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mercury in at least the lower range of 300 °C to 400 °C. Paragraph [0065] states that injection of the
treated activated carbon prior to a fabric filter can provide a longer residence time of the sorbent,
higher utilization levels, as well as the possibility of recovering and reinjecting the sorbent at lower
COSLS,

Paragraph [0017] refers to the ... particular advantages of using bromine, rather than iodine
or iodides, or chiorine or chlorides, with activated carbon...” but, as explained herein,

*_. . bromine...” would be interpreted as elemental bromine (Br2); moreover, paragraph [0017] fails
to describe or suggest any . particular advantages of using bromine....” Paragraph [C017]’s
concluding statement referring to the “. . .tenacity of carbon-bromine-mercury complexes...” fails to
compare the strength of such complexes to the strength of any other complexes, such as carbon-
chlorine-mercury complexes, carbon-chloride-mercury complexes, cathon-iodine-mercury
complexes, or carbon-iodide-mercury complexes; therefore, at best, the .. tenacity...” of the
complexes described in the last sentence of paragraph [0017] can be regarded as a general
statement, rather than as a comparative one.

Paragraph [0041] begins by stating that gaseous bromine (defined as Brz) or hydrogen
bromide (defined as HBr) increases the mercury absorption capacity of activated carbon, Then,
paragraph [0041] goes on to explicitly state that gaseous bromine, defined as Br; in the prior
sentence, produces a more effective mercury-absorbing carbon sorbent than todine (Ip), iodide (17},
chlorine (Clz), or chloride (CI"). With the precise definitions given for gaseous bromine (Brz) and
hydrogen bromide, and then reference only to gaseous bromine (Br:) in the next sentence, Nelson
makes clear that the comparison of efficacy is only with respect to elemental bromine (Br;) and not
hydrogen bromide. Paragraph [0041] fails to describe a general advantage of Nelson’s invention,
instead, paragraph [0041] specifically and particularly describes an advantage of elemental bromine
(Br2), which cannot be regarded as a general advantageous effect of “.. .the invention...” as it only
applies to elemental bromine (Br2). Accordingly, advantages explicitly attributed to By in
paragraph [0041] of Nelson cannot be imputed to HBr by the last sentence of paragraph [0049].

Therefore, paragraph [0049] fails to describe or suggest that hydrogen bromide treatment of
activated carbons is more effective for mercury removal than HCI or CI” treatment of activated
carbons.

At paragraph [0050], Nelson states:
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[0038] 1o the liquid form at ambient temperatures, elemen-
tal bromine s dense and compact, with advantages in
transport and storage. To be utilized in this iovention,
however, it must first be heated to at least about 60° . and
turned into a gaseous state. In such a state # can more
uniformly freat the carbonaccous materials at low levels and
provide the desired effect of increasing their mercury
sequestration capabilitics, A preferred method of converting
the Hquid bromine to g bromine~containing gas 8 {0 use a
heated lance. Liguid bromine can be metered into such a
heated-lance system ut one end and be distributed as a gas
o the subsirate matenials at the other end.

Nelson therefore states that an advantage of elemental bromine {(Br2) is that it is dense and
compact which provides advantages in transport and storage.
At paragraph [0051], Nelson states:

{08511 In some applications it may be beneficial to utilize
a difuting carrier gas o betier disiribuie the Bro{(g) or HBr(e)
among the carbonaceous subsirate particles. However, if the
process of this invention is practiced in a batch mode, it can
be preferable to use pure Bro(g) or HBi(2). These can be
Nelson therefore states that elemental bromine (Br2) or hydrogen bromide can be dispersed
in a carrier gas during the treatment of the activated carbon.
At paragraph [0053], Nelson states:

reactive towards mercury. By exposing the carbon o the
bromine at an elevated temperature, less of the bromine
species will volatilize off from the sorbents during their
transport and storage or upon theiwr mjection nto the hot
combustion stream.

Paragraph [0053] describes that elevated temperature during treatment can provide an
advantage of reduced volatilization during transport, storage, or during injection into the hot flue
gas, expanding on the advantage described at paragraph [0044].

At paragraph [0054], Nelson states:
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[0054] Aany level of bromination of carbonaceous sub-
strates appears to increase thelr mercury-removal perfor-
mance. While over 30 wt % of Br.(g} can be adsorbed into
some powdered activated carbous, for example, significant
mereases i mercury reactivity will be observed with only
about 1 wi % BeJg) in the PAC. Greater degrees of
bromination do correlate with greater maximum mercury
capacities for a particular carbonaceous subsirate. However,
with the sorbent-injection application of this invention, oaly
a fraction of a material’s maximum possible mercury capac-
ity is typically utilized, so the optimum level of bromine to
combine with the carbon subsirate may vary with the
particular situation. If 3 PAC substrate is used, brominating
w 1 wt % provides a highly-capable mercury sorbent,
although a 5 wt % material performs better and mayv be

an even more capable mercury sorbent, but as some of the
bromine 1s held al less-energetic sies, there is a grealer
possibility that some degree of bromine may evolve off
ander some circumstances. Mercury sorbents with higher
bromine concentrations will take longer to produce and cost
more as well,

Paragraph [0054] refers to bromination of activated carbon, referring only to specific
amounts of Br; used to treat the activated carbon and not giving any reference to, let alone specific
amounts of, hydrogen bromide.

At paragraph [0062], Nelson states:

(8627 FIG. 4 describes the possible application of the
sorbents to a plant which has a “hot-side” ESE a particularly
difficult situation for mercury control. in this eguipmeni
arrangement, the air prebeater 22 follows the ESP 32, xo the
temperature of the mercury-coniaining fHue gas in the duct-
work 64 before the particulate collection is very high, in the
rapge of 300-10-400° C. Plain powdered activated carbons
do not capiure gy mercury at these temperatures and PACs
mmpregnated with iodine or sulfur lose their impregnates.
Surprisingly, the mercury sorbents prepared according to the
process of this invention appear to caphire mercury in af
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least the lower end of this temperature range. Consequently,
the sorbents from bin 71 can be useful even when njected
at 72 into the very hot, low-oxygen, mercury-coniainming
gases 1 ductwork 64. The sorbents would be collected with
the other gas stream particulates in the hot-side ESP 32 and
the cleaned gax would proceed through ductwork 65 (o the
smukestack.

Paragraph [0062] states that mercury sorbents prepared according to Nelson’s invention can
capture mercury in at least the lower range of 300 °C to 400 °C, unlike activated carbons
impregnated with iodine or sulfur,

At paragraph [0065], Nelson states:

FO865]  Two such amangements bear particular meation.
FIG. 5 applies the sorbents in a "TOXECON®" srrange-
ment. Here the mercury sorbents 71 are injected after an ESP
32 into the almost particulate-free ductwork 67 before a
small, high-velocity fabric filter 33, In this manner the fly
ash 88 does not become mixed with the carbonaceous
sorbents, allowing the iy ash © be sold for concrefe use.
Moreover, the filter cake of fabrie filter 33 would predomi-
nantly be mercury sorbent, allowing a longer residence time,
higher utilization levels, and the possibility of recovenng
and remjecling the sorbent to lower costs. The superior
reactivity and capacities of the mercury sorbents of this
invention make them prime candidates for use in such an
arrangement,

Paragraph [0065] states that injection of the treated activated carbon prior to a fabric filter
can provide a longer residence time of the sorbent, higher utilization levels, as well as the possibility
of recovering and reinjecting the sorbent at lower costs.

Figure 12 of Nelson is reproduced below.
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Mercury Capacity of PAC at Initial Breakthrough
with Simulated Flue Gases

2500

B i—fiémeaﬁai Hg
B Oxidized Hg (ﬁgﬁ‘?z}_“

5

:

s
‘g
1

ﬁm B DOUROUOE .5 s e s PP 151 i 7 2

Adsorbed Mercury [ug Hygfg PAL)

Korit Darco FGD Mol Sarcn PFGD Mol Barco FGD Caigon Carkan
{Untraated) 1awih Braig) Bawwt%h HBrim) W, 2wt Br2ig)

Paragraph {0080], discussing figure 12, states that:

...the brominated carbons adsorbed considerably more mercury species
than the untreated version, with the improvements averaging about 100%.
Importantly, the bromine-gas-treated sorbents removed about as much
oxidized mercury-chloride from the test gases as elemental mercury,
indicating performance improvements with both kinds of common flue-gas
mercury species.

Both of the Bry-treated activated carbons in figure 12 showed increased removal of both
elemental mercury and oxidized mercury as compared to the untreated activated carbon. However,
the HBr-treated activated carbon in figure 12 had hardly any improvement in removal of oxidized
Hg compared to the untreated activated carbon, which paragraph [0080] describes as one of two
common flue-gas mercury species, and that the removal of both of these species is “important.”

The majority of Nelson’s Examples (1-4 and 8) focus only on Bra. Nelson’s Examples 5-7
demonstrate the use of HBr-treated sorbent; however, none of these Examples or any other parts of

Nelson compare the mercury-absorption performance of HBr-treated activated carbon to HCI-

treated activated carbon. Although figures 14 and 15 illustrate HBr-treated activated carbon and
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Cl:-treated activated carbon, Cls-treated activated carbon is not HCl-treated or Cl'-treated carbon

and these figures fail to show any comparison to HCI- or Cl'-treated activated carbon.

At paragraph [0085], Nelson states:
sorbents of this mvention. See FH>, 14 About three tmes &8
much chlorine-gas treated PAC was required to achieve the
same degree of mercury removal ag with bromine. The

Figure 14 of Nelson is reproduced below:

Figure 14.
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Figure 14 shows mercury removal percent from seven different types of activated carbons:

commercial iodine activated carbon, plain Norit activated carbon, 13 wi% Cla-treated activated

carbon, 10 wi% HBr-treated activated carbon, 1.5 wt% Br-treated activated carbon, 5 wt% Br-

treated activated carbon, and 15 wi%s Bra-treated activated carbon, No HCl- or Cl -treated activated

carbon is shown in Figure 14 or described in any of Examples 5-7 (the only Examples

demonstrating the use of HBr-treated activated carbon). Paragraph [0085] states that about three

times as much chlorine-gas treated activated carbon was required to achieve the same degree of

mercury removal as with bromine, which can only be a comparison between the 13 wt% Cla-treated

Exhibit 2044
Page 521



AMENDMENT AND RESPONSE UNDER 37 C.ER. § 1.116 - EXPEDITED PROCEBURE Page 36
Application Number; 15/974 343 Dk 4820.001U8Y
Filing Date: May 8. 2018

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

activated carbon and the 5 wit% Br-treated activated carbon which had a percent mercury removal
that was about the same. Further, with regard to figure 14, Nelson states at paragraph [0084] that
“[tThere was not much difference in performance between the various brominated samples, probably
because in the duct-injection mode they only used a small fraction of their available mercury-
adsorption capacity.” Therefore, Nelson states that figure 14 does not provide an accurate
comparison between the brominated samples, because the full mercury-adsorption capacity was not
utilized.
At paragraph [0087], and the foliowing table, Nelson states:

[O687] Manufacture of the clememal bromine sorbents

was much faster than for the others. The ¢lemental bromine

was adsorbed and reacted with the PACs much faster than

was the elemental chiorine, for example—one-hundred-

times faster. This allowed for guick and inexpensive manu-

facture of these sorbents, See the table below with rate data

w1 terms of grams of gas adsorbed per kilogram of PAC per

minute. The PAU adsorption of saseous hydrogen bromide,

HBr{g}. was ten tunes faster than it was for chlorine.

Final Loadisg Adsorption Rate Concentration in
Giaseous on PGD PAC {gm of gas} Storage Vessel
Halogen {wt %) (kg PAC = min} {ppm}
Br, (g} pe 4 16 i}
8e, (0 13% 16 3.5
HBr () 5% 1 N.A.
<L, (g8 13% il 484

Paragraph [0087] states that the activated carbon adsorbed elemental bromine (Brz) and
hydrogen bromide (HBr) faster than chlorine (explicitly shown as Cl; in the Table). The table
shows the amount of treatment material (Bry, HBr, or Clo) absorbed on the activated carbon and the
rate of adsorption of the treatment material on the activated carbon. Paragraph [0087] and the table
that follows make no statements describing or suggesting mercury removal rates of the treated
activated carbon.

Figure 15 of Nelson is reproduced below:
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Figure 15.
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Figure 15 shows mercury removal percent from five different types of activated carbons:
Norit activated carbon, 13 wi% Cly-treated activated carbon, 9 wit% HBr-treated activated carbon, 5
wit% Bri-treated activated carbon, and 15 wt% Br-treated activated carbon. No HCl- or Cl -treated
activated carbon is shown in Figure 15 or described in any of Examples 5-7 {the only Examples
demonstrating the use of HBr-treated activated carbon). For all data points showing HBr-treated
activated carbon, a higher sorbent injection rate was needed to achieve equivalent mercury-removal
performance as the Bra-treated activated carbons (i.e., the HBr data points for a given mercury-
removal percentage are always to the right of the Br; data points for that mercury-removal
percentage), indicating HBr-treated activated carbon to have less mercury-removal ability than Br-
treated activated carbons.

At paragraph [0092], Nelson states:
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(00921 The brominated sorbents of this invention, on the
osther hand, performed very well with this difficult flue gas,
achieving about 50% mercury removal with only 2
tb/MMacf of sarbent consumption and almost 70% removal
at an imjection rate of 4 By'MMacf, PACs brominated with
Br to 5 wi % and 15 wit %, and with HBr to 9 wit % all
performed similarly.

Paragraph {0092] refers to the data shown in Figure 15 However, Figure 15 shows mercury
removal percent from five different types of activated carbons: Norit activated carbon, 13 wit% Cls-
ireated activated carbon, 9 wi% HBr-treated activated carbon, 5 wt% Br-treated activated carbon,
and 15 wt% Br-treated activated carbon. No HCI- or Cl'-treated activated carbon is shown in
Figure 15 or described in any of Examples 5-7 (the only Examples demonstrating the use of HBr-
treated activated carbon).

Taken in the context of the entire document, figures 14-15 and paragraph [0092] fails to
describe or suggest equivalent mercury-removal performance of HBr-treated activated carbon and
Br-treated activated carbon. With regard to figure 14, Nelson states at paragraph [0084] that
“[t]here was not much difference in performance between the various brominated samples, probably
because in the duct-injection mode they only used a small fraction of their available mercury-
adsorption capacity.” Therefore, Nelson states that figure 14 does not provide an accurate
comparison between the brominated samples, because the full mercury-adsorption capacity was not
utilized. In figure 15, for all data points showing HBr-treated activated carbon, a higher sorbent
injection rate was needed to achieve equivalent mercury-removal performance as the Bry-treated
activated carbons (i.e, the HBr data points for a given mercury-removal percentage are always to
the right of the Br; data points for that mercury-removal percentage), indicating HBr-treated
activated carbon to have less mercury-removal ability than Bra-treated activated carbons. In figure
12, reproduced below, Nelson compares the mercury capacity of untreated activated carbon, 15 wt%
Brs-treated activated carbon, 8 wt% HBr-treated activated carbon, and 22 wt%Bn-treated activated

carbon.
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Mercury Capacity of PAC al Initial Breakthrough
with Simulated Flue Gases

2504
Elamental Hy
8 Onddized Mg (Mg}
o 2,000
N
5%
e
T
B T I T 1 et e . S e
2
o
b}
g
o 1,000 -
=
&
<
2
T 50
ﬁ B SO 13 SIS ot CL NS SUUNURRRURRRR 1)1 HIHRTRA < 115 X SR S S S e Rl S e S

Morit Darco FGD  Norit Darce FGD Novlt Darco FGD Calgon Carbon
{Untreated) 18wt Bridig) Bwi% HBr{g) WPL 22w Braia)

Paragraph {0080], discussing figure 12, states that:

...the brominated carbons adsorbed considerably more mercury species
than the untreated version, with the improvements averaging about 100%.
Importantly, the bromine-gas-treated sorbents removed about as much
oxidized mercury-chloride from the test gases as elemental mercury,
indicating performance improvements with both kinds of common flue-gas
mercury species.

Both of the Bry-treated activated carbons in figure 12 showed increased removal of both
elemental mercury and oxidized mercury as compared to the untreated activated carbon. However,
the HBr-treated activated carbon in figure 12 had hardly any improvement in removal of oxidized
Hg compared to the untreated activated carbon, which paragraph [0080] describes as one of two
common flue-gas mercury species, and that the removal of both of these species is “important.”

Nelson does not portray the mercury removal abilities of activated carbon treated with Chy

outside the flue gas as equivalent to that of activated carbon treated with HCI outside the flue gas.
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At figure 11, reproduced below, Nelson shows mercury breakthrough curves for elemental mercury
removal from a non-flue gas “mercury-challenge gas” for powdered activated carbon with various

halogen treatments performed outside the flue gas.

Figure 11.
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At paragraph [0077], reproduced below, Nelson discusses figure 11.
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{08771 The sample thal had been exposed io gaseous
chiorine, Cl.{g}, exhibited some improvement in mercury
removal performance relative to the plain, untreated PAC.
Two samples of HClreated PACs showed even higher
ultimale mercery capacities, but poorer kinetics. One of
these samples had been pretreated by Howing gas-phase HCI
through the PAC sample until it no longer added mass, The
other, scguired from Ghorishi et al, was produced by a
dilute hguid-phase HOI treatment described fn their pubhi-
cations. The clemental mercury breakthrough curves of the
two HCl-ircated PACs were very similar, exhibiting a slow
and steady drop-off i performance, indicative of poor
mercury adsorption kipefics. Im contrast, the brominated
sample of this inveniion broke through very sharply and
captured more than five himes the clemental mercury of the
unlreated PAC.

At paragraph [0077], Nelson states that the HCl-treated powdered activated carbons had
higher capacities for elemental mercury, but showed poorer kinetics. Although some information
about how the Cly~ and HCl-treated activated carbons would behave in a flue gas can be learned
from figure 11, a flue gas contains additional species that were not present in the “mercury
challenge gas”, and, further, can include other forms of mercury other than the elemental mercury
measured by the breakthrough test of figure 11, such as oxidized mercury. Nelson does not perform
mercury-removal testing of HCl-treated activated carbons in a flue gas. However, Nelson in figure
11, paragraph {0077], and paragraph [0012] refers to HCl-treated activated carbon from Ghorishi et
al., which had about the same performance in figure 11 as the HCl-saturated activated carbon
prepared by Nelson. At paragraph [0012] Nelson describes a publication by this author, Ghorishi,
S.B, Keeney, RM., Jozewicz, W.S, Serre, S.D. and Gullett, B.K,, 2001, In-flight capture of
elemental mercury by a chlorine-impregnated activated carbon, Annual Air and Waste Management
Association{ AWMA) Conference, Orlando, FL, Vol. 24, No. 28 (“Ghorishi”).

Ghorishi’s conclusion at page 11 states that over 80% mercury removal was accomplished

from a flue gas using activated carbon treated outside the flue gas with HCl. Comparing these

results to Nelson’s results shown in figures 14 and 15, 80% mercury removal is better than the about

58% removal by Cl-treated activated carbon in figure 14, is better than the about 22% removal by

Cly-treated activated carbon in figure 15, and is better than the maximum mercury removal of HBr-
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or Bra-treated activated carbons in figure 15. Therefore, one of ordinary skill in the art
hypothetically reviewing Nelson would not only conclude that activated carbon treated outside the
flue gas with HCI not only has higher capacity for elemental mercury than Ch-treated activated
carbon as shown in Nelson’s figure 11, but also from comparing Ghorishi to Nelson that activated
carbon treated outside the flue gas with HCI has better mercury removal performance in flue gas
than Cly-treated activated carbon. Accordingly, even if, merely for the sake of argument, one of
ordinary skill in the art were to conclude from Nelson’s statements at paragraph [0092] that
activated carbon treated with HBr or Br outside the flue gas have similar mercury removal abilities,
this would not lead to the conclusion that activated carbon treated with HBr cutside the flue gas has
better mercury removal abilities than activated carbon treated with HCI outside the flue gas.

Nelson never directly compares the mercury-removal ability of HBr-treated activated carbon
with HCl-treated activated carbon. With Nelson clearly indicating that HBr-treated activated carbon
has inferior mercury-removal ability as compared to Bri-treated activated carbon, and that HCI-
treated activated carbon has superior mercury-removal ability as compared to Cly-treated activated
carbon, there is no way that one of ordinary skill in the art hypothetically considering Nelson could
conclude that HBr-treated activated carbon has equivalent or superior mercury-removal ability
compared to HCl-treated activated carbon.

No part of Nelson describes or suggests that HBr or Br™ even have the same effectiveness for
mercury sequestration when used to treat activated carbons as HCI or CI, let alone that HBr or Br’
are more effective for mercury sequestration when used to treat activated carbons than HCI or CI™,

A person of ordinary skill in the art would have no reason to modify Felsvang’s HClI or C” process
with a different promoter to form an effective carbon sorbent for mercury removal if the resulting
mercury-removal efficiency could not be reasonably predicted to be the same or greater as that of
Felsvang’s original process. Therefore, a person of ordinary skill in the art would not be motivated
to replace Felsvang’s HCI or Cl” treatment of activated carbon with Nelson’s HBr treatment.

Independent claims 27, 54, and 55 are patentable for at least this reason.

H{AN3) Reply to Examiner’s response {o arguments,

The Office Action staies:
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LA, The applicant raverses the combisation of Felsvang and Nelson combination stating that
vhgre In no moshation for 3 persont of osdingry 5l In the 3t to uue Nedsorr's bromide sdditivesin
Felsvang's provass, The agpiicant contends thatone having ordinary shill in the art would so be
motivared to moplice Falnvang s chioride traatment with treatmant by another materisias the prior art

does nat disciose the bromide additves performing the same or betier merqury-removal efficiency.

The examiner disagrees. See fg. 14 of Nelion wihich shows that about 3 times the amount of
chiorine treated PACwas required to achieve the sare degree of msroury removs! as with broming,
{paragranh {0085H. Also see the sbsoration rmte i the table on pape 8§ Purther 3s the rajection shove
states, Both chiorine and bromine are known within the ari 1o treatsctivated sarban and therefore it
wotdt be well within the capability of one having ordinarny sG8 inthe artto sdtherrepiace rhe with or
inchude in adfdivian tothe halogen or halide promoater comprising M80, B, ova combination thersofto
promote activated carbon (Nelson parsgraohs J001T and BN L 50 s to provide aneffevive carbon
st et fOr SeroUTy
The Office Action states that Fig. 14 of Nelson shows that about 3 times the amount of
chlorine treated PAC was required to achieve the same degree of mercury removal as with bromine,
citing to paragraph [0085] The Office Action also cites to the absorption rate in the table on page 8.
Although figures 14 and 15 illustrate HBr-treated activated carbon and Clz-treated activated
carbon, Clo-treated activated carbon is not HCI- or Cl™-treated carbon and these figures fail to show
any comparison to HCI- or Cl-treated activated carbon.
At paragraph [0085], Nelson states:
sorbents of this mvention. See FIG, 14, About three times as
much chlonne-gas treated PAC was required 1o achieve the
same degree of mercury removal as with bromine. The

Figure 14 of Nelson is reproduced below:
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Figure 14 shows mercury removal percent from seven different types of activated carbons:

commercial iodine activated carbon, plain Norit activated carbon, 13 wit% Cla-treated activated

carbon, 10 wt% HBr-treated activated carbon, 1.5 wt% Bra-treated activated carbon, 5 wit%s Bia-

ireated activated carbon, and 15 wit% Bra-treated activated carbon. No HCl- or Cl-treated activated

carbon is shown in Figure 14 or described in any of Examples 5-7 (the only Examples

demonstrating the use of HBr-treated activated carbon). Paragraph [0085] states that about three

times as much chlorine-gas treated activated carbon was required to achieve the same degree of

mercury removal as with bromine, which can only be a comparison between the 13 wi% Cly-treated

activated carbon and the § wt% Br:-treated activated carbon which had a percent mercury removal

that was about the sam

€.

At paragraph [0017], Nelson states:
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{17] The particular advantages of using bromine, rather
than 1wodine or odides, or chiorine or chlorides, with acti-
vated carbons for mercary control have not been previously
appreciated. Gaseous bromine and hydrogen bromide have
been combined with carbon substrates before, but not 1o
sequester mercury from hot combustion-gas streams. For
example, Greinke US. Pat. No. 5,372,619 found that bro-
mine-treated carbon can make a superior natural-gas storage
medinm. In another example, SKC Inc. sclls a small 1ube
with hydrobromic acid-treated charcoal w0 sample air for
cthyiene oxide. However, with both of these uses it s

important that the adsorption targets, natural gas and ethyls
ene oxide, be easily desorbable from the carbon, the exact
apposite of what is required in a mercury vapor seguestra-
tion application. In a similar vein, in U.S, Pal. No. 6,475,461
Ohsaki deseribes a process for treating carbon substrates
with gaseous bromine or chlorine, but then explicitly des-
orbs them to achicve his desired product. Seki ULS, Pat, No.
3,961,020; Yoshida and Seki et al. US. Pat, No. 4,174,373;
and Knoblauch et al. U.S. Pat. No. 3,179,058 impregnate
activated carbon with bromine o produce a catalyst for
reacting nitrogen oxide with ammonia to form nitrogen and
water, In this application too, the bramine of the carbon doex
not act as a seguestration agent, permanently tying up its
farget. Rather, it serves as a catalyst, taking part in a repeated
series of desired chemucal reactions, bul pot becoming
permaneatly consumed by any of them. Perhaps it 1s under-
standable that the tenacity of carbon-bromine-mercury com-
plexes could he overlooked.

The first sentence of paragraph [0017] refers to the *. . particular advantages of using
bromine...” for treatment of activated carbons for mercury control, which must mean either
elemental bromine (Br:) or the element bromine generally, and is not a specific reference to

C§

bromides (Br). The .. particular advantages of using bromine...” is compared to todine (In),
iodides (I'), chlorine (Cly), and chlorides (CI), but no specific comparison is made between
bromides (Br) and chlorides (CI). However, it does not make sense for Nelson to refer to the
element bromine generally while specifically distinguishing between chlorine (Cl) and chlorides

(CI'), and 1odine (I2) and iodides (I') in the same sentence. If Nelson wanted to compare both
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elemental bromine (Br;) and hydrogen bromide (HBr) to the other halides specifically disclosed in
the first sentence, Nelson would have specifically distinguished between bromine (Br) and

?

bromides (Br’); therefore, “.._bromine...” in the first sentence of paragraph [0017] would be
interpreted as elemental bromine (Bry), and not as the element bromine generally.

No *...particular advantages of using bromine...” are explicitly described in paragraph
[0017], with the remainder of the paragraph focusing on the failure of the prior art to use bromine
with activated carbon for mercury control, describing various disadvantages of other processes, such
as the desorbability of Bz, HBr, or Cl; from the activated carbon, or the failure of the Brz or HBr to
act as a mercury sequestration agent. The paragraph concludes with a statement that it is
understandable that “.. the tenacity of carbon-bromine-mercury complexes...” could be overlooked,
which must refer to complexes including either elemental bromine (Br) or the element bromine
generally, with no specific reference to bromide (Br’) or complexes formed therefrom. The
concluding statement of paragraph [0017] is directed toward the discussion in the bulk of paragraph
[0017]—the prior art fails to use bromine with activated carbon for mercury control and therefore
fails to generate carbon-bromine-mercury complexes—rvather than as a statement of any relative
advantage of bromine over other halogens or halides. The “., tenacity of carbon-bromine-mercury
complexes...” is not specifically compared to the strength of any other complexes, such as carbon-
chlorine-mercury complexes, carbon-chloride-mercury complexes, carbon-iodine-mercury
complexes, or carbon-iodide-mercury complexes; therefore, at best, the . _tenacity .7 of the
complexes described in the last sentence of paragraph [0017] can be regarded as a general
statement, rather than as a comparative one. Paragraph [0017] fails to attribute any advantage of
Nelson’s invention specifically to HBr or Br', and, moreover, fails to describe or suggest that HBr or
Br™ treatment of activated carbon could provide equal, let alone better, mercury removal than HCI or
Cl treatment of the activated carbon.

At paragraph [0044], Nelson states:
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{Bid4]  Production of the new mercury sorbent materials is
simple and inexpensive, The carbog material and the bro-
mine gas need simply be contacted with cach other for the
advantageous mercury-regetive  surface  compounds 1o
guickly form. Elemental bromine is a Hguid at ambient
temperature, but turns 1o a gas at only a modestly elevated
temperature. Hydrogen bromnde 1s a gas at even ambient
emperature. Using a gas-phase carbon reactant considerably
simplifies the production of the sorbent and leads to the low
costs which are a requirement for a sorbent {o be used as a
once-through duct injectant, Aoy common mixing method
and equipment can be use o contact the gascous bromine
specics with the carbon-based substrates, although # 1s
preferably lined with corrosion-resistant material, because
the bromine species cun be goite comosive. It s also
preferable that the mixing of bromine gas and carbon be
done at an elevated feraperature. This keeps the bromine gas
in the gascous form, but also minimizes the amount of any
bromine physically-adsorbed into the pores of the carbon.
Such physically adsorbed bromiae is not chemically bound
to the carbon latfice and can be emifted in handhing, in
storage, and especially, when the sorbent 1s injected into a
hot fue gas,

Paragraph [0044] expands on the general advantage described in paragraph [0021] of simple
and inexpensive generation and use of the treated activated carbon sorbent. Paragraph [0044] aiso
describes that elevated temperature during treatment can provide an advantage of reduced physical-
adsorption of the elemental bromine or the hydrogen bromide, which helps to avoid emission during
handling, storage, and during injection into a hot flue gas. The advantages are not described or
suggested to include equal or greater mercury-removal ability of HBr- or Bri-treated activated
carbon as compared to HCI- or Cl-treated activated carbon.

The Office Action states:
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The spplicspt contends it the Nalsss reference does not disclnss HER and B delng move
el with sothated cachons then chlorides,

Tho sxamingr ditagraes The Nelawn referencs distiones that HBY 5 wsed to provide bramide i
the syetom Exampie & peragranh [I63] states that the brominated PAly ware treatedwith il Be,
Flgures 14 and 13 discions thet HBrreated PAC perforas betier thanchlorine treated PAL Fartherone
having ardingy skl in the et would expect PAC troaed with Mooy Bry woniid remat in 5 eyt
modifind PAC a5 they both include Dramide {see paragraph U082 hwhich discloses thatsach of the
beorainated PALe serformed similarly), The exominer alzo points 1o parapraph [OUE of Nelson which
distinzas That FAL adsorpbion of gasens hydropen brormde hedng ton Guoes fader than it ans for
chioring,

The Office Action states that the Nelson reference discloses that HBr is used to provide
bromide to the system, and that Example 5, paragraph [0083] states that brominated PACs were
treated with HBr or Bry. Applicant cannot find the language of providing HBr “to the system™ in
Nelson; paragraph [0083] in Example 5 describes treating powdered activated carbons with different
amounts of gaseous Br(g) or HBr prior to injecting the activated carbons into the fiue gas.
However, Nelson fails to describe or suggest that treatment of activated carbon with HBr provides
the same, let alone better, mercury removal efficiency as activated carbon treated with HCl or C1".

With regard to figures 14 and 15, as explained above, although figures 14 and 15 illustrate
HBr-treated activated carbon and Cli-treated activated carbon. Cla-treated activated carbon is not
HCl- or Cl'-treated carbon and these figures fail to show any comparison to HCl- or Cl'-treated
activated carbon. Figure 14 shows mercury removal percent from seven different types of activated
carbons: commercial iodine activated carbon, plain Norit activated carbon, 13 wt% Clz-treated
activated carbon, 10 wt% HBr-treated activated carbon, 1.5 wt% Br-treated activated carbon, 5
wi% Bra-treated activated carbon, and 15 wi% Br-treated activated carbon. No HCl- or Cl -treated
activated carbon is shown in Figure 14 or described in any of Examples 5-7 (the only Examples
demonstrating the use of HBr-treated activated carbon). Paragraph [0085] states that about three
times as much chlorine-gas treated activated carbon was required to achieve the same degree of
mercury removal as with bromine, which can only be a comparison between the 13 wi% Cly-treated
activated carbon and the 5 wt% Bra-treated activated carbon which had a percent mercury removal
that was about the same. Figure 15 shows mercury removal percent from five different types of

activated carbons: Norit activated carbon, 13 wt% Clo-treated activated carbon, 9 wt% HBr-treated
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activated carbon, 5 wt% Bry-treated activated carbon, and 15 wt®s Bra-treated activated carbon. No
HCI- or Cl'-treated activated carbon is shown in Figure 15 or described in any of Examples 5-7 (the
only Examples demonstrating the use of HBr-treated activated carbon).

The Office Action states that paragraph [0087] of Nelson discloses that PAC adsorption of
gaseous hydrogen bromide was ten times faster than it was for chlorine. At paragraph [0087], and

the following table, Nelson states:.

(86871 Manulfacture of the elemental bromine sorbents
was much faster than for the others. The elemental bromine
was adsorbed and reacted with the PACs much faster than
was the elemental chiorine, for example—one-hundred-
times faster. This allowed for quick and inexpensive manu-
facture of these sorbents. Sce the table below with rate data
in terms of grams of gas adsorbed per Kilogram of PAC per
mipute. The PAC adsorption of gascous hivdrogen bromide,
HEBr{g), was ten times faster than it was for chlorine.

Fingd Loading Adsorption Rate Concentration in
Gaseous an FGD PAT {gm of gas) Stomge Vessed
Halogen (ot 95) {kg PAC = min} (ppm)
Br, {g) 5% i £
Br, (g 15% 163 0.8
HBr (@) %% i N.A
Clig 13% 6.1 4%

Paragraph [0087] states that the activated carbon adsorbed elemental bromine (Brz) and
hydrogen bromide (HBr) faster than chlorine (explicitly shown as Cl; in the Table). The table
shows the amount of treatment material (Brz, HBr, or Cly) absorbed on the activated carbon and the
rate of adsorption of the treatment material on the activated carbon. Paragraph [0087] and the table
that follows make no statements describing or suggesting mercury removal rates of the treated
activated carbon.

The Office Action states that one having ordinary skill in the art would expect activated
carbon treated with HBr or Bry would result in a very similar modified PAC as they both include
bromide, citing to paragraph [0092] as allegedly disclosing that each of the brominated PACs
performed similarly. Applicant notes Declaration C at item 18 which explains that Bry is not and

does not include Br™. At paragraph [0092], Nelson states:
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(00921 The brominated sorbents of this invention, on the
osther hand, performed very well with this difficult flue gas,
achieving about 50% mercury removal with only 2
tb/MMacf of sarbent consumption and almost 70% removal
at an imjection rate of 4 By'MMacf, PACs brominated with
Br to 5 wi % and 15 wit %, and with HBr to 9 wit % all
performed similarly.

Paragraph {0092] refers to the data shown in Figure 15 However, Figure 15 shows mercury
removal percent from five different types of activated carbons: Norit activated carbon, 13 wit% Cls-
ireated activated carbon, 9 wi% HBr-treated activated carbon, 5 wt% Br-treated activated carbon,
and 15 wt% Br-treated activated carbon. No HCI- or Cl'-treated activated carbon is shown in
Figure 15 or described in any of Examples 5-7 (the only Examples demonstrating the use of HBr-
treated activated carbon).

Taken in the context of the entire document, figures 14-15 and paragraph [0092] fails to
describe or suggest equivalent mercury-removal performance of HBr-treated activated carbon and
Br-treated activated carbon. With regard to figure 14, Nelson states at paragraph [0084] that
“[t]here was no much difference in performance between the various brominated samples, probably
because in the duct-injection mode they only used a small fraction of their available mercury-
adsorption capacity.” Therefore, Nelson states that figure 14 does not provide an accurate
comparison between the brominated samples, because the full mercury-adsorption capacity was not
utilized. In figure 15, for all data points showing HBr-treated activated carbon, a higher sorbent
injection rate was needed to achieve equivalent mercury-removal performance as the Bry-treated
activated carbons (i.e, the HBr data points for a given mercury-removal percentage are always to
the right of the Br; data points for that mercury-removal percentage), indicating HBr-treated
activated carbon to have less mercury-removal ability than Bra-treated activated carbons. In figure
12, reproduced below, Nelson compares the mercury capacity of untreated activated carbon, 15 wt%
Brs-treated activated carbon, 8 wt% HBr-treated activated carbon, and 22 wt%Bn-treated activated

carbon.
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Mercury Capacity of PAC al Initial Breakthrough
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Paragraph {0080], discussing figure 12, states that:

...the brominated carbons adsorbed considerably more mercury species
than the untreated version, with the improvements averaging about 100%.
Importantly, the bromine-gas-treated sorbents removed about as much
oxidized mercury-chloride from the test gases as elemental mercury,
indicating performance improvements with both kinds of common flue-gas
mercury species.

Both of the Bry-treated activated carbons in figure 12 showed increased removal of both
elemental mercury and oxidized mercury as compared to the untreated activated carbon. However,
the HBr-treated activated carbon in figure 12 had hardly any improvement in removal of oxidized
Hg compared to the untreated activated carbon, which paragraph [0080] describes as one of two
common flue-gas mercury species, and that the removal of both of these species is “important.”

Nelson does not portray the mercury removal abilities of activated carbon treated with Chy

outside the flue gas as equivalent to that of activated carbon treated with HCI outside the flue gas.
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At figure 11, reproduced below, Nelson shows mercury breakthrough curves for elemental mercury
removal from a non-flue gas “mercury-challenge gas” for powdered activated carbon with various

halogen treatments performed outside the flue gas.

Figure 11.

Mercury Breakthrough Curves
for PAC with Various Halogen Treatments
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At paragraph [0077], reproduced below, Nelson discusses figure 11.
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{08771 The sample thal had been exposed io gaseous
chiorine, Cl.{g}, exhibited some improvement in mercury
removal performance relative to the plain, untreated PAC.
Two samples of HClreated PACs showed even higher
ultimale mercery capacities, but poorer kinetics. One of
these samples had been pretreated by Howing gas-phase HCI
through the PAC sample until it no longer added mass, The
other, scguired from Ghorishi et al, was produced by a
dilute hguid-phase HOI treatment described fn their pubhi-
cations. The clemental mercury breakthrough curves of the
two HCl-ircated PACs were very similar, exhibiting a slow
and steady drop-off i performance, indicative of poor
mercury adsorption kipefics. Im contrast, the brominated
sample of this inveniion broke through very sharply and
captured more than five himes the clemental mercury of the
unlreated PAC.

At paragraph [0077], Nelson states that the HCl-treated powdered activated carbons had
higher capacities for elemental mercury, but showed poorer kinetics. Although some information
about how the Cly~ and HCl-treated activated carbons would behave in a flue gas can be learned
from figure 11, a flue gas contains additional species that were not present in the “mercury
challenge gas”, and, further, can include other forms of mercury other than the elemental mercury
measured by the breakthrough test of figure 11, such as oxidized mercury. Nelson does not perform
mercury-removal testing of HCl-treated activated carbons in a flue gas. However, Nelson in figure
11, paragraph {0077], and paragraph [0012] refers to HCl-treated activated carbon from Ghorishi et
al., which had about the same performance in figure 11 as the HCl-saturated activated carbon
prepared by Nelson. At paragraph [0012] Nelson describes a publication by this author, Ghorishi,
S.B, Keeney, RM., Jozewicz, W.S, Serre, S.D. and Gullett, B.K,, 2001, In-flight capture of
elemental mercury by a chlorine-impregnated activated carbon, Annual Air and Waste Management
Association{ AWMA) Conference, Orlando, FL, Vol. 24, No. 28 (“Ghorishi”).

Ghorishi’s conclusion at page 11 states that over 80% mercury removal was accomplished

from a flue gas using activated carbon treated outside the flue gas with HCl. Comparing these

results to Nelson’s results shown in figures 14 and 15, 80% mercury removal is better than the about

58% removal by Cl-treated activated carbon in figure 14, is better than the about 22% removal by

Cly-treated activated carbon in figure 15, and is better than the maximum mercury removal of HBr-
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or Bra-treated activated carbons in figure 15. Therefore, one of ordinary skill in the art
hypothetically reviewing Nelson would not only conclude that activated carbon treated outside the
flue gas with HCI not only has higher capacity for elemental mercury than Ch-treated activated
carbon as shown in Nelson’s figure 11, but also from comparing Ghorishi to Nelson that activated
carbon treated outside the flue gas with HCI has better mercury removal performance in flue gas
than Cly-treated activated carbon. Accordingly, even if, merely for the sake of argument, one of
ordinary skill in the art were to conclude from Nelson’s statements at paragraph [0092] that
activated carbon treated with HBr or Br outside the flue gas have similar mercury removal abilities,
this would not lead to the conclusion that activated carbon treated with HBr cutside the flue gas has
better mercury removal abilities than activated carbon treated with HCI outside the flue gas.

Nelson never directly compares the mercury-removal ability of HBr-treated activated carbon
with HCl-treated activated carbon. With Nelson clearly indicating that HBr-treated activated carbon
has inferior mercury-removal ability as compared to Bri-treated activated carbon, and that HCI-
treated activated carbon has superior mercury-removal ability as compared to Cly-treated activated
carbon, there is no way that one of ordinary skill in the art hypothetically considering Nelson could
conclude that HBr-treated activated carbon has equivalent or superior mercury-removal ability

compared to HCl-treated activated carbon.

I{B). In-flicht promotion versus freatment outside the flue gas.

ML), in-flisht promotion with HBr or By promoters is more effeciive for mercury

removal thap treating the sorbent with HBr, Br, or Br outside the mercury-containing gas,

The inventors of the present application have discovered that by combusting coal in the
presence of a HBr or Br™ promoter, and by placing an activated carbon sorbent in the mercury-
containing gas, as presently claimed, the activated carbon can be promoted by the promoter in-flight
in the mercury-containing gas, and further, that in-flight HBr or Br” promotion of the activated
carbon is more effective for mercury removal than use of an activated carbon that ts treated with

HBr, Br, or Br: outside the flue gas.
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As explained in Declaration B, pilot-scale testing was performed with activated carbon alone
{untreated) injected into the flue gas, the activated carbon treated with Br outside the flue gas as per
the Nelson procedure (see, Declaration B at item 7), and with NaBr added to coal prior to
introduction to the fumace with injection of untreated activated carbon into the tlue gas. The same
activated carbon was used for each sample. See, Declaration B at items 8-11. The plot given in

Declaration B at item 11 is reproduced below.
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The data in the plot above from item 11 of Declaration B show that the NaBr added to coal
prior to introduction to the fumace with injection of untreated activated carbon into the flue gas (in-
flight promotion with Br’) provided a higher percent of mercury removal at all tested sorbent
injection rates as compared to the activated carbon alone (untreated) and compared to the activated

carbon treated with Br» outside the fiue gas described herein at item 6 as per the Nelson procedure.
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With NaBr added to the coal and activated carbon injected into the flue gas, there was a significant
reduction in the amount of sorbent required to acheive similar mercury removal compared to the
activated carbon treated with Bra outside the flue gas. For example, to acheive 70% mercury
removal, 2.5 Ib/MMacf of Bra-treated carbon was required, as compared to 1.6 Ib/MMacf with NaBr
added to the coal and activated carbon injected into the flue gas; an additional (2.5-1.6/1.6)*100%
or 56% treated sorbent was required to achieve the same leval of mercury removal. See,
Declaration B at items 2-5 and 12.

The percent mercury removal per | wit% HBr versus the sorbent injection rate was compared
with NaBr added to coal prior to introduction to the furnace with injection of untreated activated
carbon into the flue gas using the pilot-scale plant, and with Nelson’s activated carbon treated with
HBr outside the flue gas. The data for Nelson’s activated carbon treated with HBr outside the flue
¢as was taken directly from Nelson. The first plot given in Declaration B at item 13 is reproduced

below, but only showing the HBr data.

Mg Removal Per 1wk NBr

& ! :
st T
12 & Na@ron ooelwith
; 2 & . L
Al injecind into the
10 flue gas

= Meigon's M8

o o8 e
troates AL

Yoy Rernoval Per L wit% Wi
o]

ol OO TN O .00 SOOI - SN OO .
4
®
ey |
<
&

G 3.5 1 15 2 2.5 Z 3.5 4 4.5
Sorbent injection Rate, b/ MMacf

Exhibit 2044
Page 542



AMENDMENT AND RESPONSE UNDER 37 C.ER. § 1.116 - EXPEDITED PROCEBURE Page 87
Application Number: 15/974 343 D 4820, 001URS
Filing Date: May 8. 2018

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

The data in the plot above, derived from the first plot at item 13 of Declaration B, show that
the NaBr added to coal prior to introduction to the furnace with injection of untreated activated
carbon into the flue gas provided a significantly higher (about 2x) percent mercury removal per 1
wt% HBr at all tested sorbent injection rates as compared to Nelson’s activated carbon treated with
HBr outside the flue gas. See, Declaration B at item 14

The data from the pilot-scale plant was also plotted to show the milligrams of HBr/MMacf
per 1% mercury removal versus the sorbent injection rate with NaBr added to coal prior to
introduction to the furnace with injection of untreated activated carbon into the flue gas, and for
Nelson’s activated carbon treated with HBr outside the flue gas. The second plot given in

Declaration B at item 13 is reproduced below.
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The data in the plot above, derived from the second plot at item 13 of Declaration B, show

that NaBr added to coal prior to introduction to the furnace with injection of untreated activated
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carbon into the flue gas provided a significantly lower milligrams of HBr/MMacf per 1% mercury
removal at all tested sorbent injection rates as compared to Nelson’s activated carbon freated with
HBr outside the flue gas, indicating more efficient (approximately 2x) use of HBr for mercury
removal during in-flight promotion of activated carbon than treatment of activated carbon outside
the flue gas. See, Declaration B at item 14.

As explained at item 9 of Declaration D, Nelson’s experimental setup in Examples 5 and 7
and the experimental setup described at item 8 of Declaration B inject activated carbon sorbent into
a flue gas upstream of an ESP and use no scrubber, making the procedures comparable. However,
the higher HCl concentration in Nelson’s Example 7 flue gas allows for easier mercury removal,
due to HC] acting as a promotor of the activated carbon, as compared to the pilot-scale setup
described at item 8 of Declaration B. Further, the higher mercury concentration in Nelson’s
Example 5 makes it easier for Nelson’s sorbents to remove the same overall percentage of mercury
from the flue gas, as compared to the pilot-scale setup described at item 8 of Declaration B.
Therefore, if Nelson’s Example 5 and 7 HC! and mercury concentrations were changed to match
those of the pilot-scale setup described at item 8 of Declaration B, Nelson’s sorbents would remove
a lower percentage of mercury than found in Nelson’s Examples 5 and 7, meaning that Nelson’s
sorbents would exhibit an even lower (and less efficient) percent mercury removal per 1 wt% HBr at
any sorbent injection rate than shown in the second plot above {derived from the first plot at item 13
of Declaration B), and would exhibit an even higher {and less efficient) milligrams of HBr/MMacf
per 1% mercury removal at any sorbent injection rate than shown in the third plot above (derived

from the second plot at item 13 of Declaration B).

H{BY2). There is no way a person of ordinary skill in the art could predict that in-flight

promotion of a sorbent with HBr or Br promoters is more effective for mercury removal than

use of a sorbent that is treated with the same promoters outside the flue gas,

The M.P.EP. at the beginning of § 2143.02 states (emphasis added) “{a] rationale to support
a conclusion that a claim would have been obvious is that all the claimed elements were known in
the prior art and one skilled in the art could have combined the elements as claimed by known
methods with no change in their respective functions, and the combination would have yielded

nothing more than predictable results to one of ordinary skill in the art.”
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As admitted by the Office Action, Felsvang fails to describe or suggest HBr or Br’
promoters. Felsvang also fails to describe or suggest that treatment of an activated cartbon with a
HCl or CI” additive outside of flue gas has any advantages over in-flight promotion of an activated
carbon with an HCI or CI” promoter. Further, as shown herein at I(B), treatment of activated carbon
outside the flue gas with HCI provides better mercury removal than in-flight promotion of activated
carbon with HCl or CI". Therefore, a person of ordinary skill in the art hypothetically having
Felsvang in-hand would have no clue that in-flight promotion of activated carbon with a halide
could give the same or better percent mercury removal over halide treatment outside of the flue gas,
and would be led away from Felsvang’s process if they investigated the relative mercury removal of
treatment of the activated carbon with HCl or CI” outside the flue gas versus in-flight treatment with
HCI or CI" in the flue gas.

Nelson mentions treating activated carbon outside of flue gas, and then adding the activated
carbon to flue gas. Nelson fails to describe or suggest in-flight promotion of an activated carbon
with a halide in the flue gas. Therefore, a person of ordinary skill in the art hypothetically having
Nelson in-hand would gfso bave no idea that in-flight promotion of activated carbon with a halide
could have any advantages over halide treatment outside of the flue gas.

There is no way to predict from the presently cited references the superior mercury capture
discovered by the present inventors that occurs when activated carbon is promoted with HBr or Br”
promoters in-flight in the mercury-containing gas, as occurs when following the present claims.

The Office Action states at the end of the second full paragraph on page 4 that Nelson’s additives
would be combined with Felsvang’s process “.._so as to provide an effective carbon sorbent for
mercury.” However, a person of ordinary skill in the art would have no idea that in-flight promotion
with HBr or Br" promoters could work better than Nelson's HBr-treatment outside the flue gas.
Felsvang fails to describe or suggest that in-flight promotion provides a sorbent with even the same
(et alone superior} properties as a sorbent treated outside the flue gas, and, as explained herein at
D), treatment of activated carbon outside the flue gas with HCI actually provides better mercury
removal than in-flight promotion of activated carbon with HCI or CI7; similarly, Nelson fails to
describe in-tlight promotion, let alone that in-flight promotion provides the same or superior

mercury removal ability as compared to treatment outside the tlue gas.
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The only way that a person of ordinary skill in the art could discover that in-flight promotion
of activated carbon with HBr or Br™ promoters is more effective for mercury removal than HBr
treatment outside the flue gas would not be from the cited references alone; instead, the person of
ordinary skill would need to actually modify Felsvang with Nelson as alleged, and then compare the
mercury removal of Felsvang’s modified process to Nelson’s sorbent treated outside the flue gas. ®
However, the person of ordinary skill carrying out such a combination would be surprised to find
that in-flight promotion with HBr or Br™ is more effective for mercury removal than HBr treatment
of the sorbent outside the flue gas. The process giving rise to these surprising results was
discovered by the inventors of the present application. Surprising results are a hallmark of
patentability; only by having the present application in-hand could such results be predicted, and a
need to resort to hindsight analysis to predict the advantages of the combination asserted by the
Office Action is indicative that the presently claimed invention is not cbvicus over the cited
references. Accordingly, independent claims 27, 54, and 55 are patentable over Felsvang in view of

Nelson for at least this additional reason.

HBM3). Reply to Examiner’s response ¢ arguments,

T'he Office Action states:
HIRHAL The spolicand contersds that the bromide gormotsrs ave move eflectve kv merquey
romaeni thas Irsatisg the sorbont with hrowaide o Brosmine addinives sutside the nwrnry containing

gan The apwivant arther grovides @ goanh o demanstrates these unerpecied reselis,

®1n the event the Examiner intends to argue that such advantages are inherent in the cited art. Applicant notes that the
claimed invention is not specifically disclosed in the prior art. The Examiner cannot reason inherency in a §103 context
based on a mere proposed or hypothetical combination of features from cited references. Such reasoning would merely
reflect the Examiner’s rehance on impermissible hindsight. See. M PEPR § 2112(1V).
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As explained in Declaration C at item 28, when NaBr is added to coal, gasecus NaBris
formed in the flue gas, and HBr is formed in the flue gas. As explained in Declaration C at item 33,
NaBr is a salt that includes Na™ and Br™. Therefore, placing NaBr on the coal (as specified in the
legend of the plot given at item 11 of Declaration B) results in formation of HBr and Br in the flue
gas (as specified in the graph), and the results shown are commensurate with the scope of the
claims. In the graphs in Declaration B all halides in the flue gas formed from halide salts placed on
the coal are assumed to be in the form of the respective hydrogen halide for comparative purposes,
although these could be in the form of the gaseous halide salt or the hydrogen halide—this
assumption is made for consistency across all the graphs in Declaration B. As the graphs show
trends between %Hg removal and halide content of the flue gas, so long as the amounts of the
different halides present in the flue gas are compared in a consistent way it does not matter whether
they are in the form of the hvdrogen halide or the halide ion in the flue gas for purposes of
comparing relative %Hg removal.

The data table at item 10 of Declaration B shows that the 18.2 data point of the plot shown at
item 11 corresponds to 18.2 wt% HBr, and that all of the labels on the data set “NaBr on coal with
AC injected into flue gas” indicate wit% HBr. Additionally, for increased clarity, Declaration B is
revised to indicate wt% and properly labels the 18.2 data point in the plot shown at item 1.

The Office Action states that the resuits would be expected by one having ordinary skill in
the art because the amount of HBr on the upper line, representing NaBr on coal with AC injected

into the flue gas, are greater than the wt% of the middle trending line, representing AC treated with
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5 wt% bromine outside the flue gas as per the Nelson procedure. Applicant does not agree that the
results are not unexpected. The unexpected results described in the Response are that in-flight
promotion of a sorbent with HBr or Br” promoters is more effective for mercury removal than use of
a sorbent that is treated with the same promoters outside the flue gas (as explained herein at (B},
using the first and second plots from item 13 of Declaration B), and that in-flight promotion with
HBr or Br™ promoters is more effective for mercury removal than in-flight promotion with HCI or
Cl" promoters (as explained herein at i{C}). Applicant included the plot at item 11 primarily to
show that adding NaBr to coal and injecting untreated AC into the flue gas is an effective way to
TEMOVE METCury.

The Office Action states that it is not clear whether the results are because of different
components being reacted or because of the different method being used. However, all of the data
shown in the plot at item 11 of Declaration B is shown in the tables at items 9 and 10 of Declaration
B, which is all derived from the same pilot-scale test unit described at item 8 of Declaration B,
using the same components, the same type of AC, and the same method, with the only variations
between the data sets being the type of treatment of the AC (i.e., no treatment, treatment with Br,
outside the flue gas prior to injection, and adding NaBr to coal while injecting untreated AC into the
flue gas); item 1 of Declaration B has been revised to clarify this point.

The Office Action states:

The second graphon page D8 compering Nalron coal to v freated Al angd iz anciear the

redts are beceuce of the different pamponents being resotador beceuse of the different rosthosd haing
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prasent method 1o Ml & fhe poior artmethod. Further the apmwant has nod shawn the amsnt of

prouTE upnoried By sach D data polnt audy cisi 1 does noUingmle Nalron ool

The second graph on page 12 of the last Response was the first graph from item 13 of

Declaration B. The Office Action states that the components used must be the same for both
methods, such that the graph compares HBr in the present method to HBr in the prior art method.
However, as explained in Declaration C at item 28, when NaBr is added to coal, gaseous NaBr is
formed in the flue gas, and HBr is formed in the flue gas. As explained in Declaration C at item 33,

NaBr is a salt that includes Na™ and Br'. Therefore, placing NaBr on the coal results in formation of
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HBr and Br’ in the flue gas. All of the NaBr is assumed to be converted to HBr in the graph, such
that the components being compared are the same for both methods.

Although the data set “NaBr on coal with AC injected into flue gas” is shown in the table in
item 10 and is derived from the pilot-scale test unit described at item 8 of Declaration B, while the
data set “Nelson’s HBr-treated AC” is from Nelson, as explained at item 9 of Declaration D and at
I{(B){1) herein, data from Nelgon’s experimental setup and from the pilot-scale unit of item 8 of
Declaration B are validly comparable——further, Nelson’s conditions used in Examples 5 and 7 allow
for easier mercury removal than in the pilot-scale unit of item 8 of Declaration B, such that if
Nelson’s Example 5 and 7 HCI and mercury concentrations were changed to match those of the
pilot-scale setup described at item 8 of Declaration B, Nelson’s sorbents would remove a lower
percentage of mercury than found in Nelson’s Examples 5 and 7.

The Office Action states that “the application has not shown the amount of promoter
supported by each (wi%) data point.” However, the y-axis indicates the percent mercury removal
per 1 wt% HBr; therefore, the wt% promoter data is part of what is shown on the graph. Further, the
table at item 10 indicates the specific amount of HBr for each data point.

The Office Action states:

The thived grogh on page 10 comperas HEr trested A and Na Br on colh with AL Injectad inofhe
gae, The praphotates Mulpogon of MErARRR Mg Bemevedd A HBris now a pwt of the cureant
anpicarion data points i iz ancizar how o internret this graph, Gaim 1 does non Ingluds MaBron coal,
Frrnner s anvieas of the results sre Docaise oF the differsnt cormnponend s Deing resced oy evses of the
ilffrant matiind bedr weadt. o ooder toostabiigh thatthe muthod being used has prexpegtad rasults
L coenponensty e mush e dhe sanee far eth o,

The third graph on page 13 of the last Response was the second graph from item 13 of
Declaration B. The Office Action states that HBr is not a part of the current application data points,
and that the claims do not include NaBr on coal. However, as explained in Declaration C at item
28, when NaBr is added to coal, gaseous NaBr is formed in the flue gas, and HBr is formed in the
flue gas. As explained in Declaration C atitem 33, NaBr is a salt that includes Na” and B,
Therefore, placing NaBr on the coal results in formation of HBr and Br in the flue gas. All of the
NaBr is assumed to be converted to HBr in the graph, such that the components being compared are

the same for both methods.
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Although the data set “NaBr on coal with AC injected into flue gas” is shown in the table in
item 10 and 1s derived from the pilot-scale test unit described at item 8 of Declaration B, while the
data set “Nelson’s HBr-treated AC” is from Nelson, as explained at item 9 of Declaration D and at
I{B)}1) herein, data from Nelson’s experimental setup and from the pilot-scale unit of item 8 of
Declaration B are validly comparable—further, Nelson’s conditions used in Examples 5 and 7 allow
for easier mercury removal than in the pilot-scale unit of item 8 of Declaration B, such that if
Nelson’s Example 5 and 7 HCI and mercury concentrations were changed to match those of the
pilot-scale setup described at item 8 of Declaration B, Nelson’s sorbents would remove a lower
percentage of mercury than found in Nelson’s Examples 5 and 7.

The Office Action states:

HiBHZ; The apptican contends thatthers 3 no wayva perss of ardinaey sl i the st could
peetiot from the ol ad retererdes gt rcilight poomotion of 3 serbeen with bromids promotans iz axors
eifaative Tor sy removal,
Thiz exgodaar contends thar the spplicent s nat axlabiished that B mare affective
Applicant respectfully disagrees. As explained above, the data does provide evidence that
in-flight promotion of a sorbent with HBr or Br™ promoters is more effective for mercury removal

than use of a sorbent that is treated with the same promoters outside the flue gas.

W) In-flieht promotion with HBr or Br- versus HCl or O

O In-flisht promotion with HBr or Br promoters is more effective for mercury

removal than in-flight premoetion with HCl or Cl- promeoters.

The inventors of the present application have discovered that that in-flight HBr or Br
promotion of an activated carbon in a mercury-containing flue gas is significantly more effective for
mercury removal than in-flight HCI or CI” promotion of an activated carbon.

As explained in Declaration B, pilot-scale testing was performed with NaBr or NaCl added
to coal prior to introduction fo the furnace with injection of untreated activated carbon into the flue

gas. The same activated carbon was used for each sample. See, Declaration B at items 8-10. The
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first plot given in Declaration B at item 3 is reproduced below, but not showing the data from

Nelson’s HBi-treated AC.
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The data in the plot above, derived from the first plot at item 13 of Declaration B, show that

the NaBr added to coal prior to introduction to the furnace with injection of untreated activated

carbon into the flue gas provided a significantly higher (about 6-8x) percent mercury removal per 1

wit% HBr or HCI at all tested sorbent injection rates compared to the NaCl added to coal prior to

introduction to the fumace with injection of untreated activated carbon into the flue gas. See,

Declaration B at item 14
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HCH2). There would be no way for a person of ordinary skill in the art to predict this

advantage from the from the cited references,

As explained herein at I{A}2)(d), Nelson fails to describe or suggest that treatment of
activated carbon with HBr or Br™ could provide any mercury-removal improvement, or even the
same mercury-removal activity, compared to Felsvang.

The only way that a person of ordinary skill in the art could discover that in-flight promotion
with HBr or Br™ promoters is more effective for mercury removal than in-flight promotion with HCl
or Cl” promoters would not be from the cited references alone; instead, the person of ordinary skill
would need to actually modify Felsvang with Nelson as alleged, and then to compare the mercury
removal of Felsvang’s modified process to Felsvang’s original process.” However, the person of
ordinary skill carrying out such a combination would be surprised to find that promotion of
activated carbon with HBr or Br™ could provide any mercury-removal improvement, or even the
same mercury-removal activity, compared to Felsvang. The process giving rise to these surprising
results was discovered by the inventors of the present application. Surprising results are a hallmark
of patentability; only by having the present application in-hand could such resuits be predicted, and
a need to resort to hindsight analysis to predict the advantages of the combination asserted by the
Office Action is indicative that the presently claimed invention is not obvious over the cited
references. Accordingly, independent claims 27, 54, and 55 are patentable over Felsvang in view of

Nelson for at least this additional reason.

WK, Reply to Examiner’s respounse (o arsuments,

The Office Action states:

*In the event the Examiner intends to argue that such advantages are inherent in the cited art. Applicant notes that the
claimed invention is not specifically disclosed in the prior art. The Examiner cannot reason inherency ina §103 context
based on a mere proposed or hypothetical combination of features from cifed references. Such reasoning would merely
reflect the Examiner’s rehance on impermissible hindsight. See. MPEP § 2112(1V).
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However, as explained herein at I{A}2){d) and I{A)3). Nelson fails to describe or suggest
that HBr-treatment of activated carbon provides better mercury removal ability than HCl-treated
activated carbon; therefore, there is no way one of ordinary skill in the art could reasonably predict
from Felsvang and Nelson that treatment of activated carbon with HBr or Br” could provide any

mercury-removal improvement, or even the same mercury-removal activity, compared to Felsvang.

D). A person of ordinary skill in the art would find that treatment of activated carbon

ouiside the flue gas with HCI as per Nelson's process actually provides more effective mercury

removal per wit% HCI than treatment of activated carbon with HCl or C in the flue gas,

D1, Lven if a person of ordinary skill in the art compared the mercury removal of

Felsvang to activated carbons treated with HCI outside of the flue gas. they would not

determine that in-flizht promeotion provides the same or better mercury removal properties

per wi% HCL

As explained herein at I{A}2){¢)., Felsvang fails to describe or suggest that in-flight
promotion of activated carbon with HCI or CI™ in the flue gas provides better mercury removal than
treatment of activated carbon outside the flue gas with HCIL. A person of ordinary skill would notice
the extremely poor improvement (if any improvement actually occurred) caused by addition of
activated carbon in Felsvang’s sole Example showing the use of activated carbon (Example 4) (see

I{A}2)c) herein) and would question whether Felsvang’s process is an efficient way to use
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activated carbon for mercury removal as compared to Nelson’s process. Merely for the sake of
argument, if one of ordinary skill in the art were to investigate Felsvang’s embodiments including
activated carbon and compare the relative mercury-removal ability to that of activated carbon
treated with HCl outside the flue gas, as explained below, they would find that treatment of
activated carbon outside the flue gas with HCI as per Nelson’s process actually provides more
effective mercury removal per wi% HCI than treatment of activated carbon with HCl or Cl” in the
flue gas, which would lead one of ordinary skill in the art away trom using Felsvang’s process.

As explained in Declaration B, pilot-scale testing was performed with activated carbon
treated with HCl outside the flue gas as per the Nelson procedure (see, Declaration B at item 7), and
with NaCl added to coal prior to introduction to the furnace with injection of untreated activated
carbon into the flue gas. The same activated carbon was used for each sample. See, Declaration B

at items 8-10. The first plot given in Declaration B at item 15 is reproduced below,
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The data in the plot above from the item 15 of the Declaration B show that activated carbon
treated with HCI outside the flue gas as per the Nelson procedure provided a much higher percent of

mercury removal per 1 wt% HCI at all tested sorbent injection rates as compared to NaCl added to
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coal prior to introduction to the furnace with injection of untreated activated carbon into the flue
gas. See, Declaration B at item 16.

The pilot-scale data was also plotted to show the milligrams of HCI/MMacf per 1% mercury
removal versus the sorbent injection rate with NaCl added to coal prior to introduction to the
furnace with injection of untreated activated carbon into the flue gas, and for the activated carbon
treated with HCI outside the flue gas described herein at item 7 as per the Nelson procedure. The

second plot glven in Declaration B at item 15 1s reproduced below.
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The data in the second plot above from item 15 of Declaration B show that the milligrams of
HCI/MMacft per 1% mercury removal versus the sorbent injection rate with NaCl added to coal
prior to introduction to the furnace with injection of untreated activated carbon into the flue gas was
significantly higher as compared to the activated carbon treated with HCI outside the flue gas
described herein at item 7 as per the Nelson procedure, indicating more efficient use of HCI for

mercury removal by treatment of activated carbon outside the flue gas than by promotion in-flight.
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HDX2). Reply to response to arguments,
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sresentad
Vo graphs o pages Mand 22, has Nal compared to HOL s wiear FIhe residis are begue
of the differerg companends being rasotedor because of the Sifferem mathod haing used, inovderin
sdabini Outthe method being wied has unexgirted resulis the cormataenie wied must N the same
for hoth methods, Purther the examiner pouds 1o The v-mxin which hes MO which ¥ pot invluded in ong
set el of Che date points s Uiy undlear how the data points are balng obtained,

The Office Action states that Applicant’s contention that a person of ordinary skill in the art
comparing Felsvang’s process to treatment of activated carbon with HCI outside the flue gas would
find that in-flight promotion provides less mercury removal 1s conjecture and 1s unsupported by
factual evidence. However, Applicant’s contention is not conjecture and is supported by data
provided in Declaration B, as described herein at D} 1); therefore, Applicant does not understand
this statement of the Office Action.

The Office Action states that the graphs have NaCl compared to HCI, and that the y-axis has
HCI which is not included in one set (NaCl) of the data points so it is unclear how the data points
are being obtained. However, as explained in Declaration C at item 28, when NaCl is added to coal,
gaseous NaCl is formed in the flue gas, and HCI is formed in the flue gas. NaCl is a salt that
includes Na™ and CI". Therefore, placing NaCl on the coal results in formation of HCI and C17in the
flue gas. In the graphs in Declaration B all halides in the flue gas formed from halide salts placed
on the coal are assumed to be in the form of the respective hydrogen halide for comparative
purposes, although these could be in the form of the gaseous halide salt or the hydrogen halide-—this
assumption is made for consistency across all the graphs in Declaration B. As the graphs show
trends between %Hg removal and halide content of the flue gas, so long as the amounts of the

different halides present in the flue gas are compared in a consistent way it does not matter whether
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they are in the form of the hydrogen halide or the halide ion in the flue gas for purposes of
comparing relative %Hg removal.

The Office Action states that in order to establish that the method being used has unexpected
results the components used must be the same for both methods. However, the data sets in the first
and second plots at item 15 of Declaration B were taken from the table at item 10, which was
produced using the same pilot-scale setup described at item 8, using the same components, the same
type of AC, and the same method, with the only variations between the data sets being the type of
treatment of the AC (1.e., AC treated with 5 wt% HCI outside the flue gas prior to injection into the
flue gas, or placing NaCl on the coal and injection of untreated AC into the flue gas); item 15 of

Declaration B has been revised to clarify this point.

KE), Objective evidence of non-obviousness of the claimed inveniion,

Applicant herein discusses objective evidence of nonobviousnesss presented in Declaration
A. The MPEP at §716.01(a) states that:

Affidavits or declarations, when timely presented, containing evidence of
criticality or unexpected results, commercial success, long-felt but unsolved
needs, failure of others, skepticism of experts, etc., must be considered by
the examiner in determining the issue of obviousness of claims for
patentability under 35 U.S.C. 103,

The M.PEP at §716.01(d) states that:

When an applicant timely submits evidence traversing a rejection, the
examiner must reconsider the patentability of the claimed invention. The
uitimate determination of patentability must be based on consideration of
the entire record, by a preponderance of evidence, with due consideration
to the persuasiveness of any arguments and any secondary evidence.

As explained in Declaration A at items 1-6, before the priority date of the presently claimed
invention, the EPA called for new mercury removal technology in the 1990s, evidencing recognition
of a probiem and long-felt but unsolved needs that the presently claimed invention provides a
solution for

As explained in Declaration A at items 7-8, before the priority date of the presently claimed

invention, the EPA espoused the conventional wisdom in favor of pre-treated sorbents, not in-flight
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sorbent enhancement in the flue gas, evidencing a teaching away from the presently claimed
invention by others.

As explained in Declaration A at items 9-11, before the priority date of the presently claimed
invention, Sidney Nelson touted brominated sorbent, not in-flight sorbent enhancement in the flue
gas, evidencing a teaching away from the presently claimed invention by others.

As explained in Declaration A at items 12-13, after the priority date of the presently claimed
invention, the EPA continued to teach away from in-flight sorbent enhancement in the flue gas,
evidencing a teaching away from the presently claimed invention by others and skepticism by
experts that the presently claimed invention could provide effective and efficient mercury control.

As explained in Declaration A at items 14-15, before the priority date of the presently
claimed invention, the Department of Energy funded research into in-flight sorbent enhancement in
the flue gas, evidencing recognition of a problem and long-felt but unsolved needs that the presently
claimed invention provides a solution for.

As explained in Declaration A at item 16, after the priority date of the presently claimed
invention, in-flight sorbent enhancement in the flue gas was finally recognized as a critical
advancement, evidencing praise by others for the presently claimed invention.

As explained in Declaration A at items 17-19, after the priority date of the presently claimed
invention, in-flight sorbent enhancement in the flue gas experienced commercial success and was
copied by Sidney Nelson and other competitors, evidencing copying of the presently claimed

invention by others,

Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claims 1-3, 5-8, 14, and 21-26 under 35 U.S.C. § 103(a) over Felsvang in view of Nelson.

1. The Office Action rejecied claim 4 undey 35 UK.C, § 103{a) over U.8. patent no.
5,435,980 (“Felsvang”) in view of 1.5, patent publication no. 2004/0003716 (*Nelson™) and
U.S. patent ne. 6.848,374 (“Srinivasachar”).

This rejection is respectfully traversed.

Claim 4 is presently canceled.
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Further, as explained herein at I, independent claims 27, 54, and 55 are patentable over
Felsvang and Nelson. Srinivasachar mentions treating activated carbon with halide salts or halogen
acids prior to placing the activated carbon into flue gas. See, col. 6. lines 2-20. However, like
Nelson, Srinivasachar fails to describe or suggest promotion of activated carbon in flue gas, and also
fails to describe or suggest that HBr or Br™ have the same or greater effectiveness for mercury
removal when used to treat activated carbons than chlonides. Accordingly, there would be no
motivation for a person of ordinary skill in the art to use Srinivasachar’s bromide additives in
Felsvang’s process. Further, there is no way to determine from Srinivasachar that in-flight
promotion with bromide promoters is more effective for mercury removal than treating the sorbent
with bromide or bromine additives outside the mercury-containing gas (as explained herein at
I(B3{1)), or that in-flight promotion with bromide promoters is more effective for mercury removal
than in-flight promotion with chioride-promoters (as explained herein at I(C)(1)). Additionally,
even if a person of ordinary skill in the art compared the mercury removal of Felsvang’s activated
carbons promoted with chloride in the flue gas to activated carbons treated with HCI outside of the
flue gas as used in Nelson and Srinivasachar, they would not determine that in-flight promotion
provides the same or better mercury removal properties, as explained herein at (D). As such,
Srinivasachar fails to remedy the deficiencies of Felsvang and Nelson. Therefore, claims 27, 54,
and 55 are patentable over Felsvang in view of Nelson and Srinivasachar.

Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claim 4 under 35 U.S.C. § 103(a) over Felsvang in view of Nelson and Srinivasachar,

i1, The Oifice Action rejected claim 9 under 35 U.N.C. 8 183{a) over U.5. patent no.

5,435,980 (“Felsvang™) in view of 1.S. patent publication no. 2004/0003716 (“Nelson™} and
1.8, patent no. 6.848.374 {“Srinivasachar”).

This rejection is respectfully traversed.

Claim 9 is presently canceled.

Further, as explained herein at I, claims 27, 54, and 55 are patentable over Felsvang and
Nelson. As explained herein at B, Srinivasachar fails {o remedy the deficiencies of Felsvang and
Nelson. Therefore, claims 27, 54, and 55 are patentable over Felsvang in view of Nelson and

Snimvasachar.
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Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claim 9 under 35 U.S.C. § 103(a) over Felsvang in view of Nelson and Srinivasachar.

i, The Oifice Action rejected claim 10 under 35 U.S.C. § 103(a) over 1.5, patent no.
5,435,980 (“Felsvang™) in view of 1.S. patent publication no. 2004/0003716 (“Nelson™} and
1.8, patent no. 6.136.749 (“Gadkaree”).

This rejection is respectfully traversed.

Claim 10 is presently canceled.

Further, as explained herein at I, claims 27, 54, and 55 are patentable over Felsvang and
Nelson. Gadkaree mentions forming activated carbons in the presence of an alkali metal halide co-
catalyst, see, claims 1 and 10, Gadkaree’s Examples use KI or SnCl,, and Gadkaree fails to describe
or suggest relative mercury removal activities of activated carbons treated with bromide versus
other halide additives. Gadkaree fails to describe or suggest promotion of activated carbon in flue
gas, and does not even specifically mention bromide or bromine additives. Therefore, like Nelson,
(Gadkaree also fails to describe or suggest that HBr or Br” have the same or greater effectiveness for
mercury removal when used to treat activated carbons than chlorides. Accordingly, Gadkaree fails
to remedy the deficiency of Nelson and Felsvang explained herein at I{A) that there would be no
motivation for a person of ordinary skill in the art to use Nelson’s bromide additives in Felsvang’s
process. Further, there is no way to determine from Gadkaree that in-flight promotion with bromide
promoters is more effective for mercury removal than treating the sorbent with bromide or bromine
additives outside the mercury-containing gas {(as explained herein at {(B)1)), or that in-flight
promotion with bromide promoters is more effective for mercury removal than in-flight promotion
with chloride-promoters {as explained herein at {C)(1)). Additionally, Gadkaree fails to remedy the
deficiency of Nelson and Felsvang explained herein at I{A) that even if a person of ordinary skill in
the art compared the mercury removal of Felsvang’s activated carbons promoted with chloride in
the flue gas to activated carbons treated with HCI outside of the flue gas as used in Nelson, they
would not determine that in-flight promotion provides the same or better mercury removal
properties. As such, Gadkaree fails to remedy the deficiencies of Felsvang and Nelson. Therefore,

claims 27, 54, and 55 are patentable over Felsvang in view of Nelson and Gadkaree.
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Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claim 10 under 35 U.S.C. § 103(a) over Felsvang in view of Nelson and Gadkaree.

Dowble Patenting Rejection

Y. Double patenting rejections.

ViA), The Gifice Action rejecied claims 1-10, 14, and 21-26 on the ground of nonstatutlory

double patenting over claims 1-30 of U.S. patent no., 7,435,286 in view of .S, patent no,

5,435,980 (“Felsvang™} and U.S. patent publication no. 2004/0003716 (“Nelson™},

This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-30 of U.S. patent no. 7,435,286 in view of Felsvang and Nelson.

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
inasmouch as no pending claim has yet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable claims.

V(B). The Office Action rejected claims 1-10, 14, and 21-26 on the ground of ponstatutory

double patenting over claims 1-25 of U.S, patent no. 8,168,147 in view of U.S. patent no,

5.435.980 (“Felsvang”) and U.S. patent publication no. 2004/0003716 {*“Nelson™).

This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-25 of U.S. patent no. 8,168,147 in view of Felsvang and Nelson.

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-evaluate this rejection, upon

an indication of allowable claims.

V(C). The Office Action rejected claims 1-10, 14, and 21-26 on the ground of nonstatutory

double patenting over claims 1-60 of U.S, patent no. 8,512,655 in view of U.S, patent no.

5,435,980 (“Felsvane™”) and U5, pnatent publication no. 2004/8003716 (*“Nelson™).
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This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-60 of U.S. patent no. 8,512,655 in view of Felsvang and Nelson.

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-evaluate this rejection, upon

an indication of allowable claims.

V(D). The Office Action rejected claims 1-10, 14, and 21-26 on the ground of nonstatutory

double patenting over claims 1-66 of U.S, patent no, 8.821.819 in view of U.S. patent no.
5,435,980 (“Felsvang”) and U.S, patent publication ne, 2004/6003716 {(*Nelson™).

This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-60 of U.S. patent no. &,821,819 in view of Felsvang and Nelson.

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-evaluate this rejection, upon

an indication of allowable claims.

V{E). The Office Action rejected claims 1-10, 14, and 21-26 on the ground of nonstatutory

deouble patenting over claims 1-33 of U.S. patent no. 9,757,689 in view of U.S. patent no._

5,435,980 ("“Felsvang”) and U.S. patent publication no. 2604/6003716 (“Nelson”).

This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-33 of U.S. patent no. 9,757,689 in view of Felsvang and Nelson.

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-evaluate this rejection, upon

an indication of allowable claims.

V{F). The Office Action rejected claims 1-10, 14, and 21-26 on the ground of nonstatutory

double patenting over claims 1-20 of U.S, patent no. 9.468.886 in view of U.S, patent no.
5,435,980 (“Felsvang”) and U.S. patent publication no. 2004/6003716 (“Nelson”).
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This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-20 of U.S. patent no. 9,468,886 in view of Felsvang and Nelson.

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-evaluate this rejection, upon

an indication of allowable claims.

V{G). The Office Action rejected claims 1-10, 14, and 21-26 on the ground of nonstatutory
double patenting over claims 1-36 of U.S. patent no, 8.652.235 in view of U.S. patent no.
5,435,980 (“Felsvang”) and U.S, patent publication ne, 2004/6003716 {(*Nelson™).

This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-30 of U.S. patent no. &,652,235 in view of Felsvang and Nelson.

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-evaluate this rejection, upon

an indication of allowable claims.

V{H). The Office Action provisionally rejected claims 1-10, 14, and 21-26 on the sround of

ponstatutory double patenting over claims 1-16 of copending application ne. 15/295.59%4 in_

view of (“Felsvang”) and U.8, patent publication no, 2004/6003716 (“Nelson”},

This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-16 of copending application no. 15/295,594 in view of Felsvang
and Nelson.

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-evaluate this rejection, upon

an indication of allowable claims.

VL), The Office Action provisionally rejected claims 1-10, 14, and 21-26 on the ground of

nonstatutory double patentine over claims 8-20 of copending application no. 15/588,359,
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This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 8-20 of copending application no. 15/589,359,

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-evaluate this rejection, upon

an indication of allowable claims.

V(3. The Office Action provisionally rejected claims 1-10, 14, and 21-26 on the ground of
nonstatutory double patenting over claims 1-20 of copending application no, 15/853.629 in

view of (“Felsvang”) and U.S. patent publication ne. 20604/06003716 (“Nelson”).

This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-20 of copending application no. 15/853,029 in view of Felsvang
and Nelson.

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-evaluate this rejection, upon

an indication of allowable claims.

V{K). The Office Action provisionally rejected claims 1-10, 14, and 21-26 on the ground of

nonstatutorv double patenting over claims 1-20 of copending application no. 14/712,358.

This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-20 of copending application no. 14/712.558.

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-evaluate this rejection, upon

an indication of allowable claims.

V{L}. The Office Action provisionally rejected claims 1-10, 14, and 21-26 on the ground of

nonstatutory double patenting over claims 1-20 of copending application no. 15/951,970,
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This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-20 of copending application no. 15/951,970.

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-evaluate this rejection, upon

an indication of allowable claims.

VM), The Office Action provisionally rejected claims 1-10, 14, and 21-26 on the ground of
nonstatutory double patenting over claims 1-20 of copending application no. 15/382.114 in

view of (“Felsvang”) and U.S. patent publication ne. 20604/06003716 (“Nelson”).

This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-20 of copending application no. 15/382,114 in view of Felsvang
and Nelson.

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-evaluate this rejection, upon

an indication of allowable claims.

V{N}. The Office Action provisionally rejected claims 1-10, 14, and 21-26 on the ground of

nonstatutory double patenting over claims 1-20 of copending application no. 15/853,029 in

view of (“Felsvang™) and 1.8, patent publication no. 2004/6003716 (“Nelson™}.

This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-20 of copending application no. 15/853,029 in view of Felsvang
and Nelson. This rejection appears to be a duplicate of the rejection listed herein at V{J}).

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-evaluate this rejection, upon

an indication of allowable claims.
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V{(0). The Office Action provisionally rejected claims 1-10, 14, and 21-26 on the ground of

nonstatutory double patenting over claims 1-20 of copending application ne. 15/978.760 in_
view of (“Felsvang™) and U.S. patent publication no. 2804/0003716 (“Nelson”}.

This rejection is respectfully traversed. Applicant does not admit that claims 1-10, 14, and
21-26 are obvious over claims 1-20 of copending application no. 15/978,760 in view of Felsvang
and Nelson.

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-evaluate this rejection, upon

an indication of allowable claims.

Exhibit 2044
Page 566



AMENDMENT AND RESPONSE UNDER 37 C.ER. § 1.116 - EXPEDITED PROCEBURE Page 81
Application Number; 15/974 343 Dk 4820.001U8Y
Filing Date: May 8. 2018

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

CONCLUSION

It is respectfully submitted that the claims are in condition for allowance, and notification to

that effect is earnestly requested. The Examiner is invited to telephone the undersigned at (612)
349-9380 to facilitate prosecution of this application,
If necessary, please charge any additional fees or deficiencies, or credit any overpayments to

Deposit Account No. 19-0743.

Respectfully submitted,

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

Minneapolis, MN 55402-0938

{612)373-6900

Date __ July 10, 2019 By / \\\hdj‘amp J( /&%W/

Nicholas P. Lanzatella
Reg No. 63,803
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IN THE CLAIMS

Please amend the claims as follows:

1-26. (Canceled)

27.  (New) A method of separating mercury from a mercury-containing gas, the method
comprising:
combusting coal in a combustion chamber, to provide the mercury-containing gas, wherein
the coal comprises added Br,, HBr, a bromide compound, or a combination thereof,
added to the coal before the coal enters the combustion chamber, or
the combustion chamber comprises added Br;, HBr, a bromide compound, or a
combination thereof, or
a combination thereof;
injecting a sorbent comprising activated carbon into the mercury-containing gas downstream
of the combustion chamber;
contacting mercury in the mercury-containing gas with the sorbent; and

separating the sorbent contacted with the mercury from the mercury-containing gas.

28. (New) The method of claim 27, wherein the coal comprises the added Br, HBr, the bromide
compound, or a combination thereof, added to the coal before the coal enters the combustion

chamber

29. (New) The method of claim 27, wherein the combustion chamber comprises the added Bra,
HBr, the bromide compound, or a combination thereof.

30. (New} The method of claim 27, wherein the coal is combusted in the combustion chamber
at a coal-combustion facility, wherein the Bry, HBr, bromide compound, or combination thereof, is
added to the coal before the coal enters the combustion chamber, wherein the addition of the By,
HB1, bromide compound, or combination thereof, to the coal is performed at the coal-combustion

facility.
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31 {New) The method of claim 27, wherein the coal is combusted in the combustion chamber
at a coal-combustion facility, wherein the By, HBr, bromide compound, or combination thereof, is
added to the coal before the coal enters the combustion chamber, wherein the addition of the Bra,
HBr, bromide compound, or combination thereof, to the coal is performed at a site other than the

coal-combustion facility.

32. (New} The method of claim 27, wherein the combustion chamber is an electric utility coal

combustion chamber.

33

{(New) The method of claim 27, wherein the combustion chamber is a coal combustion

furnace.

34.  (New) The method of claim 27, wherein the coal comprises a subbituminous coal.

g
L

(New) The method of claim 27, wherein the coal comprises a lignite coal.

36.  {New) The method of claim 27, further comprising
measuring the mercury content of the mercury-containing gas, and
modifying, in response to the measured mercury content of the mercury-containing gas,
an injection rate of injecting the sorbent into the mercury-containing gas,
an amount of the Brz, HBr, the bromide compound, or a combination thereof, added
to the coal or the combustion chamber, or

a combination thereof.

37. {New} The method of claim 36, wherein the measuring of the mercury content comprises

continuous measurement.

fad
2z

(New) The method of claim 27, further comprising:
modifying, in response to a measured mercury content,

an injection rate of injecting the sorbent into the mercury-containing gas,
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an amount of the Br, HBr, the bromide compound, or a combination thereof, added
io the coal or the combustion chamber, or

a combination thereof
39.  (New) The method of claim 27, wherein the mercury-containing gas comprises about 1 g to

about 30 g of the element bromine per 100 g of the sorbent.

40.  (New) The method of claim 27, wherein the sorbent contacted with the mercury comprises

the element bromine and mercury.

41. {(New) The method of claim 27, comprising removing greater than 70 wt% of the mercury in

the mercury-containing gas.

42, (New} The method of claim 27, comprising removing greater than 70 wt% of the mercury in

the mercury-containing gas with the sorbent.

43. (New) The method of claim 27, wherein the sorbent in the mercury-containing gas
comprises about 1 g to about 30 g of the added Br,, HBr, the bromide compound, or a combination

thereof, per 100 g of the sorbent.

44 {(New} The method of claim 27, wherein the Bry, HBr, or the bromide compound is

contacted with the sorbent in vapor form, gaseous form, liquid form, or in an organic solvent.

45, {New) The method of claim 27, wherein the activated carbon comprises powdered activated

carbon, granular activated carbon, or a combination thereof.

46, (New) The method of claim 27, wherein the sorbent injected into the mercury-containing
gas is a sorbent obtained by contacting a sorbent with a halogen or halide promoter prior to the

injection of the sorbent into the mercury-containing gas.
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47. {New) The method of claim 27, wherein the sorbent injected into the mercury-containing
gas is free of contact with a halogen or halide promoter prior to injection of the sorbent into the

mercury-containing gas.

48. (New) The method of claim 27, wherein the combustion chamber comprises a boiler.
49, {(New} The method of claim 27, wherein the mercury-containing gas is a flue gas.
50. (New) The method of claim 27, wherein the injection of the sorbent into the mercury-~

containing gas occurs upstream of a particulate separator, a scrubber, or a combination thereof.

3L {(New} The method of claim 50, wherein the particulate separator comprises a baghouse, a

an electrostatic precipitator, a fabric filter, or a combination thereof.

52. {(New) The method of claim 27, wherein a halide sorbent enhancement additive comprises

the added Br;, HBr, bromide compound, or combination thereof.

53. (New) The method of claim 52, wherein the sorbent enhancement additive comprises the

bromide compound.

54. (New) A method of separating mercury from a mercury-containing gas, the method
comprising:
combusting coal in a combustion chamber, to provide the mercury-containing gas, wherein

the mercury-containing gas comprises a halogen or halide promoter comprising HBr, Br, ora
combination thereof, wherein

the coal comprises added Br,, HBr, a bromide compound, or a combination thereof,
added to the coal before the coal enters the combustion chamber, or

the combustion chamber comprises added Br;, HBr, a bromide compound, or a
combination thereof, or

a combination thereof’
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injecting a sorbent comprising activated carbon into the mercury-containing gas downstream
of the combustion chamber:
contacting mercury in the mercury-containing gas with the sorbent; and

separating the sorbent contacted with the mercury from the mercury-containing gas.

55. {(New) A method of separating mercury from a mercury-containing gas, the method
comprising:

combusting coal in a combustion chamber, to provide the mercury-containing gas, wherein
the mercury-containing gas comprises a halogen or halide promoter comprising HBr, Br', or a
combination thereof, wherein
the coal comprises added Bra, HBr, a bromide compound, or a combination thereof,
added to the coal before the coal enters the combustion chamber, or
the combustion chamber comprises added Bry, HBr, a bromide compound, or a
combination thereof, or
a combination thereof,
injecting a sorbent comprising activated carbon into the mercury-containing gas downstream
of the combustion chamber such that the activated carbon reacts with the halogen or halide promoter
in the mercury-containing gas to form a promoted sorbent;
contacting mercury in the mercury-containing gas with the promoted sorbent;

separating the promoted sorbent contacted with the mercury from the mercury-containing

measuring the mercury content of the mercury-containing gas, and
maodifying, in response to the measured mercury content,
an injection rate of injecting the sorbent into the mercury-containing gas,
an amount of the Bry, HBr, the bromide compound, or a combination thereof, added
to the coal or the combustion chamber, or

a combination thereof.
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