-% bis 25 Gew.-%, vorzugsweise 2 Gew.-% bis 20
Gew.-%, bevorzugt 3 Gew.-% bis 18 Gew.-%, aufwsist, inshesondsre wobel der Gehall an sauerstoffaliigen
funktionelien Gruppen durch Temperatur und/oder Zeltdauer undioder Art undioder Konzentration an Oxidatl-
onsreagenz ("OR™ singestalll wird.

5. Stickstoffimodifizierie undfoder sticksiofffunidionalisierts Akiivkohie nach einem der vorangehenden An-
spriiche, dadurch gekennzaichnet, dass das Oxidationsreagenz ("OR") ausgewahit wird aus der Gruppe von
Sauersioff, Ozon, anorganischen oder organischen Oxiden und Peroxiden sowie anorganischen oder organi-
sohen Sduren und Parsauran und deven Kombinadionen, bevorzugt aus der Grappe von Sauerstoll, Wasser-
stofiperoxid (H,0.), Salpetersdure (HNOG,) und Ammoniumperaxodisuifal ((NH,1.85,0,) sowie deren Kombina-
tionen.

£, Stickstoffmuodifizierte undfoder sticksiofffunkiionalisierte Aklivikohie nach einem der vorangehsnden An-
spriiche, dadurch gekennzsichnet. dass die Oberfidchenoxidation unter Erwarmen erfolgl, inshesondsre wobed
die Cberflachenoxidation unter solchen Temperaturen erfnlgt, dass eine Realtion des Oxidationsreagenzes
{("ORT) mit der Aldivkohle unter Ausbildung von sauerstoffhaiigen funktionelien Gruppen an der Quorfidche
der Aldivkohie erfolgl, undioder insbesondare wobei die Oberflichanoxidation im Temperaturbereich von —
20°C bis 1.000°C, insbasondere ¢°C bis 8U0°C, vorzugsweise 20°C bis §00°C, bavorzugt 30°C bis 500°C,
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durchgeflhrt wird undioder insbesonders wobel dig Oberildichenoxidation iy gine Zelidaver im Bereich von
1 Minute his 500 Minuten, insbesondere 5 Minuten bis 500 Minuten, bevorzugt 10 Minuten bis 400 Minuten,
durchgeflihrt wirg.

7. Stiskstofimodifizierts undfoder sticksiofffunkiionalisierte Aklivikohde nach einem dor vorangehanden An-
sprische, dadurch gekennzaichnet, dass das Oxidationsreagenz ("OR") ausgewihil wird aus der Gruppe von
anorganischen odsr organischen Oxiden und Peroxiden sowie ancrganischen oder organischen Sduren und
Persduren und deren Kombinationen, bevorzugt aus der Gruppe von Wassersioffperoxid (H,0;) und Salpe-
tersdure (HNQ,), vorzugsweise Salpetersiure (HNO;), insbesondere wobei die Oberfiichenomddation im Teme
peraturbergich von -203°C biz 500°C, insbesondere ~10°C bis 400°C, vorzugsweise §°C bis 380°C, bevorzugt
10°C his 300°C, besonders bavorzugt 15°C bis 250°C, ganz besondars bevorzugt 20°C bis 200°C durchge-
fithwt wird.

8. Stickstoffmodifizierie undinder sticksiofffunidionalisierts Akiivkohle nach einem der vorangehsenden An-
spriiche, dadurch gekennzeichnet, dass das Oxidationsreagenz ("OR") ausgewahit wird aus der Gruppe von
Sauersioff und Ozon, vorzugsweise Sauersioff, insbesondere wobel die Oberflachenoxidation im Temperatur-
bereich von 100°C bis 1.000°C, insbesondere 150°C bis 800°C, vorzugsweise 200°C bis 780°C, bevorzugl
225°C bis 800°C, basonders benvorzugt 250°C bis S0I°C, ganz besonders hevorzugt 256°C bis 456°C, durch-
gefihrl wird.

9. Stickstofimodifizierle undfoder sticksiofffunklionalisierte Aklivkohie nach einem der vorangehenden An-
sprische, dadurch gakennzeichnel, dass im Anschiuss an die Oberflachenoxidation und inshasondere vor der
Ausristung, inshasondere Modifziarung undioder Funktionalisigrang, mit Sticksiolf sing Aufrainigung undiodey
Trocknung der an ihrer Oberfliche oxidierten Aklivkohie erfolgt, inshesondere wobel die Aufreinigung mitiels
mindestens aines Waschvorgangs in einer Filssigke#t, inshesondere Wasser, arfolgt undfoder insbasondare
wobel die Trockrang under Erwidirmung der an ihrer Oberfliichs oxidierten Aklivkohie inshasondere auf Tem-
peraturen im Bereich von 44°C bis 200°C, insbhasondere BO°C big 180°C, vorzugsweise 60°C bis 120°C, erfolgt.

10, Stckstoffmodifizierte undfoder stickstofffunktionalisierte Akiivikohle nach einem der vorangeherniden An-
spriche, dadurch gekennzeichned, dass die Ausristung, insbesondare Modifizierong undfoder Funktionalisie-
rung, mit Sticksioff ein Inkontakibringsn der nach der Obarfidchenoxidation erhaltenen Aktiviahile undioder der
an thrar Oberfldche oxidiertan Akdivkohle mit dem Sticksteffmodifizierungraagenz ("8SMR), gafolgt von siner
thermischen Behandiung, umfasst.

11, Sticksioffmodifizierte und/oder stickstofffunktionalisierts Aktivkohle nach einem der vovangehendsn An-
spriiche, dadurch gekennzeichnet, dass das fir die Ausriistung, insbesonders Modifizierung und/odsr Funk-
tiohalisierung, der an threr Oherfldche oxidierten Aktivicohie mit Sticksioff eingessizie Stickstoffmodifizierungs-
reagenz ("SMRE") ausgewdhil wird aus der Gruppe von MHarnsioff, Ammotdak, Malamin und Aminosfuren 50-
wie deren Kombinationen, inshesondare Harnstoff und Ammoriak sowie deren Kombinationen, vorzugswaise
Harngtoff.

12. Stickstoffmodifiziorte und/oder sticksiofffunklionalisiorta Aklivkohle nach ginam der vorangshandan An-
sprtiche, dadurch gekennzeichnel, dass als das fir die Ausrlstung, insbesonders Modifizierung undfoder
Funktionalisierung, der an ihwer Oherflache oxidiertan Aktivikohie mit Stickstoff singesetzie Slickstofmodifizie-
rungsreaganz ("SMRT) Harmstoff verwendet wird, insbesondere wobel dar Harnstoff in Form einer vorzugswal-
sg wassrigen Ldsung, bevorzugt in Form einer 2umindest im Wesentiichen gesatligien Harnstoffiosung, ein-
gesetzt wird,

13. Stickstoffmodifiziarte und/oder stickstofffunktionalisterte Aktivkoble nach einem der vorangehendsn An-
spriiche, dadurch gekennzeichnet, dass als das fir die Ausriistung, insbesondere Modifizisrung undfoder
Funktionalisierung. der an lhwer Oberfliche oxidiertan Aktivkahie mit Stickstoff elngesetzte Stickstofimodifizie-
rungsreagenz ("SMR™ Ammaoniak verwendet wird, inshasondere wabel das Ammoniak in Form des Gases
undioder als Ammoniakwasser, inshesondere in Form des Gases, eingeselzt wird,

14, Stickstoffmodifizizne undfoder stickstofffunktionalisierte Aktivicohle nach sinem der vorangahenden An-
spriiche, dadurch gekennzaichnet, dass die Ausrlistung, insbesonders Modifizisrung und/ioder Funitionalisie-
rung, der an threr Ohberflache cxdidierten Aklivkohle mit Stickstoff durch Reaktion, insbesondere chemische Ke-
aktion, vorzugsweiss unter Aushildung kovalenter Bindungen, des Stickstoffmodifizisrungsreagenzes ("BMH"
mit dar an ihver Oberflache oxidierten Aklivkohle, insbesondera mit den saversioffhaltigen funidionelien Grup-
pen an der Oberflachs der Aktivkohie, aricigl.
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15, Stickstoffmodifizierte und/oder stickstofffunklionalisierte Aklivkohle nach ginam der varangehendan An-
spriche, dadurch gekennzedchnet, dass die Ausristiung, insbesondera Modifizierung unc/oder Funktionalisio-
rung, der an threr Oberflache oxddierten Altivkohle mit Stickstof unter Aushildung sticksiofthaltiger funkiionelier
Gruppen, inshesonders ausgewahll aus der Gruppe von Aminen, inshasonders primaren, sekundiren, tertid-
ran und Quartdren Aminen, Iminon und AZinen sowie deran Kombinationen und/oder inshesonders ausgewahit
aus der Gruppe vor Amin-, inine-, Agine, Pyrrol-, Nitrile, Nitro-, Nitroso-, Pyridin-, fmid-, Amid-, Lactam- und
Pyridongruppen sowie deren Kombinationen, sriolgt.

16, Stickstoffmadifizierte und/oder stickstofffunktionalisterts Aktivkoide nach emem der vorangehendan A
spriche, dadurch gekennzeichnet, dass die Ausriisiung, insbesondere Modifizierung undioder Funktionalisie-
rung, der an threr Oberflache oxidiarten Aldtivkohie mit Stickstoff unter Integration undioder Einbau, insheson-
dere unter Ausbildung chemischer Bindungen, vorzugsweise unler Aushildung kovalenter chamischer Bindun-
gen, inshasonders 2wischen Stickstoff einersaits und Kohienstoff anderarsedts, in das Kohdenstoligerist uncl/
oder die Kohlenstoffmatrix der an ibrer Obarfldche oxidierten Aktivkehls erfolgt.

17, Stickstoffmodifiziarte und/oder stickstofffunklionalisierte Aktivkohle nach einem der vorangshendsn An-
spriiche, dadurch gskennzeichnet, dass die Ausrlistung. Insbesonders Modifizierung undioder Funktionaligia-
rung, der an ibrer Cherfldche osadierten Aklivkohie mit Stickstoff under Erwérmen erfolgt, insbesonders auf
Temparaturen oberhsid der Zarsetzungstemperatur des Stickstoffimodifizierungsreaganzas "SMR™), insbeson-
dere wobsi die Ausristung, inshesondere Modifizierung undfoder Funidionalisisrung, der an threr Oberfliche
oxidierten Aklivkohls mat Stickstoff unier soichen Temparaturen erfolgl, dass eing Reaklion dos Stickstoffmo-
difizierungsreagenzes ("SME"Y mit der an shver Oberflache oxidienten Aklivkohde, insbesondere mit den sauar-
stoffhaltigen funktionelien Grupben an der Oberfidche der Aktiviiohie, erfolgt, undioder inshasondere wobei
die Ausristung, inshesondere Modifizierung und/oder Funitionalisierung, der an ihrer Oberfliche oxidierten
Aldivikohia mit Sticksioff im Temperaturbareich von 200°C bis 1.200°C, insbesondera 300°C bis 1.000°C, vor-
Zugsweise 560°C bis 950°C, durchgefihrt wird undfoder inshesondare wobel die Ausrdstung, insbasondere
Modifizisrung undfoder Funktionalisierung, der an ihwer Obetfiache oxidierten Aktivkohle mit Stickstoff flir eine
Zeitdauer im Bereich von 0.1 Stunden bis 15 Stunden, inshesondere 0,2 Stunden his 10 Stunden, vorzugswel-
sg (.5 Stunden bis 8 Stunden, durchgefiihrl wird.

18. Stickstoffmodifiziane undf/oder stickstofffunktionalisierte Aktivkohls nach sinem der vorangshenden An-
sprtiche, dadurch gekennzeichnet, dass die Ausriistung, inshesondera Modifizierung undioder Funidionalisie-
rung, der an ihrer Oberfliche oxidierten Aklivkohle mit Stickstoff unter Erwirmen in Form einer einshufigen
Wiarmebshandiung arfolgt.

19, Stickstoffmodifiziarte und/oder stickstofifunidionalisierte Aldivkohle nach ainem der vorangehenden An-
spriiche, dadurch gekenrzeichnet, dass die Ausriistung, inshesondera Modifizierung und/oder Funktionalisie-
rung, der an ihrer Oherftache oxidierten Aldivikehle mit Stickstolf unter Erwidrmen aul ainen Temperaturberaich
vor 38G°C bis 70070, insbesondere 400670 bis 600°C, vorzugsweise 400°C bis 656°C, durchgefhrt wird, ins-
besondars fiir eing Zeltdauer im Bergich von 8,1 Stundan bis 15 Stunden, bevorzugt 4,2 Stunden bis 10 Stun-
den. vorzugsweise 0,5 Stunden bis 8 Stunden, inshesondere wobed stickstoffhaltigs funidionells Gruppen, wie
in Ansprach 15 dafiniert, ausgebildet werden.

20. Stckstoffmodifizierte und/oder stickstoffunktionalisierts Aktivkohie nach einem der vorangehenden An-
spriiche, dadurch gekennzeichnet, dass die Ausriistung, inshesondere Modifizierung undioder Funktionalisie-
ring, der an ihrer Oherflache oxidierten Aktivkonhle mit Stickstolf unter Erwiirmon auf einen Temperaturbersich
yort 7507 C big 1.200°C, insbesondera 800°C bis 1.100°C, vorzugsweiss 850°C bis 1.050°C, duschgaliiyt wird,
inshesoundere fiir eing Zeldauer im Bersich von 0,1 Stunden bis 18 Stunden, Devorzugt £,2 Stunden bis 10
Stunden, vorzugsweise 0,5 Stunden big 8 Stunden, inshesondere wobsal eine Integration undioder ein Einbauy
des Stickstolfs in das Kohlgnstoffoerfist undiodsr die Kohlenstofimatrix der an threr Oberfldchs oxidierten Ak-
tivikahle erfolgl, inshesondare wis In Ansgruich 16 defindert,

21. Stickstoffmadifizierte undinder stickstofffunktionalisierte Aktivikohle nach einem der vorangehenden An-
spriiche, dadurch gekennzeichnet, dass die Ausristung, insbesondars Modifizierang undioder Funidionalisie-
rung, der an ihrer Oberfliche oxidierten Aldivkohle mit Stickstoff unter Erwdrmen in Form einer mehrsiufigen,
inshesondere 2weisiufigen Warmsbehandiung, sriolgi.

22, Stickstoffmoddfizierte und/odar sticksioffunidionalisierte Aktivkohle nach ginem der vorangghenden An-
spriche, dadurch gekennzedchnet, dass die Ausristiung, insbesondera Modifizierung unc/oder Funktionalisio-
rung, der an ihver Oberfiache oxidierten Aktivkohle mit Stickstoff in einer ersten Warmebhehandiung unter Er-
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warmen auf cinen Temperaturbereich von 300°C bis 700°C, insbesondere 400°C his 6060°C. vorzugsweise
40070 bis BS0°C, und einer nachicigenden Dweiten Warmebehandlung unter Erwérmen awf einen Tempera-
turbereich von 750°C bis 1.200°C, insbasonders BH0°C bis 1.100°C, vorzugsweise BBO°C big 1.050°C, durch-
gefihrt wird, insbesondere wobel die jeweiligen Warmebehandiungen, unabhingig voneinander, fiir eine Zeit-
dager im Borgich von 0,1 Stunden bis 15 Stunden, inshesondere 0,2 Stunden bis 10 Stunden, vorzugswaise
$,5 Stunden bis 8 Stunden, durchgefihrt werden

23, Stickstoffmodifizierte und/oder sticksioffunklionalisierte Aktivkohle nach einam der vorangehendean An-
sprtiche, dadusch gekermzeichniet, dass im Anschiuss sy die Ausriistung, Insbesondare Modifizierung und/
oder Funktionalisierung, mit Stickstof sine Aufreiniqung und/odsy Trockrang der erhalicnen Aldivkohde erfolgh,
inshesondere wobel diz Aufreinigung mittels mindestens eines Waschvorgangs in siner Flliissigkeit, insheson-
dere Wasser, erfolgl und/oder insbesondere wobei die Trocknung unter Erwdrmung der mit Stckstolf ausge-
risteden Akliviiohle, insbesondsra auf Temperatoren iin Beredch von 40°C bis 200°C, insbesonders 50°C bis
150°C, vorzugswaise 60°0 bis 126°C, erfolgt

24, Stickstoffmodifizierte undfoder sticksioiffunktionalisierts Aklivkehle nach sinem der vorangehendsn An-
spriiche, dadurch gekennzeichnat, dass die mit Stickstolf ausgetiisiele Aldivkonle sinen Gehalt an filichtigen
Bestandteilen ("B"), bezogen auf das Trockengewicht der mit Stickstoff ausgeristeten Aldivkohle, von min-
destens 0,1 Gow.-%, insbesonders mindestens 0.2 Gow.-%, vorzugsweiss mindestons 0.3 Gow -%. bevorzugt
mindesiens 0,5 Gew.-%, besonders bevorzugi mindestens 1 Gew.-%. ganz besonders bevorzugt mindestens
2 Gew.-%, undioder v Bareloh von 4,1 Gow-% bis 20 Gew -%, insbasondere (0,2 Gow.-% bis 15 Gow.-%,
vorzugsweise 0,3 Gew . -% bis 12 Gew.-%, bevorzugt 8.5 Gew.-% bis 10 Gew -%, besonders bevorzugh 1 Gew.-
% big 10 Gaw.-%, aubveist.

25, Sticksloffmodifirierte und/oder sticksioffunidionalisierte Aktivkehle nach einam der vorangehendan An-
sprtiche, dadurch gekennzeichnel, dass die mit Sticksiolf susgeriistete Aktivikohie einen Stickstoffgehalt, ba-
zogen auf das Trockengewich! der mit Sticksioff ausgeriisteten Aktivkohle, von mindestens 0.1 Gew .-%. ing-
besondere mindestens 0.2 Gew ~-%, vorzugsweise mindestens (.3 Gow.-%, hevorzugt mindestens 0,5 Gew.-
%. besonders bevorzugl mindestens 1 Gew.-%, ganz besonders bevorzugt mindestens 2 Gew.-%, undfoder
iy Beredch von §,1 Gew.-% bis 30 Gew %, msbesonders 0.2 Gew.-% bis 25 Gaw -%, vorzugswelse 0,3 Gew.-
% big 20 Gew.-%, bevorzugt §,5 Gew -% bis 15 Gew.-%, besonders bevorzugt 1 Gew.-% bis 15 Gew -%, auf-
waist, nsbesonders wobsi mindestans 0%, insbesondere mindestens 50%, vorzugsweise mindestens 70%,
bevorzugh mindestens 80%, des Sticksioffs, bezogen auf den Gesamtstickstoffigehalt, in der mit Stickstoff aus-
garlistaian Aktivkohis chemisch gebunden undfoder integrier! vorllegen undioder nicht in Forim von fliichiigen
Bestandteilen {"f8"} in der mit Stickstoff ausgeriisteten Aktivkohis vorliegen undfoder inshesonders wiobei 50%
bis 99,9%, inshesondere 80% bis 99%. vorzugsweise 70% bis 958%, bevorzugt 80% bis 30%. des Stickstofis,
hezogen auf den Gesamistickstoffgehail, in dar mit Sticksioff ausgeriisteten Altivikohie chemisch gabundan
undioder infegrier! vorliegen undfoder nichl in Form von filichtigen Bestandtellen ("B in der mil Stickstoff
susgeristeten Aklivicohia vorliagen,

25, Stickstoffmodifizierte undfoder stickstofffunktionalisierts Aktivikohle nach sinem der vorangehendsn An-
soriichs, dadurch gekennzeichnet, dass die mit Sticketoff ausgerlsiate Altivkohlo ain Gesamiporenvolumaen,
insbesonders ¢in Gesamtporenvolumen nach Gurvich, im Bereich von (.4 bis 4 om™y, insbesondera §,5 bis 3,
5 orn®fy, vorzugsweise 0,8 bis 3 oy, besonders bevorzugt 0,7 bis 2,5 cmily, sufwelst, insbesondere wobel
30% bis 39%, inshesondere 40% bis 99%, vorzugsweise 50% bis 95%. des Gesamiporenvolumens, insheson-
dera das Gesamtporanvolumens nach Gurvich, der mil Stickstodf ausgeriisteten Altivkohle, durch Poren mit
Porendurchimessarn von 5 50 e, insbesondere durch Milo- andioder Mesoporan, gebildel warden undioder
inshesundere wobei 10% bis 83%, nshesondere 20% bis 80%, vorzugswaise 30% bis 75%, des Cesamtpo-
rervolumans, inshesondere des Gesamiporenvolumens nach Gurvich, der mit Sticksioff ausgeristatan Aktiv-
kohie, durch Poren mit Porendurchmessern im Bereich von 2 nm bis 50 nm, insbesondere durch Mesoporen,
gabildet werden; urd/oder
dass die mit Sticksioff ausgeristete Akdivkohle ein durch Poren mit Porendurchmessam < 2 nim gebildetes
Porerwvolumen, insbesondere Milvoporenvoiumen nach Carbon Black, im Bereich von 0,05 bis 2 em™yg, inshe-
sondere 0.1 bis 1.5 ey, vorzagsweiss 0.2 his 1,1 oy, basonders bavorzugt 0,3 his 1 oy, aubweist und/
ocer dass 10% bis 95%, insbhesondera 20% bis 95%, vorzugsweise 30% bis 80%, das Gesamiporenvolimans
der mit StickstofT ausgeriisisten Aldivkohie durch Poren mit Porendurchmessern von £ 2 nim, inghasondsare
durch Milcoporen, gebildet werdan undfoder
dass die mit Stckstofl ausgeriistets Aklivkohle sinen mittleren Porendurchmesser im Bersieh von 1 bis 80 im,
insbesondera 1 bis 55 nm, bavorzugt 1,5 bis 50 nm, besonders bevorzugt 2 bis 45 nm, autweist
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27. Stickstoffmoddfizierte und/odar sticksioffunidionalisierte Aktivkohle nach ginem der vorangghenden An-
spriche, dedurch gekennzeichnet, dass als eingesetzie Aktiviiohle ("Ausgangsaktivkohle™ kornfGrmige, ns-
besondere kugeldimigse Aktivkohle verwende! wird undioder dass als cingossizie Akiiviiohle {"Ausgangsak-
tivkohle™ eine derartine Aklivkohle verwendet wird, walche durch Carbonisierung sines Ausgangsmatarials,
inshasonders von sufforarten organischen Polyineran, vorzudgsweiss gul Basis von divinvibenzolvernelziam
Polystvral, und anschiiefiende Aktivierung des carbonisisrten Ausgangsmaterisis erhalten wird,

25, Stickstoffmodifizierte und/oder sticksioffunklionalisierte Aktivkohle nach einam der vorangehendan An-
sprtche, dadurch gekennzeichned,
dass dis mit Stickstoff ausgeristete Aklivkohie sine spezifische BET-Oberfiiiche im Bereich von 500 m¥ig bis
3.85060 m?y. inshesondere 800 bis 3.000 m¥g, vorzugswaise 700 bis 2.750 mYy, besonders bevorzugt 800 his
2.500 m*y, auvfweist undioder
dass die mit Stickstoff ausgeriistete Aktivkohie sine durch Mikropowen gebildele Obarflchs von 400 bis 2.500
m2fg, insbesonders 500 bis 2.300 m¥g, vorzugsweise 600 bis 2.100 mifg. besonders bevorzugt 706 bis 1,300
i’y aufweist undfodey
dass die mit Stickstolf ausgeristate Aktivkohle eine Dichie von 1,1 bis 3.5 g/mi, inshesondera von 1.5 bis 3 ¢f
mil, vorzugswalse von 1,75 bis 2,75 g/mi, bevorzugt von 2 bis 2.5 go/ml, aufwaist und/oder
dass dis mit Sticksioff ausgeristete Aktivkohie eine Schitidichte von 8.1 bis 1,5 g/ml, inshesondere von §,15
bis 1 gimid, vorzugsweise von 1.2 bis 0.8 g/, bevorzugt von Q.3 bis 0.6 gimi, aufweist undinder
dass die mit Stickstoff ausgerisiete Alkdiviiohie sine Druck- und/oder Barstestigkeit (Gewichisbelastbarkeit) pro
Aktivkohiekorn, insbesondere pro Aktivkohlek{geichen, von mindestens & Newton, inshesondere mindestens
16 Newton, vorzugsweiss mindastens 15 Newlon, bevorzugl mindestens 20 Newlon, aulweist undfoder dass
dia Aktivkohie sine Druck- und/oder Borstiestigkelt {Cewichisbalastbarkell} pro Aktivkohiekorn, inshesondsre
pro Aktivkohlekiigelchan, im Bersich von 10 bis 50 Newion, inshesondare 10 his 45 Newlon, vorzugsweise
15 bis 40 Newton, aufweist.

29, Suckstoffmodifizierte undioder stickstofffunktonalisierte Aktivkohis, insbesondere mit katalytischen und/
oder reaktiven Elgenschaiten, vorzugsweise mit Stickstoff als Katalytisch aktiverm Heteroatom, wobei die stick-
stofimodifizierte undfoder stickstofffunkiionalisierte Aktivkohie durch Gherflachenoxidation einer als Ausgangs-
material singesetzion Aklivkohle ("Ausgangsakiivkohls”) unler Verwendung ond/oder in Geganwart mindas-
tens eings Oxidationsreagenzes ("OR™) ungd nachiolgender Ausriistung, insbesonders Modifizierung undfoder
Furddionalisierung, mit Stickstoff der auf diese Weise arhaltenen, an ihrer Oherfliche oxidierten Aktivkohle
urder Yerwendung undfoder in Gagenwart mindestans eines Stickstoffimodifizierungsreaganzes (8MR") ar-
hidtlich ist.

30, Stickstoffmodifizierte undioder stickstoffunktionalisierts Aklivkohls, insbesondare mit katalytischen und/
oder reakdiven Eigenschaften, varzugsweise mit Stickstoff als katalylisch aktivern Hslercatom, dadurch ge-
kennzeichnet, dass Stickstoff unter Ausbildung chemischer Bindungen, vorzugsweise unter Aushildung kova-
lenter chemischer Bindungan, an die Aktivikohle gebunden ist,

31. Stickstoffmodifizierte und/oder stickstofffuniklionalisierte Aldivkohie nach Anspruch 30, dadurch gakenn-
zaichnst, dass Stickstof in Form mindestens sinar sticksloifhaitigen funktionslian Gruppe, insbesonders aus-
gewahil aus der Gruppe von Aminan, insbesonders primdren, sekunddran, tertiran ungd quartdren Aminen,
iminen und Azinen sowie deren Kombinationan und/oder ingbesondsere ausgewdhit aus der Grupps von Amin-,
imin-, Azin-, Pyrrols, Nitril-, Nitro-, Nifreso-, Pyridin., Imid-, Amid-, Lactam- und Pyridongruppen sowis deran
Kombinationan, vorfiegt, inshesondere an die sticksiofMnodifizierte undioder stickstofffunktionalisiorte Akt
kotde gebunder ist, vorzugswelse chamisch undioder kovalant gebundar st

32. Stickstoffmodifiziere undfoder stickstoffiunktionalisierie Aktivicohle nach Anspruch 30 oder 31, dadurch
gekennreichnet, dass Stickstolf in das Kohlenstoffgerist undfoder die Kohlgnstoffmalrix der sticksioffmodifi-
Zierten undioder stickstofffunktionaiisierten Aktivikohie, vorzugswelse unter Ausbildung kovalenter chemisches
Bindungen, insbesondere zwischen Stickstoff einerseits und Kohlenstoff andererssits, infegriert undloder ein-
gebaut ist.

33. Shckstoffimodifizierie undiodar stickstoffunktionalisierte Aldivkohle mach einam der Anspriiche 30 s 32,
dadurch gekennzeichnet, dass die stickstofimoditizierte undioder stickstofffunktionalisicrte Aktivkohle sinen
Gehalt an fliichtigen Bestandteilen (8", berogen auf das Trackengewicht der mit Sticksioff ausgeristaten
Aldivikords, von mindestens 0,1 Gew.-%, insbesondere mindestens 0.2 Gew -%, vorzugsweise mindestans §,
3 Gew.-%, bevorzugt mindestens 0.5 Gew.-%, besonders bevorzugt mindastens 1 Gaw .-%, ganz besonders
bevarzugt mindestens 2 Gew.-%, und/oder im Bereich von 4, 1 Gew -5 bis 20 Gew.-%, insbasondera (4,2 Gaw.-
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% bis 15 Gew. %, vorzugsweise 0,3 Geow.-% bis 12 Gew.-%, bevorzugt 0.5 Gow -5 bis 10 Gew.-%, besonders
bevorzugt 1 Gew.-% bis 10 Gew.-%, sufwaist.

34, Slickstoffmodifizierte und/oder stickstofffunktionalisierte Aldivkohie nach sinem der Anspriiche 30 bis
33, dadurch gskennzeichnat, dass die stickstofimodiiiziants undioder stickstoffiunidionalisiorie Aktivkohla si-
nen Sticksicifgehalt, bezogen auf das Trockengewicht der mit Stickstoff ausgeriisielen Aktivkohls, von min-
destens 0,1 Gew.-%, inshesonders mindestans 0.2 Gew.-%, vorzugsweiss mindestens 0,3 Gew.-%, bevarzugt
mindestens 0.8 Gew.-%, besonders bevorzugt mindesiens 1 Gaw.-%, ganz basonders bevorzugt mindestens
2 Gew.-%, unt/oder in Berelch von 3,1 Gew »% bis 30 Gew.-%, inshasondere 0.2 Gew.-% bis 25 Gew.-%,
vorzugswaise 0,3 Gew.-% bis 20 Gaw -%, hevorzugt (.5 Gew -% bis 18 Gew -%, besonders bevirzugt 1 Gew -
% bis 15 Gew.-%, aufweist, inshesondere wobsel mindastens 50%, insbesonders mindestens 60%. vorzugs-
waise mindestens 70%, bavorzugt mindeslens 30%, des Sticksiolfs, bezogen auf den Gesamistickstoficehait,
in dew stickstoffimodifizierten undfoder stickstofffunitionadisierten Aldivikohie chemisch gebunden undinder in-
tegriert vorliegen undfoder nicht in Form von filichtigen Bestandtedien (87} in der stickstofimodifizierten und/
oder stickstofffunktionalisisrien Aldivkohis vorlisgen und/oder inshesondere wobel 50% his 99,9%, insheson-
dera 0% bis 99%, vorzugsweise 70% bis 85%, bevorzugt 80% his 90%, des Sticksioffs, herogen auf den
Gesamtsticksioffgehalt, in der stickstofimaodifizierten undfoder stickstofffunktionalisierten Aktivkohie chamisch
gebunden undfoder integrier! voriegan undfoder nicht in Form von Rlchligen Bastandtellen (D7) in der stick-
stofimodifizierten und/oder stickstofffunitionalisiortan Aktivkohie vorliegen.

35, Stckstofimodifizierte und/oder stickstofffunktionalisiorte Aktivkohie nach einem der Anspriichs 30 big
34, dadurch gekermzeichnet,
dess dig stickstofmodifizierts und/odar stickstofffunkiionalisierts Aldivkohie ein Gesamitporenvaiumen, insbe-
sondare ein Gesamiporanvolumen nach Gurvich, im Bereich von 0,4 bis 4 om¥g, insbesonders 0.5 bis 3,5 om®
g, vorzugsweise 0,8 bis 3 om’g, besondars bevorzugt 0,7 bis 2,8 om’y. aufweist, nsbesonders wobel 30%
bis 99%, insbesonders 40% bis 98%, vorzugswaise 50% bis 85%, des Gesamiporenvolumens, insbesondsere
des Gesamiporanvolumens nach Gunvich, der sticksiofmodifiziertan undfoder stickstofffunktionalisienten Ak-
tivkohle, durch Poren mit Porendurchimessern von = 50 nm, insbesondere durch Mikro- undioder Mesoporen,
gebildet warden undioder inshesondere wobei 109 bis 35%, insbesondere 20% bis 80%, vorzugsweise 30%
s 75%, des Gesamiporenvolumens, Insbesondereg des Gesamiporenvolumens nach Gurvich, der stickstof.
modifizierien undfoder sticksiofffunitionalisierten Aktivikchle, durch Poren mit Porgndurchmessern im Bergich
vost 2 i bis 30 ru, inshesonders durch Mesoporen, gebildet sind; undfoder
dass die stickstoffmodifizierte undioder sticksioffiunklionalisierts Aktivkohie ein durch Poren mit Porendurch-
messern £ 2 nm gehildetas Poranvolumen, inshesondere Milcoporenvolumen nach Carbon Black, im Bereich
vomn 0,08 bis 2 cm¥g, insbesondere 0,1 bis 1,5 omy, vorzugswsise 0,2 bis 1,1 cm¥g, besonders bevorzugt 0,3
bis 1 em¥q, aufweist undioder dass 10% bis 5%, insbesondere 20% bis 85%, vorzugeweise 30% bis 90%, des
Gesamiporenvolumens der stickstofimodifizierten undfoder stickstofflunktionatisierten Aktivkohie durch Poran
mit Porgndurchmessem von € 2 nm, insbesonders durch Mikroporen, gebildet sind und/oder
dass die stickstofimadifizierte undfoder stickstofffunktionalisiarte Aktivkohla einen mittleran Porendurchimasser
im Bareich von 1 bis 60 nm, insbesonders 1 bis 88 nm, bevorzugt 1.8 bis 80 nm, basonders bevarzugt 2 bis
45 nim, aufweist.

36, Stickstofmodfizierts undioder sticksioffunkiionalisierta Aktivkehia nach einem der Anspriiche 30 his
34, dadurch gekennzeichnet,
dass die stickstoffmaodifizierie und/oder stickstofffunktionalisierte Aktiviohle sing spezifische BET-Oherfldche
im Bereich von 500 m¥g bis 3.500 m®g, inshesondere 600 bis 3.000 m®/g, varzugswelse 700 bis 2.750 mYg,
besonders bevorzugh 860 bis 2.560 mvYy, aufwelst und/foder dass die stickstofimodifizione undioder sbckstofi-
funktionaiisierte Akiivicohle eine durch Mikroporen gehildete Oberflache von 400 bis 2.500 méfy, inshesondere
500 bis 2.300 m¥g, vorzugsweise 600 bis 2.100 m¥g, besonders hevorzugt 700 bis 1.900 miig, sufwaist und/
oder
dass die shicksinffmodifizisrte undloder stickstofffunktionalisierte Aldivkohle sine Dichle von 1,1 bis 3,5 ginl,
inshesondere von 1.5 bis 3 g/ml, vorzugsweise van 1,75 bis 2,75 g/t hevorzugt von 2 bis 2.5 g/mil. aufweist
undioder
dass die stickstoffmodifizierie undioder stickstofffunktionalisierte Aktivikohle eing Schilttdichte von 0,1 bis 1.5
g/ml, insbesonders von $,15 bis 1 gimi, vorzugsweiss von $,2 bis 0,8 giml, bavorzugt von 0.3 bis 0,8 gimi,
aufwelst undioder
dass die stickstoffmadifizierte und/oder sticksiofffunklionalisierte Aldivkohle sine Druck- undfoder Bersitfes-
tigkait (Gewichisbelastbarkail) pro Aktivkohlekorn, inshesonderg pro Aldivikohlekligelchen, von mindesiens &
Newton, inshesondsere mindestens 10 Newton, vorzugsweise mindasiens 15 Mewton, bevorzugt mindastens
20 Newton, aufweist undfoder dass dis Aktivikohie eing Druck- und/oder Berstfestigkeit {Gewichisbelastbarkeit)
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pro Akliviehiekorn, inshesonderg oro AldivkohisiUgelchen, im Bereich von 10 bis 50 Newlon, insbasondere
10 his 45 Mewton, vorzugsweise 15 bis 40 Newion, aufweist,

37. Stickstoffmodifizierie undiodar stickstofffunktionalisiarts Aktivkohie nach einsm der Anspriiche 30 bis 36,
dadurch gakannzeichnst, dass dis stickstolfmodifiziare und/oder stickstoffunidionalisierie Aktivkohie solbst-
fragend ist und/oder in Form einer insbesonders losan Schittung vorliegt,

35, Stickstofmodifizierts yndfoder sticksioiffunkiionalisierts Aldivkohie nach einem der Angpeiiche 30 bis
37, dadurch gekennzeichnel dass die stickstoffimodifizierie undfoder sickstofffunktionabsiente Aktivkohis agf
eingm Trigermaterial aufgebracht ist, inshesondere webel das Tragermatsrial gesdurchidssig, ingbesonde-
re lufidurchidssin. ausgebildet ist undioder inshesondere wobel das Trigermatenial eine Gasdurchizssigheit,
insbesondere Luftdurchidssigksit, von mindestens 10 ¢, inshesondere mindestens 30 Fm s, vorzugs-
welse mindestens 50 Frvr?s™, hesondars bevorzugh mindestens 100 g™, garz besonders bevorzogh mine
destens 500 Fav?s™, undioder eine Gasdurchiassigkelt, inshesondeare Lufidurchifissigkeit, von bis zu 180.000
Fav?s”, inshesondere bis zu 20.000 im-2-57*, bal einem Strdmungswiderstand von 127 Pa aufwaist.

39. Stickstoffmodifizierts undioder stickstolffunktionalisiarte Altivkohis nach Anspruch 38, dadurch gekenne
zaichnet dass das Tragermaterial eing dreidimensionale Struldur aufweist, insbesondere wobel das Trager-
material als vorzugsweiss offenporiger Schaumstoff, besonders bavorzugt Polvurethanschaumsion, ausqebil-
det ist.

40, Stickstoffmodifizierte und/oder stickstofffunktionalisierte Aidivkobde nach Anspruch 38, dagurch gakenn-
zeichnet, dass das Tragermaterial sine zwsidimensionale undioder flachige Strukityr aufwsist, inshesondsre
wobel das Tragarmatarial als vorzugsweise textifes Fldchengebilde ausgabildet ist.

41, Stickstoffmodifizierte undioder stickstofffunktionalisiorte Aldivkohle nach Anspruch 40, dadurch gekenn-
zgichnet. dass das Trégermaterial als ein textiles Fidchengebilde, vorzugsweise ein uftdurchidssiges Textiime-
atarial, bevorzugt ein Gewebe, Gewirke, Gastricke, Gelege oder Textiiverbundstoff, inshesondere Viies (Non-
woven), susgebildet ist und/oder dass das Trigarmaterial sin Flachengawicht von 5 bis 1.000 g/m?, insheson-
ders 10 bis 500 gim?, bevorzugt 25 bis 450 g/mv, aufweist,

42. Stickstoffmodifizierte undfoder stickstoffunidionalisisrie Aktivicohle nach Anspruch 40 oder 41, dadurch
gekennreichnet, dass das Tragermatarial ein natiirliche Fasern und/nder synthetische Fasern {Chemiefasern)
enthaltendes oder hieraus bestehendes texlifes Fidchengebilde ist, insbesonders wobel dis nadlilichen Fa-
sarn aus der Grupps von Wollfassrn und Baumwolifasern {CO) ausqewihil sind und/oder inshasondere wobed
die synthetischen Fasern ausgewahlt sing aus der Grupps von Polvestern (PES): Polyolefinen, inshesondere
Polvethylen (PE} undioder Polypropvien (PP Polwvinylchioriden {CLF); Polyvinylidenchioriden (CLF); Aceta-
ten {CA) Triacetaten {CTA), Polvacryl (PAN), Polvamiden (PA}, inshesondare aromatischen, vorzugsweise
Hammiesten Polvamider; Pobyvinyvlalkoholen (PVALY, Polvursthanern; Pobyvinylestern: (Meth-}-Acryiaten; Po-
iymiichsauren (PLAY; Aktiviohis; sowie deren Mischungen.

43. Stickstofimodifiziarie urkl/oder stickstoffiunklionalisiorte Aktivkohie nach ainam dar Angpriicha 38 bis 42,
dadurch gakennzeichnet, dass dis Aldivkohie an und/oder auf dem Tragermaterial fidert ist, vorzugswaise mit-
tels Verklsbung, inshesondere mittels sines Klghstoffs oder infolgs von Eigenklebrigkeit oder Eigenadhision.

44. Schutzmmterialien, inshasondere iy den zivilen oder militdrischen Bergich, inshesondere Schutzbekiel-
dung, wie Schutzanzige, Schulzhandschuhe, Schulzschubwaerk, Schulzsocken, Kopfschatzhakdeidung und
dergleichen, sowie Schutzabdeckungen, vorzugsweise alle vorgenannten Schutzmaterialien fir den ABC-Ein-
satz, hergestelit unter Verwendung einer stickstoffmodifiziarien und/oder stickstofffunidionalisiertan Aktivkohte
nach einam dar Anspriliche 30 bis 43 undioder aufwelsend gineg stickstoffmodilizierte und/oder sticksinffunk-
tiohalisierte Aktivkohle nach einem der Anspriichs 30 bis 43,

45. Filter und Filtermaterialien, insbesondere zur Enffernung von Schad-, Geruchs- und Giftstoffen aller Art,
inshesondere aus Lufl- und/oder Gasstrdmen, wis ABC-Schutzmaskenfilter, Geruchshilter, Fldchenfilter, Lufl-
fiiter, insbesondere Filtar fir die Raumiufireinigung, adsorptionsfahige Trigerstrukiuren und Filter fir den me-
dizinischen Beraich, hargasielt unter Verwandung ainer stickstoffmaodifizierten andioder stickstoffunktionali-
sierten Aktivkohle nach einem der Anspriiche 30 bis 43 undicder aufweisend sine stickstoffmodifizierte und/
oder stickslofiunklionalisierte Aktivkohle nach sinem dar Anspriche 30 bis 43,

Es folgen 18 Blatt Zeichnungen
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