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to restore mercury capture capacity. The first of these steps can remove the mercury,
but it i1s unclear whether it actually removes the sulfate poison. The second of these
steps is rather expensive, because one is actually reconstituting the reagent on the
sorbent

Porous beds containing a mercury oxidizing reagent on a solid support are
described in several patents for removal of mercury from gas streams. These include
peroxomonosulfate (for example, see U.S. Patent 4,786,483), triiodide or other
mixed halogens (for example, see U.S. Patents 3,194,629, 3,662,523), or sulfur (for
example, see U.S. Patents 3,194,629, 4,101,631, 4,708,853, 6,258,334). The reagent
material is destroyed either by reaction with the flue gas during sorption or by
attempts to regenerate the sorbent, there is no way to regenerate these sorbents,
except by reimpregnation of the expensive reagent.

Amalgamating noble metals (gold, silver) on a suitable support can be
regenerated by microwave heating (for example, see U S. Patent 6,136,072), but

they are expensive and not especially active for sorption in flue gas.

Hg Sorbents for Air or Natural Gas Treatment

Melkersson (U.S Patent 3786619) described a Hg sorbent comprising SeO»
or SeS; for air treatment. This method did not appear to employ a carbon support or
halide.

Yan (U.S. Patent 4814152) described a Hg sorbent comprising elemental
sulfur and a metal catalyst on a carbon support. This method did not appear to
employ a halide.

Attia (U.S. Patent 65080281) described a sorbent for mercury and a variety
of other contaminants comprising an inorganic aerogel composition. This method

did not appear to employ a carbon support or halide.

Following is a List of Various Background References:

Lancia, A.; Musmarra, D.; Pepe, F.; Volpicelli, G. Combust. Sci. & Technol.
1993, 93, 277.

Streng, S.; Kassebohm, B. Fue! Proc. Technol. 1994, 39,431.
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Patent 4,956,162 Smith
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Patent 3,194,629 Dreibelbis, et al
Patent 4,101,631 Ambrsini, et al
Patent 3,662,523 Revoir

Patent 4,708,853 Matviya

Patent 6,258,334 Gadkaree
Patent 6,136,072 Sjostrom

Patent Application 2002/0150516
Patent Application 2001/0003116 Neufert
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CLAIMS

1. A method for separating mercury from a mercury-containing gas, the
method comprising:

combusting a mixture of coal and an additive, to form the mercury-
containing gas, wherein the additive is chosen from halides, halogens, salts thereof,
and combinations thereof;

adding a particulate sorbent material comprising activated carbon into the
mercury-containing gas;

promoting at least a portion of the sorbent material by chemically reacting
the sorbent material with the additive in the mercury-containing gas, to form a
promoted sorbent material;

chemically reacting mercury in the mercury-containing gas with the
promoted sorbent material, to form a mercury-sorbent; and

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

2. The method of claim 1, further comprising mixing the additive and the coal
before combusting the coal.
3 The method of claim 2, wherein the additive mixed with the coal isin a

liquid.

4, The method of claim 3, wherein the liquid is a hydrocarbon, a chlorinated
hydrocarbon, supercritical carbon dioxide, water, salt solution, or a combination

thereof,

5. The method of ¢laim 1, wherein the promoted sorbent material comprises
active sites, wherein the active sites comprise halide anions bound to the activated

carbon.

6. The method of claim 1, wherein the promoted sorbent material comprises
active sites, wherein the active sites comprise carbocations bound to halide anions.
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7. The method of ¢claim 1, wherein chemically reacting the sorbent material
with the additive in the mercury-containing gas comprises chemically reacting

carbene species edge sites in the activated carbon with the additive.

3. The method of ¢laim 1, wherein carbocations in the activated carbon of the

mercury-sorbent accept electrons from mercury atoms of the mercury-sorbent.

9. The method of claim 1, wherein the additive is substantially in vapor form in

the mercury-containing gas.

10. The method of claim 1, wherein the additive is chosen from Cl2, HCI,

sodium chloride, calcium chloride, and a combination thereof.

11. The method of claim 1, wherein the additive 1s chosen from Brz, HBr,

sodium bromide, calcium bromide, and a combination thereof.

12. The method of claim 1, wherein the additive is chosen from PBr3, SCl2, and

a combination thereof’

13 The method of claim 1, wherein the additive 1s chosen from I, HI, sodium

iodide, calcium iodide, potassium iodide, and combinations thereof.

14. The method of claim 1, wherein the activated carbon is chosen from
powdered activated carbon, granular activated carbon, carbon black, carbon fiber,

aerogel carbon, pyrolysis char, and combinations thereof.

15. The method of claim 1, further comprising adding an alkaline component to
the mercury-containing gas, the alkaline component chosen from alkali elements,

alkaline earth elements, alkali salts, alkaline earth salts, and combinations thereof.
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16.  The method of claim 1, further comprising contacting at least one of the
sorbent material and the promoted sorbent material with a mercury-stabilizing
reagent chosen from S, Se, H2S, SO», H2Se, Se0;, CS;, P2Ss, and combinations
thereof.

17.  The method of claim 1, further comprising contacting at least one of the
sorbent material and the promoted sorbent material with a secondary component
chosen from halogens, hydrogen halides, Group V halides, Group VI halides, and

combinations thereof

18. The method of claim 17, wherein the secondary component is chosen from

halogens, halide salts, HI, HBr, HCI, and combinations thereof.

19.  The method of claim 17, wherein the secondary component 1s chosen from

I, HI, and combinations thereof.

20. A method for separating mercury from a mercury-containing gas, the
method comprising:

combusting coal mixed with an additive, wherein the additive is chosen from
halides, halogens, salts thereof, and combinations thereof, to form the mercury-
containing gas;

injecting a sorbent material comprising activated carbon into the mercury-
containing gas;

promoting at least a portion of the sorbent material by chemically reacting
the sorbent material with the additive in the mercury-containing gas, to form a
promoted sorbent material;

chemically reacting mercury in the mercury-containing gas with the
promoted sorbent material, to form a mercury-sorbent; and

separating the mercury-sorbent from the mercury-containing gas,

wherein the coal and promoter are mixed at a location upstream of a

combustion furnace where combustion occurs.
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Abstract

A promoded activated carbon sorbent is described that is highly effective for
the removal of mercury from flue gas streams. The sorbent comprises a new
modified carbon form contatmng reactive forms of halogen and halides. Optional
components may be added to increase reactivity and mercwry capacity. These may
he added directly with the sorbent, or to the flue gas to enhance sorbent performance
and/or mercury capture. Mercury removal efficiencies obtained exceed conventional
methods. The sorbent can be regenerated and reused. Sorbent treatment and
preparation methods are also described. New methods for in-flight preparation,
inroduction, and control of the active scrbent into the mercury contaminated gas

stream are described.
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44 Non Patent Literature 0299 _felsvang_etal_2001.pdf no 19

AdaTio12 M 1alebe N3 52797684 15422057
SE73E

Warnings:

Information:

5391004
45 Non Patent Literature 0300_fernanc;ezals:aaved ra_200 no 10
-p 5902:66a1lbleD?ldS&‘B[cS?ScSS?cdaZSle
asEl
Warnings:
Information:
Total Files Size (in bytes); 167050927

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

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

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date {see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105} will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PCT/USZG08/G71986
PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORY
ECT Articie I8 and Ruies 43 and 44)

§ i » ] e s
Applicant's or agent's fils reference FOR FURTHER coe Form POTASA/IIO
IIR001102 ATTION as well as, where applicable, item 5 below,
Intemational application No. Internations filing date Gdaymontdsyear) {Earliest) Pricrity Date {doyvmonthivear)
PCI/S2008/071986 91 AUGUST 2008 (01.68.2008) 07 AUGUST 2007 (01.08.2007)
Applicant
ENERGY & ENYIRONMENTAL RESEARCH CENTER ot sl
This International search report has been prepared by this Intomational Searching Authority and is transmitted to the appiicant according
o Article 18, A copy is being transmitied o the Intemational Boreau_
This international search report consists of a total of 3 shsets.
lj ¥t is also accompanied by a copy of each prior arl ducument cited in this report
1. Basizs of the report
a. With regard to the ianguage, the infernational search was carried out on the basis of
X the International application in the language in which it was {iled
;:] a translation of the internationa! application into , which Is the lanpuage of a
transiation fumnished for the purposes of fotesmationat search {Rules 12.3¢8) and 23.1(bn
b D This Internatiosal search report has been established taking Into account the rectificating of an obviens mistake
authorized by or notificd to this Authorlly under Rule 91 (Rule 43 .6hisla)).
C. EE With regacd o any nacleotide sndfor amine acid seguence disciosed in the internationa? spplication, see Box No. L
2. [__:5 Certain clajms were found nnsearchable {(See Box No. I
3 I;] Iinity of tnvention is lacking {Sec Box Ne. 11l
4 With regarnd 10 the itle,
@ the toxt is approved as sulumittzd by the applicunt,
Ll the text has besn established by this Authorlty to read as follows:
5. With regard to the abstract,
@ the text is spproved as submitied by the applicant.
[ ] the text has been establishied, according t Raje 38.2, by this Authority as it appears in Box No. 1v. The applicant
may, within ous month from the date of maiiing of this international search repory, submit coments io this Awtherity.
6. Wilk regard o the drawings,
a. the figuee of the drawings 10 be published with the abstract is Figure No. i
M as suggesied by the applicant.
I lbecalsse the applicant failed to suggest & faure,
| ]bccanse this figure better characterizes the invention.
b. D none of the figure is to he published with the abstract.
Form PCTASALD (firat sheety {July 2008y
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Page 491



E Intermational application M.

INTERNATIONAL SEARCH REPORT ;
| PCT/US2008/071986

L CLASSIFICATION OF SUBIECT MATTER

FEAT 37000 2000.01)i, BAIIY 53/00(2006.8058, FOXC o/ 14{2006.61), E21H 21000200601 )

According to lnternationad Parent Classification {(IPD) or to both national classification and 190
B, FELEDE SEARCHED

Minimsrn documentation searched (classification system followed by classification symbols)
I PYYC, PORC, C10G

Docomnentation searched other than minlmurn documentation to the extent that such doonrnents ame inciuded in the folds searched
Korean Utility medels and applications for Utility models since 1975
Japanese Uitlity models and spplications for Uity models singe 1975

Elsctronic data base consulted during the international search (narne of data base and, where practicable, search terms used)
eRIPASE {KIPO internal} & heywords: "gas compressor”, "gas torbing™ | "sulfur®, "aator® and "scparate”

C. DOCDMENTS CONSIDERED TO BE RELEVANT

Category® Citation of document, with indication, where appropriate, of the relsvant passages Relevant to ¢laim No.
A AP D9-256812 A (YOSHIBA CORP ) 30 September 1987 i, 10
See the abstraet and Clahw 1.
A U8 4,342,192 (KLAUS HEY M etal} 3 August 1282 1,19
See the absiract and Fig. 1.
A it US 7,007,330 B2 JAMES C. BELLOWS) 28 March 2006 1,10

Hee the abstract and Fig, 1.

A SRR 16-2002-0052209 A (JGC CORPORATION) 2 July 2002 510
Sea page 2, ¥ine 31 o page 6, Hoe § and Fig. 3.

I:l Farthes documents ars Ysted in the continuation of Box C. g Hee patent family annex.
* Special categories of chied documents: “T" Iater document published atter the imtemnational filag date or priosity
"AY  document defining the generad state of the art which i3 not considered date and not in conficy with the application but cited 1o understand
i be of particutar selovance the principle or theory underbying the invention
"B curtior application or patent but published on or afier the intermaiionsl *R° document of particultar rofovence; the slalmed invention cannol be
fibissg duts comsidered novel or canmor be sonsidered to Involve an inventive
“1L7 document which may throw doubis on priority cialm(s) or which is step when the docurcent is talten alone
sited 1o establish the publication date of citation or other "¥* document of parficubat selevance: the claimed inventinn cannot be
spechal reason (a5 spocified) cousidered i involve 30 inventive step whon the document is
" docunwent referving toan oral disclosws, use, exbibition or other combined whl onv of muose ofher such doctments,such combination
MCRIE heing obvious to & person skéfed inthe ant
P dociment published prior to the internationsd fiing due but Iater “&" doournent mernber of the same patent famaly
fhan the srioeily date clabwed
Blate of the actust completion of the intemational search Diate of mailing of the international search repost
30 JANUARY 2009 (30.01.2009) 30 JANUARY 2009 (30.01.200%)
Name ard mailing address of the [SAKR Awthorized officer
Korean Intellectial Propery Offics
Government Complex-Diagicon, 132 Seensaro, Seo- HAN, IAE SEOR
. g, Phagieon 302-701, Republic of Korea
Facsimile No. 82.42.472.714¢ Telephone No.  82-42.483.53439
Form PCTASAZ2 0 (second sheety {July 2008,
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INTERNATIONAL SEARCH REPORT

Information on patent family members

Tnternational application MNo.

PCEAUSZO08/671986

Patent docurnent Fublication Patont family Poblication

cited in search report date memberd 5} date

JP 09-256812 A 30,09 1997 NONE

S 4342182 {03.08. 1082 CA 1134210 A1 26,10, 1882
{E 2850005 AY 28 .05 19RO
DE 2821427 Al 19,02 .1981

Us 7017330 82 28.03. 2008 LS 8804864 15, 10. 2004
LS 7431757 07102008
US 2004-005530% Al 25 03 2004
S 2005035482 A 24 GF, 2005
US 88040584 B2 19,10, 2004

KR 13-2002-0052208 A Q2072002 & 8000G2602 1 12.06.2003
bE Bo0O0Ze02 T2 19.02.2004
£P 1230323 BY 7. 05.2003
£P 1230323 A1 14.08.2002
€5 219542 13 6. 12,2003
JF 2001140858 A 22.05,. 7001
TW 477812 8 01,08, 2002
W 477812 A 031032002
US 8786060 81 07,09, 20604
WO 01-36588 Al 25 .05, 2001

Form PCTASA/Z 10 (patent family annex) {July 2008)
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PATENT COOPERATION TREATY 0 39 JAN W

PCT ;‘-f'u'ii-'*e.‘) POT

ENTERNATIONAL PRELIMINARY HEPORT ON PATENTABILITY
{Chagter 17 of the Patent Cooperation Treaty)

(PCT Article 36 and Rule 70}

Applicant’s or agent’s fils referonee FOR FURTHER ACTION See Fostn POTAPEA/ALS
A TR T - ; L7 .
2350-00261 cxior =T
Infernationai application No. International filing date Wawmonifiivenr) Priority date (dayimontivvear}
PCYAISUSIG0IS 23 August 2085 (23.08.2005) 58 August 2004 (30,08 2004)

International Patent Chissification (1P0) or nationa! classification and 100

P B 53/02] 2006.01)
USPC  95/13,107,134
Applivant

ENERGY & ENVIRONMENTAL RESEARCH CENTER FOUNBATION

1. This report is the international peefiminary examinaiion report, established by this Internstional Preliminary
Examining Authorlly under Article 35 and transmitted 1o the applicant according o Artisle 36,

. This REPORT consists of a total of :5 shests, including this cover sheet.
3. This repori is ai‘-:: accompshied by ANNEXES, comprising:

;iwm‘ fo the applicant and to the faternationa) Burean) o total of 5 shoets, as follows:

D sheets of the desceiplion, elaims andlor drawings which have been armended and are the basis of
this report andlor sheels containing rectifications anthorizod by this Authority {s=e Ruale 70.16

., and Section 607 of the Administrative Insructions).

i | sheots which suprersede sarlier sheets, but which this Authority considers contain an amendmeng
that goes bayond the disclosure in the international application as led, as indicated fn ftem 4 of
Box No. fand the Supplementsl Box,

b. D {sesm fa the fmternational Burean oniy) a jotal of (indicgis type and number of siectronic carrier{s))

e s wm.mnmg a sequence listing sndfor tables related thereto, in electronic form only, as
indicated In the S‘upple:mnial Box Relaiing to Sequence Lssfmg {see Seotion B02 of the

Adwinistrative Tostructions).

4. This report contains indications refating to the following ftems:
%
k‘ Box No. | Basis of the report
i_ BoxNe dt | Priority

‘Box No. HI Nen-establishiment of opinion with regard 16 novelty, inventive siep and industrial
applicabiiity
Eox No. 1V Lack of unity of invention
Box No, ¥ Reasoned statement under Asticle 35(2) with regard to novelty, inventive step or

industrial applicebitity; citations and explanations supporting such siatement
Box Mo, V1 Cartaln documents sited

BoxNo. Vi1 Certain defects fu the international application

CIOI0T RCT O

Box Mo, VIl Certain observations on the Internationsl epplication

Prate of submission of the demand Diate of complerlon of this report
25 Qctober 2006 {23, 10.7086) X7 Drecemher 2606 (37.12.2006)
Name and r:@lilﬁlg ;f:dre? of gfziPEN us Authorized officer
ail Hen POT, Ak IPRASIE
Commissioner for Pawents . DERORAH A, THOMAS
Sine Rubest A. Hopking ; i
A N FARALEGAL SPECIALIST
cxandrin, Vitginia 23313-{450 , .
Facsimile No. (571) 27332 Telephone Mo, §71-272.1766 Sk

Form PUTAPEAM)Y {cover sheetd{Aprit 20605}
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Internationat application No.

IMPERNATIGNAL PRELIMINARY BEPORT ON PATENTARILITY
PCTAISOS/30018

Box Ne. I Basis of the veport

1. With repard to the langnage, this report {5 based om
the international application in the language in which it was {lled,

D a translation of the international application inlo
purposes oft

i_ml intermational seaych (under Rules 12,3 and 23.10b)}
G publication of the internationsd application (under Rule 12.4(a})

, which is the language of » translation furnished for the

I:E internaiional prefiminary oxamination (under Rules 55.2(2) andior 55.3(a})

2, With regard 1o the elements of the infernational application, s report is based on (replucement sheefs which huve been firnished
for the recetving Office in response o aw invitation under Aviicls 14 arg referved [0 in this report a8 “originatly filed " and are nod
cemiased i tRis repore):

E the international application as originally filed/furnished
the description:

pages 128 ... us originally Sled/fumished
pages® NOMNE received by 1kis Authority on
pages® NOWE  received by this Authority on
DX the olabns:
pages NONE as originally iledfurnished
pages” NONE ag asmended {together with any statement) under Article 19
pages® 2933 received by this Authority on 23 Ogtober 2006 (25.10.2006)
pages NONE____. ___received by this Authority on
% the drawings:
pages Lo _ 35 originaliy fled/furnished
pages* NONE .. recsived by this Autheority on
pages®* NONE _ recelved by this Anthority on

D a sequenee listing andfor any related tablels) - see Supplemenial Box Relating to Seguence Listng.

3 E The amendments have resulted in the canceliation oft

% ihe descripiion, pages NONE
E the clalms, Nos, 4834
E she drawings, sheets/figs NONE
E the sequence listing {speci¥k:
I____| any table{s) related 1o the sequence listing {specil})

o

This report has been esisblished as if {soma of} the amendments smmesed 4o (his raport and Hsted below had not been made,
sinee they have bean considervd iv go beyond the disclosurs as filed, a8 indicated in the Supplemental Box (Rule 7.2

D the description, pages
L] the claims, Noa
D the drawings, sheets/figs
D the sequence listing (speciik
L_-_j any table{s) retated to the sequence listing (specify

¥ [ itent 4 applics, some o afl of those sheets may be marded “superseded,”

Form PCTIPEAMGS (Box No. 1) {Agil 2003)
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International application Mo,

INTERNATIONAL PRELIVINARY REPGRE ON FATENTABILITY | POTAUSOSR001E

Dox No. ¥V Reashmed siatement ngder Article 352} with regard to novelty, nventive step or industrial
nppficabifity; citations angd explongticns supporting such staiement

1. Statement

Nevelty (M) Claims 34-47 YES
Claims 1433 N
Inventive Slep (I8) Claims 3447 YER
Claims 133, MO
Industrial Applicebility (1A) Claims 47 YES
Claimg NONE NG

2. Citaitons and Explanations {Rule 70.7)

Claimns §~33 lack novelty under PCT Article 33(2) 15 boing anticipated by NISHENO BT AL, Note the base activated carhos and
impragnated haiide or halogen, Note aiso the optional secondary component including an alkating earty 52t Mote also the ves of an
organic solvent{ethanof}. Note also the activated carbon with promotar iz used for removal of mercury vapor, Mote also the sorbeut s
either a lixed bed, moving bed, or fuidized bad sorbent, Note alsn the mercury content of the flus ges is mondiored, and e sorbeln is
recovered from the clean gas. Examiner also notes that the amendment “wherein the composition of ths promoted carbon sorbant is
coniraled by the mercury content of the thaned gas skream” does nod have patentable welght upon & prociuct claim{claim B and e
snethod of meking a product claim{olaim 17}

Claims | and 17 lack novelly under POT Article 332} as being anticipated by REVOIR ET AL, REVOIR ET AL teaches ¢ base
aciivated sarbon and impregnared halide or halogen. Examiner also noles that the amendment “wherein the composition of the promoted
carbon serbent is comrolied by the marcury content of the cleaned gas stream™ does not havs paterdable weight upon a product
claimdolaim 1} st 2 method of moking a product clsim{slaim 17).

Claims 1-47 moot the criletia set out in PCT Articie 33(4), and thus have industrial applicabifity because the subject mater olairmed can
- be made or used in industry.

Clatms 3ded7 mest the criteria st cut in POT Article 33(23-(3), because the price art doos not teach or fairly supgesi a step of prepating
He sorbent by in-flight reection of the basa acfivated cwbon with the af least one component within a ransport line frowm which the
renction product is injected into the merpwry containing gas stream.

[ET— NEW CITATIONS snemmsmrmsssnaus e

Forn PCTRPEAMDY {Box No. ¥V} (April 2003)
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INTERNATIONAL SEARCH REPORT iat.mnatiuna] applivation Mao.

POTAUSOS/30018
A CLASSIFECATION OF SUBJECT MATTER
HC B 83/82( 2006.01)
USPC, 95/13.147,134

According to nternmional Parent Classiftearion (FPC) or to both national lassification and 20

3, FIELDS SEARCHED

Minimum docusmestation scarched (classification system followed by classifation symbols)
LR R 0713

Documentation searched other than minimum documentation o the axient that such documents are included in the fields searched
NCINE

flectronic data base consulted during the international search (name of data base and, where practicable, search wems used)
Plzase Sex Continuation Sheet

L. DO UMENTS COMSIBERETD 70 BE RELEVANT

Casogory ¥ Citation of dovament, with indication, where sppropriste, of the rekovant passages Relevant to claim Na.
x U8 4,300,327 A (NISHING et al} 19 Fobruary 1985, cohunn { fines 66-68, columa 2 tines 9. {34
17, column 2 lines 34.38.
X £8 16625034 (REVOIR et al} 16 May 1972, cotumn 1 lines 3-10, lines 62-69, column 2 ERE

lines §-41.

e , )
Further documments ace Hsted in the cantinuation of Bex C. | i Sex patent family anngx,
¥ Sptoist calegories of tted donmenty: T imer d putrighed afker the i i Sting, date or prigriny
dase wndd nos ity conitict with the sppticasion hor cired 10 understand the
"AT dexument defining, the general stare of'the ary which i3 not considered o e of principls or teory underlyiag e fnvention
perticular relavance
T duepemnt of pabicoias vatevanse the clabinzd fvention cannol be
"ET earlier apptication or gatemt published o or gfter S intesnaiional filing date sonsidread novel of canngd be pousidived 19 involve an vindive ssep

when the dotumsent 3s when alone
“ET O dovatnent which noy shoow dowbis oo priosty claim{s) o which is ciied te

cztablish die publication daie of panther citativn or nther special reapen fas YT & of peoticulor red 7 the 2deimed & camaind be
spasited ) conmidessd 1o invoive an invenidve Rep when e dosums is combined
whils ohe or more sy srch documats, sicht soentduation being

0T decament eefaving o o el dsclosere, vie, exhfalion of other Aeans obvigus i & persen skitled in the est

tE vubddied prar o the § ional fling date Dad later than the & docamos membar of (he same pawenl Suraly
prianty date zlaimed

Thate of the actual completion of the intemationsl search Date of mailing of the imemational search ﬁ?ﬁ{g

i3 June 2006 {12.06 2006} }U}_ 2

Mume and mailing address of the 1SAAS Muthorized oihicer

dail Siop PCE, Ann: ISAAIS
Cowmmissioner for Patenis

P03, Biox 3450 y
Alexandria, Yirginia 223117450 Telephone My, 703-272-9306

Facsimsle No. {371} 2733101

fobert A, Hopkins

Form PCTAS AL {second sheet} {April 2005}
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INTERNATIONAL SEARCH REPORY

international application No.
PCTRIBOS30018

Continuation of B, FIELDS SEARCHED Htem 3t
EAST

search torms: activeted adi carbon, halide, halogen, mercury, sorbent, adsorgtion . adsorh

Fagm PCTASAIZ IO {extra shoet} {Apeil 2008}
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.

PATENT COOPERATION TREATY
Froe the
INTERMATIONAL SEARCHING AUTHORITY

1Y
TIMOTHY 5. WESTBY
CONLEY ROSE, P.OC.
XN 4Y . . v g
e N WRITTEN OPINIGN OF THE
’ INTERNATIONAL SEARCHING AUTHORITY
(PCT Bude 43805 1)
Date of maifing ‘ﬁ) el : TeTET
(dawmonhivenry  £3 2F ¢ E “E b gi [L{z
Applicant’s or agent’s fils referencs FORFURTHER ACTION
Be !
FI800201 See paragraph 2 below
Injernational apphication No, Intemational filing daie fawmordiivear) Priovity date {Hap/monthiivear}
FCTIUSO3/ 3R 23 August J0S £23.08,2005) 3 August 2004 (30,08, 2004}
Enternational Patent Classification (1PC) er hoth national classification and IPC
$300 B D S92 2006.01)
SR G8/43,107,134
Applicant
ENERGY & ENVIRONMENTAL RESFARCH CENTER FOUNDATION
§.This opinion comsing indications relating 1o the following Homs:

E Box Mo i Basis of the opinion

E Box No. H Priority

r Boy Mo, Hi Non-zstablishment of npinion with rsgard to novelty, inventive stop ond indusivial applicability

E Box No. IY Lack of unity of tnvention

@ Boxy Mo ¥V Ressoned statemnent under Rule 4354y, Hal(i} with repard to novelty, inventive step or industrial

apphcability; cirations and sspdanations supporting such statement
E Box No, ¥ Certain docwnents ciled

L Box Mo VIt Certain defects {in the internarional spplication

H
l: Box No. VIll  Certain observations oo the injemations! spolication

(]

FURTHER ACTION
1F a desand for iternational preliminary examination is made, this opinion will be considered to be a written opinion of the
internaticeal Preliminary Bxamining Awthority ("IPEA”; except that thiz does not apply where the applicant c]zcoses_ an
Authority other than this oae o be the IPEA and the chosen IPEA. has notified the International Bureau under Rule 66, Lédsrh}
that written opinions of this intermnational Searching Autbority will not be so conslderad.

If this opinion is, a5 provided above, considered to b a written opinion of the IPEA, the appticant is invited to submil & ‘t!a‘.:
IPEA a wrinen raply tngether, where appmpriate, with amendments, befire the expiration of 3 months from the date of mailing
of Form PUT/ISAIZ0 or before the gupiralicn of 22 months fiom the priovity date, whichever expires fater,

For further options, see Yorm PCEASAZ,

3. For turther details, see notes o Form POTASASLZ0.

Name and maifing address of the ISA/ US Date i completion of this opinion | Authorized officar ~

biail Stop PUT, Atin: iSA/US , .t)‘f

Compmionome for Patens §2 June 2006 {12.06.2006) Robert 4. Hﬂpkmg\mb AH ] /{f“
PO, Box 145D
Alexandriz, Viegiis 233131450 Telophone No. 703-872-9304

Facsimile No, (571) 273-324¢

Form PCTARAS2YY (cover shoet) {April 2005)
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Tntermationat applieation oo,
WRITTEN OPINION OF THE PIEAHON: sppheation Ko

INTERNATIONAL SEARCHING AUTHORITY POTHISIS0MR

Box No. I Rasis of s apinien

L With regard 1o the tanguags, this opinion has been catablished on the busis oft
Ei] the internations! apolication in fhe tanguage I which it was filed

m a rranslation of the internationsl application inte » which 5 the language o7 4 ensiation fumished for the prarposes of
internationat search (Ruwles 12.3¢a} and 22.1 bk

2. With regard to 0y nuclestide and/or wming aeid sequense disclosed in the International appication and necessary o the claimed
invention, this opinion haz been esteblished on the basiy of .

2. iype of material
D a sequence Jisting

D table(s) related io the sequence listing

bo format of materin]
m 1 paper

| i i slectronie fhrm

¢ time of fling/furnishing

m contained in the internations! apylication as filed.

-4, | iited together with the inemational application In elestronic form.

m farnished subsequently (o this Autharity For dhe porposas of search.

3 L_I i acddition, i the case that mors fhan one version or Lopy of 2 sequence Hsting and/or tablefs) refating thereto has been filed
or fumished, the required statemnents that the information n the subseguent or additional copies is identical 1o that in the
application as filed or does not g0 beyond the application as filed, as sppropwiate, were Fuvished,

4. Additional comments:

Form PLTASA23 ¥ Box No. I {Aprt] 2005
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internations) application Mo,
WRITTEN OPINION OF THE PCT/IS05/30018
INTERNATIONAL SEARCHING AUTHORITY i

Box No. ¥V Ressoned staioment under Rale 43 5is. Ha) (i) with vegard to movelty, inventive step or indnsteial
applicability; «itations snd explanations sepporibeg such statement

i.

Satement
Novelyy (D Claims NONE YES
Claims 1254 MO
Inventive step (1) Claims NONE YES
Clalms 134 NG
Industriai applicability (1A) Claims .54 YiS
Clatms NONE Ne

. Ciations and expianations:

Llaims 1-54 sre novelty under POT Article 33(2) as being anticipated by MiSHING ET AL, Note the buse activated carian and
impregasied hatide or halogen. Mote also the optional secondary ecomponent including an alkaline earty salt. Note also the use of an
organic solvenifethanol). Mote also te activaled carbon with promeier fs used for rmavel of merenry vapor. Note also the sorhent Is
eitfer 2 fixed bed, moving bed, or fluidized bed sorbenl. Note also the mercury sontent of the Fus ges is monitored, and the sovbotn is
retovered from the cluan gos,

Claims 1 and 16 back novelty under PCT Article 33(2) a5 being anticipated by REVOIR ET AL. REVOIR BT AL tsaches a bags
activated earbon and tenpragpaied hailds or halagen,

Claims 1-34 meet the criteria set ont in POT Article 334}, and thus bave indusirial appiicability becauss the sublect matter claimed can
be mrade or used in fndustay,

Form PCTASA/ERT (Box o, V3 {Apsil 2665}
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PATENT COOPERATION TREATY PCTUSZ0L0022807

Froms the INTERNATIONAL BUREAU

pCT
NOTIFICATION CONCERNING . ' . :
TRANSMITTAL OF COPY OF INTERNATIONAL KOWALCHYK, Katherineg, M.
PRELIMINARY REPORT ON PATENTARILITY ;;‘fgf’%i’;‘ fgg?‘f“‘d P.C.
- 5 o - oA - S pa .
(CHAPTER I OF THE PATENT COCPERATION Minneapolis, MN 55402-0803
TREATY) ETATS-UNIS DAMERIQUE
(PCT Rule 4dbis. 1(ch
Date of mnmling fdaydnontpens)
03 November 2011 {03.11.2011)
Applican’s o agent's Ble reforenoe
16291.3wWOil IMPORTANT NOTICE
Internationst applicatioe Mo, fmternaiional fling date ddapwinontfryear) Eriogiey date ¢darimoniiviear?
PCTUSZOL0A022807 02 February 2000 (02.02.2010} 23 Aprit 2000 (23.04 2009

Apphicant

ENERGY & ENVIRONMENTAL RESEARCH CENTER FOUNDATION &1 8l

The htemational Bureaw trensinits herewith a copy of the imernaticnal peelttoinary report on parentability (Chapter  of the Patem
Conperation Trealyh

L -3 g e

The [inemational Bureaw of WIPG Authoiized office:
34, chemin des Colombottes
1281 Genevs 20, Swhizerland

Lingfei Bai

Facsimile Mo, +41 32 338 872 720 e-mail: g2 peti@wine. i

Formr POUTARS26 {lanuary 2004)

PAC ET AL. EXHIBIT 1023
Page 502



PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
{Chapter I of the Patent Cooperaiion Treaty)

{BCT Brde 44bis)

Applicant’s or agent’s file reference FOR FURTHER ACTION See ttem 4 below
18281.3W0I11

International appiicaion No. Ineernational fling date (davimonthyvear) Prioviey date {davnonthsyear}
POTAISZ0L0I0Z2807 02 Fepryary 2010 {02.02.2010 23 Aprit 2008 {23.04.2009)

international Patent Classtfication (Bth odition unless older odition indicatedy

See relevant information in Form PCTASASZEY

Applicant
ENERGY & EMVAIRONMENTAL RESEARCH CENTER FOUNDATION

o This iersaticual preliminay reporr on patentability {Chapier 13 is issued by the [ernaticual Burean on behalf of e
Tmternational Searching Avthority uuder Rale 44 bis t{a).

ind

This BEPORT consists of a total of & sheets, including this cover sheen

in the attached sheets, any reference o the written opinicn of the international Searching Authority shoold be rend a5 a
o

reference w ihe nteroational preliminary report on patentebility {Chapter T3 instead.

3. “Phis report containg dications relating o the following hemw

Box No. i Basziz of the report
Box Mo H Priority
Boy Mo, i Nooestabdishaent of vpinion with regard o movelly, miventive siep and indusirial

applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Articke 35{2} with regard w novely, inventive swp o
industeial applicability; citstions and oxplasations supporting sach stusoment
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With regard to the language. thiz opinton hes been sstablished on the basis of
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[} & transtation of the intermational spplication into . whach is the language of a
iranstation furnished for the purposes of isernational search (Rules 12.3(a) and 23 1(b)}

2. :I Thig opuion has been established mbing into acconnt the rectificarion of un ohyions mistake anthorized by or notified
to this Aulhority under Rule 91 {Rule 42555 1(aY)
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Bax No. ¥V Reasened stptergent under Rule 43bis. I a)i) with vepard to novoliy, Invoentive step o industrisl applicabilizy:
citatinns and explanations supporting such statement

Staterzint

Novelty (N} Cigimg ~ NONE YES

Claims 1-35 MG

Invendive step (1S) Claims NONE YE&

Claims MO

Industrinl apphioabudity A} Claims 135 YES

Clais  NORE WO

2 Chations and explanstions :

Peference i made to the [ollowineg documents:
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p @
D3 o

1 OtOLEON
I (CHIEN-

> AL (DAVTD F

5. et oal, ) 40 March 2004
{r CHAO ef al.) i Seps
Boedboui ]l :

1. Novelty & Inventive Step
Clatins [1-35] relate to a method [or separating wercuey from 1nerciwy Containg gas,

131 discloses methods and materials for the removal of poliutants from flue gas or product gas
from a gasification system, In particdar, mercury is removed from gas siresms generatad
during the Luarning or gasificadon of fossil fuels by highly reaciive repenerable sorbenis {See
the abstract. fig, 1~ 10, Paragraph {10] ~ Paragraph {1341, whole claims)}

D2 discloses a catalytic adsorbents for use in the removal of mercury from flue gas sireams

and methods of manufacturing such catalyiic adsorbentadSee the abstraci. Paragraph [331 ~
Paragraph F101])

03 discloses a method for removing merewry from 2 flue zas stream of the present inveniion
is comprised of first treating a sorbent with a metal halide, and then contacring a sufficient
amount of the sorbent with a gas stream for a sufficient amount of tme to bind with a desired
amount of the mercary in said gas atream.(See the whole document?,

1.1 Ciaims [1-35]

1.1.1 Concerning Claim 1]

Documant B whiach 18 considered e reprosont the most ralovant gstate of the art, discloso a
mmethod of using 3 sorbent. 3 hslogen promofer. 3 reaction process for promied halogen
sorbeni, @ Separalion process.

of claim 1] are disclosed in D1 this claim is anticipated by DL
TN

afore. claim [11 tacks novelty under POT Article 33¢2)

1.1.2 Concerning Claims {2-11])

The additional feasiure of claims [9-11] dependent on claim [1] such as a injection and
wiroduction of sorbent, promotsr, a rate control are disclosed i D, this olabr 15 and
by D1. Therefore, claims [2-11] lack novelly under PCT Article 33027,
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1.1.7% Concerning Claims
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] dependent claim
i e )urn hl_xa i, iimz

The additional iz
it cerbon base

claim is aniicl

1l
ARl

ims [23-85
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dependent on cla SuC carbon and non carbon

NG
sorhent
under PCT
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105 Concerning Claim:

. alkaline
by 1

The additiones
pretraatment
Pherefore,

116 Comcerning Claime {33-35]

promaoted carbon sorbont

v Dl Therefore, claims 133~

The sdditional foature of claims dopondent on claim
and mercury level control ares discla:ar din D1, this clam is a
e .

30 lack noveliy under POT Artic
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This intornational scatoh report consists of g otal of 3 sheets.

D it is also accompanied by a copy of each pricr art docwment ctted in this report.
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Basis of the report
a. With regard to the language, the infernationn] searclt was carried cut on the basis of

E the mrernational apphaation w ihe latguage s whieh i was filed

b asransiation of the interaational applisaon into . which is the lapguage of a
transinton furnished for the purposes of internationad search (Rules 12.3(2) and 23,1000

hoi | Thig international search report has besn established 1aking into seoount the rectifieation of aw obvious mistake
authorized by or notified fo this Authority under Role 91 (Rulz 43 .6kix(ah

o

e || With regand to any suclestide nudior umine acid sequence disclosed 1n the mtermational application, see Box No 1

I: inity of invention is Iacking {Scc Box No. i)

Certain clatms were fonnd wnsearchable (Sce Box Ho. 1}

With regard to the tiile,
g the text is approved a 4

he text has been established by this Authonty o read as foliows:

s subunitiad by the applicant,

With regard to the abstract,

the text is approve
D the text has besn established, scoording o Bule 382, by thas Awthornity as i appsars in Dox Ho. IV, The applicant

: subnitiod by the applicant.

Aay. within one month from the date of maihmg of thas interaational search report, submit commonts o tus Awhority,

With regard i the drawings,
i the figore of the deawings to he published with the abstract is Tiguee Mo 3
j ay supgesied by the apphicant
E sz sebeetod by this Authonty, bocause the applicant failed to suggest 2 Higure.
:' as selected by this Authonity, beoause this figure befter charaulerizes the invention.

b D nome af the figore is 10 be publizhed with the ghstract.
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How Mo, VI Certain defects
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2. FURTHER ACTION
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ANMZ20.

Reasoued sialemeut under Kude 43bs, 1a )00 with regard 1o noveliy inventive step or indusirial applicalality,
cHations and explanshions supporing such statement

It a demand for inteinational prehiminary examination is made. this opinion will be considered to be a written opiion of the
> Authoriy ("EPEA "y except that this does net apply where the appticant chooses an Authority
sertational Bureay ander Rude 66, 1bis(h) that written
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Bax No, 1 Basis of this opiaion

With regard to the language. thiz opinton hes been sstablished on the basis of
R: the {nternationat application in the language in which 3t aas fied

[} & transtation of the intermational spplication into . whach is the language of a
iranstation furnished for the purposes of isernational search (Rules 12.3(a) and 23 1(b)}

2. :I Thig opuion has been established mbing into acconnt the rectificarion of un ohyions mistake anthorized by or notified
to this Aulhority under Rule 91 {Rule 42555 1(aY)
2 With regard 0 snv puclestide and/or amine acid sequence disclosed o the international npphication, this opinion has been
cstablished on the basis off
a. a sequence listing filed or fumished
l_J on paper
D i eleotronic forin
b time of Aibing of fursishing
[_] contained in the internattonal application as filed.
[_] filed togerther with the international application tn eleciranic form
D furpizhed subsequentiy to lins Awtherily tor the purposes of search.
A

T addition, in the case that more than ong version or copy oF 5 sequence B

ing has been fAled or fumished, the required
statereents that the infonmation in the subsequent or additican! copies is wdenfical to that in the application as filed or does

not go beyond the application as filed. as appropnate. wors furnishod,
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Bax No. ¥V Reasened stptergent under Rule 43bis. I a)i) with vepard to novoliy, Invoentive step o industrisl applicabilizy:
citatinns and explanations supporting such statement

Staterzint

Novelty (N} Cigimg ~ NONE YES

Claims 1-35 MG

Invendive step (1S) Claims NONE YE&

Claims MO

Industrinl apphioabudity A} Claims 135 YES

Clais  NORE WO

2 Chations and explanstions :

Peference i made to the [ollowineg documents:

ol
p @
D3 o

1 OtOLEON
I (CHIEN-

> AL (DAVTD F

5. et oal, ) 40 March 2004
{r CHAO ef al.) i Seps
Boedboui ]l :

1. Novelty & Inventive Step
Clatins [1-35] relate to a method [or separating wercuey from 1nerciwy Containg gas,

131 discloses methods and materials for the removal of poliutants from flue gas or product gas
from a gasification system, In particdar, mercury is removed from gas siresms generatad
during the Luarning or gasificadon of fossil fuels by highly reaciive repenerable sorbenis {See
the abstract. fig, 1~ 10, Paragraph {10] ~ Paragraph {1341, whole claims)}

D2 discloses a catalytic adsorbents for use in the removal of mercury from flue gas sireams

and methods of manufacturing such catalyiic adsorbentadSee the abstraci. Paragraph [331 ~
Paragraph F101])

03 discloses a method for removing merewry from 2 flue zas stream of the present inveniion
is comprised of first treating a sorbent with a metal halide, and then contacring a sufficient
amount of the sorbent with a gas stream for a sufficient amount of tme to bind with a desired
amount of the mercary in said gas atream.(See the whole document?,

1.1 Ciaims [1-35]

1.1.1 Concerning Claim 1]

Documant B whiach 18 considered e reprosont the most ralovant gstate of the art, discloso a
mmethod of using 3 sorbent. 3 hslogen promofer. 3 reaction process for promied halogen
sorbeni, @ Separalion process.

of claim 1] are disclosed in D1 this claim is anticipated by DL
TN

afore. claim [11 tacks novelty under POT Article 33¢2)

1.1.2 Concerning Claims {2-11])

The additional feasiure of claims [9-11] dependent on claim [1] such as a injection and
wiroduction of sorbent, promotsr, a rate control are disclosed i D, this olabr 15 and
by D1. Therefore, claims [2-11] lack novelly under PCT Article 33027,

.~ it v Fas i PR ]

Torm POTASA2IT (Box No. Vi uly 2009
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[ntarnations! applicstion No.
WRITTEN OPINION OF THE
INTERNATIGNAL SEARCHING AUTHORITY POTAIRIOI0/022807

Suppiementai Box

{13 vase the space in any of the preceding haxes i notl sufficient.
Continuation of

Bow ¥

1.1.7% Concerning Claims

a5 g activataed carbona sorbent,
are d su.,l J‘\(..q irn D1, this

] dependent claim
i e )urn hl_xa i, iimz

The additional iz
it cerbon base

claim is aniicl

1l
ARl

ims [23-85

vvlth nf)r-r:' rhon Ic

dependent on cla SuC carbon and non carbon

NG
sorhent
under PCT

pr‘c:u

105 Concerning Claim:

. alkaline
by 1

The additiones
pretraatment
Pherefore,

116 Comcerning Claime {33-35]

promaoted carbon sorbont

v Dl Therefore, claims 133~

The sdditional foature of claims dopondent on claim
and mercury level control ares discla:ar din D1, this clam is a
e .

30 lack noveliy under POT Artic

The subizct matter of claims {1-2357 are considered 1o be indusivialiy applicable onder PCT Article

Fom PCTASA237 (Supplemental Tiox) (July 2009
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From the ﬁji, 2 £
INTERNATIONAL PRELIMINARY EXAMBING ALUTHORITY

g | PCTR &

| £y f;ﬁ@
SCHWEGMAN, LUNDBERG & WOESSNER, P.A&, -
P.O. Dox 2838 ; ; -
ainneapolis, MN 55402 NOTIFICATION CF THANSMITTAL OF
ETATS-UNIS DAMERIGUE THE INTERNATIONAL PRELIMINARY

REPORT ON PATENTABILITY
{PCT Rule 71.1)

Db of miling

{rpinantiear) 17.07.2014
Applicant's or agent's fils refarence
I33B010WCH . [MPORTANT NOTIFICATION
irtemations apploation Ne. internationsl fing dots Sdawinontvaar) Pricrity date fdayinonifirear}
PLTAIB2013036884 17.04.2013 23.04 2012
Applicart

Enargy & Environmental Ressareh Canter Fourndation

1. The applicant is hereby notified that this intemational Preliminary Examining Authority transmits herewith the
mta;’iﬁatéanai prafiminary report on pateniability and Hs annexes, # any, established on the internationsi
appiication.

2. A copy of the report and I's annexes, if any, Is being transmitied to the Interational Buresu for
sommunication 1o afl the glscted (ffices.

3. Whers rgquired by any of the slected Offices, ths intermationsl Bureay wilt prapare an English wansfation of
he report (but not of any annexes) and will vansmit such ransistion to those Offices,

4. REMINDER

The spplicant must enter the nalional phase before aach slected Office by performing sertalin acts {fling
frangiations and paylng national fees) within 30 months from the priorly dals (of inter In some Offioss)
{Artcls 35{1}) (s0¢ aise the reminder sont by the internationgl Bureaw with Form PCTABSOTY

Whers a yansiation of the intomationsat application rust be fumished 1 an glected Office, that ransiation
st contain a ranslation of any annaxes o the imermational praliminary report on patentability. s the
applisant's responsihility 10 prepars and fumich such wansigtion directly (0 sach dlacted Offios concamed.

For further delalls on the applicabls tme limits and requirsments of the slscled Offices, see Yolums Hi of the X
POT Applicants Guide. -

The applicant's attention is drawn to Avticle 33(8), which provides that the oriteria of novelly, inventive siep
and industrial applicabiiity desoribed in Arficls 33(3) 10 (4] mersly serve e purposes of infemational
prediminary examination and that "any Contracling Stale may spply additional or differant oriteria for the
purpeses of daciding whether, in that Stale, the claimed invantions is patentable or not” {ses alsn Articls
27{3}). Such addiiony] crileria may relals, for exampls, to examplions from palsnisbility, requirements for
snabling distioswre, clariy and support for the claims.

Mame and malling address of e intemational Authorizesd Dificer
prafiminary sxarmining authonity:
&% Curopean Paiert Office P.3. 5518 Patentean 2 Bergstrdm, Carina
e Waden Tl +31 70 3402890

Fax: +31 70 540 - 3018

Faren POTIPEA/418 (danuary 2004)
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PATENT COOPERATION TREATY

INTERNATIONAL PRELIMINARY

i)

HEPORT ON PATENTABILITY

{Chapter # of the Patent Cooparation Trasty)

{PCT Article 36 and Rule 70)

Appiimrsrs of agent's fie reforence
80 6WO

FOR FPURTHER ACTION

See Form POUTAPEARIS

international applcation No,
POTAIS2013038584

trstorrations) fing dae fdusinordfiles)
17.04.2013

Priority date (dapimonthan
23.04.2012

irdermtional Patent Classifoation (0] or nafionsd dassification and IPG
NV, BJ20A2

Applicant
Energy & Environmental Ressarch Genter Poundation

1.

2.
3.

This repor s the international preliminary examination report, setabished by this Inlernationa! Preliminary Examining
Authority under Arficle 335 and transmitted to the applicant according to Asticle 36,

This REPORT conslels of o ksl of 19 sheats, including this cover shaet,
This report Is also accomparnded by ANNEXES, comprising:
a B {sert in the spplicant and to the Internations! Bireau) s total of 13 sheats, as follows:

{

EE

®

sheets of the descﬁption, claims andbr drawings which have been amended andir shaels containing
rectifications authorized by this Authority, unless those sheels were supsrseded or cancelied, and any
ascompanying letiers {see Fulss 48.5, 86.8, 70,18, $1.2, and Section 807 of the Administrative
Inpiructions),

sheals containing rectfications, where the decision was made by this Authority not i iake them inio account
beeauss they wers not authorized by or notified fo this Authority at the time when this Authority bagan to
draw ug this report, and any accompanying letters (Fules 68.4bis, 70.2{8}, 70.16 and §1.2).

superseded sheals and any sccompanying lattars, wheve this Authorily either considers that the
superseding shests contain an smendmen?t that goes bevond ths disclosure in the intemationad application
aa fed, or the supsreeding shests werg not accompanied by a letter indicaling the basls for the
smendments In the application ae filed, as indicated in ilem 4 of Box No. | and the Supplemenisl Box {see
Fule 70.18{0}.

b, B fsent o the Internstional Bureau only) » iel of {indicate lype and number of sleclroric samier(sl} |, contalning s
seguencs leting, in electronis form only, a8 Indicatsd In the Suppletental Boux Relating to Sequehcs Lising (ses
paragrapgh 3tdzof Annex © of the Administrative instructions).

This reporn contains indicalions relaling to the following item;:

% 2on Mo

{1 Boax No. i
B Box Mo, M
£ Box Mo, ¥
B Box No ¥

L1 Box No. i
B¢ Box Mo, Vil
Box Np, Wil

Bazis of the report

Prioriy

MNon-sstabliistiment of opinion with regard in novelly, inventive gisp and indusiral spplisabliity
Lack of unily of invendion

Reasonsd sietement undar Article 35(2) with regard o novelly, inventive step or industrial
applicabillty; otations and explanations supporting such slatemant

Centain documents cited

Cettain defects in the intarnationad application

Certain chsarvations on the internafional application

Dty of subriission of the demaend

Date of completion of this report

28023014

17.07.2014

Mame znd mall
predivdnsey Sxey

E

n%m of the imemations

WORHEN
Mo 2230 MY Rewilk - Pays Bax
Tol <831 70 340 - 240
Fax: +31 70 340 - 3016

Auttwatoed officer
g angihosily:

Paterg Offics P.B. 5318 Palantosn 2 .
Kismps, Chiistian

Telophons Mo. 31 70 3408058

Form POTAPEALL0D {Cover Shael} (July 2014}
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INTERNATIONAL PHELIMINARY REPORT international spplication No.
ON PATENTABILITY PCTAIS2013038084

Box Mo, i Basis of the repont
1. With regard io the lenguegs, this report is bassed on

® the internationsl application in the lenguags in which it was filed

{1 awansiation of the international appdication nte , which is the language
of & transiation furnighed for the purposes ok

1 imsrnatonsl search (under Rules 12.8{(a) and 23.1(b)
[J publication of ths inlarmational applicalion {under Huls 12.4(68)
1 international prefiminary examination (urder Rules 55.2(a) andfr 58.3(g) and (&)

2. With regard to the elements” of the Intemational application, this report IS based on (replace
fhave been furnished io the recaiving Ofica In rasponse lo an invitation undes Ariicle 14 are referved fo in ihs
report as “originally Sled® aryd are not annexed i this reporth

Description, Pagss
1-48 a8 originally fied

|
Clalms, Numbaers '
1-42 filad with the demand for prefiminary imernational examination
Drawings, Sheals
18-85 ag originally filed

& segquencs listing - see Supplemental Box Relaling to Ssqusncs Listing.

a. [0 ‘The smendmenis have resulled in the cancsliation of

{J ihe description, pages

O the olgims, Nos.

{J the drawings, sheatsfigs

[ the sequsnce listing {specffyh

[ any tablals) relatad 1o saquence fisting (specifv):

4. B This report has been astablished as it (some of} the amendments annaxad 0 this report and listed below ‘
nad not bean mads, since sither thay arg congidersd 10 go bayond the disciosure as fled, or they werg not
accompanied by a letter indicating the basis for the amendmants in the application as fled, a8 Indicatad inthe I
Supplemental Box (Fules 70.2(g) and (o-hig)h i

{J the description, pages

the olaims, Nos. 1,38.41

[0 the drawings, sheelsfigs

{1 e sequsnce listing {specifvl

5 I3 This report has been sstablished:

L talding inte ascount the rectificaton of an obvious mistake authorized by or notifiad 1o this Authority
under Fule 91 {Rulss 68.1{d-bis) and 70.2{e}}.

£3 withowut sking info acoourt the rectification of an obwvious mistake authorized by or notifiad o this
Authority under Ruls 81{Rules §8.4bis and 70.2(s}}.

Foem POTIPEA/408 (EPD) (3 &pr 20148}
PAC ET AL. EXHIBIT 1023
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INTERNATIONAL PRELIMINARY REPORT frtarnationgl application No.
ON PATENTABILITY PCTAIS2013038984

8. B Wwith regard to top-up seerches {Rules 66.1 tar and 70.2(0)

A fog-up search was cartied out by e Authority on 08.04.2014 (all disctvared dotuments arg
listad in the Supplemental Box Helating to Yop-up Search).

{1 Mo iop-up search was carrled out by this Authority.

7. B Bupplemertary international search report{s] from Authoritylies)  hashsve been received and teken info
account in satablishing this report (Ruls 48bis B(b) snd {o)).

Bog Mo, 8 saiishment of opinion with regard 16 novvelly, wentive slep and indusiris!

spplicablity

1. The questions whether the claimed invention appesrs 1o be novel, 1o imoive an inventive siep (0 be none
oipious), OF 10 be industrially applicable have not been examined In respact of:

{1 the entire nternationaf spplication,
5 cisims Nos, 843,46, 47, 48

becauss:

{1 the said international application, or the said claims Nos. ralate I the fofiowing subject metter which does
not requirg an intemationg! prefiminary sxamination {specly)

{3 tha description, claims or drawings (indicate parficular elemanis below) or said clgims Nos. are 80 unclear
that no masningful opindon could be formed (specffyl

L1 tha claims, Or said claims Nos. ar8 8¢ inadequately supparted by the deseription that no meaningful opinion
could e formed (specify).

B no international search repont has baen estsblished for the said clalms Nos. §-43. 48, 47, 48

L3 ameaningful opinion could not be formed without the sequancs listing; the applicant did not, within the
prasoribed time imit

LY furnish 8 ssguence lising on peper complying with the standeard provided for in Annex C ot the
Administrative instructions, and such ligting was not avallable 1o the inemational Prafiminary
Exarmining Authoriy In g form and mannes sccepiebis to i

{3 furnish a sequence listing in slectronic form complying with the stendard provided for in Anngx ©
of the Adminietrative instruclions, and such listing was not avallable 10 the Intermational Prefiminary
Examining Authorily in a form and manner acospigble o i

{1 pay the required late furnighing fae for the furnishing of 8 sequsnce listing in rasponse o an
iwitation under Rules 13ter.1{8] or (b} and 138r.2,

See separste sheet for further detelis

Form PLTARPEA/03 {EPO) {1 Apell 2004}
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INTERNATIONAL PRELIMINARY REPORYT inernational application No.
ON PATENTABRITY PCTAIS2013030964

Box Mo ¥ F ed ststement under Articls 35(2) with regam 1o novelty, inventive step or industrial
aspplicabilily; c%Wi@ns and explanstions supporting such statement

1. Siatemant
MNovelly (N) Yes: Claims
No:. Clalms 1-5,44,48.48
iwentive stop {18} You: Claims
Mo Claims i-5, 44, 468, 48
indusirial applicability (1A} Yes: Claims 1B, 44 45 48

No:  Claims

2. Ciations and expignations (Rule 70.7):
oo separgie sheel

Box p. Vil Certaln defects In the internations! apniication

The following defects in the form or contents of the intermational applicatfon have besn nolad:

Box Mo VI Caetaln observations on the infernationa! application

The ollowing observations on the clarity of the clalms, desoription, and drawings o 00 the guestion whather the
piaims are fully supported by the description, are made:

Form PCTAPEA/408 (EPC) (1 Mgl 2014) PAC ET AL. EXHIBIT 1023
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INTERNATIONAL PRELIMINARY International appiication Mo,
REPORT ON PATENTABILITY
{(SEPARATE 8HEET) RPCT/US2013/036864

Basis of the report

1 The intemational Preliminary Examining Authority considars that the following
amsndments to the claims go bevond the disclosure in the inlernational
application as filad:

in present claims 1 and 38, the "substrate material” is defined as
cempﬁs&ng at least one of digtomacecus sarth, a olay, a zeoliis, and g
minaral”. In paragraph {0961} of the description of the application as filed,
hawever only porous minerals are disclosed. No basis in the application
as flled can be foumi for &ﬁy mineral ag "substrate material®,

Further, in present claims 1 and 38, the "heat reaiment” is defined as
"sormprising about $00°C io about 1200°C". in paragraph {0065} of the
ﬁeecnpt on of the appiacataon as ? ied howevers only each of

exempi:fedfashn Na bas:s in the appiscatian as filad can be found for
& termparabure range from §00C to 1200 L of said "heat reaiment”,

Further, In present claim 1, the "promotion comprising chemical reaction
with at least one of a halogen and a halide promotor” is defined as taking
place "afier the hest treatment™. However, in none of the paragraphs
{00581, [0061], [0068] or [D066] -~ [0074] mentioned in the applicant's
letter as basis for this amendment said "promotion comprising chemical
raaction with at lsast one of 8 halbgen and a halide promotor” is
specifically disclosed as taking place after the heat freatment

The prasent opinion therefore has baen established as if such amendments
had not been made {Rule 70.2{¢} PCT).

2 Claim 41 has been newly introduced. Since in the accompanying letter, the
basis in the application as filed for this amendment was not indicated, this
report has been established as i this amendment had not been made {Rule
70.2{c-his}.

3 Consequently, the present report has been established on the application
documents gs originaly filed.

Fesm PCTiSepants Shootisds (Shaat 1) (EFO-Apdd 20085)

PAC ET AL. EXHIBIT 1023
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INTERNATIONAL PEELIMINARY International application No.
REPORT ON PATENTABILITY
{SEPARATE SHEET POT/US2013/038064

Non-establishment of opinlon with regard io novelly, inventive siep and
Indusirial applicabiiity

&

SN Y

soned sistement with regard fo novelly, Inventive step o Industrial
appiicabliity; cRations and explana]

No opinion was esiablished with regard 1o novelty, lwentive step and
industrial applicability on the subject-matter of claims 4-37, 40 and 42 since
thelr sublect-matter relates o inventions for which no intemnational search
report has besn established (Rule 86.2{(g) PCT)

fions supporiing such slastement

Reference is mads fo the following documents:

ot

D2

B3

DB

US 2011/188018 A1 (MOHAMADALIZADEH ALl [IR] ET AL) 14 July 2011
(2011-07-14)

UE 2009/136401 A1 (YANG XIAOLIN DAVID [US] ET AL) 28 May 2008
{2008-05-28)

US 2004/076570 A1 (JIA CHARLES Q [CA]) 22 April 2004 (2004-04-22)

A, Bakandritsos ET Al "High Surface Area Montmorilionite-Carbon
Composites and Derived Carbong”, Chemistry of materials, vol. 16, no. §,
18 March 2004 {2004-03-18), pages 1551-1589, XP0BB072551, I88N:
0897-4756, DOL 10.1021/cm0350030

US 2008/090861 A1 (MAC DONGSHENG [US] ET AL) 17 Agpril 2008
(2008-04-17)

For the reasons meniioned under ltem | {see above), the present reasoned
statement with regard 1o novelly, inventive step or industrial applicability has
baen established on the first {group of) inventions mentioned in the claims as
griginally filed. The claim numbaring relates 1o those said claims as originally
filad:

Faern POTSoparate Sheetd0 (Bheet B (EPO-Apr 2008}
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INTERNATIONAL PRELIMENARY ' international application No.
REPOHT ON PATENTABILITY

{BEPARATE SHEET) PCT/US201 3/036984

8 The present application does not meet the citeria of Article 33(1) PCT,
because the sublect-matter of claims 1-5, 44, 45 and 48 is nof new in the
sense of Article 33(2) PCT: '

7 01 discloses a method for separating hydrogen suifide {a pollutant) fom a

gas comprising methang, hellum and hydrogen sulfide, the method comprising

groviding & carbon nanocomposite sorbent of multiwall  carbon
nanotubes (MWONT) with average dlameters of from about 2 nm 1o
about 5 nm and mesoporous crysialiine material (MCM)-41;

contacting the said carbon nanccomposite sorbent with a flow of the gas
containing 5500 ppm of hydrogen sulfide;

passing the gas flow {0 an outlet {0 give a separated gas containing 800
ppm of hydrogen suffide (paragraph [0029]; paragraph [0082]; example
23,

D1 further discloses g method of making a carbon nanocomposite sorbent
and the carbon nanccompostie sorbent henee made, the method comprising

providing MWONT as carbon precurson,
providing MCM-41 as substrate malerial;
rrixing MWONTS and MCM-41 and thersby contacting them;

heafing the mixure for 3 hours at 110°C {paragraph [0028]; paragraph
[0062]; axample 2).

D1 hence discloses the subject-matter of clalms 1, 2, 44, 45 and 48,

8 D2 discioses discioses a method for separgting mevcury from a flue gas
comprising flue gas, fly ash and mercury, the method comprising
providing ag-mined kaolin conigining about 2% naturally intercalated
carhon (Kaolin-1), which Is considered ss & carbon nanocomposiis
sorbent; .

promoting the said carbon nanocomposite sorbent by impregnating #
with a sodium bromide (NaBr) solution in water;

corgacting the NaBr-promoted carbon nanocomposite sorbent with a flow
of the gas containing mercury for one second Dy injeciing the carbon
nangcomposite sorbent info the gas in a drop wbs reactor;

Farm PO/ Separaty Shaotiils (Shest 3 (EPO-Rpdi 2008}
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INTERNATIONAL PRELIMINARY intermngtional application No.
REPOHRT ON PATENTABILITY
{SEPAFMATE SHEED POT/AUS2013/0360684

separating the NaBr-promotad carbon nanccomposite sorbent from the
gas for analysis of mercury content {paragraph [0044} - paragraph
00471, examples 8, 16; tables 1, 2; paragraph [0048] - paragraph [0050];
tabls 3).

D2 futher discloses as-mined kaoln containing about 2% naturally
intercalated carbon  {Kaolin-1), which I8 considersd as a carbon
nanoecomposite sorbent (paragraph [0044] - paragraph [0047]; oxamples §;
fabls 1).

D2 hence discloses the sublect-matter of claims 1-8, 45 and 48,

8 D3 discloses g mathod of separating mercury from a desiceator atmosphere
that comprises marcury, the method compriging

providing treated coke (EQOcarbon), which is considered 8 carbon
nanocomposite comprising agglomerated carbon struciures of about 30
nem;

gortacting the sald carbon nanccomposiis sorbent with a desicoaior
atmosphers that comprises mercury,

separating the said carbon nanocomposite sorbent comprising mercury
from the desiccator atmosphere for analysis of mercury content
{paragraph [0084] - paragraph [0086]; example 1; paragraph [0085] -
paragraph [0088]; example 5).

D3 further discloses & method of making a carbon nanoccomposiie sorbent
and the carbon nanocomposite sorbent hence made, the method comprising

providing fluid coke as carbon precursor;
providing sulfur dioxide (80,) as subsirate material;
sontacting fiuid coke and 80, for 10 seconds;

healing the mixtwe al 800°C {paragraph [0087] - paragraph {0092},
grample 2).
D3 henes discloses the subject-matter of claims 1-3, 44, 45 and 48.

10 B4 discioses a method of making a carbon nanocomposiie sorbent and the
carbon nanocomposite sorbent hence mads, the method comprising

providing sucrose as carbon precursor;
providing montmorniiionite as substrate material;
comtacting contacting sucrose and montmorilionite;

Fosm POT/Saparate Shoetidl {Bhast 4} {EPD-Aa 2008)
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INTERNATIONAL PRELIMINARY international application No.
QEP’QH? (N PATENTABILITY
5 PLCTAIS2013/036064

pyrolyzing and hence heatiﬁg the mixture for ane hour at 800°C {Section:
*Sample Preparstion”;page 1552, right-hand columy; figure 1).

B4 hence digcloses the subject-matter of olaims 44, 45 andd 438,

11 D5 discloses a method of making a carbon nanocomposite suitable as a
sorbent and the carbon nanocomposite hence made, the method comprising

providing carbon nanotubes (CNTs) as carbon precursors,
providing epoxy as subsirate material,
curing and hence heating the material for two hours at 160°C.

£35 hence discioses the subject-matter of claima 44, 45 and 48 (paragraph
[0015]; figurs 1)

Certaln delects In the international application

12 Conirary to the requirements of Bule 5.1(a){ii} PCT, the relevant background
art documents mentioned in paragraphs [0008] to [0007] of the desgription arg
not clted in a way that aliows their refrieval.

Gertaln obeervallons on the international application

13 For the reasons mentioned under item | {ses abova), the present cbservations
have Desn made with regard to the first {group of) inventions mentioned in the
clalms as originaily filed. The daim numbering reiates (o those said claims as
originally filed:

14 The appdication does not meet the requirements of Article 8 PCT for the
following reasons:

15 The term “carbon nanccomposiie” use in the claims is unclear, bacause it
carnot be determined without ambiguity which further {echnical feature i
meart o be aifributed to the carbon composite by defining & a8 a
"nanc’composite. The term "nano” merely indicates a prefix in the 81 and
other systems of uniis denoting a factor of 10°. For the prosent purposes, any
carbon composiie is considered 1o be 8 "carbon nanocomposite”. Insofer as

Ferm PCTTSsparsts Shastd0s {Sheet 5) (EPCApmi 2005
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INTERNATIONAL PRELIMINARY intemational spplication No.
REPORT ON PATENTABILITY
{(SEPARATE SHEED POTIUS2013/038064

the description of the application contains a clesr and unambiguous definition
of the tem "carbon nanocemposiie”, said definiion would have 10 be included
in the claims to render the subject-maiter of sald claim clear.

18 The term poliutant used in claim 2 is vague and unclear and leaves the reader
In doubt as to the meaning of the technical feature to which it refors.
Speacifically, whether a compound or material is considered o be poliuting or
not, depends on the specific circumstances in which the compound or material
is found, Sings thesss specific circumstances are not further defined in the
clgim, the said olaim is unclear. Insofar as the desoriptlon of the application
containg 8 clear and unambiguous definition of the tem “pollutant”, said
definition would have 1o be included in the claims o render the subject-matier
of said clalm clear.

17 Claim 4 is not supporied by the description as required by Article 8 PCT, as its
scope is broader than justified by the desoription and drawings. Specific
support for "promoters” can only be found for "halogen and halide” promoters
{sae a.g. paragraph [0008] of the description), not for any "promoter”.

Ciaim 48 tries to define the daimed carbon nanccomposite sorbent further in
that it is "in contact with mercury or oxidized mercury”, This wording
infrockices an ambigulty as o the scope of said claim 48. The expression "in
contact” seeks 10 defing a relationship belween the oniiies “carbon
panocomposits sorbent” and "mersury or oxidized mercury”, whils it cannot be
determined whether one of the two or both entities fall under the scope of the
claim. The subject-matter of claim 48 therefore is unclear. For the present
purposes of search and examination, claim 48 is considered 1o be solsly
directed to the "carbon nanocomposite sorbent® of claim 45, upon which #t
depernds.

Form PC{/Saperaie Sheati a0 {Sheat &) (EPC-Apdl 2005
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PATENT COOPERATION TREATY

T

INTERMNATIONAL SEARCH REPORT

{PCT Asticle 18 and Rules 43 and 44}

Apsboant's or agent's fle refarencs FOR PURTHER soe Form PCTASAIZ20
FA38018WCH ACTION as well as, where appcable, fem § below,
infermational applisation Mo, ipernahional ﬁ.ﬁng date fdayimoniivyear] -ffia.fiies‘l) ﬁriority Data fday/imonivyearn
POTAISE01 5038964 97 April 2043 {(17-04-201 %) 23 Apri 2012 (23-04-2012)
Applicant

ENERGY & ENVIRONMENTAL FESEARCH CENTER FOURNDATION

This international search report has besn prepared by this Infermational Bearching Authorily and is transmitied lo the applicant
acceiding to Addicle 18, A copy is being ransmitied Lo the Internabionsl Bureats.

Thiz irfemational searsh report consists of a folal of 7 aheels,

D It is ateo aueompanied by a copy of each prior ant document cited in this report,

1. Basis of the raport
a With regard to the language, the intemational search was sarred out on the basis of
L&_ tha infermational appdication in e language inwitch twas fled

[T atransistion of the intemationat application into . which is the language
of & fransiation furmished for the purposes of international search {Rules 12.3{a} and 2310}

[+ g Thiz intemational search repont has boen established taking into acoourd the rectification of an obvious mistake
authorized by or nedified to this Autharity undgr Rule 81 (Buls 43.855(a1).

ey r__’ With regard to any nuclestide and/or amine asid seguance disclosed in the internationat application, see Box No. L
2. D Certain cladms wers found snsearchablis (See Box Mo, i)
3 Unity of invention & acking {sas Box No i)

4. With regard to the title,

the text is approved as subwniled by the applicant
D the it has been established by this Authority 1o read a3 foliows:

5. With regard fo {he abatract,
the text is approved as submitled by the applicant

m the teod has been established, according to Rule 33 2, by this Authority 23 it appsears in Box Mo IV, The appiicant
iy, within one month from the date of maifing of this inlernations search repor, submil aomrmenis to this Authority

8, Withregard to the drawings,
& the figure of the drawings io be publiched with the abstract is Figure No. 1
Iz] as suggasted by the applicart
I:] as selected by this Authority, becauss the applicant feiled fo sugges! a figiwe
D & selected by this Authorly, because this figure belter charasterizes the invention
5 | | noneof the figures is io be published with the abatract
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infernagional application MNo.
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Hoxfo. it Observations where certain olbims ware found unseasrchabin (Continuation of e 2 of firat sheet)

Fhis international search seport has not been sstablished in raspech of cartain olaims under Article 17(2){a) jor the following ressors:

1. [---] Clairng MNosg.:
""" Bacause ey relate o subject matter nof requined to be searched by this Authorily, nemely:

2. 1 | Claims Nos.
becase they relate to garls of the intemational apphication that do not compdy with the prescribed requirermnts to such
an exdant that no meskingful inkernational search can be carried out, specifcally:

e m Clairng Nos.:
beosss hey are dependsni claims and are nol draited in accordanes with the second and third sentences of Pule 6.4(a).

Box Mo, #f  Obssrvstions where unity of invention i3 iscking {Continuation of Rem 3 of Hest shest)

This infernational Searching Authosity found mulliple inventions in thi internationsl applicalion, ag inllows:

see additional sheet

1. As a¥f required addiional search lees wers timely paid by the applicant, this international search repor covers st ssarchabie
claims.

2. D Ap a8 searchable daime sould be sasrched withowl offor justifving en adddional fees, this Authority did not invite payment of
ariditional fees,

3 As only some of the required addiional searoh fees were Timely paid by the applicant, this infemational search report covars
only those claims for whish fees were paid, specifically claims Nos.:

4, No required additionsl search fses were Himely paid by the applicant, Consecquently, this infernationst saarch repoert is
resiricted o the invention firsi mentioned in the claims; it is coverad by claims MNos..

-5, 44, 45, 48

Hemark on Protest The addiionst search faas ware secompaniad by the appfisant's profeat and, where applicehis, the
payment of & protest fee,

The additional search fees ware aeoompanied by the applisant’s protest byt the app¥cable protest
fog was not paid within the Hiems limit specified in the imvtation.

Mo protest accomparded the payment of additional search fees,
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internstionst apptication No

PET/US2813/036064
A CLABSIFICATION OF SUBJECT MATTER
IRy, BOLJ28/12 801D33/02 BO1JZ20/36 B01.J28/32 BOiDB3/64
BO1328/20
ADD.

According i internationa! Patent Olassification {IFO0] «r o both nationel classification and 00

B. AR sEARCHED
Bdinirraam o dation

BOld BOID

2 {cdusaification systarn follvwed by clasaitication syrmbisis)

Dooementstion seamshad other than miniasim d {ubiom to the axlent thed sush do to gee inchuded B the felds searchod

Elzoironic data basea sonsulted during the intemations! search {name of datn bane gnd, whese nracticable, search ternte used)

EpD-Internal, WPl Data

. DOCUMENTS CONSIDERED T0 BE RELEVANY

Category™ | Uitation of o 3, vl indination, whers oppropriate, of the relevant paseoges Relevant to ohm No.
¢ 4S 20117168018 AL (MOHAMADALIZADEH ALY 1,2,44,
{IR] ET AL} 14 July 2011 {2011-87-14] 45,48
paragraph [0029]
paragraph [0062]; example 2
X US 2009/136481 AL (YANG XIAOLIN DAVID [US] 15,85,
ET AL) 28 May 20609 (2009-85-28) 48

paragraph [0044] - paragraph [68471;
exampies 8, 16; tables i, 2

paragraph [6848] - paragraph [8959]: table
3

...ri......

Ses patant tandy annex,

T iaber dooswmnent pubiished after the imemabioned fiflng dats or priorty

ﬁ Further dostitnants ane lished Inthae sontinustion of oy C.

¥ Spesial sategorios of citad dosumaents

TAT docursent defining the geners) alale of the art which is net sonsidered
i be of parlicuisr relovance

"B ayriier appdication o patent but publlahed on or sfter the intermationa
fling doke

1Y docwment which sy theow doubils an prorily claimis) orwhioh s
ot fo eelablish e publication dale of snother citalion or othar
speciel reapon (e spesified)

o docunsent refersing to an oral disslosuse, wee, exbibition of ofher
e

"1 gocument publivhed prior to the inlemational #ing dote but ster than
the pricdty dete slalmed

date s not in contiiof with the spplloation bt sited bo understand
the prinsiple or theory underlying the invention

K docyment of pardioulss relavanion; the cleimed invention ssanetbe
angiserad neval or tbe idared to Involva an mventi
step whas the deument is tiiten alons

¥ dosumentof padiculer relevance; the claimed imvenkion sannot he
congiderad io invehls an inventive step when the document iz
cormbinad with one srmare othas sueh doguments, auech aibdaotion
being ciovious to a person shiled in the et

87 document mwiaer of the s patent lemily

Date of the astual cormpletian of the infermational search

25 July 2013

Date of mailing of the stemationsl seareh report

2971172013

Home and making address of the 1845

Burapssen Patant Offfes, P.B. SB18 Patentigan 2
ML« 2280 HY Bijawii

Tal, (43170} 240-2040,

Faw (#3170} 340-3018

Authordzed ofieer

Klemps, Christian
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Intermnational application No

PLT/US2013/036964

CiCantinuationt.  DOCUMENTS CONSIDERED TO BE RELEVANT

Catagany™

Chatlon of dooument, with ndication, where appropriate, of the relavant passages

Febavant bo alaim Mo,

A

US 20047076570 A1 {JIA CHARLES ¢ [Cal)

22 April 2004 (2604-04-22)

paragraph [0884] ~ paragraph [0086];
example 1

paragraph [0837] - paragraph [0092];
example 2

paragraph [0865] - paragraph [0099];
examplise 5

A. BAKARDRITSOS ET AL:  "High Surface Ares
Hentmoriilonite~Carbon Composites and
Berived Carbons®,

CHEMISTRY OF MATERIALS,

val. 16, no. 8, 16 March 2804 {2004-83-16)
, Pages 1551-1559, XPBRKQ72851,

ISSN: 6897-4756, DOT: 16.1021/cma350030
Section: "Sample Preparation®;

page 1552, right-hand column; figurse 1

U3 2008/000951 Al [MAD DONGSHENG [US] £Y
ALY 17 April 2608 (2008-04-17)

paragraph [8015]; figure 1

1-3,44,
45,48

44,45 .48

44,45,48
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information on patent fanily membars

inlernational spplication Ho

PLT/US2613/636904
Patent document Fabligation Patent family Fublioation
oited in search report date member{s} date
Us 20811168618 Al 14-07-2811  HNONE
Us 2009136401 Al 28-05-2008 U5 2009136401 Al 28-85-2609
U5 2012292864 Al 22-11-2012
Us 2004076576 Al 22-84-26004 AU 2003278810 AL 34-05-2004
CA 2438858 Al 18~04-2604
US 2004078570 Al 22~84-2004
WO 2004035176 Al 28-84~2004
US 2008080951 Al 17-04-2608  NONE
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international Appication No, PCT/ US2613/ 036984

FURTHER INFORMATION CONTINUED FROM  PCTASAI 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1.5, 44, 45, 48

related to a method for separating a material from 3 gas
that comprises the material, the method comprising providing
or ohtaining a carbon nanocomposite sorbent, contacting at
least some of the material with the sorbent, to form a
material~sorbent composition, and separating at least some
of the material-sorbent composition from the
material-containing gas, to give a separated gas; further to
a method of making a such carbon nanocomposite sorbent;
further to a such carbon nanocomposite

2. claims: §-42, 48, 49

related to a method for reducing the pollutant content of a
pollutant-containing gas, the method comprising providing or
shtaining a carbon nanocomposite sorbent material, providing
or obtaining a halogen or halide promotor, promoting at
teast 8 portion of the sorbent material by chemically
reacting the portion of the sorbent material with the
haloger or halide promoter to form a promoted sorbent,
contacting at least part of the promoted sorbent with the
poliutant in the pollutant-containing gas, to form a
pollutant-sorbent composition, and separating particulates
from the pollutant-containing gas, the particulates
comprising at least some of the polilutant-sorbent
composition, to give a cleaned gas; further 10 a promoted
corbon nanccomposite sorbent made by reacting a portion of
the sorbent material with & halogen or halide promoter to
form the promoted sorbent

3. clatms: 43, 47

reiated to a method for reducing the mercury content of a
mercury-containing gas, the method comprising providing or
chtaining a carbon nanocomposite sorbent, the carbon
pnanocomposite sorbent made by steps comprising providing or
sbtaining a carbon precursor, providing or obtaining a
substrate material, contacting the carbon precursor and the
substrate material, to provide a nanccomposite starting
material, and heating the nanocomposite starting material,
to provide the carbon nanocomposite sorbent, providing or
ebtaining a halogen or halide promoter, promoting at least a
partien of the sorbent material by chemically reacting the
portion of the sorbent material with the halogen or halide
promoter to form a promoted sorbent, contacting at least
part of the promoted sorbent with the mercury, to form a
mercury-sorbent composition, and separating at least some of
the mercury-sorbent composition from the mercury-containing
gas; further to a mercury-sorbent composition made by
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FURTHER INFORMATION CONTINUED FROM  POCTASAS

218

contacting a carbon nanocomposite sorbent with a

mercury-containing gas
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY pCT

Ta
° Madden, Hobert 8, Rag. No. 57,521 .

2 0. By 2933 AND, WHERE APPLICABLE, PROTEST FEE

Minneapolis, N 55402-0398 {PCT Adticle 17(3)a) and Fule 40.1 and 40.2(e})
ETATS-UMS DAMERIGUE

Date of maifing
(aaymonthiysai] 2 Avgust 2013 (02-08-201 5
Fre i ——— A— -
333801BWOT o sbors Edgﬁtf 3{2 32?3
Intarnationat appiication No. intermalional fifing dale
POTAISINI N4 (eiaymonthiysar) 17 April 2013 {17-04-2613)
Applioant

ENERQY & ENVIRONMENTAL RESEARCH CENTER FOUNDATION

1. Thig irdernational Szarching Suthorily

}  consivders that thers are 3 {number of) inventions clgimed in the indemational application covered
by the olalms indicated on an axira sheet:

{iiy theoretom considers thal the internationat application does not conmphy with the mquirements of unity of invention
(Ruleg 131, 13.2 and 13.3} tor the reasons Indinated on an ewlra sheet:

iy has onrned oul a perdial international search {ses Annex) j wilt setablish the international search report
on thoee parts of the intermational appdication which relate i the wvention st mentioned in clairms Nos
ses axtra sheeot

{7} wedl establish the intemational search rapoit on the other paris of the infermnational application only i, and o the exent
towhich, additional fees are paid, .

2. Conseyusnily, the applicant iz hereby invited 1o pay, within the time imit ingicated above, the amount indicated balow:
EUR 1.875,00 < 2 = EUR 3.750,00

Fee par additional invention nubaer of addiliona! wvaniions cuftencyt s amount of additionat fees

3. The applicant is informed that, according fo Fule 40.2(c}, the payment of any additionat oo may be made under profest,
Le., & reasoned statement 1o the effect that the intemnational application complies with the requirement of unity of invention
or that the amount of the mauired additiona] fog is excessive, whare applicatie, subject io the payment of & wotest fee,
VWhere the applisant pays additional fess under protest, the applicant is hereby invited, within the time limit bficated gbove,
to pay a protesi feg (Rule 40.2{e)) in the amount of EUIR 830,00 Cotrreneysamount)

Where ths applicant haz not, within the tine fimitindicated abowve, paid the required protest foe, the probest witl be consilored
notio have bean mads and the infernafional Searching Authority will so declare.

4. ;:_"} Claim{s) Nos. havs been found to be unsearchable ungler b r
Artide 17{Z)b) besauss of dsisots under Ardioks 17{2){a} and thevefors have not boen Endu%@@&ﬁ%ﬁlﬁﬁd g Q}
ey esirren ey e s ol
Name and malling addrees of the infomational Searsking Authorlly | Authorized effiner % PEOEBHIIGs e e
Eurnpoan Patert Office, P8, 3814 Patentlaan 2 :
e e Of NAMAGEMBEE, vicloria ﬁ,ﬁﬁ 12 2@13
. @ Tol. (+31-70) 340-2040 Teb: +31 {0)70 340-3963
et Faw {(+31-70) 340-3018

Fonm POTASAROB (Aprl 2005)
Fegistered Mail




Intemnationat sppiication Mo,
INVITATION TO PAY ADDITIONAL FEES PCT/US2013/036964

This International Searching Authority found multiple {groups of)
inventions in this initernational appiication, as follows:

1. ciaims: 1-5, 44, 45, 48

related to a method for separating a material from a gas
that comprises the material, the method comprising providing
or ohiaining g carbon nanoccomposite sorbent, contacting at
teast some of the material with the sorbent, to form a
material-sorbent composition, and separating ai least some
of the material-sorbent composition from the
material-containing gas, to give a separated gas; further to
a method of making a such carbon nanccomposite sorbent;
further to a such carbon panccomposite

2. claims: 6-42, 46, 49

related to a method for reducing the pollutant content of a
poilutant~containing gas, the method comrising providing or
ohtaining & carbon nanocomposite sorbent material, providing
or obtaining a halogen or halide promotor, promoting at
Teast & portion of the sorbent material by chemically
reacting the portion of the sorbent material with the
halogen or halide prometer to form a promoted sorbent,
contacting at least part of the promoted sorbent with the
potiutant in the pollutant-containing gas, to form a
pollutant-sorbent composition, and separating particulates
from the pollutant-containing gas, the particulates
comprising at least some of the pollutant-sorbent
composition, 10 give a cleaned gas; further 1o 3 promoted
corbon nanocomposite sorbent made by reacting a portion of
the sorbent material with a halogen or halide promoter to
form the promoted sorbent

EL L

3. claims: 43, 47

related 1o 3 method for reducing the mercury content of a
mercury~-containing gas, the method comprising providing or
obtaining & carbon nanocomposite sorbent, the carbon
nanocomposite sorbent made by steps comprising providing or
obtaining & carbon precursor, providing or obtaining a
substrate material, contacting the carbon precursor and the
substrate material, to provide a nanocomposite starting
material, and heating the nanocomposite stariing material,
to provide the carbon nanoccomposite sorbent, providing or
obtaining 2 halogen or halide promoter, promoting at least a
portion of the sorbent material by chemically reacting the
portion ¢f the sorbent material with the halogen or halide
promoter to form a promoted sorbent, contacting at least
part of the promoted sorbent with the mercury, to form a
mercury-sorbent composition, and separating at least some of
the mercury-sorbent composition from the mercury-containing
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lrbern ational application M.
INVITATION TO PAY ADDITIONAL FEES PC?;”Q SE@IE,’GS{S%%

gas; further to a sercury-sorbent composition made by
contacting a carbon nanocomposite sorbent with a
mercury-containing gas

The present application lacks unity of invention {Rule 13 PLY) for the
following reasons:

The present application contains the following eight independent claims:
claim 1 {method claim), claim 6 (method claim}, claim 43 {method claim},
claim 44 {method claim), claim 45 {product claim}, claim 48 (product
claim}, claim 47 {product claim), claim 49 {product claim}.

The common same or corresponding technical features among those claims
are:

carbon nanocomposite sorbeni; method where said carbon nanocomposite
serbent is employed with a gas; said method comprising: the step of
providing or obtaining a carbon nanocomposite sorbent; the step of
contacting at least part of the sorbent; the step of separating from gas.
The comnen same or corresponding technical feature “carbon nanccomposite®
is unclear {Article 6 BCT), because it cannot be determined which further
technical feature is meant t0 be attributed to the carbon composite by
defining it as a "nanc®composite. The term "nano” merely indicates a
orefix in the SI and other systems of units dencting a factor of 1879 |
For the present purposes, any carbon composite s considered to be a
*carbon nanccomposite®.

The document US 2011/0168818 Al {(hersinafter D1} discloses a method for
separating hydrogen sulfide from a gas comprising methane, helium and
hydrogen suifide, the method comprising

providing a carbon nanocompesite sorbent of multiwall carbon nanotubes
{MWCNT) with average diameters of from about 2 nm to about 5 nm and
mesoporous crystalline material [MCH}-41;

contacting the said carbon nanoccomposite sorbent with a fiow of the gas
containing 5500 ppm of hydrogen sulfide;

passing the gas flow to an ocutlet to give a separated gas containing 608
ppm of hydrogen sulfide {paragraph [982%81: paragraph [0062]: example 2}.
Further, the document US 2085/0136401 Al (hereinafter D2} discloses a
method for separating mercury from a flue gas comprising flue gas, fly
ash and mercury, the method comprising

providing as-mined kaclin containing about 2% naturally intercalated
carbon {Kaolin-1), which is considered as a carbon nanocomposite sorbent:
promoting the said carbon nanocomposite sorbent by impregnating it with a
sodium bromide (NaBr) solution in water;

contacting the NaBr-promoted carbon nanocomposite sorbent with a flow of
the gas containing mercury for one second by injecting the carbon
nanocomposite sorbent into the gas in a drop tube reactor;

separating the HaBr-promoted carbon nanocomposite sorbent from the gas
for analysis of mercury content {paragraph [0844] - paragraph [B0471;
§§ampies 8, 16; tables 1, 2: paragraph [6048] - paragrapn [0058]; table
A1Y common same or corresponding technical features are known from D1 and
D2. These feaiures therefore cammot serve as "special® technical features
within the meaning of Rule 13.2 PCT.

Therefore, there s no common, same or corresponding special technical
feature among all independent claims and thus the reguirement of Rule
13.2 PCT is not met.

Amongst the independent claims 6, 43, 45, 47 and 4%, the further common

Form POTASAR0B {extra sbwmel) [July 1902; reprint January 2004}
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intarnational epplication No.
INVITATION TO PAY ADDITIONAL FEES PCT/US2013 /936964

same or corresponding technical features are:

promoter; providing a halogen or halide promoter; promoting at least 3
portion of the carbon nanocomposite sorbent material by chemically
reacting a {the} portion of the sorbent material with the halogen or
halide promoter; promoted sorbent.

All common same or corresponding technical features are known from D2.
These features therefore cannot serve as “special” techmical features
within the meaning of Rule 13.2 BCT.

Therefore, there s no common, same or corresponding special technical
feature among all independent claims 6, 43, 46, 47 and 49 and thus the
requirement of Rule 13.2 PCT is not met.

The separate groups of inventions are hence as mentioned shove,

The common problem underlying groups 1, 2 and 3 of inventions is seen to
Tie in the provision of a method for the removal of & {pollutant)
component of a gas from said gas and the provision of a sorbent for a
such removal.

The common problem i already known from both D1 {sze ¢.g. abstract] and
(2 {see e.g. abstract}. Ne¢ additional probiem could be identified common
to these three groups of inventions which could serve as the general
inventive concept as required by Rule 13.1 PCT.

The application hence does not meet the requirements of unity of
irwention as defined in Rule 13.1 and 13.2 PCY.
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Anney to Form POTABADE
COMMUMICATION RELATIHNG TO THE RESULYTS
OF THE PARTIAL INTERNATIONAL SEARCH

infernationa Application b

PLT/US2013/036964

1.Phe present communication is an Annax in the nditation o pay additional fees {Farm POTABALNS). §t shows the

ragtits of the nlernalional seurch FEiatvened on the parts of the international applioation which relals to the invengon

firat mentoned by olaims Nes..

i
2 TS A e

o i aot

:t? g agédn% }Qﬁ?&arlpgg ﬁk’ah will e established sccording to Articls 18 and Fule 43,

3.1 the applivant doss nol pay any addiional seareh foes, the infermation appeating in this scommunivation will be
considered au the result of the intemational ssarch and will be Included as such In the International searsh report,

4.1 the applicant pays addiional lees, the international search report will contaln both the information sppearing in this
sommunication and the results of the intemational search on other pars of the intemational application for which such

foes will have heen pald.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Ontrgory

Citation of dovurment, with ndination, whers appropiete; of the retevart passages

Helevant o claim No.

X

US 2011/168018 AL (MOHAMADALIZADEH ALl
[IR] ET AL) 14 July 2611 {2011-G7-14}
paragraph [0029]

paragraph [0862]; example 2

US 200971364081 Al {YanG XIAQLIN DAVID [US]
ET AL} 28 May 2009 (2008-05-28)

paragraph [6844] - paragraph [0847];
exampies 8, 16; tables 1, 2

garagragh 100487 ~ paragraph [0058]; table

1;29%49
45,48

i-5,45,
48

X US 2004/676570 AL (JIAC
22 April 2004 {2004-04-2
paragraph [6084] - parag
example 1

paragraph [68877 - parag
examplie 2

paragraph [009%) - parag
exampie 5

X A. BAKANDRITSOS ET aL:
Montmorillonite-~Carbon €
Derived Carbons®,
CHEMISTRY OF MATERIALS,
voel. 16, no. 8, 16 March
. pages 1581-155%9, XPOES
1SSN: 8897-4755, DOI.
Section: "Sample Prepara
page 1552, right-hand co

e s

i8.

H?RLES 0 [Cal)
P

raph {0688}
raph {80821;

raph [8699];

1-3,44,
45,48

*High Surface Area
omposites and

2004 (2004-83-16}
872851,
18217356030
tion®;
lumn; figure 1

..,‘;’_..

44,45,48

Further dosuments sre lsted in the continuation of bex ©,

Patent farmily mombers mw Seted in annex.

° Specisl cubegotion of sited dootmentsy !

AT 3] § the fubarks of tha art which & sot
mnsaderedto b@ of particuiar ralevanee

g @%rﬂes' doaument but pudiished on or after the intemational
ing o
‘L dooumesnt which may throw doubie on prorty slelvis) or
which ia olted o eatablish the publiostion date of ancihar
ditation or sther speoial resaon (s spscified}
*OF dooument seforring to an ol diselosins, uee, sxhibition or
siher means

*F* deoumant pubiished prior i the intamationae! By date hut

T jater cottmant publizhed sfter the intamationad fiing date
orpriody date and not in onnfct with the spptivation bt
uited %o undaretand tha prndipie or theory uaderigng the
awﬂi@ﬁ

K desumant of Darfiou b relayisi o the claimed Iwaertion
nanret ke oonaldered novel o cannot be consitersd o
involee an hvanthre aiap when the dmwment is tnmm aiong

¥ dogument of Logl ; e ¢lak
sanrctbe stnsldared b nvolve an venlive s whaon the
dooumsnt fs combined with sae o tore sther slol toou-
{mg:aa, guch combination baing ohvious b o perasn skiled
n the o1

Lt thyees the priority dale clafiiwed *&* doaument menier of the eams palent farmily
Fonm POTASASZOB (Arney, Bt ahest] duly 1950; mptint dawony 2008 PAC ET AL HIBIT 1023
page 1 b?
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fnnex to borm POTASAIS
COMMUNMICATION BELATING TO THE BESULTS

intemativaal Applcation No

AL} 17 April 2008 {2008-04-17)
paragraph [6015]; figure 1

uuuuu
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PATENT COOPERATION TREATY

From the
INTERNATIONAL PRELBHNARY EXAMINING AUTHORITY

To: P C T
SCHWEGMAN, LUNDBERG & WOESSNER, PA
;.Q. Box g%%ﬁ c6400 WRITTEN OPINION OF THE
A N A INTERNATIONAL PRELIMINARY
' - EXAMINING AUTHORITY
(PCT Rule 66}
Dte of miniing
{dayinontiviress 158.04.2014
Applicants or agents file reference REPLY DUE  within 1 month{s) and 15 days
3338016WOT fromm the above dets of meling
intemational application Ne. Intemational fling date dayfmonthiresrn} Privrity dede {davinenthiean
POTAISR2G13030004 17.04.2013 23.04.2012
rternations] Paert Classification (RPC) of both natnal classification and IPC
NV, BO1J20M2
Appticant

Energy & Environmental Research Center Foundation

1. [ The written opinion sstablished by the Intemational Searching Authority:
B s £] isnot
considered to be a written opinion of the inlermnalional Prefiminary Examining Autharity.
2. This second opinion containg indications relating to the following items:
3 Box No.!  Basis of the opinion
Box No. it Priority
Box No. 1l Non-establishment of opinion with regard to novelly, inventive step and industrial applicabiity
Box No. (¥ Lack of unity of invention

Box No.V  Fsasoned stalement under Rule 68.2{a){li} with regard tv novelly, inventive stap or indusirial
apphcabilty; ctations and explanations supporting such statement

Box No. Wl Gertaln dosuments cited
Box No. VIE Carlaln defects in the internationa! application

HED BORBOR

Box No, VIl Cartain obssrvations on the international application
3. Ths applicant is hereby invited {o reply ko this opinion.

Whan? Saee the time lim# indicated above. The applicant may, before the expiration of that time funit,
regquest this Authoslty © grart an extension, sae Rule 58.2(e).
How? By submitting a writlon reply, aceompaniad, where appropniale, by amandments, acesrding o Ruls 88.3.
For s form and the language of the amendments, soe Rules 55.3 and 86.8.
Ao For the examine:s obligation fo congider amendments andlr arguments, ses Fuls 8 40
For an informal communication with the examiner, see Puls §8.8.
For an addifionat opporiunity fo submit amendmenis, ses Rule 68,4,
H no roply Is flled, the iviernational prafiminary sxamination report will be esiablished on thebagie of thie opinion.

4. The final date by which fhe irdemnational praliminary report on patentability i
{Chaptor i of the PCT) must be established acconding to Rule §3.2 is: 23 08 2014

Newwe ard maitng address of the inemational Auithorized Officwr Ty
prafiminary sxamining authorily: R
European Palert Office P.8. 5818 Patentaan 2

NL-22805 HY Rijswill - Pays Bas Hiamps, Christian
Ted, +31 70 3400 - 2040

Faot: +31 70 344 - 3018 Telephone Mo, +31 70 340-8028

Formn POTAPEA/ 408 {Caver Sheet} (uiy 2011}
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WRITTEN OPINION OF THE INTERNATIONAL international appiication No,
PRELIMINARY EXAMINING AUTHORITY PCTAIBZ013036%64

Box No. !  Basis of the opinion

1. With regard 1o the languags, this opinion has been established on the basis of:
B the international application in the language in which it was fled

L & wransiation of the international application into
which is the language of a transiation furnished for the purposes of
1 international search {under Rules 12.3(8) and 23.1)
L publication of the nternational application (under Rule 12.4{a})
L international preliminary examination (under Rules 55.2(8) andibr 55.3(a) and (b))

2. With regard o the slaments of the intemational application, this opinion has bean estabiishad on the basis of
{replacement sheets which have been furnished lo the receiving Office in response o an invitation under Article
14 are reforred fo In this opinion g8 "priginally fled"}.

Description, Pages

1-48 as originally fited

Cleimsg, Numbers

1-42 filed with the demand for prefiminary international examination
Drawings, Sheels

16-88 as originally filed

2 sequence listing - sos Supplemenial Box Reiating to Sequance Listing.

3. I The amendments have resulted in the canceliation of;
{1 the doscription, pages
O the claims, Nos.
{3 the drawings, sheaisfigs
1 the sequence listing {specify):

4. ¥ This opinion has baen established as ¥ {some of) the amendments 8sted below had not been made, since
gither thay are considered {0 g0 bevond the disciosurs as filed, or they were not astompanied by 2
fetier indicaiing the basis for the amandments in the application as filed, as indicated in the Supplemental
Box {Rudes 70.2(c} and {c-big)h:

L1 the dascription, pages

{3 the drawings, shesisfigs
{1 e ssquence listing (specify):

&, [0 This opinion has boen established:

O taking into account the rectification of an obvious mistake authorized by or notified fo this Authority
under Rule 31 (Ruls 88.1{d-bis}).

3 without taking Into account the rectification of an obwvious mistake authorized by or notified fo this
Authority under Rule 81 {Rule 68 4bis).

Form PCTAPEAIANS (uly 2019)
PAC ET AL. EXHIBIT 1023
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WRITTEN OPINION OF THE INTERNATIONAL imternational application No.
PRELIMINARY EXAMINING AUTHORITY POTAIS2013036984

8. I1 Suppiemsniary international search report(a) from Authority(ies)  have teen received and ®ken into
account in drawing up this oplnion (Rule 48bis.8b) and (o).

Box 8o, Bl Non-establishment of opinion with ragard o novelly, inventive siep and Indusisial
appiicabliity

The guagtions whether the dlaimed invention appears 10 be novel, 10 inveive an inventive stap (to De non- cbvious),
of ¥ be industrially applicable have not bean examined in respact of:

{1 the entire international application
B claime Nos. 4837 40,42
bacauss:

{1 the said international application, or the saild claims Nos. relate o the following subject matier which does
not requlire an international prafiminary examination {specify):

{1 the description, claims or drawings {indicate particular elements below) o said claims Nos. are 50 unclear
that no meaningful opinion couid be formed {specify):

{1 the claims, or said claims Nos, are so ingdaguately supportad by the description that no meaningful opinion
could be formed {specify):

B nomntemnational search opinion has been established for the sald claims Nos. 4-37, 40, 423

3 ameaninghul opinion could not be formed without sequence Bsting; the applicant did nof, within the
prasaribad fime mit;

0 furnish a sequences listing on paper complying with the standard provided for in Amnex € of the
Administrative Instructions, and such listing was not available to the Internatonal Preliminary Examining
Autherity in a form and manner gecaplabls o it

{1 furnish & sequence listing in sisctronic form complying with the standard provided for in Annex C of the
Administrative instructions, and such listing was not availablz 10 the International Preliminary Examining
Autherity i 4 form and manner acceptable 10 it

{1 pay the required late furnishing fee for the furmishing of a sequence listing in reaponse 1o an invitation
under Rules 13%r1(a) or (b} and 13%r.2.

& Ses supplemental sheet for further detalls

Form POTAPEA 408 (Juty 2011}
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WRITTEN OPINION OF THE INTERNATIONAL Infarnational application No,
PRELIMINARY EXAMINING AUTHORITY PCTAIS2013038964

Box No. ¥ Reasoned sistement under Bule 68.2{a)i) with regerd 1o novelly, inventive step or
industrial applicability; ciiations and explanations supporiing such statement

1. Statement

MNovelty (M) Mo Claims  1-8, 44, 45, 48
irventive step (18) Mo Claims  1-5, 44, 45, 48
industrial applicability {1A) Mo: Claimns

2. Giations and explanations:

see separate sheet

Box No. Vil Carigin dafecls in the internstional application

Ths following defects in the form or contents of the international application have besn noted:

Box No. Vil Certain observations on he international application

The following obsarvations on the clarity of tha claims, description, and drawings or on the question whethar the
cigims arg fully supponsd by the deseription, are mads:

Form POTAPEA/40S (July 2011)
PAC ET AL. EXHIBIT 1023
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WHITTEN OPINION OF THE INTERNATIONAL internaticnal appiication No.
PRELIBINARY EXAMINING AUTHORITY

(SEPARATE SHEET) PCT/US2013/036364
Reltam i

Basis of the report

1 The International Preliminary Examining Authority congiders thal the following

amendments to the claims go beyond the disclosure in the international
application as filed:

In present claims 1 and 38, the "substrate material” is defined as
"somprising at least one of distomacecus earth, & clay, a zeolite, and a
mineral”. In paragraph {8061] of the ciescrapt:on of the appiacatac}n as f;ied
however, only DOIoUs minerals

as filed can be founﬁ for any mmerai as substrate material",

Further, in present claims 1 and 38, the "heal treatment” is defined as
“comprising about 500°C lo about 1200°C". In paragraph [0085] of the
descnptaon af the app ication as filed, h(}wever only sach of {f
SImpe eg S 181 0 espectively, are disclosed in an
exempisfsed fash:oﬂ No basas in the appiacatmn as filed can be found for
8 temperature range from 500 C to 1200 C of said "heat freatment”.

Further, in present claim 1, the "promgtion comprising chemical reaction
with at least one of a halogen and a halide promotor” is defined as taking
place "afigr the heat treatment”. However, in none of the paragraphs
0058], [0081], [0068] or [DO66] - [0074] mentioned in the applicant's
letter as basis for this amendment said "promotion comprising chemical
reaction with at least cne of a halogen and a halide promotor” is
specifically disclosed as taking place afier the heat trealment.

The present opinion therefore has been established as if such amendmenis
had not been made (Hule 70.2{c) PCT}.

2 Claim 41 has been newly introduced. Since in the accompanying letler, the
basis in the application as flied for this amendment was not indicated, this
opinion has been established as if this amendment had not been made {Rule
70.2{c-bis).

3 Conseguently, the present oninion has been sstablished on the application
documents as originally filed.

Form PG T/Saparate Shaat/4048 (Shesl 1) (ERC-Apnl 2008}
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WRITTEN OPINION OF THE INTERNATIONAL international application No.
PRELIMINARY EXAMINING AUTHORITY
{SEPARATE SHEED POTAIS2018/036964

Non-establishiment of opinlon with regard to novelly, inventive step and
industrial applcability

MNo opinion was established with regard o novelty, inventive step and
industrial applicability on the subject-matier of claims 4-37, 40 and 42 since
their subject-matter relates to inventions for which no international search
repori has been established {(Rule 88.2(e) PCT).

Reasoned sislement with regard o novelly, inventive siep or industrisl
applicability; citations and explanations supporting such stalement

Reforence is made {o the lollowing documents:

R

D2

2

035

US 2011/168018 A1 (MOHAMADALIZADEH AL! [IR] ET AL) 14 July 2011
(2011-07-14)

LIS 2009/136401 A1 (YANG XIAOLIN DAVID [US] ET AL) 28 May 2009
(2009-05-28)

US 2004/078570 AT (JIA CHARLES Q [CA]) 22 April 2004 (2004-04-22}

A, Bakandritsos ET AL: "High Surface Area Montmuorilionits-Carbon
Composites and Derived Carbong®, Chemistry of materiais, vol. 16, no. 8,
16 March 2004 (2004-03-18), pages 1551-1550, XP0O55072551, ISSN:
0897-4756, DO 10.1021/em0350030

LS 2008/090851 A1 (MAC DONGSHENG [US] ET AL) 17 April 2008
(2008-04-17)

For the reasons mentioned under ltem | {see above), the present reasoned
statement with regard to novelly, inventive step or industrial applicability has
heen established on the first {group of) inventions mentionad in the claims as
originally filed. The ¢laim numbering relates to those said claims as originally
filed:

Form BCTSanaate Shoal40R 1Sheat 25 (EDCRApdi 2008}
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WRITTEN OPINION OF THE INTERNATIONAL mternational application No.
PRELIMINARY EXAMINING AUTHORITY
{SEPARATE SHEET) POT/US2013/038964

& The present application does not meet the crfteria of Article 33(1) PCT,
because the subject-matter of claims 1-5, 44, 45 and 48 is not new in the
sense of Article 33(2) PCT:

7 D1 discloses a method for separating hydrogen sulfide {a pollutant) from a
gas comprising methane, helium and hydrogen sulfide, the method comprising

providing a carbon nanocomposite sorbent of muliwall carbon
nanciubes (MWONT) with average diamelers of from about 2 nm o
about § nm and mesoporous crystaliing material (MCM)-41;

contacting the sald carbon nanccomposiie sorbent with a flow of the gas
containing 5500 pom of hydrogen sulfide;

passing the gas flow 10 an cutlel 1o give a separated gas containing 600
ppm of hydrogen sulfide {paragraph {0028]; paragraph [0062]; exampie
2}

D1 further disclogses a method of making a carbon nanocomposite sorbent
and the carbon nanocomposite sorbent hence made, the mathod comprising

nroviding MWONT as carbon precursor;
providing MCM-41 as substrate material;
mixing MWONTS and MOM-41 and thereby contacling them,;

heating the mixture for 3 hours & 110°C (paragraph [0028]; paragraph
[0062]; example 2).

D1 hence discloses the subject-matier of claims 1, 2, 44, 45 and 48.

8 D2 discioses discloses a method for separating mercury from a Hue gas
gomprising Hue gas, fiy ash and mercury, the method comprising

providing as-mined kaolin containing about 2% naturally intercalated
carbon (Kaolin-1), which is considered as a carbon nanocomposite
sorbent;

promoting the said carbon nanocompaosiie sorbent by impregnating #
with g sodium bromide {NaBr solution In water;

contacting the NaBr-promoted carbon nanccomposite sorbent with a flow
of the gas containing mercury for one second by injecting the carbon
nanocomposite sorbent into the gas in a drop tube reactor;

Form POTiSsparsbs Shoat'40s (Sheat 3} (EPO-A04l 2005}
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WRITTEN OPINION OF THE INTERNATIONAL Intarnaiional application No.
PRELIMINARY EXAMINING AUTHORITY
{SEPARATE SHEET) PCT/AUS2013/036964

10

separating the NaBr-promoted carbon nanocemposite sorbent from the
gas for analysis of mercury content (paragraph [0044] - paragraph
{0047]; examples 8, 16; tables 1, 2; paragraph {0048] - paragraph [0050);
table 3).

D2 further discloses as-mined kaolin containing about 2% naturally
intercalated oarbon  (Kaolin-1), which iz considered as a carbon
nanccamposiie sorbent (paragraph [0044] - paragraph [0047]; examples 8;
iatide 1),

D2 hence discloses the subject-matter of claims 1-5, 45 and 48.

03 discloses a method of separating mercury from a desiccator atmosphere
that comprises mercury, the method comprising

providing treated coke (ECOcarbon), which is considered a carbon
nanocomposite comprising agglomerated carbon structures of about 30
nm;

contacting the said carbon nanoccomposite sorbent with a desiceator
atmosphere that comprises mercury,;

separating the said carbon nanccomposite sorbent comprising mercury
from the desiccaior atmosphere for analysis of mercury content
{paragraph [0084] - paragraph [0086]; example 1; paragraph [D095] -
paragraph [0088]; example 5}

3% further discloses a method of making a carbon nanocomposite sorbent
and the carbon nanocomposite sorbent hence made, the method comprising

providing fluid coke as carbon precurser;
providing sulfur dioxide (SC;) as substrate material;
contacting fluid coke and S, for 10 seconds;

heating the mixture at 800°C {(paragraph [0087] - paragraph [0082]:
gxampie 2).

D3 hence discloses the subject-matter of claims 1-3, 44, 45 and 48.

B4 discloses a method of making a carbon nanocomposite sorbent and the
carbon nanocomposite sorbent hence made, the method comprising

providing sucrose as carbon precursor,;
providing montmorilionite as substrate material;

contacting contacting stucrose and montmorilionite;

Form BCY/Separate Sheet/408 | Shwat 4) {EPO-Apd 2006}
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WRITTEN OPINION OF THE INTERNATIONAL International application No.
PRELIMINARY EXAMINING AUTHORITY
{SEPARATE SHEET) PCT/AIS2013/036984

pyrolyzing and hence heating the mixture for one hour at 800 °C {Section:
"Sample Preparation”;page 1552, right-hand cojumn; figure 1}

4 hence discloses the subject-matter of claims 44, 45 and 48.

11 D5 discloses g method of making a carbon nanocomposite suitable as a
sorbent and the carbon nanocomposite hence made, the method comprising

providing carbon nanoitubes (CNTS) as carbon precursors,
providing epoxy s substrate material,
curing and hence heating the material for two hours at 180°C .

05 hence discloses the subject-matter of claims 44, 45 and 48 {paragraph
[0015); figure 1}.

Certain detects in the international application

12 Contrary to the requirements of Rule B.1{g){i} PCT, the relevant background
art documents mentioned In paragraphs [0008] to [0007] of the description are
not clted in a way that allows their reldeval.

Ceriain observations on the inlernational application

13 For the reasons mentioned under ltem | {ses above), the present observations
have been made with regard to the first (group of) inventions mentionad in the
claims as originally filed. The claim numbering relates to those said claims as
originally filed:

14 The application does not mesot the requirements of Article 6 PCT for the
following reasons:

15 The term "carbon nanocomposite” use in the claims is unclear, because i
cannot be determined without ambiguity which further technical feature is
meant o be atibuted to the carbon composite by defining & as a
"nano"composite. The term "nang” merely indicates a prefix in the St gnd
other systems of units denoting a factor of 10®. For the present purposes, any
carbon composite is considered o be & "carbon nanocomposiite”, Insofar as

Form BCT/Separate Shest/t0a (Shiet 5} (EPO-Apr 2005)
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WRITTEN OPINION OF THE INTERNATIONAL international applicaion No.
PRELIMINARY EXAMINING AUTHORITY _
{SERPARATE SHEET POT/IS2013/038564

the description of the application containg a clear and unambiguous definition
of the tem "carbon nangcomposite”, said definition would have to be included
it the claims {o render the subject-matier of said claim clear.

18 The term poliutant used in claim 2 is vague and unclear and ieaves the reader
in doubt as to the meaning of the technical featwre o which it refers.
Soecifically, whether a compound or material is considersed (o be poliuting or
not, depends on the specific clroumstances in which the compound or malerial
is found. Since theses specific circumsiances are not further defined in the
claim, the said claim is unclear. insofar as the description of the application
containg a clear and unambiguous definiion of the tem "polivtant”, said
definition would have 10 be included in the claims 1o render the subject-matier
of said claim clear.

17 Claim 4 is not supportad by the description as required by Article ¢ PCT, as its
scope is broader than justified by the description and drawings. Specific
support for "promoters” can only be found for "halogen and halide” promoters
{se® 8.¢. paragraph {0008} of the description), not for any "promoter”.

Claim 48 tries o define the claimed carbon nanocomposite sorbent further in
that it is "in contact with mercury or oxidized mercury”. This wording
introduces an ambiguity as to the scope of said claim 48, The expression "in
contact” seeks io define a relationship between the entiies “"carbon
nanocomposite sorbent” and "mercury or oxidized mercury”, while it cannot be
determingd whether one of the two or both entities fall under the scope of the
claim. The subjeci-matier of claim 48 therelore is unclear. For the present
purposes of search and examination, claim 48 is considered o be solely
directed 1o the "carbon nanccomposile sorbent” of claim 45, upon which it
depends.

Form PCT/Separate Sheer40B {Sheet 5 {EPO-Apriil 2008)
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PATENT COOPERATION TREATY

From the
INTEANATIONAL SEARCHING AUTHORITY

o PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Hule 43bis.1)

sea form PCTASARSCD

Date of maifing
fdaydnomitiyenry  see fom POTASARIG (second shest)

Applicant's or agenis file referones FOR BURTHER ACTION

segq form PCTASAR20 Ses paragraph 2 below

irdernalional appliicafion No. imlernafional fifng dale {davinenihioar) Pricrily date {davinonthiear)
PCTAISZ0H 3036064 17.04.2013 23.04.2012

international Patent Classification {IPC) or both national dassification and PG

MW, B01J2012 BO1D5302 BO1ISOR0 BOMJ20432 BO1DE344 BO1J2020

Appiicant
ENZRGY & ENVIRONMENTAL RESEARCH CENTER FOUNDATION

1. This opinion condaing indicgtions reigting to the foliowing llemes:

B3 Box No. | Basis of the opinien
Box No, B Priority
Box Mo, B Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box Ne. IV Lack of unily of invention

Box No. ¥V Reasoned statement under Rule 43bis.7 (a){{} with regard o novelly, inventive slep and industrial
anphoability; cltations and explanations supporling such slalement

Box No. WVt Gertain documents cited
Boot Mo, VE Certain dafects in the international application

Bax No. ViE  Certain observations on the infernalional application
2 FURTHER ACTION

i a demand for international prafiminary examination is made, ihis opinion will usually be consideredio be a
written opinion of tha International Preliminary Examining Authority ('IPEA"} excepd that this does not apply whara
the applicant chooses an Authority other than this one io be the [PEA and the chosen PEA has notifed the
International Bureau under Rule 8.1 bis{b) that written opinions of this International Searshing Authorlly

will not be so considered,

¥ this opinion is, as providad above, considersd 1o be s wrilten opinion of the (PEA, the applicant is invited to
submit {o the IPEA 2 written raply logether, wherg appropriate, with amendments, before the expiralion of 3 months
from the date of malfing of Form PCTASARZ0 or before the expiration of 22 months from the priority date,
whichever axpires later.

For further options, see Form PCTASARZG,

Harne and mailing address of the IDA: Date of completion of Authorizad Oificer .
this opinion fw, i, %
Europesn Palent Offics = M H
P8 8814 Fatentiaze 2 B ot Klernps, Christian ] @E H
ML-2280 HY Rijswik - Pays Bas ) %,
Taal. w31 70 240 - 2040 Telephone N, +31 70 340-8036 %,_.,,,‘.‘,,‘
Fayr 231 W) 340 - 3018
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WRITTEN OPINION OF THE international application No,
INTERNATIONAL SEARCHING AUTHORITY POTAISZ2013036064

Box No.! Basis of the opinion

1. With regard o the language, this opinion has basn astablished on the basis of
X the international application in the language in which it was filed

3 awanslation of the international application info |, which is the language of a translation Rumished for the
purpases of inlemational search (Rules 12.3{a) and 23.1 {&)).

2. [3 This opinicn has been established taking into account the rectification of an olbvious mislake authorized
by or notiied o this Authority under Hule 91 {Hule 43bis.1{g}}

3. With regard 0 any nucleolide andior amino acid sequence disciosed in the international apphication, this
apivion has been establishad on the basis of a sequance listing filed or furnighed:

a. {means}
{1 onpaper
0 in alecironic form

b {ims}
0  in the international application as filed
{1 together with the intarnational application in electronic form
£]  subsequently to this Authority for the purposes of search

4. B in sddition, In the case that mors than ong version or copy of a sequancs listing has been filed o furnished,

the raquirad statements that the information in the subsequent or additional coples is identical o that in the
application as filed or does not go bayond the application as filed, as apprompiate, wers furnished.

5. Addifional comments:

Form PCTABA/ZST (Aprh 2007) PAC ET AL. EXHIBIT 1023
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WERITTEN OBINION OF THE international appiication No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIS20134038964

Box No. ll  Non-esiablishment of opinion with regard 1o novelty, inventive step and industria
applicabidlity

Tha questions whether the claimad iwention appears 1o be novel, It involve an invantive step (5o be non
cbvigust, or o be industrialiy applicable have not bean examined in respect of

{3 the eniirs iniernational application

8 claims Nos. 8-43 48 47, 49

Decause:

{1 the said intermational application, or the said claims Nos.  relate to the following subject maiter which does
agt requirg an infernational search {specifvy

1 the description, claims or drawings (indicate particuiar elements belfow) of said claims Nos.  are 8o unglear
hat ne meaningtul opinion could be formed {specify).

1 the claims, or said daims Nos. are so inadequatsly supportad by the description that no meaningful opinion
could be formed {specifyl.

B no international search report has been established for the whole application or for said ciaims Nos. §:43,
46, 47 49

23 a meaningid opinicn could not be formed without the sequence sting: the applicant did niot, within the
prescribed time Emit

£ furnish a sequence fisting on paper complying with the standard provided for in Annex C of the
Administrative Instructions, and such #sting was ni available 10 the International Searching
Authority In & form and manner accepiable to it

{71 turnish a sequence listing in electronic form complying with the standard provided for in Annax G
of the Administrative Instructions, and such lisling was not available to the Internalional Bearching
Authority in a form and manner acceptable to it

(3 pay the required iate furnishing Tee for the furnighing of a sequence lisling in response io an
wvitation under Rules 13#er1{a) or (bl

{3 Ses Supplemental Box for further details

Form PCTASA/ZST (Aprit 2607) PAC ET AL. EXHIBIT 1023
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WRITTEN OPINION OF THE international application No.
INTERMATIONAL SEARCHING AUTHORITY POTAISZ2013036964

Box No. IV Lack of unity of invention

1. K Inresponse to the invitation {(Form PCTASAR0S) to pay additional fees, the applicant has, within the
applicable time limit

£1  paid addiional fees

paid additional fees under protest and, wherg applicable, the protest fee

I

paid additional fees under protest but the applicable protest fee was not paid

54

not paid additional feas

2. {1 This Authority found that the requirement of unity of invention is not complied with and chose not to invite
the appdicant to pay additions! fees.

3. This Authorily conaigers that the requirement of unily of invention in accordance with Rule 13,4, 3.2 and 133 is

{1 compliad with

B not compliag with for the foliowing reasons:

4. Sonsequently, this report has been established in respact of the following paris of the international application:

L1 alt pars.

Box No. ¥V Beasonsd siatement under Bule 43bis t{a)(i) with regard o novelly, inventive step o
industrial applicability; citalions and explanations supporting such alatement

1. Stgtement

Novelty (M) Yes: Claims
Mo Claims 1-5, 44 45 48

Inventive step (1S} Yes: Clains
No:  Cigims 1:5.44. 45,48

industriai applicability (1A) Yes: Claims 1-8. 44 45 48
No:  Claims

2. Ciations and axpianations

see separate shest
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Box No. Wil Certain defects in the international application

The following defects In the form or contenis of the internationa! application have Deoan noted:

see separale sheet

Box No. Vi Cerlgin observations on the infernational application

The following obsarvations on the clarity of the claims, description, and drawings or on the guestion whether the
slaims arg fully supporied by the desoription, are made:

2o separate sheet

Form POTASA/ 237 (Anrl 2007) PAC ET AL. EXHIBIT 1023
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Reference is made to the following documents:

4x] LS 2011/168018 A1 (MCHAMADALIZADEH AL [IR] ET ALY 14 July 2011
(2011-07-14)

D2 US 2005/1368401 A1 (YANG XIADLIN DAVID [US] ET AL) 28 May 2009
{2008-05-28)

D3 US 2004/078570 A1 (JIA CHARLES Q [CA]} 22 April 2004 (2004-04-22}

D4 A. Bakandritsos ET AL: "High Surface Area Montmorilionite-Carbon
Composites and Derived Carbong”, Chemistry of materials, vol. 18, no. 8,
18 March 2004 (2004-03-18), pages 1551-1559, XPOBEG72551, 1SEN:
0897-4756, DO 10.1021/cmi350030

D8 LS 2008/080851 A1 (MAO DONGSHENG [US] ET AL) 17 April 2008
{2008-04-17)

Be ltem IV

Lack of unity of inveniion

1

The present application lacks unity of invention {Rule 13 PCT) for the following
reasons:

The present application contains the following eight independent claims: claim
1 {method claim), claim € {method claim), claim 43 {method claim), claim 44
{method claim}, claim 45 (product claim), claim 48 {(product claim), claim 47
{product claim), claim 45 {product claim).

The common same or corresponding technical features among those claims
are:

carbon  nanccomposite  sorbent; method  where  said  carbon
nanocomposite sorbent is employed with a gas; said method comprising:
the step of providing or obtaining a carbon nanocomposite sorbent; the
step of contacting at least part of the sorbent; the step of separating rom
gas.

The common same or comesponding technical feature  "carbon
nanocomposite” is unclear {(Article 8 PCT), becauss it canngt be determined
which further technical feature is meant to be atributed fo the carbon
composite by defining it as a "nang'composite. The term "nane” merely

Form PUTASAR3Y [Separate Sheet) (Sheet 1) (EP0-Aori 2005}

PAC ET AL. EXHIBIT 1023
Page 555



WRITTEN OPINION OF THE interngtional application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2013/036864

indicates a prefix in the Si and other systems of units denoting a factor of 10°°,
For the present purposes, any carbon compaosite is considered o be a
"carbon nanocomposite”,

The document US 2011/0168018 At (D) discloses a method for separating
hydrogen sulfide from a gas comprising methane, helium and hydrogen
sulfide, the method comprising

providing a8 carbon nanccomposite sorbent of multiwall carbon
nanolwbes (MWONT) with average diamsiers of from about 2 nm o
about 8 nm and mesoporous orystalline material (MCM)-41;

contgcting the said carbon nanocomposiie sorbent with a flow of the gas
gcontaining 5500 ppm of hydrogen sulfide;

passing the gas flow 1o an outllet to give a separated gas containing 800
ppm of hydrogen suffide (paragraph [00238]; paragraph [0082]; example
21

Further, the document US 2008/0138401 A1 (D2) discloses a method for
separating mercury from a flue gas comprising flue gas, fly ash and mercury,
the method comprising

providing as-mined kaoglin coniaining aboul 2% naturally iniercalated
carbon {(Kaolin-1), which is considered as a carbon nanocomposite
sorbent;

promoting the said carbon nanccomposite sorbent by impregnaling i
with g sodium bromide {(NaBr) solution in waler;

contacting the NaBr-promoted carbon nanscomposite sorbent with a flow
of the gas confaining mercury for one second by injecting the carbon
nanccomposite sorbent into the gas in a drop fube reacior;

separating the NaBr-promoted carbon nanocomposite sorbent from the
gas for analysis of mercury content {paragraph [0044] - paragraph
00475, exampies 8, 16; tables 1, 2; paragraph [0048] - paragraph [0050];
table 3}

All common same or corresponding technical features are known from D1 and
D2. These features therefore cannol serve as "special” technical features
within the meaning of Rule 13.2 PCT.

Therefore, there is no common, same or corresponding special technical
feature ameong all independent claims and thus the requirement of Rule 13.2
PCY is not met,

Form PETASAZAT (Separals Shest) (Shast 21 (EPO-April 2005}
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Amongst the independent claims 8, 43, 48, 47 and 48, the further common
same or coresponding technical fealures are:

promaoter; providing a halogen or halide promoter; promoting at least a
partion of the carbon nanccomposite sorbent material by chemically
reacting a (the) portion of the sorbent malerial with the halogen or halide
promoter; promoted sorbent.

All common same o coresponding technical features are known from B2,
These features therefore cannot serve as "special” technical features within
the meaning of Rule 13.2 PCT,

Thergfore, there is no common, same or corresponding special technical
feaiure among all independent claims 8, 43, 46, 47 and 49 and thus the
requirement of Rule 13.2 PCT s not met.

The separate groups of inventions are;

Group 1. claims: 1-58, 44, 45, 48 related 0 a method for separating a
material from a gas thal comprises the material, the method comprising
providing or obtaining a carbon nanocomposiie sorbent, contacting at isast
some of the material with the sorbent, to form a material-sorbent composition,
and separafing at least some of the maierial-sorbent compaosition from the
materiai-containing gas, 1o give a separated gas; further o a method of
making a such carbon nanccomposite sorbent; further to a such carbon
nanccomposiie.

Group 2:  claims: 6-42, 46, 49 related to g method for reducing the pollutant
content of a pollutant-containing gas, the method comprising providing or
obtaining a carbon nanccomposite sorbent material, providing or obtaining a
halogen or halide promotor, promoting at least a portion of the sorberd
material by chemically reacting the portion of the sorbent material with the
halogen or hajide promoter to form a promoled sorbent, coniacting at isast
part of the promoted sorbent with the poliutant in the poliutani-containing gas,
to form a polivtant-sorbent composition, and separgting particulates from the
poliutant-containing gas, the particulates comprising at least some of the
polivtant-sorbent composition, 10 give a cleaned gas; further 10 a promoted
corbon nanccomposite sorbent made by reacting a portion of the sorbent
material with 2 halogen or halide promoter (o form the promoted sorbent.

Group 3:  claims: 43, 47 related to a method for reducing the mercury
content of & mercury-containing gas, the method comprising providing or
obtgining a carbon nanccomposite sorbent, the carbon nanccomposite
sorbent made by steps comprising providing or obtaining a carbon precursor,

Foven PCTASARIT |Separate Shest) iSheat 2} EPD- Aprd Z005)
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providing or obtaining a substrale material, conlacting the carbon precursor
and the subsirate material, to provide a nanccomposite starting material, and
heating the nanocomposite starting malerial, o provide the carbon
nanecomposie sorbant, providing or oblaining a halogen or halide promoter,
promoting at least g portion of the sorbent material by chemically reacting the
portion of the sorbent material with the halogen or halide promoter o form a
promoted sorbent, contacting at least part of the gromoted sorbent with the
rarcury, 1o form a mercury-sorbent composition, and separating at least
some of the mercury-sorhent composition from the mercury-containing gas;
further 1o a mercury-sarbent composition made by contacting a carbon
nanccomposite sorbent with a mercury-containing gas.

The common problem underlying groups 1, 2 and 3 of inventions iz seen to lie
in the provision of a method for the removal of a {pollutant) component of a
gas from sald gas and the provigion of a sorbent for a such removal,

The commaon problem is already known from both D1 {see a.g. abstract) and
D2 {see e.g. abslract). No addiicnal problem could be identified common to
these three groups of inventions which could serve as the general inventive
concepl as required by Rule 131 PCT,

The application hence does not mest the requirements of unity of invention as
defined in Fule 13.1 and 13.2 PCT.

in accordance with Article 17{3) PCT the international search report is
established on those paris of the international application which relate 1o the
invention first mentioned in the claims, i.¢. the above mentionad Group 1.

Reasoned siatement with regard o novelly, inventive sisp or indusirial
applicability; citations and explanations supporting such statement

2 The present application further does not meet the oriteria of Article 33{1) PCT,
because the subject-matter of claims 1-5, 44, 45 and 48 is not new in the
sense of Article 33(2) PCT:

3 B1 disclogses a method for separating hydrogen sulfide {a pollutant) from a
gas comprising methane, helium and hydrogen sulfide, the method comprising

Form PCTASAIZSY {Separats Sheat) (Shest 4) (EPO-April 2505)

PAC ET AL. EXHIBIT 1023
Page 558



WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEED PCT/US2013/0368684

providing a carbon nanccomposite sorbent of muliwall carbon
nanctubes (MWONT) with average diameters of from about 2 nm {0
about 5 nm and mesoporous orystalling material (MCM-41;

contacting the said carbon nanocomposite sorbent with a flow of the gas
contairdng 5500 ppm of hydrogen sulfide;

passing the gas flow to an outlet to give a separated gas containing 800
ppm of hydrogen sulfide (paragraph [0029]; paragraph [0082]; example
)

B further discloses a method of making a carbon nanocomposiie sorbent
and the carbon nanocomposite sorbent hence made, the method comprising
providing MWOCNT as carbon precursor;
providing MCM-41 as substrale malerial;
mixing MWOCNTs and MCM-41 and thereby coniacting them;

heating the mixture for 3 hours at 110°C {paragraph [0029]; paragraph
{0082}, example 2}

B3 hence discloses the subject-matler of claimz 1, 2, 44, 45 and 48.

4 D2 discloses discloses g method for separating mercury from a flue gas
camprising flue gas, fly ash and mercury, the method comprising

providing as-mined kaolin containing about 2% naturally intercalated
carbon {Kaglin-1), which Is considered a8 a carbon nanocomposite
sorbent,

promoting the said carbon nanocomposite sorbent by impregnating i
with a sodium bromide (NaBr) solution in water,

contacting the NaBr-promaoted carbon nanocomposite sorbent with a flow
of the gas containing mercury for ong second by injecting the carbon
nanocomposite sarbent inlo the gas in a drop wibe reactor;

separating the NaBr-promoted carbon nanocomposite sorbent from the
gas for analysis of mercury content {paragraph [0044] - paragraph
{0047]; examples 8, 18; tables 1, 2; paragraph [0048] - paragraph [0050];
tabie 3}

D2 further discloses as-mined Kkaolin comtaining aboul 2% naturally
intercatated carbon  {Kaolin-1), which is considered as a carbon
nanocomposite sorbent (paragraph [0044] - paragraph [0047]; examples 8;
table 1),

Form POTHSADRSRY (Separate Sheel) (Sheel 5) (EPO-Aprit 20053
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B2 hence discloses the subject-matter of claims 1-5, 48 and 48.

5 03 discloses a method of separating mercury from 3 desiceator atmosphere
that comprises mercury, the method comprising

providing treated coke (ECQcarbon), which is considersd a carbon
nanocomposite comprising agglomerated carbon struciures of showt 30
nm;

corfacting the said carbon nanccomposite sorbent with & desiccator
atmosphere that comprises mercury;

separating the said carbon nanocomposite sorbent comprising mergury
from the desiccator atmosphere for anaiysis of mercury content
{paragraph [0084] - paragraph [0088]; example 1, paragraph [0095] -
paragraph {00949]; example 5).

D3 further discloses a method of making a carbon nanocomposite sorbent
and the carbon nanccomposite sorbent hence made, the method comprising

providing fluid coke as carbon precursor;
providing sulfur dioxide {80,) as subsirate material;
contacting fluid coke and 80, for 10 seconds;

heating the mixture at 800°C {paragraph [0087] - paragraph [0082];
gxample 2.

£33 hence discloses the sublect-matter of claims 1-3, 44, 45 and 48.

5 24 discloses a method of making a carbon nanocomposite sorbent and the
carbon nanocomposite sorbent hence made, the method comprising

providing sucrose as carbon precursor;
providing mortmorillonite as substrate material;
contacting contacling sucrose and montmorilionits;

pyrolyzing and hence healing the mixture for ong hour at 800°C (Section:
"Sample Preparation”; page 1552, right-hand column, figure 1),

D4 hence discloses the subject-matter of claims 44, 45 and 48.

7 D8 discloses a method of making a carbon nanocomposite suitable as a
sorbent and the carbon nanocomposite hence made, the method comprising

providing carbon nanotubes {CNTs) as carbon precursors,

providing epoxy as substrate matsrial,

Form PCTASARST {Senarate Shaet) {Sheel 6) (EPC-Ard 2005}
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curing and hence heating the material for two hours at 160°C.

D3 hence discioses the subject-matier of claims 44, 45 and 48 {paragraph
{0015}, figure 1),

5 s Vi

Certain defacts in the international application

8 Contrary to the requirements of Rule 5.1{a)(ii} PCT, the relevant background
art documents mentioned In paragraphs [00085] to [0007) of the description are
ot cited in a way that allows thelr retrieval,

Certain observations on the international application

9 The application does not meet the requirements of Adicle 6§ PCT for the
following reasons:

10 The term “carbon nanccomposite” use in the claims is unclear, because it
cannct be determined without ambiguity which further technical feature is
meant to be atiributed w© the carbon composite by defining it as a
‘nano”composite. The term "nane” merely indicates a prefix in the 8 and
other systerns of units denoting a factor of 10% For the present purposes, any
carbon composite is considered (0 be a "carban nanccomposiie”.

11 The term poliutant used in claim 2 is vague and unclear and leaves the reader
in doubt as iv the meaning of the technical feature to which it refurs.
Specitically, whether a compound or material is considered to be polluting or
not, depends on the spedific circumstances in which the compound or material
is found. Since theses specific circumstances are not fusther defined in the
claim, the said claim is unclear.

12 Claim 4 is not supported by the description as required by Article 8 PCT, as ils
scope is broader than justified by the description and drawings. Specific
suppaort for "promoters” can only be found for "halogen and halide" promoters
{see e.9. paragraph [D009] of the description), not for any "promaoter”,

13 Claim 48 iries lo define the claimed carbon nanoccomposite sorbent further in
that It is "in contact with mercury or oxidized mercury”. This wording
infroduces an ambiguity as 1o the scope of said claim 48, The expression "in

Forms POTASAZIT (Raparale Sheet) (Sheet 77 {ERC-Aprk 2008)
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contact” seeks io define a relationship between the entiies “carbon
nanccomposite sorbent™ and "mercury or oxidized mearcury”, while it cannot be
determined whather one of the two or both entities fall under the scope of the
claim. The subject-matter of ¢laim 48 therefore is unciear. For the present
purposes of search and examination, claim 48 is considered {0 be solsly
direcled io the "carbon nanccomposite sorbent” of claim 45, upon which it
depends.
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Ep 2I76183 AL 17-09-2014
WO 2013668068 A1 16-05-2013
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FURTHEN BIFORMATION CONTINUED FROM  POTIB& 210

Thiy International Searching Authority found multiple {groups of)
frwentions in fhis international sgplication, as follows:

1. clatms: L-4%{partially}

Pollutant removal from a gas by contacting with an activaled
carbon sorbent comprising nitrogen and spplying the method
iﬁ?'§?$&$ with & sulfr{V1) conceniration of more than 3 ppm
¥ Weie

N

2. claimss 56-67{vomplately); 1-83{partially)

Pollutant remmval from & gas by contacting with an activated
carbon sorbent comprising nitrogen and obtaining or
providing the activated cerbon sorbent comprises promoting
an unproncted carbon sorbent and/or obiaining the unprowsted
parhon sorhent from 2 carbon precursor corprising nitrogen
andfor the sctivated cavbon sovbent conprising a stabilizing

agent

3. claims: 1-83{partially}

ol Tutant removal from @ gas by contacting with an activated
carben sorbent comprising nitrogen and adding an alkaline
component intoe the poligtant containing gas

PRVEVTITY

4. clajms: 1-49{partially)

Rollutant removel ¥rom a gas by contacting with an sctivated
carbon sorbent coxprising nitrogen and regenerating the
activated carbon sorbent

R
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To
" eddn, v Fleg. Mo 57,521 INVITATION TO PAY ADDITIONAL FEES
o SHMAN, LUNDRERG & EHS
o B s WORBSNER AND, WHERE APPLICABLE, PROTEST FEE
Mirreapolis, MN 55402-0038 {(POT Artiols 17(3){a) and Rule 40.1 and 40.2(8)}
ETATS-LINIG DPAMBRIGUE
Uale of n‘aﬁﬁng
: (dayimoilyos] 30 May 2014 (30052014
| Applioarts or agerts e referonce T I PAYHENT DUE
within QN E BONTH fom
SARBODTROH the slvove deabe of mailing
infernalionsal epefloation Ne, imm ﬁk:g dabe
BCTAIGHO 4010916 fe 4 § Miaroh 2014 {03.05-2014)

Appicart

ENERGY & ENVIRONMENTAL RESEARGH CENTER FOLINDATION

1. This indemedional Searcding Authorily

i gmmawamm;ema ‘ fmariseor of) irverticens slaimad in the infernaticnal spplioation coversd

theredoss considars thet the intermaiicnsd applicstion doss not comply wiih the e
Flules 13.1, 157 and 13.3) for the reasons indioated on an saira shest:

% of enlly of lnvention

{8 has oceried o1t & partiel internationad eneroh {soe Annes) T[] wiiestaisiioh the iemetional saeroh repart
on thoes parts of the Irtemational appiination whish relate o the wendion fiet mentionsed in clalms Noa.:
gae axtra shest

{ivy will satablish the international ssarch report on the other parts of the Infernaliond appficelion ondy ¥, and io e axberd
o whish, additiong] feer are paid.

2 Consaquently, the spplivart is hereby irvited 1o pay, wihin the time Byl indicated above, the ameins Indoated below:

EUR 1.875,00 " 3 . EUR 5862800
Fae par additional invention rmnnber of additions! inventions cumsnopiote amount of sdditionat fees

4. The spplicant s Informed thal, acoording to Bule 43,20, the : o sty alditional foe muy b mewle undyy peolest,
i2., & reascned staternent fo the efiect thet the infem £ gomplias with the requirement of unity of invengion
ot Bt the armount of the mquiread ackftiona foe is oxcesslve, where applicable, subiedt o the payment of 8 prodest fee.
Where the appd mniﬁays fess undor prodest, the apafioant fe hereby inviied, within the Sme lmk infoaled alsove,
fo pay a protest fee {Fule $0.2{e}) in the amount of ELUR 888,00 , ;

Whete the applosrs has net, within the tive linit ndicaled sbove, paid the required prolest fee, the prodes wil inaem:dsamd
notto have been mede and the ntemational Searohing Aufhn-ﬁyswa:! ao dadlare.

4. [ ] clamg e 39an found o 5 unksarchabie undsr
m«ﬂ?{zwbemyMunwmm 702 s trorstore have nct bewn inaded with gy frvanton,

2rg
Namemd maiing address of the infemational Searshing Autherity Mhonxedsfﬁwr & WOQSSNEf ?
y curopean Palsed Office, P8, §818 Pajordigan 2 BLOAN, Mary

NL-2P80 HY Fiawip
Tol, (9470} 540-2040 Tel: +48 ()69 23092608 N Qo 201

Fax: {8170} 340-2016

Regaiorod Mall PAC B TRECEIYE DN




international applisation No.
INVITATION TO PAY ADDITIONAL FEES My / ugzam; $i8gis

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-49{partially}

Pollutant removal from a gas by contacting with an activated
carbon sorbent comprising nitrogen and appiying the method
gnr gases with a sulfur{¥l) concentration of more than 3 ppm
Y meie

2. claims: 58-67{completely}: 1-49(partially]

Pollutant removal from a gas by contacting with an activated
carbon sorbent comprising nitrogen and obtaining or
providing the activated carbon sorbent comprises promoting
an unpromoted carbon sorbent and/or obtaining the unpromoted
carbon sorbent from a carbon precursor comprising nitrogen
andfor the activated carbon sorbent comprising g stabilizing
agent

an an

3. claims: 1-4%9{partially}

Pollutant removal from & gas by contacting with an activated
carbon sorbent comprising nitrogen and adding an alkaline
component into the pollutant containing gas

o

4, claims: 1-4%{partially}

Poliutant removal from & gas by contacting with an activated
carbon sorbent comprising nitrogen and regenerating the
activated carbon sorbent

The common concept linking together the groups is the subject-matter of
claim 1 . This common concept is not new gver D1,

01 discloses a methed of reducing the mercury content in a
mercury-containing gas (see abstract}, the method comprising cbtaining or
providing an activated carbon sorbent comprising activated carbon sorbent
particies comprising nitrogen in a surface layver of the sorbent particles
{see page 615, para. 4.2.5.1 and page 616, Yeft colum, *...hy
impregnation of nitrogen-containing polymers or pitches ...%}, contacting
a pollutani-containing gas with the activated carbon sorbent to form a
pollutant-sorbent composition {implicitly disclosed as for a sorbent
based removal process the pollutant has to be contacted with the sorbent,
the pollutant thereby always forms a pollutant-sorbent composition), and
separating at least some of the poliutant-sorbent composition from the
peg?utant”containing gas, to give a separated gas (see page 622, Tigurs
281,

Hence, D1 discloses all the features of ¢laim 1.

D1 further discloses

Form POTASAZ0G lextrs sheet) {(luly 1892; reoril Jaruary 2004}
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- ¢igim 3: the concentration of nitrogen in the surface layer of the
sorbent particles to be higher than in a core of the particles {see page
815, right colum, lines 1-4, nitrogenated function ntroduced on carbon
surface, therefrom following a Tower nitrogensus concentration in the
core of the particles)

- ¢laim &, 8: the mercury-containing gas to comprise a2 sulfur{¥l)}
concentration, like 50 3 (see page 616, right colum, 2nd paragraph)

The differentiating features are

- Group 1: applying the method for gases with a sulfur{Vi) concentration
of more than 3 ppom by mole

- Group 2: ohtaining or providing the activated carbon sorbent comprises
prometing an unpromoted carbon sorbent and/or providing or obtaining the
unprometed carbon sorbent from a carbon precursor comprising nitrogen
andfor the activated carbon sorbent comprising a stabilizing agent

- Group 3: adding an alkaline component into the poliutant containing gas
= Group 4: regenerating the activated carbon sorbent

with following resulting technical effects:

- Group 1: no surprising and unexpected technical effect distinguishable
~ Group 2: further enhancement of the mercury sorption efficiency of the
activated carbon sorbent comprising nitrogen

- Group 3: reduction of sulfuric compounds in the pollutant containing
gas

- Group 4: saving financial means for sorbent

Thus the problems solved mey be regarded as

- Group 1: finding an alternative mercury containing gas for which the
method can be appiied.

- Group 2: how to modify the method of D1 in order to further enhance the
mercury sorption efficiency of the activated carbon sorbent comprising
nitrogsn

- Group 3: how to modify the method of Bl in order io reduce the sulfuric
conpounds in the pollutant containing gas

- Group 4: how to modify the wethod of D1 in order to save financial
means for sorbent

The special technical features [R. 13.2 PCT) are

- Group 1: no special technical feature A as the altermative gas is
considersd to be obvious for the skilled person.

- Group 2: differentiating feature = special technical feature B as the
feature s neither disciosed nor rendered obvious by D1 and therefore is
considered to make a contribution over DI,

- group 3: differentiating feature = special technical feature € as the
feature is neither disclosed nor rendered obvious by Bl and therefore is
considered to make a contribution over Di.

~ Group 4: no special technical feature D as the regeneration and reuse
of the sorbent is disclosed by D1 {see page 612, left columm, paragraph
before 4.2.2.3}.

Groups of {alleged) Inventions

The groups of technical features do not solve any common technical
probiem. Thus the groups of claime are neither iinked by the same nor by
corresponding special technical features and define different inventions
not linked by 2 single general inventive concept {Rule 13.1 and 13.2 BCY)

Foem POTASAZS {exdry slwel) fduly 1982; reprint January 20043
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and therefore the regquirement for unity of invention referred to in Rule
13 PCY s not fulfilled .

Farm POTASAZOE {oxtrr shoot) {(Qudy 1952; reprint January 2004}
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Annex to Form POTABADNS
COMBSUMNCATION RELATIMG TO THE BEBULTS
OF THE PARTIAL IMTERMATIONA]L BEARCH

internatianst Applioxton No
PCT/U32014/819916

Hret merntioned in clalms Nos.:

4 the g
feos will have been paid.

1.Tha present scommunioation s an Annex o the invitation 1o pay additional fese (Form POTASAROS]. it shows the
resulte of the intemsdional search $ETaEINE ed on the parls of the intemationsl appileation which relate 1o the invention

l a L3 L3 L3
2.‘??&!%%!:153&%?@&& ?s?:gt g ;;E%&ﬁé’&%} gg&%ﬂ’?&&pﬁﬁ %gi::h will be sstabilshed aocording to Artidle 18 and Ruls 43,

4.1 the anplisart doss not pay any addilional ssarsh fess, the information appearing in this communivation will be
catrsidered an the result of the Irtemational asarch and will ba indludled sa such in the intermations! search raport.

leart pays additional fess, the kemations! saarsh report wi contaln both the information appearing in thia
conumeication and the resuits of the imemational searcll on other parts of the irfermational application for which such

. BOOUMENTS CONSIDERED TO BE HELEVANT

Gatogray * | Cliatlon of duoument, with indlontian, where approprisie, of the relevant paseages Helavant to olsim Mo,
X YUANJING ZHENG ET AL: ‘“Revisw of i-8,
technologies Tor mercury removal from flue 16-25,
gas from cementi production processes”®, 38,39,
PROGRESS IN ENERGY AND COMBUSTION SCIENCE, 48 49
gisEviER SCIENCE PUBLISHERS, AMSTERDAM,
¥
vol. 38, no. 5, 26 April 2812 {2012-04-26)
. pages 59%-629, XPO2B415255,
155K: 9369-1285, DOL:
18.1816/J.PECS, 2612.85.6801
{retrieved on 2012-05-25)
¥ page €88, paragraph 1 5.8,
page 618, paragraph 4.2.5.1 16-25,
page 615, right-hand column, line 1 - line 38,39,
4 48,49
¥ ..by impregnation of nitrogen-containing
polymers or pitches ...%;
page 616, left-hand column
2nd paragraph;
page 618, right-hand column
page 622; figure 20
paragraph before 4.2.23;
page 612, left-hand colum
X DE 26 2612 883747 U1 (BLUECHER GMBH [DE1) i-4
13 November 2812 {20612-11-15}
¥ claims 1, 25 §-4,
paragraphs [8106], [01421, [@143] 16-25,
38,39,
48,49

E} Fsfher doouments sre Bekud in She sontwalion of box C.

" Patentiamily memburs as Salod in annex.

* Sppacial ooferpnrion of hind dhoaumants

17 Rater doourmsnt published sfter the bismational fing date
or pricry dete sed sotiy sontie with he spnition bt

MR dusgnent defining Y ganered siale of the il wivioh 3 mof
aonakiened 1 ba of patieuier refovance
b= Wﬁmmm an o after the niemaional
g

L doourmen witoh Hrunoer slonshbe om pekoriy
ety it obted i b the pubortion defe of srcther
oitution or offewr apesiel reasen [ wesified)

I dooumend redaniag Bt s oral Jhobne, wey, sxbibBon or
oty s

1 dhoumment il pior fo i terutionsl Bing G bt
ettt The prinedy diste dlstmed

wiimd 1 spaderatand the prindiple or theory widsrying the
irvainiion

ressdhee sy Toventire e whets e doosrant b tden done
e gt of peronie selovanss; e ol bendion
exrinid v aeeakisrad tn imeolve on deantive oo when the
viepasnent i mavbired with oy oF more (i sush o
wymmnwmmaumm
B

& doournent memder of the s pabent fardly

Fom POTAGAMNE (Rome, B eheol] Shuly 1988, ranvid Jenwary S04}
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Fatert doosument Pubiieation Patent famfly Pubdicalion
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DE 202012083747 U1 15-11-2012 DE 182012087392 Al 88-95~-2013
DE 202012063747 U1 15-11~2012
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PATENT COOPERATION TREATY

From tha
INTERMATIONMAL SEARCHING ALITTHORTY

{ Tor ' PCT
o WRITTEN OPINION OF THE
860 form PGTAGAR0 INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)
| Ciae of sailing
aptnonthdear} S for POTISRMD (sador! shael)

Wmtﬁw&w%m PO “mﬁ
sae form POTARAZRO m@% zm&mm
imamationsl appletion K. inematicns! Hing Set (ReBONENR Priosty daie finonthies
FOTASRHANIRDI8 3035014 GEU3.2013

imermational Balem Classiiantns GRC or kol nudioned lossatination sod 16
NV, BOLIPOED BOHAGE BOIDSIAD BNl CiBsits

Anptiognt
ENERGY & ENVIRONMENTAL FESRARGH CENTER FOUNTATION

1. This opition congins Indioations radaling o the foliowing Rerms:
B BoxNoi  Basis ofthe apinion
0 BoxNo ¥ ?ms’sty
¥ Box Mo ablishsnt of apinionwith regavd (& sovelly, inventive stop snd indusirial applicaidiity
B BoxNo ¥ Lsan& of mmy of Enention
& foxNo ¥ Hessoned sintament under Rula #3&&?{33{'} with regard o novelly, Bvaniive stop and industrigl
spphcabitly; sitaliety and siplenalivns supiorting sudh sialement
L3 BoxNooWi  Cerlain domemernds ofted
N Box N VH  Corinin detecty In the iternational applisstion
N Box No, VT Carialn ehaervalions on he intarnationsd spploalivn

2  FURTHER ACTION

¥ a demand for wternstions] preliminrry sxsenination is made, this opinion will usually b sonsidersd o de a
whitten opldon of e International Prelimipary Examindey mmsgy PIPEA" asoapd that s doos nad a;ﬁiy whars
the applivant shooses i Authority other thas e e focbe the FPER and the ologen IPEA has nolifed
irtarnational Buresi under Ride 6% 1idoih} that writlen opinions of 48 infernudional Bearching Authorily
Wi not be a6 considersd,

i this oplrion i, a8 provided sbovs, wnsaiweﬁ o %:ﬂa & writen opinion of the FRA, the apnlicant i invied o
auibrdf do the IPEA & verldon raply o%ethe! whens opriate, with smendments, bafors the axplration of 8 months
from the dade of maliing of Porm PR mwmﬁ the mmwzmmm tha pilorily date,
whichover sxplres lader.

For furihier options, see Form PUTASARTO.

Mo and mailing atkdress s e 198° Daas nfmsgaém ol T Awind Dfeer
o Pohimacn, Rober
Tat, 145 SO 2998 - £ Totophone No. +5 89 2303088
Ba: 180 B9 299 - 4488

Furrs BOTASARET {Sover Sheat) binly 2008}
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WHRITTEN OPINION OF THE Internationat appicativn No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2014018918

_Box No.1 Basis of the opinion__
1. With regard @0 the language, this opinion has baen established on the basis of

N e international application in the language in which it was Sisd

{1 2 vansintionof e inlerhgtionil appiication inte , which is the languegs of & fransiation fumished for e
rurposas of intarnational search (Hules 12.3{8) amﬁ 31,

8 {3 This opinjon has boan swidbiished taking o avotunt the restHiontion of &b ohvious sdstelke suthirized
by ur roitiad 10 this Authorly undey Flules 81 (Fuls 48bisa {a}}

3 With regatﬁ i any suciectide andor aming aoid sequenue distioasd inthe Inlernational sppication, his
opinion hes been asteblished on the basis of a aaquanca mng Had or fumnighed:

8. {means)
£ onpaper
3 o ologtonic form
b, e}
I3 inthe interational agplication as fed
1 tgether with the Itermatidngd appliication in elscronio form
1 subsaquently 1niRis Authority for % puposes ot seasch
4. i1 in addiion, in the case that Mo than ong varsion O Spy of & sequence ias%mg has bosy Bed o fnighed,
the required statsmants thal the information In the subssquent or addifiong! copies s Mantical v i nfhe
appiication as fied or does notgo beyond the application as fHisd, as appropriate, ware fumished.
B, Advitional commants:

Foom POTASA/ZEY (A 2000
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WRITTEN OGPINIGN OF THE _ Intsrnational appination No.
INTERNATIONAL BEARCHING AUTHORITY POTAISZDIAD 10818

Box No it Norn-sstablishmant of opinfon with regasd to sovelly, inventive siep and industrial
spndicability

The quastions whether the claimad invantion agpasrs o be novel, 10 ivolve an inventive step o be non
obvicusk, o 1 be industrially spplicalde have not baen saning i vespect of

{1 the entirg infermations! appdeation
glalmg Nos. JRE7{omplstei; 148 il
B

{1 the sald itemationsd application, or the said claims Nos,  relads & e following stldiact matier which doss
oot requdre an internetionst search {specifyl ' '

£3  the desoription, cieims of drawings (hdlivate parfowiar elerments belw) or sald claims Nos: arp 0 wielear
hat o *neaningfui opinfon oould be tormed (spRcivy

L3 the olaims, orsald claims Nos. are 8¢ nadequately supporied by tha desriplion thal no magningful opinion
ould e %armed {soenifyl

& nc :rﬁamat'orsai search 'apcré has Hioor ostablished for e whoie apdlication o for said olaims Nog.

I3 & meaninghil opinian oould not be formad without the sequonte lsting: the asplicant did aut, withi the
pmsar%bad Hma il

[3 fursish & ssquence fisting on paper complying with fte stendard provided for in Amnex G of the
Administrative Instuctions, and such listing was not avalisbie 1 the Intermational Searching
Auttionity in 8 form and manner acteptable to i

1 murnish & sequence listing in adectranic form complying with the shardard provided Ror in Annex G
of the Adroinistrative Instruciions, and such Bsting was not avgliable 1 the Insnational Searching
Authority in & fonm and manner acceptabls o &

13 pay the requirad late fumishing fee for the Jurnishing of g sequenne fisting i regponss o an
invitation under Rulss 1R#er1{a) or {b).

0 See Supplemental Box for frther datalls.

Pormt PUTABS/ZS? (Aprdl 3007)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEBARCHING AUTHORITY POTAIS2Q14018818

Box No. IV Lack of urity of ingertion

1. B i responss 1o Sy invitetion Fonn POTABARIR) o pay addiiona! fogs, the spplicant hes, within ihe
applicabls tma il

[ peid acditional foss

paid sddiions! fess under protast and, whera applicebls, the protes] Tea
paid sdditiong foes Lnder frotest Bt e applicabls protost for weas not pald
nit pald sddtional es

g & 0

2000 This Awtrrity foundd that the racparement OF uolly of invantitn i not complied with and chose nat i ivvile
e appiisent 1 pay additions! fess,

3, This Authority conaiders et the raquirenant of unity of Invantion i gotordancs with Rule 18,1, 132 end 183 &8
L3 compisd with
§ et coenplied with oy the Soliowing reasons:

4, Consaguently, this report has been estriiishad it raspedt of the following pans of e inemationg! application:
£3 sl pans. )
R the paris relating 10 olaims Nos. 1-4%(partialiv

?ﬁx $o,

imﬁer ma&m el with mgaw m mvaity, fnventive step oF

1. Stalemenl

Novelty (N}

irvanitive step {18

2. Cistions and splanations

Fore POTASAL 2R (At 2007y
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WERITTEN OPINION OF THE iernational sppdication No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIBRO180 18818

Box o, Vi Carisin defects In e bdarnations! application
The folicwing defects iy the fvw or contenis of the Iternations! application have bean noted:

Hox Mo, Vil Ceriain obasrvstions on the internativiat sppiication

The following oheanations oo the oladly of the claires, destription, and drawiBos or on the gquestion whsthar the
gleims are §dly supporisd by 1he deswiption, sie mads:

Forn POTASA 2T Sl 5007}
‘ PAC ET AL. EXHIBIT 1023
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WRITTEN OPINION OF TRE fnfernational apphization No.
INTERNATIONAL SEARCHING
AUTHORITY (BEPARATE SHEET) PCTAIS20I4010818

1
1.1

1.2

1.3

1.4

1.5

Carlain

shservations on the international application
Clarity, Arficle 6 PCT)
General

The terms "about” {(used in claims 48, 18-24, 34, 80, 88, 84),

“substantialy” (used in glaims 8, 7-8, BQ, §1-64, 8§7) and “pora” {used In claims
3, 7,018, 18, 51, 56, 81) sre vague and unalear and leave the resder it doubt
85 10 the maandng of the technical features 1o which they refer, thereby
randering the definition of the subject-matier of said claims unclear, AL §
POT.

Clalm 4

Chaim 4 doss not mest the requirements of Article § POT beoause the matter
for which protection is sought is not clearly defined. The claim atlompis o
deding the subjact-matier In terms of therasult to be achieved {combines with
&t lgast 70 with), which merely amountsto a statement of the undlerlying
problem, without providing the technical featuras necessary for achiaving this
result {like but not imited 1o wolume fipws, distribution of sorberd, injéction of
sorbant, contast Emas, femperatures, other componants I the meroiry-
corftaining gas).

Claim 7

i is unclear (Art § PCT) how the niragen oan be homogensously distributed
in the core of the particles arnd how st the same ime there canbe a
songentration profiie from the swrface to the corg (when refening © cladm 3).

Claims 8, 8

Claims 8 and 8 do not mest the requirgmants of Art ¢ PCT betause the
matter for which proteotion is sought is not cleerly defined. The cleims attempt
o defing the subject-matter in twma of the rasull 1o be schisvad, which meraly
amounts to & statement of the underiying problem, without providing the
wehnicat faatures nacessacy for achiaving this resull

{Claim 18
itis unslear in olaim 18 How 8 core of an aclivated carbon sorbent perticle can

camprise 99 wivs nitrogen (At § PCT). The core practically would consist of

nitrogen ondy in this case.

Fuen DOTTRARET (Bemingts Bnoul) (Bhent {1 EFO-Ard 2008
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WRITTEN OMNION OF THE interaational spolication No,
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEETY POT/US20 18018816

1.8 Clalm 20
it is unclear in claim 20 how a surface layer of an activated carbon sarbent
particle can comprise 99 wi%% nirogen (At 8 FCT). The surface would consist
of nitrogen only in this cas. Also it s undlear if the techniosl affect related
nitrogen being present at 0.001 wi% in the surface layer Is still existing (Art.8
PLTY

1.7 Claim 22

The definition of the surface layer is unolaar a8 a thickness of §8% of the
raciug of the paricies is in fact the complate particle and not anly 3 "surfats
layer" {Art, 8 PCTY.

2 Lack of unity of Invantion

Notwithstanding the objections under Article 6 PCT above, the application
facks urdly within the meaning of Ruls 13,1 PCT.

21 Relerance Is made 1o the following document:

D1 YUANJING ZHENG ET AL "Review of technologies for mercury
removal from fue gas from cement production processes” PROGRESS
N ENERGY AND COMBUSTION SCIENCE, ELSEVIER BCIENCE
FUBLISHERS, AMSTERDAM, NLvol. 38, no. B, 28 Aprll 2012
(2012-04-28%, pages BOS-828, XPO2B4 15258, 188N 03560-1 5288, DOL
1030180 PECS 201 2.08.00 [retrigved on 201 2-0528]

D2 DE 20 2012 008747 Ut (BLUBCHER GMEHN [DED 185 Nowvember 2042
PM@11-18)
2.2 There are sevaral groups of clalms:
» Group 11 Claime 4% {partially), in partioular olaims 8.0, 16-85, 88, 39, 48, 48

> Grouy 20 Claims 1-49 {partialy), in particinegy claims 10415, 25-97, 40, 41, 44, 45, dialms
5067 {oomplataly}

s Oroup ¥ Claims 148 avtiallv), in particadar claims 42, 43
» Group 4 Claey 148 {paniadly), In parboular claims claims 48, 47
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23  The common concept linking together the groups is the subjsct-matter
of clabm 1. This common soneeptis not new over D1,

231 D discloses & method of reducing the meroury gontent in & mercury-
containiryg gas {seo pagé 800, parg, 1.}, the method comprising obtaining or
providing an activeted carbon sorbent comprising activated carbion sorbent
parlicles comprising nirogen in & surface layer of the sorbent particles {see
page §15, para. 4.2.5.1 and page 618, left colum, “..by impragnation of
ribrogen-Cortaining polymerns or pitohes .7, contacting a poliutant-contairing
gax with the activategd carbon sorbent to form g poliutantearbent sompositian
frnplicitly distdosed as for a sorbent basad remaval process the pollutant has
s be contacted with the sorbient, the poliutant thareby always forms g
poligtant-sorbent composition), and separaling 8! least some of the pollutant
sorbent somposition fom the polllant-comaining gas, to give 3 saparated
gas {868 page 622, figure 20,

Hance, I discloses all the features of claim 1,

232 DI further disclosss
- claim 3: the concentration of nifrogan in the surface layer of the sorbent
particles to be higher than i a cora of the parlicles (see page §15, rght
codumnn, Enes -4, nitrogenated function introduced on carbon surface,
Harefrom following & fower rdrogencus congentration in the core of the
particies)

- glalm 5, §) the mercuny-cohiaining gas to comprise a sulfur{Vh
conceniration, ke 8O, {see pags 616, right column, 2nd paragraph)

24  The ditherentinting lentures ave

» Sroup 37 afpdying the method for geses with ¢ suihur{vl) concentration of mors than 3
pom by mule

» Group & obiaining o providing e aotivated crbon sorbent comprises promoting an
wunpromnded carbon surbent andior providing o obiaining the unpromotsd carbon
sorhent rom 8 carbon grosuraoy somprising nivogen andior the sctivated carlion
sorbant comprising a siebifizing agant

¢« Croup 3 acding wy aleling sompanent info the poliutart nontalning pas
« Grisie 47 regenenaiing the aotivated carbon stbent

25  with following resulting technlcal affects:
= Group 11 fio surising and unepscied feehnival efsct distinguishabls

P POTATET (Sopaonts Bhaslh ot 1 BFG-AB 008
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= Group 2 fugher srthancament of fhe mercury sorption efficlancy of the antivated carbor
srbent comprising rronen
> Group S reduntion of sulfurk compounds i fhe poliutant contalning pas
= Group 4 saving Snandia! means for sorbent
28  Thusthe

» Group 12 finding an alternative mercury containing gas for which e method oan be
» Sroup 20 how 1o molily the misthad of DY in order 1o futher gnhance Hioe mavory
sorpticey sfficiancy of the acvalted csrbon gorbien comprising nifragen

proflems solved may be regardsd as

o Qrougs 3 how 0 modly the method of B v order fo reduce the suthaic compounds i
tha poliuient containing gas

* 3rou 40 how 1o modily e method of B I order {o save financial mesns for surbent
87  The specisl lechnical festures (R 132 PCT) are

= {oup 17 ak spevisl lechinicsl fealure A ax the alternalive gasis considered o be
obyvitus for the skilled persirn.

s (rouip & difforontinting foaluie = special tochnival feature B a8 the foatire Is neitiver
disclosed no renderad obvivus by I and therefors s considersd 1o make 8
sonfribulion pver D1,

+ Group 3 diforaniiating feeture = special techriodl foatire C A% the Teahyrs I8 neither
discinsard nov rondecsd cbvious by DY and thevefore & considared to make a
sontyatian pver B

s {roup 40 no spocial teohniog! fealirg D gs he regeneration and rause of the sorbent iy
discicsad Dy D1 fsse page 812, ol oohann, parsgiranh bofers 42.2.3),

28 Groups of {alleged) Inventions

The groups of technica! fealurag do not solve any conimon fschnics! probiam,
Thus the groups of claims are nelthey linkad by the same nor by
corregpontling special lschrical fentures and define different inventions not
linked by & single general inventive concept (Rule 13.1 and 13.2 PCT  and
therofors the reguirement for unity of invention referred to In Rule 13 PCT
i niot fulfitted.
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A search has beery performed for the invention first mentiored in the claims,
hore the subject-matiar of the claims forming group 1, Correspondingly, inthe
Roliowing this written opinion is restricted o group 1,

Rezsoned statoment with
-applicabliity; citations and e

3
3.1

441

4.1.2

4.1.3
4.1.4

regard Io novelly, inventive step or Industrial
anations supporting such statament

Novetlty Claim 1

As already shown under point 2.3.1 above the sublechmatier of claim { isnot
new (Articls 33(2) PCT).

inventive Step Clalr {

Besides D, whith i congiderad o be the dlosest prior ant to the subject
madter of claim 1, also D2 could be regarded as the closest prior art the
sublect-matier of olaim 1.

D2 disgioses

A method of reducing the poliutant content I a poliutant-contadning gas (ses
$0142 and 0143}, the method comprising:

obdaining or providing an activated carbon sorbent comprising activaled
carbon sorbant ;mttcéé& comprising nitrogen in a surface faysr of the sorbent
particles {sse claim 1};

The subjectoratier of glainy 1 thergfons differs from this known U2 in that

a politant-containing gas Is contacied with the activaled carbon sorbent, 1o
farm a poilutant-sarbent mmmsiﬁon; and in that at least some of the
politant-sorbent composition Is separated from the poliulant-containing gas,
0 give & separated gas,

Thers is no unexpecied tschnics! effent reisted to that differsnce.

The probieem to b solved by the prasent Invention may therefore be regarded
as ow 1 1o anply the mathod of D2 for reducing the polivfant contenting
politant-containing gas.
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414 The sciution proposed i claim 1 of the presant application cannat be

8.1

&2

5.3

considerad o invola an inventive siep (Article 33{3) PCT) for the following
reasons:

ft is common general knowledge Tor the skilled person to-contact the sorbent
with the gas o form a pollutant-sorbent composition and 1o separate the
poliutant-sorbant composition from the gas to give a separated gas. Also,
armongst many other docurments he finds in DY an indication (see cited
passages) with which he would contact the sorbent with the gas, thereby
freing @ poliutant sorbert composition ared separate this cotaposition from
the gas to give a separated gas, thareby arriving at the subjsct-matter of claim
1 without badng werdive.

Dependent claims

Daparicddont clalmg 2-8, 16-25, 38, 34, 48, 40 to not contain any features
which, in combination with the features of any olaim to which they refer, meet
the requirements of the PCT in raspect of novelty andfor inventive step.

Claims 2, 3

The subject-matter of said clzims is neither new (see points 2.8.1 and 2.3.2
above), nor inventive {sae D2, dlaim 1 and §0143, mecowry baing an obvious
toxic substance whose removal from gas streams with sotivated carbon is
witlely known in industry).

Glalms 8, 8

D1 discloses & sulfur{Vi} concentration in the mercury-containing gas (ses
2.3.2 shove) and the claimed ranges for sald concentration are considersd i
be merely an arbitrary sedection owl of a variely of possible mercury contalning
gases without showing an unexpectsd technicad sffect. The properties of the
activated carbon sorbent of DY gre considered 1o achisve the resulls claimed
in clgim & with regard to corresponding activated carbon sorbents,

Glaims 18, 17, 38, 39, 48, 40
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it s well-known in the ant 1o add the sorbent into the mercury-containing gas
and & ramove i afler 8 corlain distance by varlous means ke bag houses,
slecnstato precipitators, cyclonas or the ke, As well, It is coimmon general
knowladge o contact the gas with the sorbent iy a fixed bed, a dry oragueocus
sorubher, a hiter or 3 moving bed,

{32 disciosss 2 wide variaty of possilie nitrogen concentrations of the
activated carbon (S8 olgim 25}, whish Is also considered o be gpplicable
gither 1o the surface andior 1o the care of carbon parlicles. Tharefors, the
clgimed rangss arg notinventive,

Clalen 24, 28

Tha claimed range of particle diameters is congiderad an arbilrary salection
and sotivated carbon particles in this range &'e known 1o the skillad person
{sae for reforsnce D2, §0108). Furtharmre, avery surface is considered io be
scontinuts and therelore alse g surface layer

13e nam, ¥

Lerlain defocts in the International appiication

& The requirements of Rule 8.3(b) PCT (two-part form of independsnt claims)
and Rule 8.1 {;a}{ii} and ) PCT {scknowledgement of prior art D1) are not mat.
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Applicant
ENERGY & ENVIRONMENTAL RESEARCH CENTER FOUNDATION

1. This ieeraational prefintinury repost on patergabilisy (Chapter 1) s issued by the International Bureau on bebeall of the
Interpational Searching Aunthority under Rale 44 bis 1{a).
2. This REPORT consists of a total of 13 sheets, including this cover sheet.

In the attached sheets, any reference o the wiitten opision of the International Searching Authority should be read 35 3
wierence to the international prelimisary report oo patentability {Chapter Tt instead.

3. This report contains indications relating 1o the following tems:

Box No. | Basis of the report

Box No. Priovity

Box Mo, B Nog-esisblisthanent of opinion with regard 1o povelty, ibventive step and industeal
applicability

Box Mo, iV Lack of unity of invention

Box Na, ¥V Reasoned stasement under Article 35{2) with regard to noveliy, Inventive step or

industeiat applicability; cltations and explanations supporting such statoment

Box no. VY Certain docwments cired
Box o, Vi Certaln defects in the international application
Box Mo, VI Cettais observations oi the ernadonal applicarion
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the priority date (Role 44bis 20,

Diate of Issuance of this report
05 September 2015 (08.00.2015)
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2. FURTHER ATHOR

will not be so sonsidered.

whichever expires iater.

Box Mo, Basis of the opinion

For further options, ses Form PCTASAZE0.

1. This opinion corains indications relating 1o the following dsms:

Box Moo Non-esiablishment of opinion with regard fo novelly, inventive step and industrial applicability
Box Mo, IV Lack of unity of invention

Box No. V¥V Reassoned statement under Ruls 4355 Had(h with regard 1o novelty, Invantive step and indusirial
applicabilty; citabions and explanations supporting such stalement

Box Mo. V1 Cartain documends clted

Box Mo, Vil Cerlain defects in the intarnational application

Box Mo, VIl Certaln observations on the international application

it a demand for international prafiminary examination is made, his opinlon wil usually be considerad o be 2
written opinion of the International Prefiminary Examining Authority (IPEA™) except that this doss not apply where
the applicant chocses an Authority other than this one fo be the IPEA and ihe chosen {PEA has nalifed the
international Bureau under Rule B6.15{b) that writlen opinions of this International Searching Authority

i this opinion s, as provided above, considared to be 3 written opinion of the IPEA, the applicant is invited to
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2014018918

Box No.l Basis of the opinion

1. With regasd to the language, this opinion has been established on the basis of:
X the international application in the language in which i was filed

3 atwanslaion of the international application into |, which is the language of a transiation fumished for the
purposes of international search (Fules 12.3(8) and 23.1 &),

2. {3 This opinion has baen established taking info account the rectification of an cbvious mistake authorized
by or notifisd 10 this Authorily under Buls 81 (Rule 43bis.1{a})

3. With regard to aty nucieotide andior amino acld sequence disclosed in the internalional application, this
opinion has boeon gstablished on the basis of 4 sequence liating filad or furnishad;

a. {means)
00 onpapar
{J  in elactronic form
b. {tims)
{1 in the intarnaional application as fied
[ ipgethsr with the internationat application in electronic form
L1 subseguenty o this Authority for the purposes of search
4. 1 in addition, in the case that maore than one version of oopy of a sequence listing has bean filed or furnished,
the required siatements that the information in the subiseguent or additional coples is identical 10 that inthe
applicstion as fifled or doss not go beyond the application as fled, gs appropriate, wers furnishedh.

8. Additional comments:

Form PCTASA/23T tApnil 2007) PAC ET AL. EXHIBIT 1023
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WRITTEN OPINION OF THE International spplication No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2014019818

Box Mo. i  Non-sslablishment of opinion wilh regard to noveily, inventive step and industrig!
appilcability §

The guestions whather the claimed invention appears 1o ba novel, 10 involvg an inventive step (o be non
obwious), or 10 be industrially applicable have not baen examined i respect of

£l the entire international application
claims Nos, 80-87(completedy); 1-48(partialiy}
because:

(1 the said international application, or the said claims Mos.  refats 10 the following sublect mathsr which doss
not raguire an intermational ssarch (speci)

1 the description, cigims or drawings (fndicale particuisr elements below) Of said olalms Nos,  are so unclear
that no meaninghul opinion could be formed {spsoify):

£} the claims, or sald claims Nos. are so Inadequately supported by the description that no meaningful oplnion
eould be formed (specify):

W nointernational search report has been sstablished for the whols application or for said claims Nos.
S8 {complaiaivi: 1-43(nanialy}

{1 @ meaningfl opinion coukd not be formed without the ssquence lisiing; the applicant did niot, within the
prescribad time limil

{J furnish a sequence listing on paper complying with the standard provided for in Annex G of the
Administrative instructions, and such listing was not avaliable 1o the international Searching
Authority in a form and manner aceeptable o it

{3 fumish a sequence fisting in electronic form complying with the standard provided for in Annex C
of the Administrative inslructions, and such listing was nol available 1o the International Saarching
Authority in g form and manner acoeptable 0 8

3 pay the required late furniahing fee for the furnishing of & sequance listing in response {0 an
iwitation under Rules 13ter1{a} or {b).

3 See Supplemental Box for further details

Form SCTHSA/ZE? (Apr 2007) PAC ET AL. EXHIBIT 1023
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PLTAIS2014018816

Box Mo. IV Lagk of unity of invention

1, B inresponse 10 e invitation {Form PLTASAROE) 10 pay additional fees, the applicant has, within the
appicabls dme limit:

{1 paid additional fees

paic additional fees under protest and, whers applicable, the protest fee

g 0

paid atkditional fees under protest but the applicable protest fee was nol paid

not paid additiona! fass

2. [ Triz Authority fourd that the requisement of unity of invention is not compiied with and chose not 1o invite
e appicant 10 pay additional {ses.

3. This Authosily considers that the requiremesnt of uniy of invention in accordance with Flule 131, 132 and 133 is

3 complied with

not complied with for the foflowing reasons:

4, Consequently, this /aport has Deen established in respect of the following parts of the iftemnationad application:
0 all parts.
the parts relating to claims Nos. 1-49(partially)

Box Mo,V Ressoned siatemaent undey Rule $38e.1(a)(l} with regard to novelly, inventive siep of
industrial applicability; citations and explanations supporting such stalement

1. Statement
Novelty (N} Yag: (Claims 5-49(partaily)
Mo Claims 1-4{partially}
Irvantive step {I5) Yag: Claims 1018, 26-37, 40-471all partdaily)
Mo:  Claims 1-8, 16-25, 38, 38, 48, 45{al partialy)
frdustrial apolicability (I8) vag: Claims i-4 rfigh
Ma:  Claims
2. Citations and explanations
Form POTASAZZBY tApeil 2007) PAC ET AL. EXHIBIT 1023
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WRITTEN OPINION OF THE intarnational application No,
INTERNATIONAL SEARCHING AUTHORITY POCTAIS2014019918

Hox Mo, Vil Ceriain delfocis in the international application

The following defacts in the form or contents of the International application have been noted:

Box No. Yil  Corlain chaervations on the internationsl application

The folfowing observations on the clarty of the claims, deseription, an¢ drawings or on the question whether the
claims are fully supporied by the description, are made:

smrate sheet

Fomn POTASA/ZIT (gl 2007) PAC ET AL. EXHIBIT 1023
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WRITTEN OPINION OF THE international apotication No.
INTERNATIONAL SEARCHING
AUTHORITY (BEPARATE SHEET) POT/US2014/019918

Certain obgervations on the intemations! application

1
11

1.2

1.3

1.4

1.5

Clarity, Article 6 PCT)
(General

The terms “about” (used in claims 4-8, 18-24, 34, 50, 58, 64),

"substantially” (used in claims §, 7-8, B0, 61-84, 87} and "core” {used in claims
3,7, 18, 18, 51, 56, 61) are vague and unclear and leave the reader in doubt
as to the meaning of the technical features 1o which they refer, thereby
rendering the definition of the subject-matier of said claims unclear, Art. 8
PCT.

Claim 4

Ciaim 4 does not meet the requirements of Article 8 PCT because the matier
for which protection is sought is not clearly defined. The claim attempts ©
define the subjoci-matter in terms of the result to be achieved {combines with
at least 70 wide), which merely amounts 10 & statement of the underlying
problem, without providing the technical leatures necessary for achieving this
result (ke but not limited (o volume flows, distribution of sorbent, injection of
sorbent, contact tmes, lemperatures, gther components in the mercury-
containing gas).

Giaim 7

It is unclear (Ast. 6 PCT) how ths nitrogen can be homogeneously distributed
in the core of the particles and how at the same ime therecanbe a
concerdration profile from the surface to the core {(when referring 1o claim 3}

Claims 8, 9

Cilaims B and 8 o not meet the requirements of Arl. 8 PCT because the
atier for which protection is sought is not clearly defined. The claims atiempt
to define the subject-matier in terms of the result to be achieved, which mersly
amaounts {0 a slatement of the underlying problem, without providing the
technical features necessary for achieving this resull,

Claim 18

it is unclear in claim 18 how a core of an activated carbon sorbent particls can
comprise 99 wi% nitrogen {Ar. 8 PCT)}. The core practically would consist of
pitrogen only in this case.

Farm POTASAREY iSepargie Shost) (Sham 1} {EPO-Apni 2008}
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WRITTEK OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCTAIS2014/018%16

18 Claim 20

i is unclear in claim 20 how a surface layer of an activated carbon sorbent
particie can comprise 98 wi% nifrogen (Arl. & PCT). The surface would consist
of nitragen only in this cas. Also i is unclear  the technical effect related o
pitrogen being present at 0.001 wits in the surface layer is siill existing (A8
PCTY.

1.7 Claim 22

The definition of the surface laver Is unclear as a thickness of 89% of the
radius of the particies is in fact the complete particle and not only a "surface
layer” (Art. 6 PCT).

2 Lack of unity of Invention

Notwithstanding the obieclions under Article 8 PCT above, the application
lacks unity within the meaning of Rule 13.1 PCT.

2.1 Reference is made to the following document:

21 YUANJNG ZHENG ET AL: "Review of technologies for mercury
remaval from flue gas from cement production processes” PROGRESS
IN ENERQY AND COMBUSTION SCIENCE, ELSEVIER SCIENCE
PUBLISHERS, AMSTERDAM, NL vol 38, no. 5, 26 April 2012
(2012-04-28), pages 588-629, XP328415255,188N: 0360-1288, DO
10.1016/0.PECS.2012.05.001[ratriaved on 2012-06-25]

D2 DE 20 2012 003747 U1 (BLUECHER GMBH [DE]) 15 November 2012
(2012-11-15}
2.2 Thers are several groups of claims:
+ Group 1: Claims 1-48 {partially). in particular claims 2-8, 16-25, 38, 39, 48, 48

» Giroup 2: Claims 1-48 (partialy), in particular claims 10-15, 28-37, 40, 41, 44, 45, claims
50-87 (complaisly)

= Group 3; Claims 1-48 (partiadly}, in particular claims 42, 43

= Group 4: Claims 1-48 (partiafly}, in particular claims claima 48, 47

Faren POTASAMAY (Separate Shoet) (Sheet BHEPQ-Aprl 2008) '

PAC ET AL. EXHIBIT 1023
Page 607 '



WRITTEN OPINION OF THE international application Mo,
INTERMNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) POT/US2014/019918

2.3 The common concept Siﬁkiﬁg together the groups Is the subject-matter
of claim 1. This common concept is not new over D1,

241 D1 discloses a method of reducing the mercury content in a mercury-
containing gas (see pags 800, para. 1.}, the method comprising oblaining or
providing an activated carbon sorbent comprising activated carbon sorbent
particles comprising nitregen in a surface layer of the sorbent particles (see
page 615, para. 4.2.5.1 and page £18, left column, "._ by impregnation of
nitrogen-containing polymers or pilches .7}, contacting a poliutant-containing
gas with the activated carbon sorbent to form a pollutant-sorbent composition
{implicitly disclosed as for a sorbent based removal process the pollutant has
to be contacted with the sorbent, the poliutant thereby always forms a
noilutant-sorbent composition), and separating at least some of the pollutant-
sorbent composition from the pollutant-containing gas, o give a separated
gas (see page 622, figure 20).

Hence, D1 discloses all the feafures of claim 1.
242 Dilurtherdiscloses

- gdaim 3: the concentration of nitrogen in the surface layer of the sorbent
pariicies 10 be higher than in a core of the parlicles (see page 615, right
column, lines 1-4, nitrogenated function introduced on carbon surface,
therefrom following a lower nitragenous concentration in the core of the
particles)

- claim 8, 8: the mercury-containing gas to comprise a sulfur{Vi)
conceniration, fike SO; (ses page 818, right column, 2nd paragraph)

2.4 The differentiating features are

o Group 1: applving the method for gases with a sulfurVh concentration of morg than 3
pim by mole

o Group 2 oblaining o providing the activated carbon sorbent corprises promoting an
unpromoted carbon sorbent andfor providing or obiaining the unpromoted carbon
sorbent from a carbon pracursor comprising nitrogen and/or the astivated carbon
sorbant comprising a stabdlizing agent

s Group 3 adding an akaline component into the pofiutant containing gas
s Group 4 reganerating the activated carbon sorbam
25 with toliowing resulting technical effects:

o 3roup 11 no surprising and unaxpecied technical effect distinguishable

Form SCTISART {Separate Sheat) {Sheat 3} (EPD- April 2006)
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WHRITTEN OPINION OF THE “international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARBATE SHEET POT/UB2014/013818

s Group 2; udher enhancament of the mercury soiption efficlency of the activated carbon
sorbent comprising nitrogen

o Group 3: reduction of sulfuric compounds in the poliviant containing gas
o Group 4: saving financial means for sorbent
2.6 Thus the problems solved may be regarded as

o Groyp 1 finging an aligrnative mercury containing gas for which the method can be
anpdied.

< Group 2: how o modify the method of D1 in order to furkher enhance the merciry
sorption sffiglency of the sotivated carbon sorbent comprising nitrogen

¢ Group 3 how 1o modity the method of D1 in order to reduce the sulfuric compounds in
the pollutant containing gas

s CGroup 4; how 10 modity the mathod of D1 in geder 10 save financial means for sorbani
27 The speclal technical features (R, 13.2 PCT) are

» Groun 1: no soscial technical feature A as the alternative gas is considersd to be
otwious for the gkilled person,

o Group 2: diffsrentisiing feaiure = spadial techniosd feature B as the featurs is neither
diiscinesd nor randered obwious by 1 and tharofors is considered o make a
contribution over D1,

o Group 3: Giffgrentiating featurs = special technical feakure § as the fegture is neither
disclosed nor rerdered chvious by D1 and therefore is considerad lo maks a
contribution over DY,

v Group 4 n spacial technical feature D as the regeneration and reuss of the sorbentis
disciossd by D1 {ses page 512, lo#t column, paragraph before 4.2.2.3).

28 Groups of (alleged) Inventions

The groups of iechnical features do not solve any common technical problem.
Thus the groups of claims are neither nked by the same nor by
corresponding special iechnical features and define differant inventions not
finked by a single general inventive concept (Hule 13.1 and 132 PCT) and
thersfore the requirement for unity of invention referred to in Rule 13 PCT
is not fulfilied.

29 Consequence

Form PUTASARERT (Seoarate Shaot) (Shaet A} (EPO-Apil E005)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET POT/US2014/018816

A search has been performed for the invention first meniioned in the claims,
here the subject-matter of the claims forming group 1. Correspondingly, in the
following this written opinion is restricted (o group 1.

Reasoned statement with regard fo novelty, inventive step or industrial
applicabllity; cilations and explanations supporting such statement

4 MNovelty Claim 1

3.1 As already shown under point 2.3.1 above the subject-matier of ¢laim 1 is not
new {Aricle 33(2} PCT).

4 inventive Step Claim 1
Besides D1, which is considered 1o be the closest prior art to the subject-

matter of claim 1, also D2 could be regarded as the closest prior art the
subject-matier of cigim 1.

411 D2 discloses

A method of reducing the poliutant content in a poliutant-containing gas {see
§0142 and 0143), the method comprising:

obtaining or providing an activated carbon sorbent comprnising aclivated
carbon sorbert particles comprising nitrogen in a surface layer of the sorbent
particles (see daim 1}

4.4.2 The subject-maiter of claim 1 therefore differs from this kngwn D2 in that

a poliviant-coniaining gas is contacied with the activated carbon sorbent, o
form a poliutant-sorbent composition; and in that at least some of the
poliutant-sorbent compaosition is separated from the polivlant-containing gas,
10 give a separated gas.

4.1.3 There is no unexpecited technical effect related 1o that difference.

4.1.4 The problem to be solved by the present invention may therefore be regarded
as how to {o apply the method of D2 for reducing the pollutant content in a
potiutant-containing gas.

Form PLTASAMLET {Separate Sheet] (Sheet 5) (EPC-Aprd 2008)
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WRITTEN OPINION OF THE imernational apphcation No.
INTERMATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/AIS2014/018818

415 The solution proposed in claim 1 of the present gpplication cannot be

5.1

5.2

53

considered (o involve an inventive step (Article 33(3) PCT) for the following
feasuns.

it is common general knowledge for the skilled person to confact the sorbent
with {he gas 1 form a poliutant-sorbernt composition and o separale the
poliutant-sorbent compaosition from the gas (o give 3 separated gas. Also,
amongst many other documents he finds in D1 an indication (see cited
passages) with which he would contact the sorbent with the gas, thereby
forming a poliutart sorbent composition and separale this composition from
the gas 1o give a separated ¢as, thereby arriving at the subject-matter of claim
1 without being inventive.

Dependent claims

Dependent claims 2-9, 16-28, 38, 39, 48, 49 do not contain any features
which, in combination with the features of any ¢laim 10 which they refer, meet

the reguirements of the PCT in respect of novelty and/or inventive step.

Claims 2, 3

The subisci-matter of said claims is neither new (see points 2.3.1 and 2.3.2
above), nor inventive (see D2, claim 1 and §0143, mercury being an obvious
toxic substance whose removal from gas streams with activated carbon is
widely known in industry).

Claims 5, 8

1 discloses a sulfur{Vi} concentration in the mercury-containing gas {(see
2.3.2 above) and the claimed ranges for said concentration are considered o
be merely an arbitrary selection out of a variety of possible mercury containing
gases without showing an unexpected tachnical effect. The properties of the
activated carbon sorbent of D1 are considered to achieve the resulis claimed
in claim 5 with regard 1o corresponding activated carbon sorbents.

Claims 16, 17, 38, 38, 48, 48

Farm PCTASAZST (Separate Shew) (Sheer 8] (EROWAptt 20408,
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It is well-known in the art 1o add the sorbent info the mercury-containing gas
and to remove it alter a certain distance by various means like bag houses,
slectrostatic precipitaiors, cyclones or the like. As well, it is common general
knowledge (o contact the gas with the sorbent in a fixed bed, a dry or agueous
scrubber, a filter or a moving bed,

Ciaim 19, 21

D2 discloses a wide variety of possible nitrogen concentrations of the
aclivated carbon {(see claim 25), which is also considered to be applicable
gither to the surface andior 1o the core of carbon pardicles. Therefore, the
claimed ranges are not inventive.

Claim 24, 258

The claimed range of panicle diameters is considered an arbitrary selection
and activaied carbon particies in this range are known o the skiled person
{(see for reference D2, §01086). Furthermore, avary suiface is considered (o be
gontinuous and therefore also a surface layer.

Certain detects in the International application

& The requirements of Rule 8.3(b} PCY (wo-part form of independent claims)
and Rule 5.1{&)(#) and (i} PCT {acknowledgement of prior art D1) are not met.

Fosm PCTASARET (Separais Sheat) (Shaat 7 (EPC-Spnl 20085)
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US-6,960,329 11/1/2005 Sellakumar, Kumar M.

Us-7,017,330 3/28/2006 Bellows, James C.

US-7,081,434 7/25/2006 Sinha, Rahindra K,

Us-7,124,591 10/24/2006 Baer, Joan Mae, et al.

uUs-7,211,707 5172007 Axtell, Holly C, et al.

US-7,247,279 7/24/2007 Pahlman, John, et al.

Us-7,293,414 11/13/2007 Huber, David J.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Us-9,662,629 5/30/2017 Olson, Edwin S, et al.

US-9,669,355 6/6/2017 Qlson, Edwin S, et al.

Us-9,757,689 9/M12/2017 Olson, Edwin S, et al.

Us-20010002387A1 5/31/2001 Tsutsumi, Yoshio, et al.
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US-20010003116A1 6/7/2001 Neufert, Ronald
Us-2002/01505a1 10/17/2002 Pahlman, John E, et al.
US-20020033097A1 3/21/2002 El-shoubary, Youssef, et al.
US-20020043496A1 4/18/2002 Boddu, Veera M., et al.
US-20020134242A1 9/26/2002 Yang, Ralph T, et al.
US-20020150516A1 10/17/2002 Pahlman, John, et al.
US-20030057293A1 3/27/2003 Boecking, Friedrich
US-20030104937A1 6/5/2003 Sinha, R. K.
US-20030136509A1 7124/2003 Virtanen, Jorma
US-20030206843A1 11/6/2003 Sidney Jr, Nelson G
US-20030206846A1 11/6/2003 Jangbarwala, Juzer
US-20040003716A1 1/8/2004 Nelson Jr, Sidney
US-20040013589A1 1/22/2004 \osteen, Bernhard, et al.
UsS-20040076570A1 4/22/2004 Jia, Charles Q
US-20040109800 6/10/2004 Pahlman, John E, et al.
Us-20050000197A1 1/6/2005 Krantz, Jeffrey
US-20050019240A1 1/27/2005 Lu, Xiao-chun, et al.
UsS-20050074380A1 4/7/2005 Boren, Richard M, et al.
US-20050147549A1 717/2005 Lissianski, Vitali Victor, et al.
US-20050227146A1 10/13/2005 Ghantous, Dania, et al.
US-20060048646A1 3/9/2006 Olson, Edwin S, et al.
US-20060057044A1 3/16/2006 Chang, Shih-ger, et al.
UsS-20060112823A1 6/1/2006 IAvina, David Christopher
US-20060191835A1 8/31/2006 Petrik, Viktor |, et al.
UsS-20060204418A1 9/14/2006 Chao, Chien-chung, et al.
US-20070167309A1 7/19/2007 Qlson, Edwin S.
UsS-20070168213A1 TH9/2007 Comrie, Douglas C
US-20070234902A1 10/11/2007 Fair, David L, et al.
US-20070295347A1 12/27/2007 Paine Ill, John B, et al.
Us-20080080951A1 4/17/2008 Mao, Dongsheny, et al.
US-20080107579A1 5/8/2008 Downs, William, et al.
UsS-20080134888A1 6/12/2008 Chao, Chien-chung, et al.
US-20080182747A1 7/31/2008 Sinha, R. K.
US-20080207443A1 8/28/2008 Gadkaree, Kishor Purushottam, et al.
US-20080292512A1 11/27/2008 Kang, Shin G.
Us-20090031708A1 2/5/2009 Schmidt, Darren D.
UsS-20090062119A1 3/5/2009 Olson, Edwin S., et al.
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Filing Date April 12, 2018
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Edwin S. Olson

Group Art Unit 1736
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Unknown

[Sheet 5 0f 19

Attorney Docket No: 4820.001US8

US PATENT DOCUMENTS
Elxnai:‘:lai;'lfr USP Document Number Publication Date Name of Patentee or Applicant of cited Document

US-20090081092A1 3/26/2009 Yang, Xiaolin David, et al.
US-20090136401A1 5/28/2009 Yang, Xiaolin David, et al.
US-20090235848A1 9/24/2009 Eiteneer, Boris Nikolaevich, et al,
US-20090297413A1 12/3/2009 Olson, Edwin S, et al.
US-20090320678A1 12/31/2009 Chang, Ramsay, et al.
US-20100024842A1 2/4/2010 Fukumoto, Kazuhiro, et al.
US-20100047146A1 2/25/2010 Olson, Edwin S., et al.
US-20110076210A1 3/31/2011 Pollack, Nicholas R, et al.
US-20110168018A1 7M14/2011 Mohamadalizadeh, Ali, et al.
US-20120183458A1 7H19/2012 Qlson, Edwin S, et al.
US-20130280156A1 10/24/2013 Olson, Edwin S, et al.
US-2014/0224121A1 8/14/2014 Mimna, Richard A., et al.
US-20140056787A1 2/27/2014 Qlson, Edwin S, et al.
US-20140255279A1 9/11/2014 Olson, Edwin S, et al.
US-20140308188A1 10/16/2014 Qlson, Edwin S, et al.
US-20150098878A1 4/9/2015 Olson, Edwin S
US-20150246315A1 9/3/2015 Qlson, Edwin S, et al.
US-20170100692A1 4/13/2017 Olson, Edwin S, et al.
US-20170128908A1 5M11/2017 Qlson, Edwin S., et al.
US-20170173524A1 6/22/2017 Olson, Edwin S, et al.
US-20170173557A1 6/22/2017 Olson, Edwin S, et al.
US-20170239644A1 8/24/2017 Qlson, Edwin S, et al.
US-20180133646A1 5M17/2018 Pavlish, John H, et al.

FOREIGN PATENT DOCUMENTS

Examiner
Initial *

Foreign Document Number

Publication Date

Name of Patentee or Applicant of cited Document

T1

CA-1099490A 4/21/1981 Dedong, Geert, et al.
CA-2150329A1 12/29/1995 Scherer, Volker, et al.
CA-2327602A1 6/6/2001 Robles, Antonio
CA-2400898A1 8/30/2001 Maes, Rudy J, et al.
CA-2584327A1 4/13/2006 Pavlish, John H, et al.
CA-2757309A1 10/28/2010 Olson, Edwin S, et al.
CA-2757309C 1/3/2017 Olson, Edwin S, et al.
CN-101048218A 10/3/2007 Olson, Edwin S, et al.
CN-101053820A 10/17/2007 Geng, Jianming Qian
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Attorney Docket No: 4820.001US8

FOREIGN PATENT DOCUMENTS

Examiner Foreign Document Number

Publication Date

Name of Patentee or Applicant of cited Document

T1

Initial *
CN-101293196A 10/29/2008 Zhenglong, Yang
CN-101816922A 9/1/2010 Song, Hu, et al.
CN-102413899A 4/11/2012 Olson, Edwin S, et al.
CN-104519410A 4/15/2015 Olson, Edwin S., et al.
CN-104619410B 5/4/2016 Olson, Edwin S, et al.
CN-1048173A 1/211991 Guoguan, et al.
CN-105188910A 12/23/2015 Olson, Edwin S.
CN-107661744A 2/6/12018 Olson, Edwin S, et al.
DE-10233173A1 2/12/2004 \osteen, Bernhard, et al.
DE-202012003747U1  [11/15/2012
DE-3426059A1 1/16/1986 Seipenbusch, Jurgen, et al.
DE-3816600A1 11/23/1989 Kaizik, Alfred, Dr., et al.
EP-0208490A1 1/114/1987 Moller, Jens Thousig, et al.
EP-1386655A1 2/4/2004 \osteen, Vosteen Bernhard, et al.
EP-1458474 9/22/2004 Hammel, Charles F, et al.
EP-1570894A1 9/7/2005 Lissianski, V. V.
FR-2529802 1/13/1984 Pelosi, J., et al.
GB-2122916A 1/25/1984 Nishino, Hiroshi, et al.
JP-00256812 9/30/1997 Masanori, K., et al.
JP-4943197B4 11/19/1974 Yokota, Noriyuki, et al.
JP-4953590A 5/24/1974
JP-4053593A 5/24/1974
JP-4966592A 6/27/1974
JP-50145324A 3/311980
JP-506438B4 3/13/1975 Yokota, Noriyuki, et al.
JP-51003386A 11211976 Soya, Kensuke, et al.
JP-544868A 1/13/1979 Seki, Michiharu, et al.
KR-1020027006149 7/2/2002 Tsuyoshi, O., et al.
SU-1163982A 6/30/1985 Belozerov, |. M.
SU-732207A1 5/5/1980 Valueva, Svetlana P, et al.
WO-0162368A1 8/30/2001 Maes, Rudy J, et al.
WO-0228513A2 4/11/2002 Pahiman, John E, et al.
WO-03072241A1 9/4/2003 Hammel, Charles F, et al.
WO-2004083501A2 10/21/2004 Mazyck, D. W., et al.
WO-2004004024A2 11/4/2004 Olson, Edwin, et al.
WO-2006033007A2 4/13/2006 Olson, Edwin S, et al.
WO-2006033007A3 4/13/2006 Olson, Edwin S, et al.
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Attorney Docket No: 4820.001US8

FOREIGN PATENT DOCUMENTS

Elxamilner Foreign Document Number Publication Date Name of Patentee or Applicant of cited Document T1
nitial *

WO-2006099611A1 9/21/2006 Comrie, Douglas C, et al.

WO-2009018539A3 2/5/2009 Schmidt, Darren D.

WO-2010123609A1 10/28/2010 Qlson, Edwin S, et al.

WO-2013162968A2 10/31/2013 Olson, Edwin 8, et al.

WO-2013162968A3 10/31/2013 Olson, Edwin, et al.

WO-2014137907A2 9M12/2014 Clson, Edwin S, et al.

OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS
Examiner | Include name of the author {in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine, TA
Initial * journal, serial, symposium, catalog, etc.), date, page|s), volume-issue number{s), publisher, city and/or country where

published,

"Application Serial No. 10/554,018 Response filed 11-01-10 to Final Office Action mailed
04-27-10", 17 pgs

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

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

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

"Application Serial No. 10/554,018, Response filed 02-08-10 to Non Final Office Action
mailed 10-06-09", 9 pgs

"Application Serial No. 10/554,018, Response filed 08-10-09 to Restriction Requirement
mailed 06-09-09", 1 pg

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

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

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

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

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

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

"Application Serial No. 11/209,163, Response filed 03-24-08 to Final Office Action mailed
01-23-08", 29 pgs

"Application Serial No. 11/209,163, Response filed 07-09-07 to Restriction Requirement
mailed 06-07-07", 2 pgs

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

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

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

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

"Application Serial No. 12/184,860, Non Final Office Action mailed 01-19-11", 14 pgs
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OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS
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mailed 01-19-11", 12 pas

"Application Serial No. 12/184,860, Response filed 04-07-11 to Non Final Office Action

05-11-11", 11 pgs

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

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

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

mailed 04-16-09", 18 pas

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

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

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

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

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

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

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

10-14-10", 19 pgs.

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

mailed 02-23-11", 14 pgs

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

mailed 01-15-10", 22 pgs

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

mailed 08-04-11", 12 pgs

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

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

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

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

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

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

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

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

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

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

10-31-12", 19 pgs

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

mailed 02-14-13", 7 pgs

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

12-20-11", 11 pgs

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

EXAMINER

"Application Serial No. 12/429,058, Response filed 09-11-12 to Non Final Office Action
mailed 06-11-12", 16 pgs

DATE CONSIDERED

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

PAC ET AL. EXHIBIT 1023
Page 650



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

Under the Paperwark Reduchion Act of 1995, no persons are required to respond fo a collection of information unless it contams a vaid OMB confrol number,
) Complete if Known
Substitute for form 1448A/PTO
ubstiie forfom Application Number 15/951,970
INFORMATION DISCLOSURE Filing Date April 12, 2018
STATEMENT BY APPLICANT First Named Inventor Edwin S. Olson
(Use as many sheets as necessarny) Group Art Unit 1736
Examiner Name Unknown
sheet 9 of 16 Attorney Docket No: 4820.001US8

OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS

Examiner | Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine, T1
Initial * journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andfor country where
published.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

"Application Serial No. 14/102,898, Notice of Allowance mailed 06-10-16", 7 pgs

"Application Serial No. 14/102,896, Response filed 01-22-16 to Advisory Action mailed 12-
16-15", 11 pgs

"Application Serial No. 14/102,896, Response filed 06-22-15 to Non Final Office Action
mailed 03-23-15", 10 pgs

"Application Serial No. 14/102,896, Response filed 11-24-15 to Final Office Action mailed

08-26-15", 5 pgs
"AEEIication Serial No. 14/195,360, Corrected Notice of Allowance mailed 02-27-17", 2 ES
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"Application Serial No. 14/195,360, Corrected Notice of Allowance mailed 03-29-17", 2 pgs

"Application Serial No. 14/195,360, Final Office Action mailed 03-18-16", 18 pgs

"Application Serial No. 14/193,360, Final Office Action mailed 11-22-16", 7 pgs

"Application Serial No. 14/195,360, Non Final Cffice Action mailed 06-20-16", 11 pgs

"Application Serial No. 14/193,360, Non Final Office Action mailed 06-20-16", 11 pgs

"Application Serial No. 14/195,360, Non Final Cffice Action mailed 11-24-15", 19 pgs

"Application Serial No. 14/193,360, Notice of Allowance mailed 02-07-17", 3 pgs

11-22-16€", 7 pgs.

"Application Serial No. 14/193,360, Response filed 01-18-17 to Final Office Action mailed

mailed 11-24-15", 21 pgs.

"Application Serial No. 14/195,360, Response filed 02-22-16 to Non Final Office Action

03-18-16", 15 pgs

"Application Serial No. 14/193,360, Response filed 05-17-16 to Final Office Action mailed

"Application Serial No. 14/318,270, Advisory Action mailed 02-17-17", 4 pgs

"Application Serial No. 14/318,270, Corrected Notice of Allowance mailed 05-22-17", 2 pgs

"Application Serial No. 14/318,270, Final Office Action mailed 11-25-16", 25 pgs

"Application Serial No. 14/318,270, Non Final Office Action mailed 06-02-16", 24 pgs

"Application Serial No. 14/318,270, Notice of Allowance mailed 05-15-17", 8 pgs

11-25-16", 14 pgs

"Application Serial No. 14/318,270, Response filed 01-25-17 to Final Office Action mailed

11-25-16", 15 pgs

"Application Serial No. 14/318,270, Response filed 02-27-17 to Final Office Action mailed

mailed 01-14-18", 9 pgs.

"Application Serial No. 14/318,270, Response filed 03-02-16 to Restriction Requirement

mailed 06-02-16", 14 pgys.

"Application Serial No. 14/318,270, Response filed 08-22-16 to Non Final Office Action

"Application Serial No. 14/318,270, Restriction Requirement mailed 01-14-16", 8 pgs

"Application Serial No. 14/564,860, Final Office Action mailed 11-17-16", 4 pys

"Application Serial No. 14/564,860, Non Final Office Action mailed 07-12-16", 6 pgs

"Application Serial No. 14/564,860, Notice of Allowance mailed 01-30-17", 6 pgs

"Application Serial No. 14/564,860, Preliminary Amendment filed 12-10-14", 8 pgs

"Application Serial No. 14/564,860, Preliminary Amendment filed 12-10-14", 6 pgs.

mailed 03-16-16", 9 pgs.

"Application Serial No. 14/564 860, Response filed 05-06-16 to Restriction Requirement

mailed 07-12-16", 11 pgs

"Application Serial No. 14/564,860, Response filed 10-03-186 to Non Final Office Action

"Application Serial No. 14/564,860, Restriction Requirement mailed 03-16-16", 5 pgs

"Application Serial No. 14/712,558, Advisory Action mailed 02-12-18", 8 pgs
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Application Number

15/951,970

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

{Use as many sheets as necessary)

Filing Date April 12, 2018
First Named Inventor Edwin S. Olson
Group Art Unit 1736

Examiner Name Unknown

[Sheet 11 of 19

Attorney Docket No: 4820.001US8

OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS

Examiner | Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine, T1
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"Application Serial No. 14/712,538, Examiner Interview Summary mailed 03-05-18", 3 pgs

"Application Serial No. 14/712,558, Final Office Action mailed 12-06-17", 9 pys

"Application Serial No. 14/712,558, Non Final Office Action mailed 07-02-18", 16 pgs

"Application Serial No. 14/712,558, Non Final Office Action mailed 07-06-17", 7 pgs

12-06-17", 13 pgs

"Application Serial No. 14/712,558, Response filed 01-23-18 to Final Office Action mailed

12-06-17", 7 pgs.

"Application Serial No. 14/712 558, Response filed 04-02-18 to Final Office Action mailed

mailed 07-06-17", 12 pgs

"Application Serial No. 14/712,558, Response filed 10-08-17 to Non Final Office Action

"Application Serial No. 14/712,558, Supplemental Amendment filed 06-13-2018", 14 pys.

"Application Serial No. 14/712,558, Supplemental Amendment Filed 5-15-2018", 6 pgs.

6 pgs

"Application Serial No. 14/712,558, Supplemental Preliminary Amendment filed 05-15-15",

"Application Serial No. 15//974,343 Preliminary Amendment Filed 5-15-2018", 7 pgs.

"Application Serial No. 15//978,760, Preliminary Amendment Filed 5-15-2018", 7 pys.

"Application Serial No. 15/295,594, Preliminary Amendment filed 01-26-17", 8 pgs

"Application Serial No. 15/295,594, Preliminary Amendment filed 06-13-17", 7 pgs

mailed 05-22-18", 9 pgs.

"Application Serial No. 15/295,584, Response filed 07-03-18 to Restriction Requirement

"Application Serial No. 15/295,594, Restriction Requirement mailed 05-22-18", 6 pgs

"Application Serial No. 15/295,584, Restriction Requirement mailed 06-29-18", 5 pgs

"Application Serial No. 15/295,594, Supplemental Amendment Filed 5-15-2018", 10 pgs.

"Application Serial No. 15/382,114, Preliminary Amendment filed 04-04-17", 3 pgs

"Application Serial No. 15/449,112, Advisory Action mailed 04-24-18", 3 pgs

"Application Serial No. 15/449,112, Final Office Action mailed 02-15-18", 13 pgs

"Application Serial No. 15/449,112, Non Final Office Action mailed 09-27-17", 17 pgs

"Application Serial No. 15/449,112, Notice of Allowance mailed 07-12-18", 8 pgs

mailed 09-27-17", 16 pys

"Application Serial No. 15/449,112, Response filed 01-16-18 to Non Final Office Action

02-15-18", 13 pgs.

"Application Serial No. 15/449,112, Response filed 02-15-18 to Final Office Action mailed

02-15-18", 13 pgs

"Application Serial No. 15/449,112, Response filed 04-06-18 to Final Office Action mailed

"Application Serial No. 15/452,527, Preliminary Amendment filed 03-08-17", 3 pgs.

"Application Serial No. 15/589,359, Final Office Action mailed 06-04-18", 13 pgs

"Application Serial No. 15/589,359, Non Final Office Action mailed 02-21-18", 15 pgs

"Application Serial No. 15/589,359, Preliminary Amendment filed 01-03-18", 6 pgs
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DATE CONSIDERED
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OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS

Examiner | Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine, T1
Initial * journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andfor country where
published.

"Application Serial No. 15/589,359, Response filed 05-18-18 to Non Final Office Action
mailed 02-21-18", 14 pgs.

"Application Serial No. 15/978,760 , Response filed 07-13-18 to Non Final Office Action
mailed 06-29-18", 12 pgs

"Application Serial No. 15/978,760, Non Final Office Action mailed 06-29-18", 9 pgs

"Application Serial No. PCT/US04/12828, International Search Report mailed 10/22/2004",
2 pgs

"Application Serial No. PCT/US2014/0199186, International Preliminary Report on
Patentability mailed 09-17-15", 14 pas

"Application Serial No.14/195,360, Response filed 09-16-16 to Non Final Office Action
mailed 06-30-16", 12 pgs.

"Bromine and its Compounds”, Jolles, Z. E., Editor, Academic Press, Inc., New York, NY,
(1966), pgs. 193 and 205

"Canadian Application Serial No. 2,523,132, Office Action mailed 07-18-11", 3 pgs

"Canadian Application Serial No. 2,523,132, Response filed 01-16-12 to Office Action
mailed 7-18-11", 5 pgs

"Canadian Application Serial No. 2,584 327, Office Action mailed 03-03-09", 4 pgs.

"Canadian Application Serial No. 2,584,327, Office Action mailed 12-07-09", 2 pgs

"Canadian Application Serial No. 2,584,327, Response filed 03-19-10 to Office Action
mailed 12-07-09", 8 pgs

"Canadian Application Serial No. 2,584,327, Response filed 09-02-09 to Office Action
mailed 03-03-09", 21 pas

"Canadian Application Serial No. 2,707,363, First Examiners Report Received 6/16/11", 2
pgs

"Canadian Application Serial No. 2,757,309, Office Action mailed 12-07-15", 3 pgs

"Canadian Application Serial No. 2,757,309, Response filed 06-06-16 to Office Action
mailed 12-07-15", 13 pgs

"Canadian Application Serial No. 2,757,309, Voluntary Amendment filed 01-30-135", 27 pgs

"Canadian Application Serial No. 2,871,422, Response filed 02-26-16 to Office Action
mailed 09-09-15", 13 pgs.

"Canadian Application Serial No. 2,871,422, Office Action mailed 04-02-15", 5 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 04-24-18", 4 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 08-31-17", 4 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 09-09-15", 3 pgs

"Canadian Application Serial No. 2,871,422, Office Action mailed 12-22-16", 5 pgs

"Canadian Application Serial No. 2,871,422, Response filed 02-26-18 to Office Action
mailed 08-31-17", w/ Amended Claims, 53 pgs

"Canadian Application Serial No. 2,871,422, Response filed 06-21-17 to Office Action
mailed 12-22-16", 41 pgs
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STATEMENT BY APPLICANT First Named Inventor Edwin S. Olson
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"Canadian Application Serial No. 2,871,422, Response filed 08-28-15 to Canadian Cffice
Action mailed 04-02-15", 22 pgs

"Chinese Application Serial No. 200480017704 .4, Office Action mailed 12-08-11", (w/
English Translation), 6 pgs

"Chinese Application Serial No. 200480017704 .4, Response filed 01-20-12 to Cffice Action
mailed 12-08-12", (w/ English Translation of Amended Claims), 10 pgs.

"Chinese Application Serial No. 200580037037.0, Chinese Office Action, dated June 25,
2013 (and English translation)”, no english translation, 46 pgs

"Chinese Application Serial No. 201380033231.6, Office Action mailed 02-21-15", w/ Partial
English Translation, 6 pgs

"Chinese Application Serial No. 201380033231.6, Response filed 01-14-16 to Cffice Action
mailed 09-21-15", w/English Claims, 7 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 01-16-18", (English
Translation), 8 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 07-12-17", W/
English Translation, 8 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 07-25-16", (With
English Translation), 4 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 12-23-16", W/
English Translation, 39 pgs

"Chinese Application Serial No. 201480025701.9, Office Action mailed 12-23-16", 24 pgs.

"Chinese Application Serial No. 201480025701.9, Response filed 03-27-18 to Cffice Action
mailed 01-16-18", w/ English Claims, 20 pgs

"Chinese Application Serial No. 201480025701.9, Response filed 09-15-17 to Office Action
mailed 07-12-17", w/ English Translation, 21 pgs

"DARCO® FGD- Powdered Activated Carhon”, Norit Americas Inc. Datasheet No. 1100,
(May 2009), 1 pg

"DATABASE WPI Week 197450", Thomson Scientific, London, GB; AN 1974-86199V
XP002514926

"European Application Serial No. 05814011.2, Response filed 08-02-11 to European
Search Report mailed 04-14-09 and Office Actioin mailed 11-03-09", 20 pgs.

"Eurcpean Application Serial No. 05814011.2, Communication Pursuant to Article 94(3)
EPC mailed 11-05-09", 4 pgs

"European Application Serial No. 05814011.2, Decision to grant mailed 06-08-12", 2 pgs

"Eurcpean Application Serial No. 05814011.2, Extended European Search Report mailed
04-14-09", 13 pgs

"European Application Serial No. 05814011.2, Office Action mailed 01-25-08", 2 pgs.

"Eurcpean Application Serial No. 05814011.2, Office Action mailed 01-31-12", 4 pgs

"European Application Serial No. 05814011.2, Office Action mailed 04-27-12", 6 pgs

EXAMINER DATE CONSIDERED

* EXAMINER: Initial if reference considered, whether or nol citation is in conformance with MPEFR 609. Draw line through citation if nol in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant is 1o place a check mark here if English language Translation is attached
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T1

"European Application Serial No. 05814011.2, Office Action mailed 11-05-09", 2 pgs.

"European Application Serial No. 05814011.2, Partial European Search Report mailed 04-
14-09", 13 pgs.

"European Application Serial No. 05814011.2, Response filed 02-28-12 to Cffice Action
mailed 01-31-12", 30 pas

"European Application Serial No. 05814011.2, Response filed 04-18-08 to Office Action
mailed 01-25-08 and Third Party Observations submitted 12-04-07", 7 pgs.

"European Application Serial No. 05814011.2, Response filed 05-11-10 to Communication
Pursuant to Article 84(3) EPC mailed 11-05-09", 11 pgs

"European Application Serial No. 05814011.2, Response filed 05-11-10 to Office Action
mailed 11-05-09", 11 pgs.

"European Application Serial No. 05814011.2, Response filed 02-09-11 to Extended
European Search Report mailed 04-14-09", 20 pas

"European Application Serial No. 05814011.2, Third Party Observations submitted 03-19-
12", 7 pgs.

"European Application Serial No. 05814011.2, Third Party Observations submitted 12-04-
07", 5 pgs.

"European Application Serial No. 10767485.7, Decision to grant mailed 04-17-14", 2 pgs

"European Application Serial No. 10767485.7, Extended European Search Report mailed
12-06-12", 5 pgs

"European Application Serial No. 10767465.7, Intention to Grant mailed 03-17-14", 44 pgs

"European Application Serial No. 10767465.7, Intention to Grant mailed 09-30-13", 44 pgs

"European Application Serial No. 10767465.7, Response filed 02-03-14 to Intention to
Grant mailed 09-30-13", 11 pgs

"European Application Serial No. 10767465.7, Response filed 08-20-13 to Extended
European Search Report mailed 12-06-12", 18 pas

"European Application Serial No. 11189248.3, Communication Pursuant to Article 94(3)
EPC mailed 11-26-12", 4 pgs

"European Application Serial No. 11189249.3, Decision to Refuse mailed 12-19-13", 18 pgs

"European Application Serial No. 11189249.3, Extended European Search Report mailed
02-01-12", 7 pys

"European Application Serial No. 11189249.3, Office Action mailed 11-04-13", 4 pgs

"European Application Serial No. 11189248.3, Response filed 02-04-13 to Communication
Pursuant to Article 94(3) EPC mailed 11-26-12", 9 pys

"European Application Serial No. 11189249.3, Response filed 08-28-12 to Extended
European Search Report mailed 02-01-12", 9 pgs

"European Application Serial No. 11189249.3, Summons to Attend Oral Proceedings

mailed 04-15-13", 7 pgs

EXAMINER DATE CONSIDERED

* EXAMINER: Initial if reference considered, whether or nol citation is in conformance with MPEFR 609. Draw line through citation if nol in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant is 1o place a check mark here if English language Translation is attached
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Substitute for form 1448A/PTO Application Number 15/95 1,9?0

INFORMATION DISCLOSURE Filing Date April 12, 2018

First Named Inventor Edwin S. Olson

(Use as many sheets as necessarny) Group Art Unit 1736

Examiner Name Unknown

Sheet 15 of 19 Attorney Docket No: 4820.001US8

OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS

Examiner
Initial *

Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine,
journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andfor country where
published.

T1

"European Application Serial No. 11189252.7, Communication Pursuant to Article 94(3)
EPC mailed 01-09-13", 4 pgs

"European Application Serial No. 11189252.7, Decision to grant mailed 05-02-14", 2 pgs

"European Application Serial No. 11189252.7, Extended European Search Report mailed
01-23-12", 6 pgs

"European Application Serial No. 11189252.7, Extended European Search Report mailed
05-09-12", 12 pgs

"European Application Serial No. 11189252.7, Office Action mailed 10-30-13", 4 pgs

"European Application Serial No. 11189252.7, Office Action mailed 12-11-13", 6 pys

"European Application Serial No. 11189252.7, Response filed 02-11-13 to Communication
Pursuant to Article 84(3) EPC mailed 01-09-13", 5 pas

"European Application Serial No. 11189252.7, Response filed 10-10-13 to Office Action
mailed 04-15-13", 18 pys

"European Application Serial No. 11189252.7, Response filed 11-22-12 to Extended
European Search Report mailed 05-09-12", 13 pas

"European Application Serial No. 11189252.7, Summons to Attend Oral Proceedings
mailed 04-15-13", 6 pgs

"European Application Serial No. 13719338.9, Notification Regarding Rule 164 and Article
94(3) EPC mailed 04-24-17", 8 pgs

"European Application Serial No. 13719338.9, Office Action mailed 05-12-17", 6 pys

"European Application Serial No. 13719338.9, Office Action mailed 12-19-14", 2 pgs.

"European Application Serial No. 13719338.9, Response filed 06-29-15 to Office Action
mailed 12-19-14", 19 pgs.

"European Application Serial No. 147111086.6, Communication Pursuant to Article 94(3)
EPC mailed 02-22-17", 6 pgs

"European Application Serial No. 14711106.6, Response filed 08-17-17 to Communication
Pursuant to Article 94(3) EPC mailed 02-22-17", 10 pgs

“International Application No. PCT/US2008/071988, International Search Report mailed 01-
30-09", 3 pgs

"International Application Serial No. PCT/US82005/030018, International Preliminary Report
on Patentability mailed 12-27-06", 3 pgs

“International Application Serial No. PCT/US2005/030018, International Search Report
mailed 07-25-08", 2 pgs

"International Application Serial No. PCT/US2005/030018, Wiitten Opinion mailed 07-25-
06" 3 pgs

“International Application Serial No. PCT/US2010/022807, International Preliminary Report
on Patentability mailed 11-03-11", 6 pgs

"International Application Serial No. PCT/US2010/022807, International Search Report
mailed 02-13-10", 3 pgs

EXAMINER DATE CONSIDERED

* EXAMINER: Initial if reference considered, whether or nol citation is in conformance with MPEFR 609. Draw line through citation if nol in conformance and not
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Under the Pa@rwnrk Reduction Act of 1985 no persons gre reguired to I‘ESEI‘Id o a collection of informaticn unless it contams 3 vabd OME control number.

Application Number 15/951,970

INFORMATION DISCLOSURE Filing Date April 12, 2018

First Named Inventor Edwin S. Olson

(Use as many sheets as necessarny) Group Art Unit 1736

Examiner Name Unknown

Sheet 18 of 19 Attorney Docket No: 4820.001US8

OTHER DOCUMENTS — NON PATENT LITERATURE DOCUMENTS

Examiner
Initial *

Include name of the author (in CAPITAL LETTERS), title of the article {when appropriate), title of the item {book, magazine,
journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andfor country where
published.

T1

“International Application Serial No. PCT/US2010/022807, Written Cpinion mailed 09-13-
10", 4 pas

"International Application Serial No. PCT/US82013/036964, International Preliminary Report
on Patentability mailed 07-17-14", 11 pys

“International Application Serial No. PCT/US2013/036964, International Search Report
mailed 11-28-13", 7 pgs

"International Application Serial No. PCT/US2013/036964, Invitation to Pay Additional Fees
and Partial Search Report mailed 08-02-13", 7 pgs

“International Application Serial No. PCT/US201 3/036964, Written Cpinion mailed 04-153-
14", 10 pgs

“International Application Serial No. PCT/US201 3/036964, Written Cpinion mailed 11-29-
13", 13 pgs

"International Application Serial No. PCT/US82014/019916, International Search Report
mailed 10-13-14", 6 pgs.

“International Application Serial No. PCT/US2014/019916, Invitation to Pay Additional Fees
and Partial Search Report mailed 05-30-14", 6 pgs

"International Application Serial No. PCT/US2014/019916, Wiitten Opinion mailed 10-13-
14" 13 pgs.

"Powdered Activated Carbon”, Cabot Corp, [Onling] retrieved from the internet:
<http://www.cabotcorp.com/solutions/products-plus/activated-carbon/powdered=>, (01/03/15),

3 pgs

"Response filed 09-04-17 to Notification Regarding Rule 164 and Article 84(3) EPC mailed
04-24-17", 7 pys

"Supplementary European Search Report, dated December 6, 2012", 2 pgs

ARENILLAS, A, et al., "CO2 removal potential of carbons prepared by co-pyrolysis of sugar
and nitrogen containing compounds”, Journal of analytical and applied pyrolysis 74.1,
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@ ABSTRACT OF THE BISCLOSURE ﬁPR 21 298%

Removal of mercury from mercury vapour-containing gases
by passing them continuously through a bed of active carbon on
which a halogen is adsorbed having a thickness of at moat 5 om,
while maintaining the chlorine content of the active curbon batwaeen
3 and 12% by welght. This iz preferably effected by adding to said
gazes chioring in an amount such that the carbhon is caused ko

abgerb a guantity therecf which eguals the guantity that is con-

sumed during the adsorpiion of mexcury.
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The present invention relatesz to a process for removing
mercury from mercury vapour-containing gases by contacting theae
gazes_with activated carbon on which a halogen is adsorbed.

A process of the type indicated above disclosed, inter
alia, in United States Patent Specifications Nos., 1,384,164 and
3,849,267, According o the former patent specification a halogen,

wore particularly iodine, is previously applied to the carbon,

" whersas according to the latter patent specification a gas con-

taining mercury and chlorine is passed over activated carbon, as a
result of which the mercury content of the gas can be reduced to
B.01 mg/m3.

Moreover, in Soviety Chemical Industry 1972 (no. B

res

535~536, and from Taver. Metally, 49%5% (31) p. 31-37, the use is
disclosed of carbon loaded with chlorines as adsorbant of mercury-
containing gases. JIn these publilications mention is made of chiorine

contents of the cavbon which do not axceed 4% of the carbon weight.

For practical purposes the methods deseribed are not attragtive in

that the Ffilter thicknesses raquired ars unacceptably high or the
regidual copncentrations of mercury are higher than the onss obtainad
with the present invention.

Applicant haz found that the long-term sffectivensss of
these methods is very much dependent on the halogen content of the
activated carbon and that a process for the continuocus removal of
meroury vapour from large amounts of gas iz only suitable to bhe
applied in actual practice if the activated carbon contains chlorine
in an amount which is batween particular critical limits.

According £o the présent invention in a process of the
type indicated heretofore the gas to be freed from Meroury vapour
is continuously passed through a bed of activated carbon having Q
maximum thickness of 3 om, care being taken that during said passage
the sctivated carbon has a chlorine content in the range of from

% to 12% by weight,

o1 =S
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It.has been found that the use of 2 lower chlorine content
will resuit in the bhed retaining a low percentage of mercury. A
total absense of chlorxine will cause this percentage to be lower
than 50%; and after a faw days it will drop. to a few per wenkt. The
total amcunt of mercury which can be retained by the carbon than
will be well below 0¢.1% mercury, caleulatsd on the weight of the

carbon. At a chlorine content which is somewhat lower than the

‘minimum amount reguired the pereentage of mercury collscted will

initially be good {over 90% of the mercury present can be collected

initially}. But this percentage will rapidly decrease to helow §0%

and the carbon will be found to be irreversibly clogged. In other

words the effectiveness of the carbon cannot be restored by a
chlorinating treatmeni then and rageneration of the carbon by remov-

ing the mercury collected by it iz not very wall feasible. at a

<hiorine content above the above-mentioned maximum limié the carbon

ig found to release much chiorine during the process and morsover,

especially when the air passed through contains a high percentage

of moistore, the carbon will be attacked, rasulting in mechanical
weakening; it must therafore ba soocner rveplaced than whesn the
chlorine content is within the above-spacified limits. The chlorine
content can be kept betwsen the sfore-mentioned limits in a szimple
manner by adding such an amount of chlorine to the gas that the
carbon will adsorb therefrom as much chlorine as will be lost from
it during the adscrption of the mercury. This loss of chlorine
during the adsorption of the mercury is the vesult on the ona hand
of desorption and on the other of ths formation on the carbon of
marcury chioride, and is moreover dus to reactions betweesn chlorine
and other constitusnts of the ailr, particularly water. It hasz been

found that a stable situation ran be reached when the chlorine

. content of the gas is such that per atom of mercury 15 to 25 atoms

of chlorine are present in it. Po this continuous feeding of chlor-

ine there may be very special advantages. Such is the case when the

- 2 -
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gases to be treated already contain some chlorine, which will

-

inevitably be present in it in a very low concentration for in-~
stance in rooms in which common salt is subjected to hydrolysis.
Chlorire need then be added only until! the desired level has besn
reachad,

it should be noted that according :o United States Patent
Spacification 3,849,287 foolumn 2, linss 1~10) gas containing mer-—
cury and «hloring aslse is brought into contact with activated carbon.
In that case, however, the chlorine content is not zwontrolied; for
as minimum concentration of mercury contained in the purified gas
3.01 my per-m3 is mentionad. This points to the fact that the
c¢hiorine content of the carbon must have been bayond the limits
indicated.

Ancther particularly attractive way of keaping the chiorins
content of the activated varbon within the limits indicated c&nsists
in that the carbon is periodically contacted with a chlorina-

containing gas. In this pericdic chlorine makewup it must be

ansured that the chlorine contesnt of the activated carbon does not

temporarily get beyond the limits indicated, in which case the
abova-described disadvantages may be encountered. In actual practiocs
it i3 found éhat when the chlorine content is made up once a week
vary favourable xasults can be obtained. PFor in one wesk the
collecting capacity of the carbon for marcury is reduced by as
little as less than 5 per cent. Ay subsegquently contacgting the
activated carbon with 2 chlorine-gontaining gas the ariginal
collecting capacity is restored. fThe amount of chlorine the achi~
vated carbon is made to adsorb when it is pericdically treated with
& chlorine-contalning gas may for instance be 0.30-0.40% of the
waight of the carbon.

It has been found thatuse of the process according to
the invention may lead to very favourable results wikh gases having

& mercury content of about 0.01«0.15 mq/m3. Acgording to the inven-

.-
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tion, this content nmay be reduced to 0.0601-0.008 mg/mS, which is a
level that is quite acceptable cnder all circumstances and cannot
be attained with any of the known processes. At higher meroury
contents of the gas o be purified it is recommended that the air
should first be subijected to some other mercury-desorbing process,
for instance by washing with a sodium hypochilorite solution or
using the method described in United States Patent Specification
3,849,267,

Further advantages of the present method arae thai the
desired result can be cbiained with wery short contacting times in
the range of 235 to 100 milliseconds and that, depending on the
initial mercury content and the chosen contacting time, the percen-
tage mexcury collected is betwesn 85 and 993, Dwing to the short
contacting times thers isg only nmed to use thin {and hance inexpen-
sive} carbon beds. Excellent results are obtained with a carbon

bed baving a thickness of, for instance, 2 em. With the process

according to the invention it ig genarally possible with L kg of

activated carbon to treat gas at a rate of 50 ko 200 me per hour.

In the procese according to the invention the effective life of

- the carbon is extraordinarily long. At a mercury content of the

gas of §.05 mg/m3 and a passags of 100 m3/h per kg of carbon the
expected effective life obtained according to the present inveniion
is over 480 daysa.

Should the carbon be loaded with mercury, i.e. mercury
chloride, to such a degree that its sffectivenmss will decrease,
then it can be regenerated in a simple manner for instance by
waghing with an agueous liquid containing chloride ions. In a
mercury electrolysis apparatus preferably use is made for this
purpose of process liguids, so that the mercury compounds released
upon regeneration are fed back into the process and no secondary
contamination takes place during regensration. After the greater

part of the mercury presant has been removed, the carbon is washed
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with water to get rid of any clogging salts. After drying and
loading with chlorine ithe carbon is ready to beused in a2 new
adsoxrption period.

| Regeneration of the carbon lcaded with mercury is poasible
in that the mercury is present on it in the form of mercury chloride
which is converted into water-scluble complex compound in a chloride-
containing aguecus solution.

An unduly high molsture content of the gas from which

marcury is to be removed should be avoided because the effectiveness
of the activated carbon is reduced then and wabter is collected

ingtead of mercury. It is praferred that the relative humidity

F)

ghould be kept below 75%. The relative humidity can bs controllsd
in such a way that the excess water is izclated by previous cooling
or the gas is heated to a temperaturs such that the desired relative
huﬁidity is obtailned.

In the process according to the invention use may be mada

of normal activated carbon.. So there ig no need to amploy sbecially

prepared sarbong or other costly sorbents. Preferencs is given to

the use of extruded carbon granuleg having a diameter of about 1.5
mn. The process sceording to the invention may be applied in the
remeval of mercury from, for instance, hydrogsn gas. The process
is particularly suitable for the removal of mercury from air which
is wvented from plant buildings by fans. The mercury content of

zuch air is usually low because people who have o work in iL must

. not be exposed to high mercury concenbtrations. The velumeas of alx

to be digcharged then are therafora generally large.
The process according te the invention is attractive
especialiy in that it provides an inexpensive treatment of very
large volumes of alr having a low mercury content. As a result,
even small environmental pollution by mercury can still be furtherw
reduced. If the air to be purified is not dust~free, this doss notb .

present any difficulty because the presence of dust does not have
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any unfavourable influence on the process.

bz the uswal fang generally have a swmall head, the air to
e vented by them can be passed only through filters having a low
rezistance. That is why the process according to the invention is
so. important; for the filters to be used need only have a small
thickneas,

The present invention iz further illustrated by way of
the following Examplaes.
Example 1
FProm a room in which scodium chloride is subijectsed to glectrolysis
by the smalgamation process ailr iz withdrawn at a rate of lcﬁlﬂs
m3 per hour by means of 25 fans.
Thiszs air c¢ontaing mercury vapour in an amount of about £.03 mg/mB. |
Per fan, this air, which has a relative humidity cf 50% at a tsmp-
erature of 32°C, is pasged through a filter bed having a surface
area of 37 m°. The alr displacement per fan is 40 = 157 m/h. The
bad iz formed by a 1.6 om thick laver of granules of activatad
carbon 1.5 mm in diameter. The pressure drop across the filters
ism iegs than 10 me hydrostatic heaﬁ, The amount of carbon is 358
kg per fan. Before use the carbon s contacted with a ¢hlorine—
containing gas until the chlorine content is 7% by weight. The air
is pessed bthrough the filters at a rate of 0.5 misac., 20 that the

contacting time is 2?.1ﬂn3 gec. After the air has left the {ilier,

T its mercury content is less than 0.044 mg/cma, 50 that the affective-

ness of the filter under these conditions is more than $2%. Affer
the filter has been in use £or a wesk, its effectiveness has
dacreased to 88%.

Then air contalining 60 mg of chlorine per m® is passed
through for 30 minutes and the free chlorine content of the activated |
carbon is restored to 7% by weight. Upon the subseguent passage 1

of mercury-containing air the effectivensss of the mercury removal

iz again found to be more than 92%.
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After one yeaxr's operation of the system in the above-
described way the mercury content of the carbon is 4.3% by weight.
The carbon is then regererated by washing for 18 hours with a
consentrated hydrochloric acid solution. Subseguently the hydro-
chloric acid is removed by washing with water, after-ﬁhich the
carbon is dried by passing air through it.

When the carbon is dry {drying time about 1 hourd, it is
lvaded with chlorine up to the oviginal level, after which it is
ready again for further adsorption. In an superiment in which the
chlorine content is made wup when the effectivensss of the mercury
removal is 86%, it can be restored to 92% in the above-degoribed
way. In an experiment in which the chlorine make-up ls not carried
out unﬁil the effectiveness of the mercury removal has decreassd to
84%, it is found that it can no longer be rastored bo %2% by
chiorine make-up. The chlorine content has then been rveduged by

adsorption to a level such that the decrsase has becoms irreversible.

Example 2

From a room in which sodium chiloride is subiected to slectrolyasis
by the amalgamation process air is withdrawn in the way described
in Example L. The air is treated in the manner indicated in Bxample

1, except that the carbon is not pericdically brought into contact

- with a chlorine-containing gas. In this case the chiorine content

of the carbon ia kept at the desired level by having the fan air
continuously contain a small amount of chiorine.

The chilorine content of the air i3 0.35 p.p.m.

In this way the effectiveness qf the maroury ranmoval can
e kept at 2% for ayear, with the mercury content of the purified
alr amounting to less than 0,004 mg{mB.

whan the chlorine content of the air has been reduced
until the effectivensss is less than 84%, the decrease is found to
be irreversible. By increasing the chlorine feed rate i1t can no

long be restored then to the originally bigh level.
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THE EMBODIMENTS OF THE IRVENTIOM I¥ WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLATME! ARE DREFINED AS FOLLOWS:

1. In a process for removing mercoury from a marcury
vapour-oontaining gas by contacting the gas with activated carbon
on which a halogen is adgorbed, the improvement in which the SRS
to be freed from mercury vapour is continucusly passed through a
bed of activated carbon baving a mawimum thickness of 5 om, care
“:being tzken that during sald passage the amctivated marbon has a
chlorine content in the range of from 5 to 12% by weight.

2. A provess according to slaim 1, in which the o lorine

content of the activated carbon is kept within said limits hy adding

Quch an amount of ohlorine as is iost from it during the adsorption
of the mercury. '

3. A provess according to claih 2, in which the chlorine
content of the gas iz such that per atom of mercury 13 to 20 atoms
of chilorine ave present. |

4. A process according to claim 1, in which the chlorine
contenﬁ of the activated carbon is kept batween ssid limits by

periodically contacting the carbon with a chloring-containing gas.
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ABRSTRACT QF THE DISCLOSURE.

A& method and apparatus for the continuous separation of
mercury from flowing gases, in particular from exhaust gases from
thermal precesses, e.g. melting of mevcury containing glas shards
from fluorescent lamps. At least one halogen, in particular
icdine and/or bromine, is added to the gases when they flow into
a reaction vessel. The halogen reacts with the mercury to form
mercury halide, which is separated in the solid state from the
gases prior to their gutflow frow the reaction vessel, for
example by depositicn on a cooled metal surface or by filtration.
Excess halogen is separated by means of adsorption. A regulating
device is optionally provided which readjusts the feed rate of
the halogen in such a way that a predeternined small METCULY
concentration is set in the outflowing gases, &.g. less than 0.2
my per m of gas.
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AN THE UNITED STATES PATENT AND TRADEMARK OFFICE

"METHGD AND RPPARRATUS POR CONTINUOUSLY
SEPARATING MERCURY FROM FLOWING GASES”
Reference to related patent and spplication, the digclozures
of which are hereby incorporated by refsrence:
U.8. 4,729,882, Ide et al.:
International Application PCT/EP 92/01357, published WO

93702773, U.8. designated, Kirzinger et al.

reference to related patente:
Buropean 0 28% 810 A1, Voug;
German 41 40 988 Cl, E8rner et al.

# * & ¢ R &k %

FIgLD OF THE INVENTION,

The present invention relates to an apparatus and
method for continuocusly separating mercury from flowing gases,
in particular from exzhaust gases of thermal processes. Such
gasges arise during operation of & glasz melting installation
for fragmented mercury-containing lightbulba, e.g. fluorescent

lamps or metal halide lamps.

BACRG 3

Conventionally, some mercury separation methocds
employ activated charcoal for binding the mercury. For

example, the activated charcoal may be in the form of filters

or screensg, and

27813-39
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possibly used for pre~cleaning (for example WO 33/02773,
Rirzinger et al.). Since activated charcoal is highly flammable,
its employment is limited to cleaning gases at an appropriately
iow temperature.

The following methods are suitable for higher gas
temperatures. Lime, to which green coke has been added, is used
as the reaction agent for binding mercury, see EF 0 28¢ 810. The
mercury-green coke-adsorbate baing generated is separated in a
precipitator and stored. A large amount of special waste is
ganerated, which is disadvantagesus for this tvpe of nmethod.

Another method invelves bringing the mercury- containing
gases into contact with preciocus metal halides. In such a
method, the precious wmetals are reduced and the corresponding
mercury halide is sepavated. However, high costs are incurred
because of the uss of precious metals.

Some amalgam~forming metheds are known., In the sinmplest
case, a sheet metal plate forming an amalgam is disposed in the
gas flow.. The relatively small surface and the resultant short
service times are disadvantageous. To aveid this problem, it is
proposed in the German Patent Disclosure Document DE~0S 41 40 969
to apply amalgam—~forming metals, for example gold, zilver,
coppar, tin, zine, palladium, iridium, or rhodium, on a substrate
with a large inner specific surface (up to approximately
80 m* /g}. Howsver, the cost of these metallized substrates is
high.

A method for cleaning mercury-containing gases from
municipal waste incineration plants is disclosed in US Patent No.
4,729,882, Ide et al. In a first method step the mercury is
converted to water-soluble mercury chloride by the addition of
chlovine gas. The mercury is washed out of the gas in a
subsequent wet~chemical method step by means of a washing
solution. However, the high chemical aggressiveness of chlerine
is disadvantageous. Furthermore, wel washing causeszs an
additional pressure loss in the gas flow which is aguivalent to
an increased energy outlay.
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THE _INVENTION,

It is an object of the invention to provide an efficient
method and apparatus for separating mersury {Hg} from gases on a
large industrial scale and so that the threshold values for
wsroury concentrations in exhaust air fall below those prescribad
in the relevant regulations, while overcoming the previously
mantioned disadvantages.

Briefly, at least one halogen X, in particular iodine
and/or bromine, is admixed directly and eontinmuously at a
controllable feed rate to mercury-containing gas in order to
thereby trigger a guantitative reaction of Hg + X, —> HgX,. By
means of this reaction the concentration of glementary mercury in
the gas flow is directly reduced. The mercury nalida(s) HYX,
generated in the course of the reaction is or are subsequently
separated in the solid state from the gas flow, possibly together
with further mercury compounds present in the gas flow.

Todine is a preferred reactant, because it reasts well
with mercury to form mercury jodide. It is furthermore
advantageous in that as compared to chleorine and fluorine, iodine
is eclearly less chemically aggressive. In addition, METCULY
iodide has a lesser water solubility {approximately C.005%) than
mercury bromide (approximately 0.62%), mercury chloride
(approximately 6.9%) and mercury fluoride {dissociates), as well
as a relatively high evaporation temperature (approximately
334°C). Because of this, the humidity and temperature of
mercury-containing exhaust gases have a lesser effect on the
separation of the mercury iodide than with the other marcury
halides mentioned. In spite of this, however, it is possible in
principle to employ halogens other than iodins as reactants,
provided a reduced efficiency of the separation is accegptable.

t is alsc possible to use two or more different types of
halogens simultaneously as reactants.

In & first embodiment of the inventien, the halogen is
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continuously supplied in manually preset amounts. Optionally,
the feed rate of the halegen{s} is increased to such a degresa
that the gas flow shows an excess of halogen. In this manner, the
elemental mercury can be completely converted to the greatest
extent into mercury halide(s} and separated from the ga3s flow.
The excess halogen contained in the gas {low after the reaction
is separated in a further method step.

In a second embodiment of the method, the Mercury
concentration is selectively and continueusly measured following
the reaction. 7The fesd rate of ths halogen{s} is readjusted as a
function of the measured valus in szuch a way that a preselectable
threshold value of the marcury cencentration oceurs, particularly
less than 0.2 mg mercury per ©»’ of exzhaust gas. In a prefarred
embodiment of the method, the mercury concentration is adjusted
to a value which, although lying below a prescribed threshold
value, lies above zero. Overdosing with halogen is prevented in
this manner, even with fluctuating meroury concaentrations in the
inflowing;gas. Accordingly, in this embodiment it is possible to
omit the additional method step for separating excess halogen,
which is generally required with the uncontrolled msthod. A
further advantage is the flexible adaptation of the supplied
amount of halogen te fluctuating mercury concentrations. Halogen
uge is reducad to a minimum as well. This embodiment is
particularly efficient,

A basic apparatus which carries ocut the method in aceordance
with the invention has a reaction vessel open on hoth ends,
wherein the mercury-containing gases flow in through its first
open end and flow out through its second open end. The flow can
be created by thermal convection or by means of a blower. Tha
reaction vessel is preferably pipe~shaped and the cross sectisn
<an be arbitrary, for example circular or polygenal, e.q.
rectangular. The reaction vessel has a supply or feed device for
supplying at least one halegen or for placing the halogen into

PAC ET AL. EXHIBIT 1023
Page 684



14

13

20

25

30

2150529

the reaction vessel.

In addition, the apparatus provides a separating device, in
which the mercury halida{s) can be saparated from the gas flow in
the solid state, possibly together with further mercury compounds
present in the gas flow. In the process, the mercury halids
aither (a) cools to a temperature below the evaporation
temperature in the separating device or (b} flows at an already
appropriate temperature into the separating device. When
employing two or more halogens, cooling is performed to below the
lowest evaporation temperature of the meroury halides used. For
example, for mercury iodide and for mercury bromide the
evaporation temperatures are approximately 354°C and 319°C,
respectively. Thus, if both halogens are used, the temperabture
must be lower than 3198°C.

In a preferred form of the first embodiment, a heat

exchanger is used as the separating device. The advantage here
is that by this step the energy balance is improved at the sane
time and <in this way the efficiency of the entirs systen
increasad. In conventional installations the heat axchanger is
primarily used in a manner known per se for the partial return of
the process heat containad in the exhaust gas. For this purpose
the heat exchanger has a large effective surface cooled by a
fluid. The mercury halide{s) is {are) depositsd thereon.
Because of this, the effective flow cross ssction of the heat
aexchanger is increasingly reduced and as a consequance the flow
resistance is increased. If it exceeds a threshold value, the
haat exchanger must be clzaned. The time whan a change i1s due is
determined by means of two prassure probes, cne in the infiow and
the other in the outflow of the heat exchanger. With the flow
speed belnyg constani, the pressure differasnce betwsen the two
probes, l.e., the pressure losgs caused by the heat awchangeyr, is
a direct measurement of the flow resistance.

in the second embodiment, a filter is used as the separating
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unit, for example an electrostatic filter {E~-filter} or a
mechanical one., The advantage of the B~filter is a reduzed
pressure loss and consequently a veduced additional snergy
cutlay. However, a mechanical filter, for example a conventional
fibrous or textile filter, is cheaper.

To assure intimate mixing and reaction of mercury and
halegens, a minimum distance must be maintained between the
region where the halogen(s) enter(s) and where the corresponding
mercury halides are separated from the gas flow. In individual
cases this depends on the respective flow conditions and the type
of admixture of the halogen{s). In a conventional exhaust gas
installation the minimum distance is six times the hydraulic
dizmeter of the exhaust gaz conduit. It mav be advantageous to
assist admixing by suitable elements for the generation of Fflow
eddies disposed in the intericr of the reaction vessel.

The apparatus may have a second separating device. By
means of this second separating device, halogen, which may be in
excess after the reaction, is separated from the gas chamber, for
exanple by means of an adsorption agsnt.

Preliminary tests with iodine have shown that aluminumm chips
are well suited as an adsorption medium. With dry gases it was
possible to achisve an icdine absorption of 60 percent by welght,
and with moist gases, such as is the general case with fossil-
fired thermal processes, an icdine absorption of 40 percent by
weight, at least, related to the adsorption medium. In
comparison therewith, a clearly lesser iodine absorption was
nazasured in the case of zinc chips (with dry gases, only
i3 percent by weight). Aluminum chips, such as occuyx as waste
products in machining cperations, for example, are suitable,
However, prior to their use as an adsorption agent, it is
necessary to remove adhering lubricants which are often present.

in contrast, aluminum needles have not proven themselves
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useful because of the high apparent welght. also, the air
resistance of a corresponding filter is too great and the nsedles
tend to adhere together, particularly with meoist gases.

An apparatus for realizing the method in accordance with the
invention with controlled halogen metering zdditionally has an
Hg-measuring device for measuring the concentration of elemental
RRTCUry, as well as a coptroel and regulating unit connected with
the Hg-measuring device and acting on the feed device for the
halogen. The measuring sensor of the Hy-measuring device is
disposed at a distance downstream from the place where the
halogen is added; the distance corrasponds to at leamst six times
the hydraulic diameter of the reaction vessel. This assures that
at the place of measuring, the previously metered and supplied
halogen has reacted essentially completely with the mercury and
that thersfore the actual remaining concentration of elemental
mercury is measured,

The second separating device for separating excess halagen
in the controlled apparatus may be omitted. The control unit
preferably is adjusted in such a way that although the remaining
concentration of mercury in the exhaust gas lies below a
prescribed threshold value, it still lies above zero. In this
way overdosing with halogen is impossible, i.e., the outflowing
gas is sufficiently free of halogen even without an appropriate
separating device.

DRAFINGS:

The inventien will be ewplained below by wmeans of some
exemplary embodiments.

Fig. 1 is a schematic flow diagram of the methed for the
continuous separation of mercury from flowing gases in accordance
with the invention. The additional method steps reguired for a
controlled operation (second embodiment) are those framed by
dashed lines.

Pig. 2 is zchematic representation of an apparatus for
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execuling the directed embodiment of the method of FPig. 1.

Fig. 3 t35 a schematic representation of an apparatus
for executing the controlled embodiment of the method of

Fig. 1,

Fig. 4 is s schemalilc fragmentary view iilustrating

the separating device in form of a heat exchanger.

DETAILED DESCRIPTION:

Fig. ? shows an apparatug 8 for performing the method
of the first embuodiment of the invention. The apparatus uses
iedine as the reactant for the mercury and comprises the
following components & tubs-shaped reaction vesgel 2 that iz
open at both ends and has a circular cross section, and a feed
device 3-4-5 for introducing the fodine into the reaction
vessel. The feed device inciudes at least one reserveir 2,
witich contains at isast one halogen such as solid iodine and
which is connected to a halogen holder 4, e.g. an evaporation
frough, for charging the holder 4 with the halogen, The
holder is displaceable {2.9., in a dirsction transverse to
that of the gas flow) via a digplacement unit & driven by a
motor M. The apparstus also invludes within the reaction
vegsel 2 a separation device &, such as a fibrous or textile
filter or an electrostatic filter 6a (Fig. 3}, snd an
adgcrption agent 7.

The feed device introduces at least one halogen into
the reaction vessel 2, so that a predetsrmined amount of the
appropriate halogen vapour is admixed wikh the gas flow. The
evapnration holder 4 iz introduced into vessel 2 by driving

_8._
27813-3¢
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the displacement unit 5, e.¢g. a supply belt, with the motor M.
The reserveir 3 is external to the reaction vessel 2; the
temparature of the halogen within the regervoir 3 may be
approximately 30°C which ig lesg than the temperature of the
gas flow within the reaction vessel 2.

The reaction veasel 2 is placed into an exhaust air
condult of a glase melting installation {not shown) for
mercury-containing fragments of light bulbs. Mercury-
containing gases fiow through it in the direction of the
arrow, wherein the gases flow in through the first open end of
the reaction vessel 2 and, after having passed through the
adloining reaction ares B8, flow out through the second 5pen
end of the reaction vesgsel, esgentially free of mercury.

The evaporation holder 4 of the faed device is
icrated in the area of the first end of the reaction vessel 2
and 18 charged with sbliﬁ iodine from the regervoir 3. The
feeding rate of gaseous lodine to supply the gas flow
corresponds to the svapeoration rate of the icdine and can
therefore be affected by the temperature of the evapcration
holder 4 angd by the iodine surface syposed inside the reaction
vessel, 1.e., by the manuaslly preselsectable length of the
partial area of the evapcoration holder 4 introduoced into the
reaction vessal 2. A heat exchanger 2% can be located
upstream of the feed device 1f the temperature of the Hg-laden
gages entering vessel 2 is excessively high.

Because of the gas flow, the individual gae
components are miged with each other relatively guickly in the

adioining reaction region 8 and the iodine combines with the

- .
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mercury to form mercury ledide.

Within the reaction area &, whose length L
corresponds to approximately six times the diameter [ of the
react ion veassel 2, the reaction vessel 2 may have a simple and
therefore cost-effective separation device 5 in the form of a
fibrous or textile filter, which filters out the mercury
iodide. The installaticn position of the apparatuz {| in
relation to an exhaust gas conduit (not shownd and the
connection position of the upstream heat exchanger 25, bring
the mercury lodide flowing through the vessel 2 and then
through the fibrous or textlle filter 6 to a temperature below
the svaporation temperature of the lodide (approximately
354°C}, The downstream-conpectad adsorption agent 7 1s made

of aluminum chips at whoge surfaces possible excess iodine ig

adsorised,

- Bg -~
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The particular advantage of this apparatus lies in its
simple and cost-efficient design. However, the evaporation rate
and therefors alse the metering of the iodine is possibly
affected by the temperature of the gas flowing around the
evaporation trough 4. In that case it is not possible to use
very small metered amounts and it way be necesgary toe accepk
overdosing.

In a particularly simply designed and therefore cosi~
effective embodiment, the supply or feed device consists of a
wide-meshed metal net. It extends preferably over the entire
cross section of the reaction vessel and is partially coversd
with solid iodine. The gases fiow around the iodine through the
uncovered mash of the metal net, heat it and gensrate the desired
vapor pressure. This embodiment is suitable for uses which do
not reguire the exact control of the feed rate of halogen.

Fig. 3 schewatically illustrates an apparatus ¢ for
carrying out the method in accordance with the second embodiment
of the invention. The basic design is similar to that in Pig. 2.
The flow directien has again heen marked by arrows. The
difference with respect to the embodiment of Fig. 2 lies in a
changed feed device for the isdine, an additional ragulating
device and the omission of an adsorption agent.

The feed device uses a thermostat~ controlled reservoir 11
of solid iodine 12, a suction line 13 provided with a blowhack
safety valve 14 and drying cartridge 15. The suction line 13
terminates in the reservoir 11 via a contrellable prassure puRpp
16 and a continuous pressure line 17. A supply pipe 18 connects
the reservoir 11 with the interior of the reaction vessel 10.
The pressure pump 16 sucks ambient air through the drying
cartridge 15 and the suction line 13 and introduces it via the
pressure line 17 into the reservoir 11, The reserveoir 11 is
located inside a thermostatecontrolled housing 19 which xeeps the
iodine 12 at a temperature of approximately 30°C., A suitably

10

PAC ET AL. EXHIBIT 1023
Page 691



8]

1o

is5

20

36

2150529

high vapor pressure of the iodine in the reserveir 11 is thereby
created. The compressed air flows over the surface of the icdine
iz and is enriched with lodine vapor. The iodine-air mixture
subsequently reaches the reaction vessel 10 through the supply
pipe 18. The feed rate of the mixture can he controlled by means
of contrslling the flowing volume of the compressed air as well
as the temperature and therefore the wvapor prassure of the

iocdine 12.

The regqulating device essentially incliudes an Hg-
measﬁring device 20 for the selective measurement of the WEroury
concentration and a regulating device 21 connected therewith and
controlling the controllable pressure pump 16. A measuring prohe
22 of the Hg-measuring device 20 is disposed inside the reaction
vessel 10 downstrzam of the supply pipe 18 at a distance A which
approximately corresponds to six times the diameter D of the
reaction vessel 10. A separation device 6 such as a fibrous or
textile filter & (Fig. 2) or an electrostatic filter &a {(Fig. 3)
iz placed downstream of the measuring probe 22,

Preliminary tests have shown that this embodiment can raeact
rapidly to fluctuations in the mercury content of the gag flow,
8¢ that with a suitable setting of the control 20, 21, no icdine
everdosing vceours. For this reason an adsorption agent for
iodine was omitted here, in contrast to Fig. 2.

Fig. 3 alss shows, highly schematically, the ssparvating
device in form of an slectrostatic praecipitator 6a, connected to
a veltage source &b, the other terminal of which is connected to
the vessel 10.

Fig. 4 shows, highly schematically, the separating device in
form of a heat sxchanger 26, located in the stream of gas flow,
for use if the temperature of the gas and/or of the mercury
halide goes above the evaporation temperature of the halogen
being used., Heat recovered can he ve-used. Oooling fluid is
connected to couplings 27, 28.

il
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¥arious changes and modifications may be made, and
any features described herein in connection with any one of

the embodiments may be used with anv of the othera, within the

gcope of the inventive concepth.

Example of an operative smbodiments

ingide diameter D of the reaction vessel 2, 10
1.10 m temperature of gssss at inlet end of reaction vessel 2,
10s 350°C gaz flow rate through the reaction vessel: about
4.2 mafs&c temperature of gases In region of introduction of
halogen {(Fig. 2: 4; Pilg. 3s 18}« 150°0 rate of supply of
halogen vapour from conduit 18 (Fig. 3} is such that the
3

remaining concentration of wmercury will be about 10 pg/m

temperature of gasges with mercury halides at separator 6, &a,

26 144°C.

- 13 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH BN EXCLUSIVE

PROPERTY OR PRIVILEGE I8 CLAIMED ARE DEFINED AS FOLLOWS:

1. & method for continuously separating mercury from a
gaz flow, compriging the steps of:

adding a reactsnt to the gas flow to form a reaction
product with the mercury and thersby separate the mercury from
the gas flow,

wherein, in accordance with the invention,

the reactant is at least one halogen, reacting with the
weroury in the gas to form a reaction product, the reaction
product including at least one meroury halide;

converting the mercury halide into solid state; and

geparating the mercury halide from the gas flow.

2. The method of claim 1, wherein the step of converting
includes bringing the at Ieast one mercury halide into contact
with a surface having a temperature below the evaporation
temperature of the at lesst one mercury halide so that the ab

igast one mercury halide deposits on this surface.

3. The method of claim 1, wherein the reaction product
includes a plurality of mercury halidesg; and

the step of converting includes cooling the mercury
halideg to a temperature below a temperature which is iower
than the lowest one ¢f the evaporation temperatures of the

mercury halides.

- 13 -
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4. The method of claim 1, wherelin the separation of the

R

mercury halide from the gag flow comprises elscirostatic

Filtering.

5. The method of claim 1, wherein the separation of the

mercury halide from the gas flow comprises mechanical

filtering.

- 13a -
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&. The method of claim 1, further comprising the stepzs of
selectively measuring the mercury cencentration in the gas, and

readijusting the feed rate of the halogsen as a function of
the measured mercury concentration in such a way that a
preselectablse threshold value of the meroury concentration is
set;: and

wherein the steps of selectively measuring and readiusting
are carried out after the reaction product is formed.

7. The method of claim 6, wherein the preselectable
threshold value is less than 0.2 my of mercury per m® of the gas.

8. The method of claim 1, further comprising the step of
separating excess halogen from the gas flow.

2. The method of claim 8, whersin the step of separating
excess halogen comprises an adsorption step.

*

10. The method of c¢laim 1, wherein the at least one halogen

includes an element selected from the group consisting of icdine
and bromine.

i4
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il. An apparatus for continuously separating mercury from a
gas Llow,

carrying out the method of claim 1,

comprising

a reaction vessel (2, 10} having a first open end through
which the gas flows in and a second opan end through which the
gas flows out,

said reaction vessel {2, 10} having a feed device {3~4,
11-17) in the vicinity of said first open end, for supplying and
placing at least one halogen into the reaction vessel, and

said reaction vessel further having a separating device (6,
Sa, 26) in a vicinity of said second open end for separating
mercury halide formed in thes reaction vesssel (2, 10} from the gas
flow.

12. The apparatus of claim 11, wherein the separating
device includes a heat exchanger (263,

i3. The apparatus of claim 11, whersin the separating
device includes an electrostatic filter (éa).

14. The apparatus of claim 11, wherein the separating
device includes a mechanical filter (8), optionally a fibrous or
textile filter.

13. The apparatus of claim 11, wherein the reaction vessel
{2, 10} is substantially tubular in shape and the separating
device and the feed device are disposed at a distance {&} from
aach other which corrssponds to at least six Limes the hydraulie
diameter (D} of tha reaction vessel (2, 10} .

16. The apparatus of c¢laim 1i, wherein said reaction vessel
{2, 10} has an additional separating device {7y located in the

13
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vicinity of zald second end, said additional separating device
containing an adsorption agent for separating excess halogen from
the gas flow.

17. The apparatus of claim 16, whersin the adscrption agent
consists essentially of aluminum chips {7) when the halogen
conprises essentially icdine.

18. The apparatus of claim 11, whersin the fesed device
includes

at least one halogen reserveir {3) containing the halogen,
and means (4, 5} for receiving the halogen from said reserveir
(3} and for centrollable feeding said at least one halogen into
the reaction vessel {2}, so that a predsternined amount of the
halogen vapor emitted from said at least one halogen is admixed
with the gas flow, for rsaction with the mercury within said gas
flow.

1%. The apparatus of claim 11, wherein the fead device has
at least one reservolr (11) containing the at least one halogen
{(123; '

means {13~17} for introducing pressurized gas into the
reservelr (11); and

a halogen supply conduit (18} extending from the reservoir
(11} into the reaction vessel (10) to provide a predetermined
amount of the respective at least one halogen for admixture with
the gas flow.

20. The apparatus of claim 12, wherein the pressurized gas
introduction means includes a controlled alement {18);

a8 halogen measuring device {20, 22) measuring the
concantration of elemental marcury within the gas flow;

and a control circuit (21), responsive to the measuring

16
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device {20, 22) as a function of the concentration of elemental
mercury, and controlling said controlled element {18) to thersby
control the amount of halogen admixed to the gas flow.

21. The apparatus of claim 20, wherein the mercury
measuring device (20, 22) hasz a measuring probe located in the
the gas flow downstream of the supply conduit {18} whners the atb
least one halogen is admixed into the gas, said probe being
spaced from the conduit (18) by a distance (a) of at least six
times the hydraulic diameter (D) of the reaction vessel {10} .

17
Fazhersmﬁhaugh & Co,
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ABSTRACT
The process of the presen? wmvertion i3 directed 6 the use of sulfuric acid and/or an
grganic acid o regenerate spent sorbent from a metal meoovery process. The sorbent can be

activated carbon.
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METHOD FOR THE REGENERATION OF SORBENT MATERIALS

CROSS-REFERENCE TO RELATED APPLICATION
The present application 18 a continuatiop-in-part of 1.8, Patent Application entitied
"Method tor the Regeneration of Activated Carbon® having Serial Mo, 09/454,584, filed

December 6, 1999, which is incorporated herein by reference.

FIELD OF THE INVENTION
The inventionrelates generatly to the regeneration of sorbents used for metal removal and

specifically to the regeneration of carbonaceous sorbents,

BACKGROUND OF THE INVENTION

Cyantdation 18 commonly emploved for the extraction of gold from ifs ores. In this
progess, the crushed ore is freated with a dilute solution of sedium cyanide {INaCNY, and a smadl
arnount of ime (Ca) 10 maimtain a pulp pH of »9, In the presence of oxygen, gold dissolves
forming gold cvanide complex.

Recovery of the gold 1s typieaily accomplished by adsorbing the gold cyanide complex
on activated carbon. The gold-loaded carbon 1s subjecied to an elution process wherehy the goid
is eluted from the carbon by an eluant. The eluted (spent) carbon contains a Jow conceniration
of gold and has its gold adsorption capacity reduced. The spent carbon must therefore be
regenerated before reuse.

Vartous regeneration methods have been proposed and practiced, bur all of the rmethods
are problematical in the areas of cost, regeneration efficiency and maintenance of the mechanical
strength of the regenerated carbon. Therefore, development of an effective and economical
regeneration mathod has been eagerly desired in the art.

Some conventional methods for the regeneration of activated catbon are: () a low
termperature heating method comprising heating spent carbon at a lemperature of 100-400°C,
with steam or the like, {b) a high emperature beating method compnising heating spent carbon
at a temperature of 400-1000°C ., {c) a regeneration method using a bigh temperature inert gag,

{d) a chemical regeneration method using acid or alkali, and fe) 2 wet oxidation method, ete.
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In the gold muning mdustry using Carbon-in-Pulp (CIP) or Carbon-in-Leach (CiL}
process, good carbon activity is unportant, Each mining operation has to mateh carbon activity
with process requirarnents. When thermal carbon regeneration {s used to regenerate spent carbon,
it is a general rule that the higher the carbon activity the weaker the carbon and thus higher
carbon losses in these processes, Therefore, it is common practice in the industry to thermally
regenerate 50% or less of the total process carbon to save on regeneration costs and to reduce
carbon losses.

Chemucal methods of regenerating carbon achieve partial regeneration of the carbon and
can reduce the freguency of thermal regeneration. It 1s emploved to remove specific suivents
and/or compounds from the carhon. The most commuon of the chemical methods are; {a) acid
washing the speni carbon with hydrochlonic or nitric acid solutions, and {b} caustic washing with
sedium hydroxide solution to remove organic contaminars.

Acid washing using nitric or hydrochloric acid at room temperature after elution may
restore carbon activity to some extent, but the improved Carbon activity ts small compared with
that of thermai regeneration.

Carbon activation with sulfuric acid by impregnation and heating ac 250°C for 4-6 hours
was reported (o improve adsorption of amimionia by active carbon fibers,

Davidsonetal., U.S, Pat. No. 4,267,069, tried to increase carbon gold adsorption capacity
by contacting the carbon with an aqueous copper salt solution at a pH less than 6 in the presence
of carbonic acid, carbonate or bicarbonate,

Hanceford et ab, UL 8. Patent No. 4,407,725, tried 10 regencraie activated carbon with
caustic wash and an optional perindic acid wash.

Lamberteral, U & Patent No. 5,087,374, wried to regenerate activated carhon wsed to
purify wastewater with an agueous bath confaining a surface-active agent while uhrasonic
vibration is applied to the aqueous bath.

Activaied carborn used for liquid phase, however, cannot be regenerared unless it is

ubjected to the high temperature heating methed, namely, a re-activation or a thermal
regeneration method i which regeneration i1s eftected under the same condinons as adopted for

production of activated catbon. Furiher, regeneration condiiions, such 4s the amount of steam
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and the residence tme in the regenerating fitrnace vary depending on amount and properties of

activated carbons. Therefore, regeneration loss is incrzased by prolongation of the residence
time, excessive incorporation of air and the like, and simuitanecusiy, the mechanical strength is
reduced in the regenerated activated carbon.

Furthermiore, tn some cases the exhaust gas from the regenerating furnace causes
secondary air polluton. On the other hand, the chemical regencration method in which high
temperature heating is nol conducted is advantageous in that the regeneration loss can be
reduced, but the degree of regeneration is insufficient and lower than in the thermal regeneration
mathod and both the waste coming from the spent carhon and the chenucals used for
regeneration should be treated complately.

{n summary, prier methods of regeneratng activated carbon had disadvantages mmclading

the foilowing:

. high energy costs of thermal regenceration;

s weakened carbon and generation of carbon fines;
. inadequate regencration;

o expensive reagents,

» complex process; or

* SXPEnsiVe equipment.

Accordingly, the development of a regeneration method that will be able (o overcome
these defects involved in the conventional methods and to perforn regeneration at an optimum
regeneration rate with lessened regeneration loss has been highly demanded wn the art.

As aresult of intengive investigation made on regeneration of achivaied carbon, 3 novel
activated carbon regeneration process has been discovered that satisfies the above-mentioned

demands beid in the an,

SUMMARY OF THE INVENTION
These and other needs are addressed by the process of the present invention. Generally,
the present invention provides a methodology for regenerating a sorbent, such 35 activated

carbon, for reuse i a metal adsorption, absorption, or enrapment process. As used herein, a

L)
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“sorbent” refers 10 any substance that absorbs, adsorbs, or entraps another material. The
methodology utilizes an organic actd and/or sulfuric acid during sorbent regeneration,
In one embodiment, the process includes the following steps:
{(aj leaching (such as with a lixrviant) a metal-containing material t form a pregnant
5 leach soluton containing at least o portion of the metal,
(b}  coptacting the pregnant leach solution with a sorbent to form a loaded sorbent
containing at least a portion of the metal dissolved in the pregnant leach solution,
(c} contacung the loaded sorbent with an eivant 1o form a loaded sluant containing
at least a portion of the metal in or on the leaded sorbent and a spent sorbent,
14 (d} contacting the spent sorbent with an organic acid to form 2 regenerated sorbent,
and
(e}  recovering the metal from the [oaded cluant,
The process is effective for a variery of metals and metal complexes. Preferably, the
metal is a member of any one of Groaps VIHA, 1B, or 1B, of the Periodic Table of the Elements.
15 More preferably, the metal is gold, siiver, platinum, copper, nickel coball, mercury, and/or
mixtures thereof. The metal can be complexed when in the pregnant leach solution, eluant,
and/or 10 or on the loaded sorbent, with a vanety of functional groups, including cvanide,
thiocyanate, thinsulphate, and mintures thereof. Typically, the metal is complexed with cyamide.
The lixiviznt in step {2} can be any switable material for dissolving the metad 1y the metale
20 containing material. Preferably, the lixiviant 1s one or more of cyvanide, thivsulfate, thiourea,
thiooyanate, and mixtures thereof. The leaching step can be performed by contacting the
iiXiviant with the material in a stirred or agitated orunstirred or unagitated vessel such as an open
vessel or a closed vessel such as an autoclave or by apphying the lixiviant to apile or heap ofthe

material or by applyving the lixiviant to the material in sing,

[
LAy

The pregnant leach solution is contacted with the sorbent in any muitable vessel by any
suitable techmque. Preferably, the pregnant leach sohttion is contacied with the sorbent in an
open or closed snurred or agitated or unstirred or unagitated vessel or by passing the pregnant

teach solution through a bed of the sorbent in either a fluidized or fixed bed configuration.
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The sorbent can be any suilable material for absorbing, adsorbing, or otherwise
entrapping the metal, Preferably, the sorbent is organic and more preferably the sorbent is
carbon {e.g., activated carbon}, resins, and/or mixtures therent,

Az in the case of the pregnant leach solution, the eluant can be contacted with the loaded
sorbent in any suitabie vessel by any suitable technique, Preferably, the pregnant leach solugion
15 contacted with the sorbent in a stirred or agitated or unstirred or unagitated vessel or by
passing the pregnant leach solution through a bed of the sorbent in etther a fluidized or fixed bed
configuration.

The eluant can include any suitable eluting matenials, such as ammonia, carhohydrates
{a compournd Baving the formula C (H, 0}y where X and v are whole numbers), inert gases such
as molecular mitrogen, a metal hydroxide (a compound containing one or more OH- groups),
cvanides {a compound containing one or more -UN radicals), alcobols (an organic compound
ronfaining one or more hydroxyl groups), ketones (a compound i which the carbonyl group is
attached to two alkyl groups), nitriles {an organic compound contamning the -C=N grouping),
acetone, cvanates {asalt of eyanic acid contairing the radical - CNO), hydrazines, hydroxy acids,
carboxylic scids, hydrecarbons {3 compound congisting only of C and H), and mixtures thereof.
The stoant typreally includes a solvent for the eluting material. To avoid competing with the
eluting material in displacement of the metal or metal complex from the sorbent, the solvent in
a preferred embodiment preferably is a pelar or substantially polar compound and the eluing
material is nonpolar or substantially vonpolar. Preferred solvents mclude water, alcchols, and
mixtures thereof. The preferred elution process is described in ULS. Patent Application Serial
Mo. 39/372.025, filed August 13, 1999, and Senal No. 09/632,386, tiled August 3, 2000, both
of which are incorporated hersin by thes reference.

The regeneration of the spent sorbent 15 preferably performed using an inorganic acid
such as a nuneral acid (e g, sulfuric acld) and/or an organic acid such as a hvdroxy acid {e.g.,
an acid containing one or more hydroxy groups such as ghveolic acid and/or lactic acid) and/or
a carboxylic acid {2 £.. an acid containing one or more carboxylic groups such as acetic acid {or
methanecarboxviic acid), formic scid, caproic acid, oxalic acid, cerotic acid, aromatic acids such

as benzoie acid and salicvie acid, alicyclic ackds such as abietic acid and chaulmoogric acid

PAC ET AL. EXHIBIT 1023

Page 711



10

is

20

Ca DI327682 2480-12-83

and/or amino acids), with organic acids particularly hydroxy acids being preferred and
hydroxycarboxyhie acids {particularly glyeolic acid) being even more preferred. The operating
parameters for the regeneration are important to realize the optimum degree of regeneration, The
pH at which the regeneration is performed rypically ranges from about pH 0.5 to about pH 3 and
the temperature typically from about ambient to about 95°C. The concentration of the acid in the
regeneration or acid wash solution contacted with the spent sorbent preferably ranges from abowt
3 10 about 10 % weight Regeneration can be performed in any suitable stirred or unstirred,
agitated or unagitated vessel or by passing the acid wash solution through the spent sorbent in
a fluidized or fixed bed configuration with the latter being preferred.

While not wishing to be bound by any theory, it is believed that the shorter chain organic
acids, particularly glycolic acid, penetrate deeply tnte the sorbent matrix, particularty for organic
sorbents such as carbonaceous sorbents. The depth of acid penetration into the matrix isbelisved
to ke dependent upen factors such as the shape of the acid molecule and the charge distnibuticn
on the molecnle. The deep penciration of the acid inhibits removal and/or neutralization of the
acid when the sorbent is water rinsed (after the regenerative acid wash) to remove excess acid.
Unremoved {excess) acid will consume cyanide and other basic leaching agents when the sorbent
15 again contacted with the pregnant leach solution. During the contacting step (b} above, the
unremoved acid in the sorbent matix is believed 1o cause a lower pH 1o exist in or near the
sorbent surface and/or pores than exists in the suerounding pregmant leach solution, The lower
pit causes the metal to be more strongly attracted to the sorbent, thereby causing a kigher amount
of metal collecion 1 the sorbent than has beeo previously realized with acids such as nitric seid
and hydrochloric acid, which are not believed to penetrate deeply into the sorbent mairix.
Organic sorbents such as activated carbon are belleved to adsorb organic acids better than
inorganic actds such as nitric acid and hydrochlogic acid.

In one configuration that i3 particularty applicable t carbon-containing sorbents, a first
portion of the spent carbon is contacted with the organic scid and a second portion of the spent
carbon 1§ contacted with sulfuric acid, The first portion of the spent carbon is subsequently
thermally reactivated {e.g., in 8 kiln or other suitable reactor or heater typically at a temperature

ranging from about 600 to about 800°C) before being recycled to step (b) above and the second
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portion 1§ not subsequently thenmally reactivated before being recycled o step (o) above, The
presence of an excessive amount of the sulfir atom in or on the second portion may cause
oxidarion and loss of carbon from carbon-containing sorbents during thermal reactivation.

The regenerated sorbent will typically contain some of the acid on the surface of orinside
the pores of the sorbent. For example, regenerated carbon typically includes sulfine acid and/or
the organic acid adsorhed 1n a plurality of pores of the carbon.

The process, inone or more of its many embodiments, can bave a number of advantages.
Treating the activated carbon with 2 solution containing organte acwds, particularly glycolic acid,
can restore significant gold adsorption capacity to the spent sorbent. The process can have low
capital and operating costs vet bigh regeneration efficiency and can maintain the mechanical
strength of the regenerated sorbent. Although the process uses thermal resctivation techniques
in one embodiment, other embodiments employ no thermal ressrivation and are conducted at
ambient to below about 100° temperatures, which lowers operating (encrgy) costs, is energy
etficient, and avouds compromising the structaral integrity of the carbon (thereby generating few
if anv carbon fines and reducing loss of carbon). Even when thermal reactivation i3 eraployed,
the spent sorbent {s typicaily heated to relatively low temperatures, which will not seriousty
compromise the mechanical strength of the regenerated sorbent. The regeneration ischaiques
of the present invention can be fast and highly effective, thereby decreasing the risk of
mnadequate regeneration. The process can use relatively inexpenaive reagenis such as sulfurie
acid and glycolic acid at optimusn regeneration rates. The process can be relatively simple and
can use relatively inexpensive equipment. In seine embodiments, the regensration process is
performed fn sitw, thereby requuring less carbon handiing. The process can be readily adapted to
existing plants and tnfrastructures. The description and drawings below show additional objects

and advantages.

BRIEF DESCRIPTION OF THE DRAWINGS,
FIG. | shows the mujor components and How directions of a typical elution process

incorporating the chemical regeneration process of the elutad (spent) carbon.

w4
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FIG. 2 shows another embodiment of a regeneration process that may be emploved with
any suitgbie elution process;
FIG. 3 shows the plot of gold adsorption rate of carbons subjected to different carbon
regeneration reatment.
Fl(s. 4 shows carbong that have been subjected to further gold adsomption cycles to
inerease 1ts gold loading capacity.
DETAILED DESCRIPTION

General Discussion

Although the process erabodiments discussed below specifically refer to the elution of
gold from gold-loaded activated carbon generated from an extractive metallurgical process using
a cyanide-contmning lixiviant and a carbolydrate-containing eluant, it is to be understood that
the processes are equally applicable for metals other than gold for ehiants that do not contain
carbohydrates, and for processes other than extractive metallurgy. For example, the processes
can be used on other precious melals and base metals, to name but a few, and may be used to
elute or remove metals/metal complexes from sorbents generated in water treatment and/or
purification processes.

The acid wash solotion can inclode any suitable mineral acid, such as nitric acid,
hydrochloric acid, sutfuric acid, and/or an organic acid such as giyeolic acid, and preferably has
a pH ranging from about pH §.1 10 about pH § and more preferably from sbout pH 0.5 to about
pH 2. The concentration ofthe acid in the acud wash solution preferably arranges from about 0.5
to about 23 vol.% and more preferably from about 3 1o about 3 vol%.

While not wishing to be bound by any theory, it is believed that the eluting or blinding
agent, in the presence of the acidic pH, is at most only weakly attracted to the sorbent, thereby
causing 4 large fraction (typically at least about 90%4) of the blinding agent inte the solution from
the sorbent surface. In other words, i the presence of a basic pH, the equilibrium between the
blinding agent in the solution and the blinding agent on the surface of the sorbent strongly favors

the attachment of the blinding agent to the sorbent surface. In contrast in the presence of an
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acidic pH, the equilibrium between the dissolved blinding agent and the blinding agent on the
surface of the sorbent strongly favors the dissolution (or hydrolysis) of the blinding agent.

The temperature of the acid wash Gypically ranges from about 30 fo about 120°C.

After the solvent has been contacted with the acid wash for a time typically ranging {rom
about | to about 2 hours, the regenerated sorbent can be rinsed with water to remmove residual
acid solution

The sorbent can then be reused in a variety of known processes to remove dissolved
metal/metal complexes from pregrant Hxiviang solutions, iodustrial affiusnts, waste waters, eic.,
te form metal/metal complex loaded sorbent for use as the feed material in any ehution processes

including those deseribed above.

Preferred Embodiment -~ Deseniption

A preferred process invoiving selected major operavions is shown in FIG. [ The
gold-loaded carbon s soakad in the carbon elution column 10 at a temperature preferably ranging
from about 80 to about 100°C and more preferably about 95°C with an organic acid wash
solution §4 thaving about 2% w/w organic acid) tvpically for at least about one hour, The acid
wash solution 14 is drained out of the carbon columo 10 and the carbon is thereafter neutralized
with 2 suitable base {8 such as ammonia water (having about 2% w/w base) by passing the hase
18 through the colomn 10 The gold-loaded carbon is then ecluted 1o the colump 14 with an
eluant 22 in cobumn 18 to stnp the gold from the carbon and form gold-loaded eluant 26, Afrer
the elution process, the spent carbon in column 10 is washed with hot {2.g., about 95°C) acid
wash solution 30, As will be appreciated, the organic acid wash solutions 14, 30 can be stored
in the same vessel o in separats vessels. Heater 34 and heat exchanger 38 are used to heat the
various solutions as desired.

The resgents used in this process, e.g., ghveolic scid and ammonia solutions, may be
reused if necessary by draining each solution back to their respective holding tank after each
batch of carbon 1§ treated by the solution. The solution can be made up to strength with fresh

reagents before reuse,
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The pre-clution treatment using organic acid solution 14 and base 18 hastens the elution
process as well as helps in the regeneration ofthe spent carbon in the post-elution treatment with

organic acid solution 30,

Preferred Embodiment -- Operation

This part describes how my invention operates in reference o FIG. 1

As indicated tn FIG, 1, the geld-toaded carbon in colurmn 10 is prepared for elution by
washintg with about 1.5 1o 2 Bed Volumes (BV) of about 2% weight by weight ratio {w/w)
organic acid wash sohation {4 at abour 95°C for enc bour. The organic acid sehution 14 s
drained and the carbon is neutrabized in column 14 with about 1.3 10 2 BV of 2% w/w base or
basic sofution 18 for another hour. This pre-ehution frestment is meant to: () dissolve carbonate
scale and reduce levels of caloium, magnesium, aluminun, and other metals, (b) reduce overall
comtarninant ievels m the pores of the carbon, (¢} hasten the elution process, and {d) help in the
chemical regeneration of the carbon,

Elaant 22 is then contacted with the loaded carbon in column 10 to form the gold-lvaded
eluant 26, Afler the elution is af Jeast substantially comipleted, the eluant 22 is drained from the
carbon column _1{. The spent carbon is then soaked in column 10 with about 2% w/w organic
acid solution 30 at about 93°C tw regenerate the spent carbon. The acid wash treatment (s
repeated at about 1.5 to 2 BY per hour for at least about one hour. The organic acid solution 30

ts then drained from column 10 for reuse.

Akternative Embodiment

n-Sity Begeneration of Carbone- Deseription

An additonal erobodiment conducts the alternating process of metal {e.g., gold)
adsorphion onto the sorbent and organic acid or sulfuric acid washing on the organic sorbent
{e.g., carbon) to increase 1is metal loading capacity.

Thas embodiment relates to the regeneration of the organic sorbent suiside of the ¢lution

pracess to increase goid loading capacity.
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In-Situ Regeneration of Carbon -- Operation
tn the process of recovenng the metal (particularly gold) from a pregrant leach solation
{particularly a cyamde solution) using an organic sorbent or suifuric acid {particularly activated
carbony, the joading capacity of the sorbent carbon can be increased by the alternating process
5 of metal adsorption and organic acid washing,
in one configuration, the operstion involves the following steps:
. Drain the gold cyanide sotution from the carbon column 10 atter at least a portion

of the gold {or other metal} is loaded onto the carbon;

° Rinse the gold loaded carbon with water o reduce the cyanide concentrations on
14 the carbon;
. Drrain the rinse water from the column 10 and soak the carbon in the organic acid

solution in columm 1
v Drain the orgamnic acid or sulfuric acid solution from column 10 and rinse with at
least about one bed volume of water to reduce acidity; and
I3 . Puzthe carbon cohimn into operation {e.g., proceed with eluting the gold from the
carbon andfor regenerating the sorbent).

The process can be done in any carbon vessels and at any temperatures, The organic or
suifunc acids and basic solutlons preferably use the concentrations noted above. As will be
appreciated, the process can be used for other metals and other sorbents described herein.

20 As will be appreciated, higher acid washing temperatures will achieve faster carbon
regeneration,

In another embodiment of the present invention both a first acid wash sohution containing
an orgamc a¢id and a second acid wash solution containing an inorganic acid or a first acid wash

solution contaming 2 first organic acid and a second acid wash solution containing a second

3
LH

organic acid different from the first organic acid are employed to acid wash fisst and second
portions, respectively, of the spent sorbent. One or both of the separately washed poriions can
be further subjecisd thermal reactivation to provide a high degree of sorbent activity,

In snotlier embodiment of the present invention, glycolic acid, sulfuric acid, or both, is

used to reactivate spent sorbent that may o7 roay not underge thormal regeneration before reuse,

i1

PAC ET AL. EXHIBIT 1023

Page 717



g

i

pa—

20

Ca DI327682 2480-12-83

Fi(r. 2 shows this process according to this embodiment when the spent surbent is
geoerated nsiog a less cornmon continuous elution process. Most spend carbon 15 produced
batchwise using a batch elution process; therefore the alternating batches of spent sorbent are
thermally reactivated or not thermally reactivated. Te further save on cost, spent sorbent that
witl be thermaily regenerated is typically not acid washed. In this configuration, only spent
sorbenit that wili not be thermally regenerated is acid washed with glycolic or sulfuric acid by a
hot, preferably acid wash,

Referring to FIG. 2, the spent sorbent 100 i the embodiment using continuous ehution
18 first divided 104 it separate first and second porttons 108, 112 by any suitable rechnigue and
in any proportion.  The first portion 108 is subjected 1o a first acid wash 116 using 2 first zcid
wash solution 120 containing an organic acid such as glycolic acid to form an acid washed first
portion 124, The acid washed firsi portion 124 is then thermally reactivated 128 typically at a
ternperature rangmng from about 600 10 about 800°C in a suitable reactor or heater for a time
ranging from about 30 to about 60 min. to form thermally reactivated first portion 132, The
second portion 112 5 acid washed 136 with a second acid wash solution 140 containing an
inorganic acid such as sulfuric acid to form acid washed sscond portion 144, The acid washed
second poruon 144 and thermally reactivated fiest portion 132 are recombined 148 by suitable
techniques to form the vegeneratad sorbent 152, which may be reused in the sorption/eluting
process.

As noted, Fig, 2 reflects a process utilizing the continuous elution of spent sorbent. For
a batchwize process, Fig. 2 would be modified such that alternating batches of cluted of spent
sorbent would constitute the first and second portions 108, 112, The dividing step 104 and
recombining step 148 would be absent from the fow schematic in this smbodiment as the first
and second portions would be discrete from each other. As will be appreciated, when alternatng
batches of spent sorbent 100 are regenerated sequentially, a separating or dividing step would
not be utilized,  As noted, the {irst portion 108 may not be acid washed before thermal
reactivation to reduce costs, and the furst portion 108 and second portion 112 are sequentially and

alternative respectively thermally reactivated and not theomally reactivated.
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A method for comparing carbon activity was used to compare the following carbon

regeneration treatments:

- Spent carbon, with no regeneration treatment;

. Spent carbon, actd washed at $5°C with nitric acid (HNG3Y;

. Spent carbon, acid washed at 95°"C with hydrochiorie acid (HC1);
° Spent carbon, acid washed at 95°C with glyeolic acid {GA}; and

* Spent carbon, with thermal regeneration.

Methodology involves presoaking one gram of carbon sample in "tadings” slurry for one
hour before adding the carbon to one liter of standard gold cvanide solution containing about 10
ppm gold and buliered 1o pH 10. The purpose of presoaking the carbon in tatlings sharry was to
neutralize the "pH effect” of the acid treatment on carbon activity. The carbon samples were
screened to minus 8-mesh and phis 10-mesh. At 13 minutes tme intervals a smali aliquots of test
solution were removed to determine the remaining gold concentration. A plot s prepared for
each carbon sample as shown in FIG. 3.

The data shows ne significant improvement in carbon activity was atiributed io the use
of nitne and hydrochlonc acid wash. Cooventional acid washing allows for the removal of
munerals containing calciurn, magnesivm and aluminunt. The removal of these minerals proves
helpful in ynproving thermal regeneration of the carbon.

OUn the other hand, washing with glycolic and sulfuric acid solution, significantly
unproved carbon activity, It is possible that thermal regencration can be significantly reduced or
climinated in gold-adsorplion processes such as Cif or CIP.

Maxunum carbon regeneration was achieved by thermal regeneration at a price of high
carbon losses. It is not always necessary to have a carbon that has very high activity. The geld

adsorpion process will dictate the required carbon activity for optimum operation,

Example 2
FiG. 4 and Table | show that alternating gold adsorption and glycolic acid washing of

the oaded carbon can increase the gold loading capacity of the carborn. Two spent carbons, A

13
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and B, each initially containing 30C-ppm gold were subjected further to four periods of gold
adsorption. Carbon A was not acid washed between periods while Carbon B was acid washed
with ghycolic acid and water rinsed between periods,

The methodology invelves two grams of carbon sample added to 100 mL of 127 ppm

Ly

goid solution. The gold solution contains 0.5 g/L sodium cyanide and | ¢/L caleium hydroxide.
The gold adsorplion period was 2 hours and the acid washing pariod was 15 minutes with water
rinse. After each gold adsorprion period the gold solution was analyzed to determine the amount
of gold adsorbed by the carbon. The carbon was then put into fresh gold solution for the next

gold adsorption period.

10 Tabie 1

(ol loading (ppm goid) in the Carbon after each cycle
Cygles i 2 3 4
Carbon A 3826 6010 7515 G135
Carbon B 3990 T635 10785 115830

While various embodiments of the present inventing have been deseribed in detail, it is

!5 apparent that further modifications and adaptations of the invention will soccur to those skitled
Pp P

w the art. However, 1tss to be expressly understond that such modifications and adaptations are

within the spicit and scope of the present invention.

i4
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What is claimed 13

i. A process for recovering 2 metal from & metal-containing matenal, comprising:

{a) leaching the material to form a pregnant leach solution containing at least a
portion of the metal,

{by  contacting the pregnant leach solution with a sorbent to form ¢ loaded sorbent
containing at least a portion of the metal,

{c) contacting the Joaded sorbent with an eluant to form a loaded eluant contaiming
at least a portion of the metal in the loaded sorbent and a spent sorbent,

(&)  contacting the spant sorbent with an organic acid or sulfuric acid to form a

regenerated sorbent, and

{£} recovering the metal from the loaded eluant.
2. The process of Claim 1, wherein the sorbent is at least one of carbon, and resin,
3 The process of Claim 1, wherein step {2) s performead by contacting a lbuviant

with the material and wherein the lixivient includes at least of cyanide, thinsuifate, thioures,
thocyanate and mixtures thersof,

4 The process of Claim 1, whersin the eluant includes at least one of acarbobydrate,
a hydroxide, a cyanide, an alcohol, akstone, anitrile, acetone, a Cyanate, a hydrazine, a hydroxy
acid, a carboxylic acid, a nywdroxyearboxylic acid, abydrocarbon, ammonia, and mixtures therecl,

3. The process of Claim 1, wherein the metal is a member of at least one of Groups
VIHA, IB, or [IB of the Periodic Table of the Elements.

&. The process of Claim 1, wherein the organic acid is one or more hydroxy acids.
7. The process of Claim 6, wherein the hydroxy acid i3 ome or more
hydroxycarboxylic acids.

8. The process of Claim 1, wherein the regenerated sorbent is reused 1 step (b).

9. The regencrated sorbent made in the process of Claim 1.

1. The metal recovered i the process of Claim L

Pl A process for reating spent carbon, Comprising contacting the spent carbon with

an organic acid.

15
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12, The process of Claim 1, further comprising:

{#}  leaching the material with a hxiviant to form a pregnant leach solution
containing at least & porfion of the metal,

{b}  contactng the pregnant lcach solution with a sorbent (o form a loaded
sorbent containing at least a portion of the metal,

{c} contacting the loaded sorbent with an eluant to form a loaded eluant
contatning at least a portion of the meral in the loaded sorbent and a spent sorbent, wherein the
hixiviant inchudes at least one of cyanide, thiosuifate, and mixnures thereof, and the eluant
includes at least one of a carbohydrate, ammonia, a hydroxide, a cyanide, an aleoho!, a ketone,
anitrile, acetone, acyanaie, a hydmzine:, a hydroxy acid, a carboxytic acid, 2 hvdroxycarboxylic
acid, a hydrocarbon, and mixtures thereof.

13, Theprocess of Claim [, whereinthe metal is 2 member of at least one of Groups
Viiia, IB, OR UB of the Periodic Table of the Elements.

14, The process of Claun 11, wherein the organic acid is one or more hydroxy acids.

15, The provess of Clatm 14, wherein the hydroxy acid is one or more
hydroxyearboxylic acids.

i6.  Theprocessof Claim 15, wherein the hvdroxyearboxylic acid is selected fromthe
group consisting essentially of glycolic acid, lactic acid, and mixtures thereof,

17.  The process of Claim 12, wherein the regenerated sorbent 15 reused in step (¢).

18, The regenserated sorbent made i the process. of Claim 11,

i9.  The metal recovered in the process of Claim {1

20, The process of Claim 11, further comprising:

contacting the spent carbon with a metal-containing solution to form a metal loaded
carbon;

confacting the metal loaded carbon with at least one of an organic and inorganic acid to
form a treated metal loaded carbon; and

contacting the treated metal oaded carbon with an ehuant.
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21, Regenerated carbon for reuse in an slution process, comprising an organic acid
adsorbed in 2 plurabity of pores of the carbon.

22, Theregenerated carbon of Claim 21, wherein the organic acid (3 a hydroxy acid.

23 The regenerated carbon of Claim 22 wherein the hydroxyearboxylic acid is
selected from the group consisting of glycelic acid, tectic acid, and mixtures thereof

24, The regenerated carboo of Claim 22, wherein regenerated carbon inchudes both
the suifuric acid and the orpanic acid.

28, The regenerated carbon of Claim 22, whergin the regenerated carbon includes a
hvdroxycarboxylic acid,

26. A process for eluting a metal from a sorbent, comprising:

contacting a metal-loaded sorbent with an orgamc acid or sulfunc acid to form a treated
metal-loaded carbon: snd

contacting the treated metal-loaded carbon with an eluant to form a barren sorbent and
a metal-lvaded elvant contairung at least most of the metal loaded onto the metal-joaded sorbent.

27.  The process of Claim 26, wherein the organic acid is 2 hydroxy acid.

28 The process of Claim 26, wherein the hydroxy acid is selected from the group
consisiing of glycolic acid, lactc acud, and mixtures thereof

24, The process of Claim 26, wherein the sorbent is at least one of activated carben,

a resin, and mixtures thereof

-3
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{541 Title: ADSORPTION POWDER FOR REMOVING MERCURY FROM HIGH TEMPERATURE, HIGH MOISTURE GAS

STHEAMY

{57} Abstraet: There is gisclosed an adsorption powder effactive for capmring wmarcory from a high temperatore, high maistore gas
stream comprising: about 197% curbon, abont 1-97% calvinm fydioaide; sbout 1-97% cupdic chionide impreganted carbon, and
e about |-60% carbon impregnated with KI3. Additionally, o method of removing mercary from biph temperature, bigh moisture gas

sireams is disclosed.
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ADSORPTION POWDER FOR REMOVING MERCURY FROM HIGH
TEMPERATURE, HIGH MUOISTURE GAS STREAMS

BACKGROUND OF THE INVENTION

The present invention relates generally 10 removal of pollutants from

{ugh temperature, high moisture gas streans such a3 those found in devices designed
o tread contmmingted soil and in hazardons material incinerators. More pastioularly,
the inveniion relates to the capture of roercury and other metals, dioxins, furans and
other organic commpounds from high femperature, bigh moisture gas streams using an
adsorption powder containing cupde chloride.

Strict standards exist for patticulate and tetal mercury emissions by
coal-fived power planis, petroleum réfineries, chemical refineries, coal fived furnaces,
trash burning facilities, incinerators, metallurgical operations, thermal treatment units
and other particulate and mercury emitfing facilities. These same restrictions apply o
mesoury vapor, which can enter the atmosphers as a yesult of low temperature thermal
desorption (LTTD) treatment of coptaminated saiis,

These stringent standards exist in order to protect the snvironment and
the community. When mercury-confaining gases are released, the gases dispesse and
mercury is deposited over 4 wide area. The dispersed mercury can accumulate in the
soil or water sapplies, where it may be incorporated info the food chain. Mercary
fs extremely harmafsl {0 aguatic life and wltimately fo the humans who consume
mercary-contaninated plants and andmals. K is necessary, therefore, 1o have a safe
znd effective methed of eliminating mercary from the spviromment.

The problem of the capture and treatment of mescury vapor, typically
in the context of coal-fired power plants and waste incinerators, hax been previously
considered. For example, U5, Patent No. 3,193, 987 discloses passing meicury-
containing vapor over activated carbon impragnated with a metal which forms an
amelgam with meercry, U35, Patont No, 4,094,777 discloses passing 4 mercury-

conlaining vapor over go adsarption mass consisting essentially of a support, sulfided
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copper and sulfided sitver. V.S, Patent No. 3,876,383 diacloses passing mercury-
contaiming vapors over aotivated carben that has been impregnated with sulfaric acid.
Selenium bas also bean used in the removal of mercury from a vaper. U4, Patent
Ng, 3,786,619 discloses passing 3 mercury-cOntaining gas 0ver a mass coniaining

as an active component, seleninm, selenium sulfide or other selentum compounds.
Flectrostatic precipitators and various filters have traditionally besn used for mercury
removal, although complex apparatus have algo been disclosed. (See eg,, U.S, Patent
Nos. 5,400 5272 and 5,657 ,496.)

The problem of recapturing mercury from power plant gas streanms
is analogous o the need for recapuuring mercury from incinerators that weat
contaminated soils. A process currently in use at soil reatment faeilities 1s known as
fow emperawre fuenmal desorption (LTTD). LTTD is the main process by which
contaminated solls ars reaied to remove mevcury and other contarsinants, In this
process, contaminated soils are fed into & heating finace, most commonly a rotary
kiln/drum, where the sofl is heated by conduction. The heating volatizes the soil
components and when a thermal oxidizer i added, the components are oxidized to
manageable gases, sueh as C0y, Cly, NG, sid 80, where x 15 1-3.

The hot gas stream i3 subsequently cooled, The stream may be
guenched with water, which cools the stream and concurrently increases the meisture
content. Althongh wafer quenching is 2 highly effective cooling methad, this treat-
ment ncreases the difficulty of removing mercury frorn the gas streamn. The gag
stream is further treated to reduce and remove metals, HCL NG, and SO vsing acid
sorubhers, carbon beds, condensation units and through the addition of adsorption
powders.

When adsorplion powders are fnfocted into the gas siream, mercury
and other metals bind to muoieties present in the powder, precipitating them from
the gas stream.  The powder-bound mercury is nitimately collected in a bag house
for appropriate disposal, while the clean gas stzeam s exhaasted to the ouside
atmosphere. The problem with standard LTTI methods is that sogwe metals, such

as msrcury, are not removed fiom the stream at high efficiency and will move with

L3
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the gas stream, aitirnately into the environment. Other methods require the use of
complex mechingry and expensive adsorption beds, LTTD and other methods also
suffer from the limitation that mercory removal from high molsture gas streams is
much more difficult than mercury removal from dry steeams.

Available adsorption powders remove organics, medals and other
contaminants, buf they do not effeciively remove mercury, Por example, one
available powder (Sorbalite ™) consisting of carbon, calciwm hydroxide and sulfuy
removes HO from a gas stream, bt removes only about 55-65% of the mercory.
Another powder (WUBLFR Asorb-C ) consisting of alcohol satarated lime and
activated carbon is alzo inefficient at removing mercory,

Some powders inclode sulfur or iodine impregnated carbon. At
ternperatures of 75°C or less, suifur or iodine impregnated carbon based powders
show a 95% meroury revooval efficiency, however, powders fommulated with sulfor
impreghated carbon require & dry or low woistine gas stream o show this lavel of
removal,

Finally, the mereury removal efficiency of the powdars described
and other available powders is known 1o be vary temperanue dependent, placing
an additional limitation on powder formuilations.

A pending application describing a process from the same inveniors

involved the use of solid fine cupric chloride that is not impregnated oun curbon. This

was found o be more difficult to handle becavse of the grinding process required to

puiverize the cupric chloride which is generally provided in rock sizes. The grinding

provess regquires o great amonnt of attention dus 10 the dust production and associated

heath hazards. Addinionally, the powder is very corrpsive and results in hreakdown of

the roachinery used in the process,

Accordingly, there is a need in the industry for an adsorplion

powder that offectively removes metals and ofhor organic compouads, in general, and

mercury, in particular, from high temperature, high moisture pag sireams generated by

the incineration of containated soils, treatment of hazardous materials, combusiion

of soal and other mercury Fberating sources. The powder must be inexpensive and

-3 .
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easy to use. Ideally, such an adsorption powder can be employed at treatiment
facilities already o place and can take advantage of equipment already in position,

without requiring retooling or reconfiguring existing equipment.

SUNMMARY OF THE INVENTION

here is disclosed an adserption powder and method for removing

mereury and other metals and contaminants from a high temperatie, bigh moisture
gas stream comprising: about 1-87% carbon; about 1-87% calcium hydroxide; about
1-97% cupric chioride snpregnated carbon and about 1-60% K1, impregoated carbon.,
A method for removing mercury and other metals, dioxins, furans and other organic
compounds from high temperature, high moisiure gas strsams using the claimed

powder is also disclosed.

BRIFF DESCRIPTION OF THE DRAWINGS

The instant invention wili be more fully understood in the following

detailed description, it being understood, however, that the invention is not confined
to the precise disclosure. Changes and modifications may be made that do not affecs
tare spirit of the invention, nor exceed the scope thereof, as expressed in the appended
claros. Accordingly, the instant invention will now be described with particuiar
reference (o the accompanying drawings.

Figwre 1 is 2 schematic diagram illusirating the design of an LTTD
fzciiity in which the claimed adsorption powder can be used to remove mercury from
gas sfrcams.

DETAILED DESCRIPIION OF THE INVENTION

There is disclosed an adsorption powder for removing mercury and

other metals from a gas stream comprizing:
a3y sbowt 1-97% carborn;
b} about 1-97% calcium hydroxide;
¢} about 1-97% cupric chlorde impregnated carbon; and

4} gbout 1-60% KY; impregnated carbon.

e d
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The powder more particudasly comprises about 13-70% cacbon, about
2(-80% caleium hydroxide, about 1-30% cupric chlonide impregnated carbon and
about 1-50% Kl tmpregnated cavbon. A prefemed adsorption powder corpprises
about 20-60% carbon, abouat 30-70% calcium hydroxide, about 1-30% cupric chioride
impregnated carbon and sbout -30% KX imprognated carbon,

In a more preferred embodiment, the adsorphion powder comprises
abenit 25-48% carbon, about 40-60% calcium hydroxide, about 1-15% cupric chloride
impregnated carbon and about 1-15% Kl impregnated carbon, The most prefored
ambodiment comprises abouf $0% carbon, about 40% caleinm hydroxide, sbont 10%
cupric chioride impregnated carbon and about 10% Kis impregnated carbomn,

The vss of the K]z impregnated carbon has been found to be optional
as the powder lacking this component performed equaily as well as one containing the
K1z impregnated carbon.

Thus, in another embodiment of the mvenbion, | the adsorption powder
comprises gbout 10-70% carbon, about 20-80% calcivm hydroxide and about 1-50%
cupric chloride impregnaied carbon.

There is also disclosed o process for removing mercury from a gas

stieam using the adsorption powder of the invention comprising the steps of:

i

A} placing a solid phase mercury-containing contarainated soil feed inio arotary
Kitnfdrum;

b} heating said kiln/drum containing said soil feed to form gaseos and solid
components of the samyple;

C) transferring the gaseous component of said soil feed to an exhaust cleaning
unit/afterbiener and the solid component of clean soil 0 a scil cooling anit;

d} heating the gaseous component of said contaminated soif feed in said exhaust

cleaning unif/afterburner;

&) copling the gaseous componsent of said contamimated soil feed;
1 adding the adsorption powder of Claim 1 fo the gaseous component;

g} transieming the powder-containing gaseous component 1 & baghouse; and
-5
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) releasing the subsiantislly mercury-free gaseous component of said sample o

the atmosphere.

An adacwption powder for the remaoval of mercury and other metals,
dioxins, furans and other organic cosnpounds must be efficient under a range of
conditions. Currently available powders do not function well at high temperatives
and in high moisture environments, conditions that are favorable to mercury removal.

High temperatures are necessary for effective removal of contanynanis
from soil, Temperatures of about 1800°F are necessary 1o volatize organics, metals

nd other impuritics from the contaminated soil. Mercury that is trapped in

miaminaled soil, however, ig most efficiently adsorbed on carbon at shout 300

SO0°F. The most practical method of cooling 2 gas stream exiting an 1800°F oven
is to inject waler info the gas stream. Water injection cools the gas stieamtoa
ternperature favorable to roercury removal, but also increases the rooisture content of
the sample, which decroases the efficiency of available mercury adsorption powders,
The mercury sbsorbing properties of available powders suffer drarnatically in a high
meisture environment. The adsorption powder of the invention, however, operates
effectively gven in a higher masture environment,

Experiments with carbon sources showsd that coal carbon was superior
o wood carbon for mercury adsorption. Many available sdsorption powders use
wood carbon as a curoponent, rather than coal catbon. Cupric cidonde was observed
to significantdy enhance the adsorption of mercury from a gas stren and is fhe key to
the instant invention. Cupric chioride suppbies chlorine and activated copper to the
slemenial mercury in the exhaust stream. Flemental mercury reacts with the chlorine
1o form mercury chiorde and the activated copper to form a stable mercury amaigam,
Both forme of mercury are sastdy captured fromm the exhaust gas stream. Kl
impregnated carbon was also found {0 increase mercury adsorption when it was
included in the powder.

Figure 1 shows a schematic diagram of the actual process and equip-
ment wsed {0 carry out the invention, Prescreened contaminated feed soii ready to be
processed 2 is placed within soil cleaning unit 4. The contaminated soil i< heated to
about S00°F or a tempersture that will completsly volatize the contaminates from the
soil and generate a gas stream, as well as a clean/remediated solid soil component.
Preferably, soil clesning unit 4 is arotary kiln. The gos stream is then passed out

-6 -
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of soif cleaning unit 4 fo dugt remover 6, while any solid fraction of the feed soil ds
transferred to clean soil conling unit 8, where the soil is cooled and prepaced for reuse,
Dast remover 6 is preferably a nuilid-tube dust collector,

After dust remover & rernoves any pacticulate matier from the gas
streamn samiple, the gas stream is passed into the Bxhaust Cleaning Unit 10, The
Exhaust Cleaning Unit heats the volaillized coniaminaies (0 & temperature of about
1800°F for a minironm of two seconds reiention time, which assiwes complele
destruction of any remaining organic or other contaminants. From the Bxhaust
Cleaning Unit 16, the gas stream then passes through cooling chamber 12 wherein
a water pamp (not shown) injects water into the cooling chamber 12 {0 lower the
temperature of the sampls to aboui 360°P.  This cooling process consegquentially
increases the woisiure content of the sample.

The high teipperatore, bigh modsture gas stream is then contacied to the
adsoaption powder of the invention, which is stored in adsorbent stovage silo 14 and
injected info the zas stream. This powder formulation is effective in removing metals,
particularly mescury, and other contarninants,

After the gas sirearn has been coutacted to the adsorption powder,
the powder/gas stream mixtare castinues on to baghouse 18, The carbon component
of the adsorpiion povwder collects on the walls of bags and acts as a particulate filier
for the gases leaving the baghouss. Baghouse 16 collects the particulate meroury-
containing fraction of the adsorption powder mixture, which s transported to &
suitable bulk storage facility 28 snd subsequently removed. The gaseous fraction
18 released 10 the outsids atmosphere throtgh vent 18, while the remaining dost
partioulate fraction is handled in & simeilar manper to the particulate mercury fraction
of the adsorption powder mixtare 26.

EXAMPIE T

A series of field wests were performed omploying a preferred adsorption
powder formulation. Three s0il samples containing sbout 4.2 mglkg of mercury were
prepared by screening 1o } inch. The coarse material was discarded, and the remain-
ing scif was fod into a soi] cleaning unit and heated {o gbout 800°F, The cleaned soil
was transferred o a s0il cooling unit and preparad for reuse. The exhaust stveam wis
sent §o 3 dust remoever and the precipiiated material was sent to the soil conling onit,
The exhaust stream was then fad into an exhaugt clesning unit, which was heated to

-7
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about 1850°F. Vhe exhaust gas was then caoled to about 360°H by quenching with
water, and subsequontly sn adsorption powder comprising 40% coad carbon, 10% K
impregnated carbon, 40% calcium hydrozide and 10% copric chloride mpregnated
carbon was added. The exhaust stream/zdsorption powder mixtore was fed into a
baghouse, where the mercury-bonnd particnlate was separated from the mercury-froe
exhavst gas. The particelate matenial was removad from the baghouse for analysis
and disposal, while gas smalyrers on the exhagst stack recorded mercury emission

levels, The results of the three, two hour rung are reported in the following table,

Run 1 Run 2 Run 3 ’{ Average
LITD Mercury Input {Ibsfhr) 3.193 {1.15% {199 0.197
Clean Soil Mercury Output (the/hrd {3.0020 0.002¢ $.0020 0.0020
Mercery Emission Rate (tha/br) 0.0012 0.6006 0.0007 ;I 0.0008
Mercury Removal Bfficiency’ 99.4% 90 7% 506% | 99.6%

* Removal Efficiency () = dans lnput - Stk Outpus- Clean Sail OurputiMass Input - Clean Soil Cutpnt)

The average mercwry removal efficiency of 99.6% exceeds the current
mercwry control efficiency specification of 96.5% cfficiency, set by NIDEP air perit
legislation. Mercury emissions were determined by EPA method 29-0060.

Although the adsorption powder and method deseribed and claimed
are presented in the context of mercury removal from a gas stream, it shouald be
appreciated that the powder gnd method ate slso useful for remerving organics,
metals and other confarninants from & gas stream.
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WHAT IS CLAIMED I5;

i An adserption powder for removing mercury aad other mstals,
dioxins, forans and other organic compounds from a gas siream comprising:
3 #} about 1.67% carbon,
by about 1-97% calohum hydrozide;
¢} sbout 1-87% cupric chilotde; and
) abowt 1-60% Kl; impregnated carbon.

i0 pa The adserption powder of claim | wherein the adsorption
powder comprises about 10-70% carbon, about 20-80% calcium hydroxide, about

1-50% capric chloride impregnated carbon and about 1-80% Kl impregnated carbon,

3 ‘The adsarption powder of claim 1 wherein the adsorption
15 powder comprises sbout 26-60% carbon, sbout 30-70% calciurn hydroxide, about

1-30% cupric chlonde impregnated carbon and about -30% Ki; impregnated curbon.

4, The adsorption powder of claim 1 wherein the adsorption
powder comprises about 25-43% carbon, about 40-60% calcium hydroxide, about

20 1-13% cupric chloride impregnated carbon and about §-15% K impregnated carbon.

5. The adsorption powder of claim I wherein the adsorption
powdsr cornprises about 30% carbon, about 50% calcivm hydroxide, about 10%
cupric chioride impregnated carbon snd about 10% K, impregnated carbon,
4, The adsorption powder of ¢labm | wherein the adsorption
powiler cornprises about 10-70% carban, about 20-80% calciom hydroxide, about

1-50% cupric cidoride iropregnated carbon.

{4 7. The adsorpiien powder of clabm 1 whesein the cartbon is coal

carbon,

o dp
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8. A method for emoving mercury and other metals, dioxins,

furans and other organic compounds from a gas stream vsing the adsorption powder

of claim 1 comprising the steps of:

)

e}
)
oy

&2

placing a solid phase mercury-containing contaminated soil feed into 8 rotary
kiln/dnum;

heating said kilnfdnum containing said soil feed to form gaseous and solid
components of the sample;

fransferring the gaseous component of sad soi feed (o an exhaust cleaning
vrit/afterbumer and the solid component of clean seil to a soil cooling unit;
heating the gaseous component of said contaminated soil feed in said exhaust

cleauing univ/afterburmen;

.cooling the gaseous component of said contaminated soil feed;

adding the adsorption powder of Claim 1 to the gaseous component;
transferring the powder-containing gaseous component to a baghouse: and
redeasing the substastially mercury-frce gaseous component of said sampie to

the atmosphere.

9. The method of Claim 8 wherein the adsorpiion powder used in

siep 1) comprises about 40% carbon, about 40% calcium hydroxide, about 10% cupric

chloride impregnated carbon and sbowt 10% KI; impregnated carbon.

..
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SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH ORDEVELOPMENT

This invention was made with United States Government suppott under the US
Environmental Protection Agency Grant Mos. R 827649-01 and CR 83092%-91. The United
States Government has certain rights in this invention,

BACKGROUND GF THE INVENTION

Technical Figld of the {nvention

The present invention relates to methods and materials {or the removal of pollutants from
flue gas or product gas from a gasification system. In particular, mercury is removed from gas
streams generated during the burming or gasification of fossil fuels by highly reactive regenerable
sarbents.

Backeround ol the Invention

The combustion and gasification of fossil fuel such as coal penerates flue gas that
contains mercury and other trace elements that originate from the fuel. The release of the
mercury (and other pollutants) to the environment must be comirolied by use of sorbents,
scrubbers, fillers, precipitators, and other removal technologies. Mercury is mitially presest in
the elemental form during combustion and gasification. In downstream process sections, such as
in the ducts and stack of & combustion system, some of the clemental mercury 15 oxidized, The
arnount that is oxidized depends on the amcunt of acid gases present in the Due gas and other
factors. Amounts of mercury vary with the fuel, but concentrations of mercury in the stream of
flue gas from coal combustion are typically less than 3 pans per billion (ppb).  Large coal
combustion facilitics such as electric utilities may emit a pound of mercury, or more, per day.
Mercury removal applications include, without himitation, flue gas from coal {or other fossit fuel)
combustion, waste incineration, product gas from gastfication, as well as off gases {rom mineral
processing, metal refining, retorting, cement manufacturing, chioraikali plants, dental facilities,
and crematories.

Marcury Serbent Technologies

Several types of mercury control methods for flue gas have been investigated, including
injection of {ine sorbent particles into a flue gas duct and passing the flue gas through a sorbent
bed,  Fine-particle injection sorbents include activated carbon, metal oxide sorbent, scdium
sulfide particles, and basic silicate or oxide sorbents, When particle injection is employed, the
mercury captured on the sorbent particles 15 removed from the gas stream in 2 bag house or

electrostatic precipitator (ESP) and collected along with ash particulate. The sulfide and basic
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silicate and oxide particles are effective only for the oxidized mercury, and the metal oxide
sorbents exhibit slower capiure kinetics than the carbon particles. Additionally, injection of fine
carbon particles into the flus gas stream has been only partially successful in removing mercury,
especiatly elemental mercury, where effective removal of only about 60% Is anained for some
applications with 2 FF (fabric filter) 1o collect carbon and ash, Even lower removal rates have
heen ohserved when using an ESP 1o collect the carbon because the contact time of the carbon
with the gas i very shonl,

A major problem with existing carbon injection systems is that the sorbent is initially
wnreactive, and only after extended exposure to the flue gas does the sorbent become effectively
seasonad and provide increased reactivity with the mercury in the gas. Consequendy, these
sorbents must be used in farge amounts, at high sorbent-to-mercury ratios, to effectively capture
the mercury, These sorbents tend 1o be relatively expensive and cannot be casily separated from
the ash for regencration aed reuse. The collection of carbon in the ash aiso creates solid waste
disposal problems, and the apent sorbent may contaminate the collecied ash, preventing its use in
various applications.

Accordingly, there remaing a need for more economical and effective mercury removal
technology. This invention provides for cost-effective removal of pollutants including mercury,
using sorbent enhancement additives andfor highly reactive sorbents, with contact times of
seconds {or less), and that may be regenerated and reused.

SUMMARY OF THE INVENTION

1t is thus an object of the present invention 1o overcome the deficiencies of the prior art
and therchy to provide new and economical methods for the removal of mercury from the gases
produced in the utitization of fousil fuels.

A halogenshalide promoted activated carbon sorbent i5 described that is highly effective
for the removal of mercury from flue gas streams. The sorbent comprises a new halide-modified
carbon form containing a reactive compound produced by the reaction of bromine (or halide or
other halogen) with the carbon. Optional secondary components and alkall may be added o
further increase reactivity and mercury capacity. Mercury removal efficiencies obtained exceed
or match conventional methods with added benefits such as reduced costs.  Optionally, the
sorbent can be regenerated and reused.  Sorbent treatment and/or preparation methods are also
described. New methods for in-flight preparation, introduction, and control of the active sorbent
into the mercury contaminated gas stream are described.

in some embodiments, & promoted carbon sorbent is provided comprising a base activated

carbon that has reacted with a promoter selected from the group consisting of halides, halogens,

[
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and combinations thereof, such that the reaction product is effective for the removal of yeercury
from a gas stream.

in an embodiment, 3 promoded carbon sorbent is provided wherein the base activated
carbon is selected from the group consisting of powdered activated carbon, granular activated
carbon, carbon black, carbon fiber, aerogel carbon, pyrolysis char, activated carbon with an
average particle size greater than that of flyash produced such that it is physically separable
therefrom, and combinations thereof, and the promoder is selected from the group consisting of
molecular halogens, Group V {CAS nomenclature is used throughout) halides, Greup Vi halides,
hydrohatides, and combinations theweof. {n an ermbodiment, the base activated carbon may have
a0 mass mean particle diameter such that it can be substantially separated by physical means from
entrained ash in the gas sweam from which mercury is 10 be removed. In an embodiment, the
base activated carbon may have 2 rass mean particle diameter greater than abeuwt 40
micrometers.

in another embodiment, the sorbent coreprises from about 1 to about 30 grams promoter
per 100 grams of base activated carbon, Another embodiment further comprises an optional
secondary component comprising 2 halogen or a hvdrohalide such that the reactivity and mercury
capacity of the sorbent are enhanced.

In snother embodiment, the concentration of the optional secondary compenent on the
finished sorbent is within the range of from about | to about 15 wit-% of the concentration of the
promoter on the finished sorbent.

In another embodiment, an optional alkali component may preferably be added 1o provide
a synergistic effect through combination of this alkal with the primary sothent.

In another embodiment, the optional secondary component is selected from the group
consisting of Group V halides, Group VI balides, HI, HBr, HCJ, and combinations thereof In
another embodiment, the promoter is substantially in vapor form when combined with the base
activated carbon. In another embodiment, the promoter i3 combined with an organic solvent prior
to reaction with the base activated carbon. In another embodiment, the promoter and opticnal
secondary component are combined with the base activated carbon substantially simultaneously.
Ancther embodiment further comprises adding a mercucy-stabilizing reagent selected from the
group consisting of 8, Se, Ha8, 8GOy, Hale, 520y, C§;, Po5;, and combinations thereof. Another
embodiment further comprises adding an optional alkali component.

In an embodiment, a2 method is provided comprising providing a granular activated
parbon; reacting the activated carbon with 2 promoter selected from the group consisting of
halegens, halides, and combinations thereof, such that the reaction product comprises a promoted

carbon sorbent effective for removal of mercury from a gas streamy. In a further embodiment, the

"
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reaction product comprises from about J to about 3¢ grams promoter per 100 grams activated
carbon, In another embodiment the reaction product has an averape particle size disuribution
greater than the average size of ensrained ash particles in the gas streamn from winch mercury is (o
be removed, such that the reaction product can be sebstandially rerooved from the entraioed ash
particles by physical means. In another embodiment the reaction product has a mass mean
particle diameter greater than about 40 micrometers.

In another embodimert, the promoter is selected from the group consisting of molecular
halogens, hydrohalides, Group V halides, Group V1 halides, and combinations thercof, In
another embodiment the promoter is in the gas phase when contacting the activated carbon. In
another embodiment, the prometer i5 in an organic sclvent when contacting the activated carbon,

In another embodiment, the promoter is selecied from the group consisting of Bry, a
Group V bromide, 2 Group V1 bromide, and combinations thereof.

in another embodiment, the method further comprises reacting the granubar activated
carbon with an optional secondary component comprising a halogen or a hydrohalide such that
the reactivity and mercury capacity of the sorberd are enbanced. In another embodiment, the
promoter and optiona! secondary component are contacted simultaneously with the activated
carbon.  In another embodiment the method further comprises adding a mercury-stabilizing
reagent selected from the group consisting of S, Se, Ha§, §O;, HiSe, 8e0;, (8, Pi8;, and
combinations thereof, [n an embodiment, a method is provided for control of mercury from a
flue gas at lower removal rates with substantially lower sorbenmt requiraments. Through enbanced
sorbent reactivity, reercury remonval per gram of sorbent is increased, thereby decreasing the
capital and operating casts by decreasing sorbent requirements.

In an embodiment, 2 method is provided for reducing mercury in flue gas comprising
providing a sorbent, injecting the sorbent into 2 mercury-containing flue gas stream, collecting
greater than 70 wi-% of the mercury in the flue gas on the sorbent to produce a cleaned flue gas,
and substantially recovering the sorbent from the cleaned flue gas. In embodiments where less
than 70 wi-% mercury reraoval is desired, the required removal may preferably be attained using
less than half as much carbon as would be required with standard (non-enhanced) carbon. Ina
further ernbodiment, the method further comprises monitoring the mercury content of the clean
flue gas, regenerating the recovered sorbent, and using the monitored mercury content of the
clesned flue gas to control the rate of injection of the sorbent. In another embodiment the
injected sorbent is prepared in-flight by reacting an activated carbon and a promoter within a
prieumatic transport line from which the reaction product is injecied 10 the mercury-cordaining

flue gas stream.
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in another embodiment, the promoter is selected from the group consisting of molecular
halogens, halides, and combinations thereof In ancther embodiment, the promoter is reacted in
the gas phase or as & vapor. In another embodiment, the prometer s added at from about | 1o
about 30 grams per 100 grams of activatad carbon,

in ancther embodiment, the injected sorbent is prepared in-flight by reacting an activated
carbion, a promoter, and an optional secondary component 16 enhance the reactivity and capacity
of the sorbent within a pneumatic transport line from which the reaction product is injected to the
mersury-containing flue gas stream.

in another embodiment, the optional secondary component 5 selecied from the group
consisting of lodine, hydrohalides, Group V halides, Group VI halides, and combinations thereof.
In another exbuodirnent, the optional secondary component is added at from about 1 to about 15
wi-0% of the promoter conient. In ancther embodiment, the method Rurther comprises adding w
the sorbent a mercury-stabifizing reagent selected from the group consisting of 8, Se, Ha8, 50,
HaSe, 8e(-, T8, Pp8;, and combinations thereof.

In an embodiment, the method further comprises co-injecting an optional alkaline
material, including without limitation alkaline and alkaline earth components, to improve the
efficiency of mercury capture by capturing oxidized mercwry and/or capturing gaseous
components that might otherwise reduce sorbent capacity. In another embodiment, the optional
atkaline material may preferably comprise calolum oxide, sodium carbonate, and the like, as are
known in the art,

In another smbodiroent, the method further conprises using the monitored mercury
conlent of the cleaned flue gas fo control the composition of the sorbent. In another embodiment,
the injected sorbent is prepared in-flight by reacting an activated carbon and a promoter within a
preumatic transport line from which the reaction product is injected 1o the mercury-containing
flue gas stream, wherein the promoter iz selected from the group consisting of molecular
halogens, halides, and combinations thereof, wherein the promoter is reacted in the gas phase or
as z vapor, wherein the promoter is added at from about | 1o about 30 grams per {00 grams of
activated carbon, wherein the rate at which the promoter is added and the rate of sorbent injection
are determined by a digital computer based af least in part on the momiored mercury conterd of
the cleaned flue gas.

In an embodiment, a method for reducing the mercury content of a mercury and ash
containing gas stream is provided wherein particulate activated carbon sorbent with a mass mean
size greater than 40 um is injected into the gas stream, mercury is removed from the gas by the
sorbent particles, the sorbent particles are separated from the ash panticles on the basis of size,

and the sorbent particles are re-injected 10 the gas stream. In another embodiment, the mercury-

1
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containing sorbent particles are regenerated Lo remove some or subsiantially sll of the mercury.
It another embodiment, an alkaline component is co-injected into the gas stream.  In another
embodinent, the sorbent may further comprise a promoter.  The promoter may preferably
comprise a halide, a halogen, or both.

) As will be described in more dewil below, the present invention thus provides several
advantages over previously known techniques, including significantly meore effective and
sconomical mercury sorbents for effluens gases, advantageously applicable to treating gas
streams from fired equipment and gasification systems,

The foregoing has cutlined rather broadly the features and rechnical advantages of the

13 presemt invention in order that the dsiailed description of the invention that follows may be better
understond.  Additional features and advantages of the invention will be described hereinafier

that form the subject of the claims of the invention. 1t should be appreciated by those skilled in

the art that the conception and specific embodiments disclosed may be readily utilized as a basis

for modifying or designing other structures for carrving ouwt the same purposes of the present

13 invention. It should also be realized by those skilied in the art st such equivalent constructions
do not degart from the spirit and scope of the invention as set forth in the appended claims,
BRIEF DESCRIPTION OF THE DRAWINGS
For a more detailed description of the preferred embodiments of the present invention,
reference will now be made (o the accompanving drawings,
20 Figure 1 schematically illustrates methods for prepacation of proraoted carbon sorbents in

accordance with the present invention.
Figure 2 iliustrates a proposed mechanistic model of the chemieal reactions resulting in
the oxidation and capture of mercury.
Figure 3 schematically ilustrates preparation of promoted carbon sorbents and processes
25 for flue gas mercury reduction in flue gases and/or product gases from a gasification system in
socordance with the present imvention, inchuding in-flight preparation of promoted carbon
sorbent.
Figure 4 is & diagram illustrating breakthrough curves for 5 wi/wn% brominated NORIT
Darce FGD sorbent (37 mg + 113 mg sand) in low-HCI {1 ppm) synthetic flue gas.
30 Figure 5 is a diagram Hustrating breakthrough curves for non-halogenated NORIT Darco
FGII sorbent (37 mg + 113 mg sand) in low-HCI {1 ppm) synthetic flue gas.
Figure 6 is a bar chart illustrating pilot-scale mercury removal resulls, including large.

size sorbent results.
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Figure 7 is a diagram ilustrating the effects of sorbent size and injection rate on mercury
removal for ESPs and fabric filters.

Figure 8 is a diagram illustrating the breakthrough curves for a brominated NORIT Darco
FGD sorbent with inert sand.

Figure 9 15 a diagram illusirating the breakthrough curves for brominated NORIT Duarco
FGD sorbent with a co-injected aikali material,

Figure 10 i3 a plot of mercury removal vs. carbon injection rate with and without co-
injection of alkali material.

DETAILED DESCRIPTION OF THE PREFERRED EMBOBDIMENTS

Herein will be described in detail specific preferred embodiments of the present
invention, with the understanding that the presemt disclosure is o be considered an
exemplification of the principles of the invention, and is not intended 1o limit the invention to that
illustrated and described herein, The present invention is susceptible to preferred embodiments
of different forms or order and should not be interpreted to be limited 1o the specifically
expressed methods or compositions contsined herein.  fn particular, various preferred
embodiments of the present invention provide a number of different configurations and
applications of the inventive method, compositions, and their uses.

The present invention provides a cost-effective way to capture pollutants by wtilizing
exceptionally reactive halogen/halide promoted carhon sorbents using a bromide {or other
halogen/halide} treatment of the carbon, that capture mercury vig mercury-sorbeni surface
reactions, at very short contact times of seconds or less. The sorbent does not require j» sity
activation {no induction period} in the gas stream 1o achieve high reactivity, as do conventiona)
activated carbon sorbents. The reactivity of the sorbent toward the pollutants is greatly enhanced
and the sorption capacity can be regenerated, the promoted sorbent may be regenerated, recycled
and/or reused. _

The treated carbons, treatment techniques, and optional additives discussed herein have
applicabiiity 10 mercury control from the product or effluent gas or gases from gasification
systems, syngas generators, and other mercury-coniaining gas sircams, in addition 1o the flue gas
from combustion systems. Thus, it should be understood that the terms combustion system and
flue gas as used throughout this description may apply equally to gasification systems and syngas
or fuel gas, as will be understond by those skilled in the art,

Referring now to Figure I, there is shown a block fow diagram itlustrating some
preferred embodiments of the process of the present invention to prepare promoted sorbenis
useful for mercury capture from flue gas and/or product gas form a gasification system streams.
In a proferred embodiment Hiustrated by path 10-20, block 10 illustrates providing a base

-
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activated carbon, and adding 2 halogen or halide promoter that reacts with the carbon, iHustrated
at block 20, to produce a product promoted carbon sorbent. In embodiments where the halogen
ot haiide is added, for example, as a vapor, no further steps may be necessary. In embodiments
where the halogen or halide is added in, for example, a sobvent, it may be desirable to employ
solvent removal as ilustrated by block 20A.

Referring still to Figure I, another preferred embodiment of the process of the present
invention is illustrated by path 10-20-30, comprising providing a base activated carhon as shown
by block 10, adding a halogen or halide promoter that reacts with the carbon, llustrated at block
20, and adding a secondary component illustrated at block 30 that reacts with the result of block
20 1o produce s product promoted carbon sorbent. In embodiments where both the halogen or
hatide promoter and the secondary component are added, for exampile, as a vapor, no further steps
may be necessary. In embodiments where the halogen or halide promoter gnd/or secondary
component are added in, for example, a solvent, it may be desirable to employ solvent removal as
ltusteated by block 304,

Heferring still to Figure 1, another preferred embodiment of the process of the present
invention is dlustrated by path 10-4¢, comprising providing a base activated carbon as illustrated
at block 10, and adding a halogen or halide promoter and ¢ secondary component 1o the activated
carbon together, with which they react as ilustrated by block 40, producing a product promoted
carbon sorbent.  As above, in embodiments where vapor additions are made 10 the activated
carbon no further steps may be desired. In embodiments where one or more componenis are
added in solvent, a solvent removal step may be provided as ilustrated by block 40A.

Referring stilt 10 Figure 1, also illustrated are preferred embodiments in which, as
ilustrated by biock 50, a flue gas stream is treated with product promoted carbon sorbent
prepared as described above,

in seme preferred embodiments the activated carbon provided may preferably be any of
several (ypes, as understood by those skilled in the art. For example, the activated carbon may
include powdered activated carbon, granular activated carbon, carbon black, carbon {iber, carbon
heneycomb or plate structure, acrogel carbon film, pyrolysis char, regenerated activated carbon
from product promoted carbon sorbent, or other fypes as known in the art.

In some preferred embodiments the activated carbon provided may preferably be any of
several types, as understood by those skilled in the art. For example, the activated carbon may
include powdered activated carbon, granular activated carbon, carbon black, carbon fiber, carbon
honeycomb or plate structure, aeroge! carbon film, pyrolysis char, an activated carbon or
regencrated activated carbon with 2 mass mean particle size greater than fy ash in a flue gas

stream 0 be treated,
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In some preferred embodiments the activated carbon provided may preferably be any of
several types, as understood by those skilied in the ant. For example, the activated carbon may
include powdered activated carbon, granular activated carbon, carbon black, carbon fiber, carbon
honeycomb or plate structure, aerogel carbon fitm, pyrolysis char. an activated carbon or
regenerated activated carbon with a mass mcan particle diameter preferably greater than 40
micrometers, more preferably greater than 60 micrometers, or a particle size distribution greater
than that of the fly ash or entrained ash in & flue gas stream w be weated, such thut the activated
carbon and ash can be separated by physical means,

In some preferred embodiments, the halogen or halide promoter that is added to, and
reacts with, the base activated carbon may preferably comprise. by way of illustration and not
hmitation, & molecular halogen n vapor or gaseous form, a molecular halogen in an organic
solvant, a Group V or Group VI halide, such as PBr; or 8CHy respectively, in vapor, liquid, or
solution form {though not in an agueous soivent),

Embodiments are also provided in which the organic solvent may preferably comprise a
chlorinated hydrocarbon, such as dichioromethane, a hydrocarbon soivent, including for example,
petroleurn ether, ligroin, pentance, hexane, toluene, and benzene, carbon disulfide, a waste solvent,
an ether, a recyeled solvent, a supereritical solvent, such as supereritical COs, water (though not
in the case of a Group V or Group V1 halide), and others as will be apparent to those of skil in
the art.

Referring now to Figore 2, there is itlustrated a theory developed from scientific evidence
to explain the nature of the promoting compounds. For example, as illusteated in Figure 2,
hydrogen bromide reacts with the unsaturated structure of the activated carbon. This may be, by
way of illustration only, a carbene species on the edge of (he graphens sheet structures of the
carbon. Molecular bromine or a broming compound reacts to form a similar structure, with a
positive carbon that is active for oxidizing the mercury with subsequent capture by the sorbent.

it has now been found that the formation of the new bromide compound with carbon
increases their reactivity toward mercury and other pellutants.  Additionally, the resuiting
bromide compound is uniquely suited to facilitate oxidation of the mercury. The effectiveness of
the oxidation apparently results from the prometion effect of the halide, exened on the
developing positive charge on the mercury during the oxidation, known jn the chemical ant as a
specific calalytic effect. Thus, as the mercury electrons are deawn toward the positive carbon, the
halide anion electrons are pushing in from the other side, stabilizing the positive charge
developing on the mercury and lowering the encrgy requirernent for the oxidation process.

Bromide is especially reaciive, owing o the highly polarizable electrons in the outer 3p orbitals
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of the ton. Thus. adding HBr or Br; to the carbon forms s similar carbon bromide, in which the
positive carbon oxidizes the mercury with the assistance of the bromide ion.

Referring now 10 Figure 3, a schematic {low diagram is provided of mercury control
system 100 comprising preparation of promoted carbon sorbents, and flue gas mercary reduction,
in accordance with preferred embodiments of the present invention. There is provided base
activated carbon reservoir 119, an optional halogenshalide promoter reservoir 120, an optional
secondary component reservoir 130, and an optional skali component reservoir 180, each of
which with corresponding flow control device(s} 201, 202, 203, and 2087209, respectively. In
conjunction with the optional alkali component reservoir 180, optional flow contral devices 208
and 209 can be used independently, together, ornot at all.

Reserveirs 110, 120, 130, and 180 connect through their sespective flow control devices
and via associated piping, to wansport line 115, Optional atkali component reservoir 180 may
also connect, through respective flow control devices and via associated piping, to transport Hine
118. A source of air, nitrogen, or other transport gas{es) is provided by gas source 170
transport Hine 115 for the purpose of entraining roaterials discharged from reservoirs 110, 120,
1360, and 180 and injecting such materials, via injection point 116, info contaminated flue gas
strearn 13, A source of air, nitrogen, or other iransport gas{es) may be provided by gas source
171 to transport line 118 for the purpose of entraining materials discharged from reservoirs 18D
and mjecting such materials, via injection poind 119, into flue gas wiream 13, Gas sources 170
and 171 may be the same or different, as desired.  Alternatively, transport gas{es) may be
provided to both transport dines 115 and 118 by gas source 170 (connection from source 170 to
fine 118 not shown}. Ahthough gas sources 1706 and 171 are shown in Figure 3 as compressors or
blowers, any source of fransport encrgy known in the st may be acceptable, as will be
appreciated by those of skill in the art,

For clarity, single injection points 116 or 119 are shown in Figure 3, although one skitled
in the art will understand that multiple injection points are within the scope of the present
invention. Optical density measuring device (s} 204 is connected to transport Hine {15 andior 118
1o provide signals representative of the optical density inside transport line 115 andfor 118 as 2
function of time.

Downstrearn from inpection point 116 and 119 15 provided particulate separator 140, By
way of Hlustration and not firitation, particulate separator 140 may comprise one or more fabide
filters, one or more elecrostatic precipitators (hereinafter “ESP™, or other particulate removal
devices as are known in the art. It should be further noted that more than one particulate
separator 140 may exist, sequentially or in parallel, and that injection point 116 and 119 may be

at a location upstrearn and/or downstream of 140 when parallel, sequential, or combinations
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thereof exist. Particulate separator 140 produces at least a predominantly gaseous (“clean™)
stream 142, and 2 strearn 141 comprising separated solid materials. A sorbent/ash separator 150
sgparates stream 141 ist0 a largely ash stream 152, and a largely sorbend siream 151, Stream 15}
may then preferably be passed to an optional sorbent regenerator 160, which yields a regenerated
sorbent stream 181 and a waste stream 162,

An optional Continuous Emission Monitor (hereinafter “CEM™) 205 for mercury is
provided in exhaust gas stream 35, to provide elestrical signals representative of the mercury
concentration i exhaust strearn 35 as a function of time, The optional mercury CEM 205 and
flow comwotiers 201, 202, 203, 208, and 209 are electrically connected via optional lines 207 (or
wirelessly) to an optional digital computer {or controller) 206, which receives and processes
signals and preferably controls the preparation and injection of promoted carbon sorbent inic
contaminated flue gas stream 15,

In operaion, promoted carbon sorbent and/or an optional alksl component is injected
into contuminated flue gas steam 15, Afier contacting the injected matertal with the
contarninated flue gas stream 15, the injected material reduces the mercury concentration,
transforming contarmninated flue gas into reduced mercary fue gas, 25, The injected matenial is
removed from the flue gas 28, by separstor 140, disposed of or further separated by optional
separator {30, and disposed of or regenerated by an optional regenerator 160, respectively. The
reduced mercury “clean” flue gas stream 142 is then monitored for mercury content by an
optional CEM 203, which provides corresponding signals to an optional computer/controller 206.
Logic and optimization signals from 206 then adjust flow controllers 201, 202, 263, 208, 20% 10
maintain the mercury concentration in exhaust strearm 33 within desired Bmits, according to
control algorithms well known in the art. Flow condroflers 201, 202, 203, 208, 209 can also be
adjusted manually or be some other automated means to maintain the mercury concentration in
exhaust stream 33 within desired Himits, according to control algorithms well known in the art.

Referring still 1o Figure 3, there are ilustrated several preferred embodiments for
preparation and injection of promoted carbon sorbents and/or alkali components in accordance
with the present invention, Stream i1} provides for introduction of base activated carbon from
reservoir 110, as metered by flow controller 201 manually or under the direction of computer
W06, The halogen/halide may be combined and react with the base activated carbon according to
any of several provided methods. The halogen'halide may preferably be combined via line 121
directly inio transport Hne 115, within which it contacts and reacts with the base activated carbon
priot o injection point 116. This optien is one form of what is referred 1o herein as “in-flight”
preparation of a promoted carbon sorbent in accordance with the invention.  Further, the

halogen/hatide may be combined via line 121k with base activated carbon prior to entering
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wansport line 113, Sull further, the halogenvhalide may be contacted and react with the base
activated carbon by introduction via fine 121¢ into reservoir 110, This option is preferably
employed when, for example, reservoir 110 comprises an ebullated or fluidized bed of base
activated carbon, through which halogenshalide flows in gaseous form or as a vapor. Of course,
the halogen/halide may also preferably be contacted with the base activated carbon in liquid form
or int a sclvent, as discussed previously, and solvent removal (ot shown in Figure 3) may then be
grovided if necessary as mentioned with respect to embodiments discussed with reference to
Figure 1.

Similarly, the optional secondary component may be contacted and react directly in
rapsport line 113 via line 131, or optionally as described above with respect o the
hatogen/halide, via Haes 131b and 131c.

Similarly, the optional alkali component from 180 ma)y either be added in transport line
1315 divectly, or may be injected separately by transport line 118, combimng downstream in flue
gas 15 for synergistic effects with base activated carbon, promoied carbon, or optional secondary
components, Being able 0 vary onsite the amount of the optional alkali component relative to
base activated carbon, promoted carbon, or optional secondary components is a key feature to
eversome and optimize for site-specific operating and flue gas conditions..

in some preferred embodiments wherein contacting between components and reastion is
pecformed in a liquid or solvent phase, stirring of such liquid and/or sturry mixtures may be
provided. In other embodiments, the halogen/balide promoter and optional secondary
component{s} may preferably be sprayed in solution form into or on the base activated carbon. In
some such erabodiraents, drying, filtering, centrifugation, settling, decantation, or other solvent
removal raethods as are known in the art may then be provided.

in erabodiments wherein the halogen/halide promoter is in gassous or vapor form, it may
be diluted in air, nitrogen, or other gas as appropriate. The halide/haiogen gas, for 2xample,
gaseous HBr or Bry, may be passed through an ehuliated or fluidized bed of granular or fibrous
activated carbon, with the promoted carbon sorbent so produced removed from the top of the bed
via gas entrainment for injection.

in some embodiments, the secondary component(s) may preferably comprise iodine or
other halogens, hydrohalides, including without Hmitation HI, HBr, HCI, a Group V or Group V1
element with a molecular halogen, such as SCly and others, In some preferred smbodiments, the
promoted carhon sorbent may comprise from about 1 1o abowt 30 g halogenthalide per 100 g base
activated carbpn. In some preferved embodiments, the promeoted carbon sorbent may comprise an
secondary component in concentration of from about § 1o about 15 wt-% of the concentration of

the halogen/hatide component.
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in stil other embodimens, the product promoted carbon sorbent may be applied to a
subsirate,  In other embodiments, such prepared substrate(s) may be caused to confact a
contaminated flue gas or gasification systam product gas stream for mercury reduction purposes.
Such substrates may be monolithic, rotating, or exposed to the gas stream in any number of ways
known to those skilied in the art.

In some embodiments, a method is provided whereby 2 mercury stabilizing reagent is
added 0 2 promoted carbon sorbent 1o produce a bifunctional sorbent. Such stabilizing reagent{(s)
may be sequentiaily added, cither before or after the addition and resction of the halogen/halide.
In some preferred embodiments, the halogenvhalide preferably comprises Br or HBr, and the
mercury-stabilizing reagent may comprise S, Se¢, M5, 50, HySe, 320, CS) P35 and
combinations thereofl
Hulogens in Mercury Capture

Methodologies for using balogens for the treatment of flue gas have been problematic,
owing to their reactivity with other gases and metals, resuiting in corrosion and health issues, A
“halogen” 1s defined as a member of the very active clements comprising Group VHA (CAS
nomenclature 1s used throughout: Group VILA (CAS) comesponds to Geoup VIEB (IUPAL)) of
the periodic table. In the molecular slemental form of the halogens, including ¥y, Cly, Bry, and Iy,
the reaction with a hot fluc gas components leave little o react with elemental mercury. The
ateroic elemental halogen form, which includes the fluorine, chlorine, bromine, and iodine atoms,
is about & million times more reactive 1o mercury but the concentration of the atomic forms is
typicaily extremely low. In a large portion of electric wibty coal combustion facilities, the
concentrations are generally not sufficient (o oxidize a significant amourt of mercury.

The term “halide” a5 used herein is defined as a compound formed from the reaction of a
halogen with another cloment or radical, In general, halide compounds are much less reactive
than the molcculer halogens, having a low chemical potential. Halides are considered reduced
forms that do not, alone, oxidize other compounds. In the conventional view therefore, a halide-
salt~treated activated carbon will not effectively oxidize elemental mercuey and capture elemental
WHRITUTY,

Haologen Promoted Sorbent Characteristics

The sorbent described here has a very high initial rescuivity for oxidizing mercury and
therefore can be used in very small amounts to achieve very high capture efficiencies, thus
lowering operation costs and lessening waste disposal problems. I addition, further disposal
reductions are obiaimable by regenerating and reusing the sochents produced using the inventive
technology, The time interval required for the mercury and the promoted carbon sorbents of the

present invention to successfully interact in 8 flue gas duct, with the subsequent collection of the
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mercury on the sorbent and ash i very short ~ less than seconds. Clearly, such collection times
require the sorbent to bave both high capacity and high reactivity toward mercury. The promoted
cashon sorbent can be utlized in & very finely powdered form to minimize mass wansfer
Hrmitauons,  However, again, the reactivity should be very high 0 capture all of the mercury
encountered by the fine particles.  Additionally, use of these enhancement techaologies allows
capture 1o be effective for larger sorbent particles which also allows separation of the sorbemt
from the ash to enable subsequent regeneration as well as ash utilization. Gne feature of this
invention is the process to prepare a sorbent containing a halide compound formed on the carbon
structure thal provides a sorbent that s highly actuve on initial contact with the mercury
contaminated gas siream, which allows for very effective capture of the meroury,

It appears that the inventive sorbents chemically combine molecular bromine, for
example, from solution, with activated carbon (edge sites). Xeray phetoelectron spectroscepy has
established that the addition of broraine, chlodine, HBr, or HCl formed a chemical compound in
the carbon structure.  Thus, the sorbent produced from halogen and activated carbon does not
represent a molecular halogen form, but rather a new chemically modified carbon (or halocarbon)
struciure.  In Addition to halide jons, this phenomenon may not occur with the less reactive
iodine, where an [, molecular complex can exist on the carbon basal plans. In the case of
bromine, the modified cationic carbon has 2 high chemical potential for oxidation of the mercury.
Thus, an entirely new mode] is presented for the reactivity of the bromine-ireated carbon with
mercury. The reactive carbon form can preferably be generated by the addition of bromine,
hydrogen bromide, or combinations of bromine and other elements, as described herein. Halogen
freatment resulted in higher-activity carbons because the halide anions (especially bromide and
iodide) were effective in promoting the oxidation by stabilizing the developing positive charge on
the mercury in the transition state for oxidation. Based on this model, several innovative,
inexpensive, activity-enhanging features have been developed.

Oprional Second Componesni

It has been demonstrated that addition of an optional second component, in addition to the
bromine, results In improved reactivity and capacity for the sorbent, typically exceeding that of
both the untreated carbon and the brominated carbon. The second compound comprises either a
second halogen or a compound derived from 2 second halogen, such as HI. Thus, in addition w
having a reactive carbon form present, the second component generates a Lewis base with greater
ability to stabilize the developing positive charge on the mercury. Thas, the second conponent is

an element with more polarized electrons {4p and 3p}.
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Optional Aikali Component

It has been demonstrated that addition of an optional alkali component with 4 base or
protioted activated carbon results in improved mercury capture, typically exceeding that of both
the untreated carbon and the promoted carbon. Test data indicate that flue gas contaminants, flue
gas constituents (50, NO,, HCL eic), opersting temperature, mercury form, and mercury
concentration may impact the effectivencss of the atkali addition. This suggests the need to be
able o adjust and waiior the alkali-to-activated-carbon ratic onsite in order to overcome and
opiimize for a given set of site conditions.

The synergy that can be gained when co-injecting the two materials can be explained as
follows. First, testing shows that binding sites on activated carbon Chereinafter “AC™) can be
consumed by chlorine species, sulfur species (i.e. sulfates), and other flue gas contaminants
{(arsenates, selenates, ete) The addition of aptional alkali material will interact and react with
these speciesfcontarsinants thus minimizing their consumption of AC mercury binding sites.
Second, testing also shows that standard AC will continue to oxidize mercury, even though the
binding sites are fully consumed. This oxidized mercury van then reast with alkali material and
subsequently be captored by partculaie control dovices, Comsequently, the addition of the
optional alkali component aots t¢ protect mercury binding sies and capture oxidized mercury,
thershy resulting in improved mercury reduction at lower cost. Alkall is generally much lower in
cost {~ an order of magunitude less) than activated carbon, thus more of it can be used stilf
resulbting in overall fower costs.

“In-Fiight” Sorbent Prepararion

Fusthermore, we have demonsieated that the halogen promoted carbon sorbent can be
readily produced “in-flight”. This is accomplished by, for example, contacting the vapors of any
combination of halogens and optionally s second component, in-flight, with very fine carbon
particles, The particles may be dispersed in a stream of transport air {or other gas), which also
conveys the halogenhalide promoted carbon sorbent particles to the fue gas duet, or other
contaminated gas stream, from which mercury is to then be removed. There is no particular
iemperaturs requirernent for this contact. This technology is obvicusly very simple to implement,
and results in a great cost savings to facilities using this technology for mercury capture,
Advantages of Gn-Site Preparation

in-flight preparation of the halogen/halide promwoted carbon sorbent on location preduces
certain advantages. For example, the treatmeant sysiem can be combined with the carhon injection
systam at the end-use site. With this technique, the halogen/halide is introduced to the carbon-air

{or other gas} mixture in a transport line (o7 other part of the sorbent storage and injection
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system). This provides the following benefits over cusrent conventional concepts for treating
sarbents off-site;

= Capital squipment COStS at a treatment faciity are eliminated.

»  {Costs 10 operale the treatiment facility are eliminated.

5 »  There are no costs for transporting cacbon and additive (¢ a treatment facility.

» The inventive process uses existing hardware and operation procedures,

»  The nventive technology ensures that the sorbent is always fresh, and thus, more
reactive.

»  No new handling concerns are introduced.

10 «  There are no costs for removing carbon from treatment system,

» The inventive process allows rapid on-site tailoring of additive-sorbent ratios 1o order w
match the requirements of flue gas changes, such as may be needed when changing fuels
or reducing loads, thus further optimizing the economics,

» The inventive technology reduces the amount of spent sorbents that ave disposed,

15 With the foregoing and other features in view, there is provided, in accordance with the
present  invention, embodiments including 2 process for preparing and  regenerating
hatogen‘halide promoted carbon sorbents, whose activity for mercury capture is enhameed by the
zddition of halogen (c.g. bromine) to the carbon structure,

Korbent Ijecrion Location

20 Some of the preferred embodiments contemplate the use of a halogen promoted sorbent in
a powdered form that has been injected into a flue gas stream before or after ash particulates have
been removed. Other embodiments of the inventive composition of the halogen promoted carbon
sorbent comprise a powdered modified activated carbon prepared by adding Bry, or HBr plus 2
second optional component. Other embodiments allow the addition of the optional alkali

component in conjection with a base activated carbon and/or with the use of a halogen hased

B2
L]

sorbent and any other combinations of the sorbent technologies provided in this patent.
Altematively, embodiments include methods wherein the sorbent is on 2 moving contactor
consisting of particles or {ibers containing one or more of the compositions listed above,
Sorbent Regeneration

38 Any of the above embodiments of the halogenhalide promoted carbon sorbent ¢an be
easily regenerated: the poisoning contaminants from the flue gas are preferably removed and an
inexpensive promoting agent added, to restore mercury sorption activity. This process of
promoting the activity of the carbon itself contrasts with the earlier, more expensive, conventional
methods of adding a reagent (such as peroxide, gold, iricdide, etc)) w0 a sorbent.  The

33 halogen/halide promoted carbon sorbent of the present invention, treated with bromine and/or
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optional components, is noncorrosive. Detailed examples of sorbent regencration techniques are
deseribed in co-pending, commonly owned PCT patent application No, PCT/US04/12828, titled
“PROCESS FOR REGENERATING A SPENT SORBENTY, which is hereby incorporated by
reference in Hs entirety,

Sorbent Injection Controf Schemes

Another advantage of the present invention relates to the use of a feedback system to
more efficiently wilize cerain aspects of the inventon. Where possible and desirable, the
mercury control technology of the present invention may preferably utilize continuous
measurement of mercury emissions as feedback o assist in control of the sorbent injection rate.
Tighter control on the sorbent and optional component{s} levels can be achieved in s way,
which will ensure mercury removal requiresnents are met with mioinsl material requirements,
thus minimizing the associated costs. In an embodiment, the mercury emissions are continuously
measured dovnstream of the injection location, preferably in the exhaust gas at the stack.
FPromoled Carbon Sorbents

Reactions of halogens and acidic specics with the basic binding sites on the activated
carbon sorbent create sites for oxidizing mercury. Other metal ions, such as boron, tin, arsenic,
gallium, Sty Pb, Bi, Cd, Ag, Cu, Zn, or other cordaminants, will also react with the oxidation sites
gensrated on the carbon,

According to our model, adding the bromine from the bromine reagent or a proton froma
hydrogen habide acid tn a basic carbeng site on the carbon edge structure forms a carbocation that
accepts electrons from the neutral mercury atom forming the oxidized mercury species that is
bound to the sorbent surface, The reactive site may also generate reactive bromine radicals or
carbon radicals at the active sites on the carbon, Thus, the activaled carbon serves to stabilize the
bromine, vet provides a highly reactive bromine- containing reagent that can oxidize the mercury
and promote its capture on the activated carbon. The sorbent that containg bromine is expected to
be more reactive than the comespanding sorbent containing chiorine and much less expensive
than the sorbent contaning iodine.

EXAMPLES

To more clearly ilustrate the present invention, several examples are presented below.
These examples are intended to be illustrative and no Himitations 10 the present invention should
be drawn or inferred from the examples presented herein,

Exagmple 1 «Prepavation and Testing of Halogenated Carbon (& Compararive Example)

Gas Phase Halogenation

Finely powdered activated carbon (such as NORIT Darco FGD, NORIT Americas, Inc.,
Marshall, TX (USA), although others are suitable, as will be recognized by those skilled in the
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art}, was placed in 2 rotating plastic barrel with side blades (a 3 £ (0.14 m®} cement mixer) fitted
with a tight plastic lid {0 prevent loss of the fine powder during the preparation. s & separaie
vessel, gas phase bromine was generated by passing a nitrogen strearn over a weighed amount of
iiquid bromine that is warmed 1o about 40°-50°C.  The vapor pressure of the bromine was such
that a dark red gas is generated a passed out of the generator. The outlet from the gaseous
bromine generator {5 connected via a Y inch (0.64 cm) plastic hose 1o # stationary metal tube
inserted through a flange in the center of the plastic §id sad passing into the center of the barrel.
The flange is not air tight to that the excess of aitrogen is released after the bromine s transfer to

the tumbling carbon, Thus, the bromine gas stream continuously passed into the rotating basrel

where it contacied the turnbling carbon, The unit is then operated until the desired amount of

brorine has combined with the carbon. Typically, this is 0.4 to | kg of bromine to 20 kg of
carbon (2-3 wi. %). When the reaction is completed, the carbon i weighed. The treated carbon
is odorless and does not cause skin ritation since the bromine has completely reacted with the
carbon 1o produce the brominated carbon,

XPS spectea demonstrate that the brominated carbon contains both covalent carbon-bound
{organic} bromide as well as anionic bromide. The product containg the same moisture originally
present i the activated carbon (317 wite), but does not require further drying for use. The
moisture is driven out at higher temperatures (>130°C), and the bromine was not released uruil
very high temperatures

Bench-Scale Yesting of Mevcury Oxidation and Capture Efficiency

A bench-scale apparatus and procedure based on the above description was used to test
the mital activities and capacities of several promoted activated carbon sorbents using powdered
carbon, including bromine-containing activated carbons prepaved from a variety of carbons,
including commercially available sorbents, aerogel film sorbents, and the original precursor
carbons for comparison.

A detailed description of the apparatus and its operation is provided in Dunham, G.E;
Miller, $.J. Chang, R.; Beraman, P. Envirormental Progress 1998, 17, 203, which is incorporated
hersin by reference in its entirety. The bench scale mercury sorbent fests in the flue gas
sompositions were performed with finely (-400 mesh) powdered sorbents (37 mg) mixed with
113 mg sand and loaded on a quanz filter (2.3 inch £6.35 cm}). The loaded filter and holder were
heated in an oven (125°C) in the simulated flue gas stream (30 SCFH {standard cubic feethy) or
¢.79 NCMH {normal cubic meters per hourl) containing the following: O, (8%), CO (12%), 80,
(600 ppm), NO (120 ppm) NO; (6 ppm), HC (4 ppim), Hg® (11 pg/m’), HoO (15%), and N,
{balance). Elemental mercury was provided by a standard permeation tube source placed in a

double jacketed glass condenser, and heated to the desired temperature. Mercury concentrations
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in the gas streams were determined with 4 continuous mercury emission monitor {Sir Galahad
mercury CEM mfr, P8, Analyvtical Deerfield Beach FL USA), and a SnCl cell was used 0
convert oxidized species 10 elemental, so that both elemental and oxidized mercury concemiration
data could be obtained for both the influent and the ¢ffluent concentrations from the sorbent bed,
Mercury concentrations were calibrated for the flow rates used. Spent sorbents were analyzed for
mercury 1o determing the mass balance,

Referring now 10 Figure 4, the effluent mercury concentration data are plotted as a
percent of the influent mercury versus time. The resulting curve (breakihrough curve) for the
halogenated sorbents typicaily showed 0%—1% Hg in the effluent (95+% capture) at the
beginning, and increasing ondy afier 30-60 minutes (breakihrough point), depending on the
sorhent. Figure 4 illustrates the breakthrough curves for 5 wt/wit% brominated NORIT Darco
FOGD sorbent (37 myg + 113 mg sand) with synthetic flue gas containing 1 ppm HCL Total Hg
{solid circles) and elemental Hg (solid squaces) in the cfflueat are presented as a per cent of the
infet Hg. “EOT" indicates the end of test {the later data points shown are for calibration cheeks).

Figure S preseots the comparative breakthrough curves for the corresponding
nonbalogenated sorbents typically initiated at 5%-30% of inlet mercury, depending on the HCI
concentration in the synthetic flue gas, thus indicating considerably lower veactiviey for oxidation
and capture of the mercury for the nonhalogenated sorbents,  After breakthrough of either
halogenated or nonhalogenated sorbent, most of the mercury in the effluent was oxidized
THETCUrY.

Example 2 - Gar Phase Halogenation of Fluidized Carbon

A bed of activated carbon supported in 3 vertical tube by 2 plug of glass wool was
fluidized by a nitrogen stream. The top of the fluidized bed tube was connectad to a catching trap
for carbon fines that blow oul the 1op of the wbe. The bromine gas generator as described in
Example 1 was attached to the fluidized carbon bed and the desired amount of gaseous bromine
was passed into the bed. The contents of the trap were then mixed with the malerial in the bed
znd weighed. The resulting brominated carbon exhibited properties similar to the brominated
carbon of Example 1.

Exomple 3 - Liguid Phase twater) Halogenation

A 5% solution of bromine in waler was prepared by carefully adding 30 g of bromine o
} liter of cold water. One kg of activated carbon was added to the bromine solution in a large
metal can. The resulting shurry was stisved with a large paddie during the addition and for a short
time aflerwards umtii all the bromine had reacted with the carbon, as indicated by the
disappearance of the red color. The shary was then filtered using a Buchner funnel under

vacpuwm, The moist carbon that was collected on the filter was dried n an oven at 110°C for
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several hours to constant weight.  As in Example 1, some moisture remains in the carbon,
however, The dried carbon was then wumbled in the rotating barre] with metal pieces 1o break up
and fluff the carbon.

Example 4 - Addition of the Optionaf Second Halide Component.

Brominated carbon was produced by solution phase bromination similar to that described
with reference to Example 3. However, before Ditration, a solation of hydriodic acid (HI}) was
zdded to the slurry in an amount equal to 10% of the bromine amount. The slurry was stirred to
complete the reaction and then filtered and dried as described in Example 3.

Exampie 5 - Liguid Phase Phosphohalopenation

A solution of phosphorus tribeoraide (300 g) in ligroin (10 fiers) was stirred in a large
metal can and 10 kg of activated carbon was added. The resulting shery was stirred with 2 Jarge
paddie at amblent temperature to complete the reaction. The shurry was filtered under vacuum on
2 large Buchner funnel in several batches. The wed filter cake was dried at 116°C in an oven io

constant weight. The dried product was fluffed in the rotating barrel as described in Example 3.

Example 6 - Preparation and Sorption on Larger-Barticle Carbon

Tests were conducted on a pilot-scale combustor while firing a subbituminous coal,
evaluate mercury control by idecting larger-than-normal sized freated acibvated carbon. Standard
AC sorbents genecally are of fine size with a roean particle dlameter of less than 20 micrometers,
which is alse fypical of the fiyash that is geserated from pulverized coal combustion.
Conzequently, because the sizes of standard AC and flyash are similar, separation of the two is
difficult.  Injection of larger sized AC is generally not considered because the sorbent
effectiveness decreases with size, In g scheme to resyeie the injected carbon, the carbon is
separated from the flyash. A separalion based on size fractionation requires a treated larger
particle sorbent. To test this concept, a weated farger sized (360 pum) sorhent was developed,
prepared, and tested.

FTreatment « Gas Phase Halogenation

Granular activated carbon (Calgon F400) was ground and sieved through conventional
mesh screens, The mesh size fraction -170 to +240 {corresponding to sbout 60 10 about 48
micrometers) wag collected and placed o a rotating vessel as deccribed in Example 1 above, Ina
separate vessel, gas phase bromine was generated by passing a nitrogen stream over a weighed
amount of Hautd bromine that was warmed (o zbout 40°-30°C, and the outdet from this geseous
bromine generstor was conpected vis a /4 inch {6.35 mm) plastic hose to a stationary metal tube
inserted through a flange in the senter of the Hd and passing into the center of the rotating vessel,

also as described in Example 1. The unit was operated until the desired amount of bromine had
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combined with the carbon, in this case 0.03 kg of bromine to | kg of carbon (5 wi. %), When the
reachon was completed, the carbon was weighed, The weated carbon was odorlzss as has been
described above,

PTC Apparatus

The pilot-scale combustor, known ss the “Particelate Test Combustor™ (hereinafier
“PTCT), is 2 350,000-Btwhy {about 161 kW) pudverized soal ("PC™)-fired unit, designed to
generats combusiion flug gas propertiss and (y ash that are representative of those produced ina
full-scale utility boiler. The combustor is oriented vertically to minimize wall deposits, A
refractory lining helps to ersure adequate flame temperature for complete combustion and
prevents rapid quenching of the coalescing or condensing tly ash. Based on the superficial gas
velocity, the mean residence time of a particle in the combustor is approximately 3 seconds, The
coal nozzle of the PTC fires axially upward from the bottom of the combustar, and secondary air
is introduced concentrically to the primary air with turbulent mixing. Coal 5 introduced to the
primary air stream via a screw feeder and eductor.  An electric air preheater i3 used for precise
sontrol of the combustion air temperature.  Oniginally, the PTC used cold-water anmuar heat
exchangers 1o provide flue gas temperature control o the baghouse {also referred to as a “fabric
filler™) or elecirostatic precipitator (ESP). However, analysis of ash deposits collected from the
beat exchangers indicaled that some mercury was collected on the duct walls, To minimize this
effect, the heat exchangers were modified to provide for higher duct wall iemperatures.

The PTC instrumentation permits system temperatures, pressures, flow rates, flue gas
constituent concentrations, and particulate control device (baghouse, Advanced Hybrid Particle
Collector AHPC™, and/or electrostatic precipitatom/ESF) operating data to be monitored
continuousty and recorded on 2 data logger.

FFC Procedure

Flue gas samples were taken at combinations of two of the three available system sample
points: the furnsce exit, the particulate control device inlet, and the particulate control device
sutlet. After passing through sample conditioners 1o remove moisture, the flus gas was typicaily
analtyzed for Oy, €O, COy, S8y, and NG, Each constituent was noymally anaiyzed at both the
furnace exit and the cutiet of the particulete control device simultaneousiy, using rwo analyzers.
The concentration values from all of the instruments were recorded continuously, In addition,
data were manually recorded at set time intervals. WO, was determined using 2 pair of
Posemount Analwical WO, chemiluminescent analyzers. 3(h was measured using a pair of
Ametek Instruments photometric gas analyzers, The remaining gases were measured by a pair of
Rosemount Analytical multi-gas continuous emissions monitors, Each of these analyzers was

regularly calibrated and maintained to provide accurate flue gag concentration measurements,
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The baghouse vessel was 8 20 inch {30.8 em) {ID) chamber that i5 heattraced and
insuiated, with the flue gas introduced near the bottomn. The combustor produced about
200 ACFM (actual cubic feet per minute; about 5.7 actual m'/min) of fue ges at 300°F (about
150°C), therefore three 13-ft by S-inch (3.96 m by 12.7 cm) bags provided an air-to-cloth ratio of
4 fmin (1.22 mvmin). Each bag was cleaned separately in operation with its own diaphragm
pulse valve. In order to quantify differences in pressure drop for different test conditions, the
bags were cleaned on a time basis, rather than with the cleaning cycle initiated by pressure drop.
(Once bag cleaning was initisted, all three bags were pulsed in rapid succession ondline.

Tests were alse conducted with a single-wire, tubular ESP replacing the fabeic filter. The
ESP unit was designed 1o provide a specific collection area of 1238 ar 300°F (130°C). Since the
fiue gas flow rale for the PTC 15 130 SCFM {standard cubic feet per minute; about 3.7 NUMM
{normal m¥/min}), the gas velocity through the ESP is § f/min {about 1.52 m/min). The plate
spacing for the ESP unit is 11 in (27.9 em).  The ESP was designed (o facilitate thorough
cleaning between tests so that all tests can begin on the same basis,

PTC Besults

Results are illustrated in Figure 6. As can be observed in Figure 6, even though the tested
sorbent particle size is significantly larger than normal sorbent particles, the treated largee-than-
normal sized {that is, >60 micrometers) activated carbon sorbent was quite effective at capturing
mercury. Approximately 75% of the mercury was captured when the larger-sized treated AC was

injected ahead of the pilol-scale ESP, while approximately 853% of the mercury was captured

‘when injected ahead of the pilot-scale fabric filter (“FF). Note that in Figure § {and throughout)

“Mact” (and “MACF") indicates million actual cubic feet (1 MACE is about 0,028 million actual
cubic metees or “MACM™),

Referving now 40 Figure 7, it can be observed that the larper-sized treated AC when
injected ahead of the pilot-scale ESP (diamond svmbol(s)) performed beer than the finer
standard AC {triangles} under the samg arrangement. In comparison, when injecied ahead of the
fabric filtler (FF), the larger-sized weated AC (squarg) performed similarly to shghtly worse,
However, for this application, the larger-sized wreated AC can be physically separatad from the
smnalier flvash particles, and the sorbent can then be regenerated, recyeled, and reused. This will
substantially improve overall utilization and cconomics. These data thus show that a larger-than-
normal sized sorbent can provide effective mercury control and sase flyash and AC separation,
thereby also preserving the characteristics of the flyash for sale and beneficial use. Accordingly,
because >60 pum sorbent particles have been sucecessiully demonstrated, superior mercury control

can be obtained with >40 pm particles, which may be preferred in some applications, depending
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on the sorhent particie/ash separation systemy wsed. Note that in Figure 7 {(and throughout)
“Macf” (and “MACEF"} indicates million actual cubic feet,
Example 7 - Liquid Phase (Organic Solfvemt) Halogenation

A 5% sclution of bromine in ligroin was prepared by carefully adding 5¢ g of bromine o
§ liger of cold ligroin, One kg of activated carbon was added to the bromine solution in 3 large
metal can, The slurry was stirred with 2 large paddie during the addition and for a short time
afterwards until all the bromine had reacted with the carbon as indicated by the disappearance of
the red color. The shurry was filiered using 2 Buchmer funne! under vacuum, The carbon cake
that was collected on the filter was dried in an oven at 110°C for several hours until it appearved
dry and a constant weight was obtained. As in Example 1, some moisture was left in the carbon,
however. The dried carbon was then tumbled in the rotating barrel with metal pieces 10 break up
ayvd Nludf the carbon,

Exampie & ~ Promuted Activated Carbon Sorbents

A bench-scale provedure based on the above description was used fo test the initial
activities and capacities of several promoted activated carbon sorbents wsing powdered carbon,
including the bromine-comaining activaled carbons prepared from a comumercially available
sorbent and an aeroge! carbon {ilm sorbent. as well as the original precursor carbons for
comparison. Dromine-treated carbons were propared by impregnation of the powdered activated
carbon precursors da a stired solution of bramine in carbon tetrachloride or methylene chiornide,
or alematively, in an aqueocws solution of HBr, followed by drying in air at ambient temperature
and drying in an oven at 160°C in air or nitrogen. Bromine-treated cacbons were also prepared by
impregnating bromine from the gas phase by passing the gas through 2 rotating dry bed of the
aetivated carbon precursor, The results indicated that adding & second component to the solution
improved the capacity of the sorbent.

The carbons were initially tested in a hested bed. where a synthetic flus gas stream
containing clemental mercury {11 ug/m®) was passed through the bed. Concentrations of total
and elemental Hy in the effluent gas were deteemined wsing a Sir Galahad mercury CEM
{“continucus emission monior”} {mfe. P 8 Analytical, Deecficld Beach, FL, USA).  The
powdered sorbent was supported on a quantz filter during the test, and the other sorbents were
tested a5 a triple layer. A comparison of the original commercial-grade powdered carbon sorbent
with the sorbent after it was treated with 6.1 N HBr. and the powder was coilected by
centrifisgation and drying, revealed thal the mercury capture aclivity increased from an initial
capture efficiency of about 30% of the Hg in the inlet 1o 100% capture. A comparison of the
sorbent afier subsequent regeneration with HBr indicated that # not only captured mercury at the

same level as before {100% capture) but its capacity was prolonged by several minutes, and thus
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enhanced, Similar resulis were obtained with the carbon film and carbon fiber sorbents by
treatment with molecular bromine in solution or in dry beds as deseribed above,
Exumple 3 » Fluidized/Ebulloted Bed Preparation

An activated carbon sorbent was prepared by treating the carbon by impregnaling
molecular bromine from a gas composition containing molecular bromine by flowing the gas
through a liguid bromine reservoir in series with a Juidized bed or ebullated bed of the carbon.
The amount of brominc taken up by the carbon ranges (in one example} from <1 w about 30 g per
100 g of activated carbon, depending on the proportions used.
Example 10 ~ Full-Scale Yesting

In this example, a baghouse {fabric {ilter) or ESP was used to collect particulates in the
exhaust of a full-scale commercial pulverized coal-burning facility. A scrubber and serbent bed
were also used to remove undesired constituents from the flug gas stream, before being fed 1o the
stack. In this example, the halogen/halide promoted carbon sorbent was injected into the flue gas
after the botler. In general however, the inventive sorbent can be injected where desired {e.g.,
belore, alter, or within the boilen),

in one exemplary test conducted at a facility fired with lignite coal, the flue gas phase
mercary {elemental) concentration was between J0 and 11 ug/m®. The ash and injected carbon
were collected in the baghouse at 350°F to 375°F {about 175-190°C}. Injection of commercial-
grade activaied carbon powder (untreated) at a rate of 1.0 IWMACF ("MACF” and “Macf”
represent one million actual cubic feet; 1.0 I/ MACF is about 16 kg/MACM (miliion actual cubic
meters)} resulied in mercury effiuent concentrations of 3.8-42 pgim’ (representing 62%-58%
removal of the mercury from the gas, respectively), and at 2.0 Ib/MACF (about 32 kg/MACM),
gave 74%-71% removal. Injection of the bromine-treated carbon at 1.0 IbMACTE resulted in
739%-69% removal and at 2.0 IMACF gave 86%-84% removal. Thus, a significant increase in
the mereury capture was exhibited during use of the bromine promoted carbon sorbent of the
present invention,
Example 114 - Addition of Optional Afhatine Component ~ Bench-Scale

The efficiency of the activated carbons for mercury capture can be improved considerably
by employing a basic material co-injected with the activated carbon, in order to capture any
oxidized mercury that may be released from the sorbent, or to capture some of the sulfur or
selenitum oxides in the flue gas that can have a detrimental effect on the sorbent capacity.

Bench-scale testing was conducted by preparing a filter composed of 37 mg of
brominated activated carbon mixed with 113 mg of caloium oxide. The test was conducted as
described in Example | and compared with the same carbon sorbent but with an nert diluent,

The breakthrough curve for the mixture of beominated {2%) NORIT Darce FGD sorbent with
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inert sand is shown in Figure 8, and the breakthrough curve for the mixture with Ca0 is shown in
Figure 9. It can be seen that the point of 30% breakthrough improves o 65 minutes with the
miture with Ca} from only 48 min with the sand mixture.

Example 118 » Addition of Optional Alkaline Component — Pilot-Scale

Tests were conducted on the pilotescale PTC combustor described above with reference ©
Example & while firing a Texas lignite o evaluate mercury control by co-injecting 2 standard
activated carbon (also referred 1w herein as “AC”) and an alkali material upstream of a fabric
fitter. Typical results are Hlustrated in Figure 10, As shown in Figure 10, co-injecting lime with
activated carbon vastly improved mercury remsoval, Mercury removals of approximately 90%
were achieved with the co-injected sorbents, whereas less than 80% removal was achieved with
the use of siandard AC alone, even at much higher injection rates. Data from similar tests show
that injecting similar quanzities of sodium carborate and AC, and lime and AC, resulted i
mercury removals of approximately 80%, and 87%, respectively. These data suggest that other
alkali can also be co-injected with AC to tmprove mercury removal. Other data show that flue
gas temperature may impact the effectivensss of the alkaii addition. Further test data indicate that
flue gas contaminands, fhwe gas constituents {80, NO,, HCL et), operating temperature,
mercury form, and mercury concentration may impact the effectiveness of the alkali addition.
This indicates that # may be desirable to be able 10 adjust and ailor, onsite, the alkali-to-AC ratio
in order to optimize removal for & given set of site conditions,

Withowt wishing to be bound by any particular theory, the synergy observed in the
improved performance when co-wjecting the two materials can be explained as follows. First,
tests indicate that binding sites on AC can be consumed by sulfur species and other contaminants,
The alkali material interacts and reacts with these species thus minimizing their consumption of
AC mersury binding sites.  Second, other work has shown that standard AC will continue 0
oxidize mercury even though the binding sites are fully consumed. This oxidized mercury can
then react with alkali material and subsequently be captured by the particulate contrel device,
Thus, combining alkall with treated and/or non-freated AC synergistically takes advantage of
thase two mechamisms, resulting in improved mercury capture at reduced costs.

Example 12~ Brominated Carbon Sorbent for Gasification Fuel Gas
Preparation of 3%Br2W-aC

Using a procedure similar to Example 3, a 2.5 wiivel¥ solution of bromine in water was
preparsd.  Granular Caigon F400 was added to the bromine solution to give a 5 wtiwile
brominated carbon product.  The bromine solution was stired with a large paddle during and

after the addition until the red color in the water disappeared. The suspension was filtered by
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vacuum on 3 flarge Buchner funnel, The filter cake was dried in air, and then in an oven a1 110°C
until a stable weight was obtained The moisture was reduced to 13%.
Preparagtion of $%BriD-AC
A brominated sorbent was prepared from Bry addition in solvent as described in Example
7, except that dichloromethane was used as the solvent instead of ligroin, and granular Calgon
F400 was used.
Preparation of S%PBr3-AC
A phosphohalogenated sorbent was prepared from PBry using the method deseribed in
Exaraple 9, except granufar Calgon F400 was used.
Testing in Hydrogen Atmosphare « Procedure
To simulate the caplure of mercury from a heated fusl gas or syngas from coal

gasification, tests were conducted employing a stream comprising 1% volivol hydrogen in

nitrogen passing through the sorbent at 300 c¢¢/min. The stream contained 26.9 micrograms/m’ of

clemental mercury from a commercial mercury permeation source,

in the tests, the sorbent (0.5 g} was placed in a 0.39 inch (1 oro, inside diameter) glass
tube fitted with 3 medium frit sinlered glass filier disc to hold the sorbent in the gas stream. The
tube containing the sorbent bed was connested to a gas inlet whe for introducing the gas stream
containning the mercury vapor and at the outlet to 2 tube connsction o the detector, The detector
was a Semtech 2000 continuous mercury emission monitor.  The tube was equilibrated in a
nitrogen flow (430 co/mind for § minutes al ambient temperature to stabilize the aystem, The
detector showed 0 concentration of mercury in the effluent from the sorbent bed. (The blank run
with no sorbent read 26.9 miceograms/m’). The tube was then placed in an oven at the selected
araperature for the fest {(from 250° 1o 400°C). Effluent mercury concentration data from the
desector were collected until the detector showed 2 constant reading for 5 mimutes, Hydrogen (50
ce/nind was then added to the gas stream and detector readings were taken every 5 min. Tests
were conducted at several oven temperaturss for various periods of time up to 3 hours, depending
on the temperature and sorbent. The elemental mercury concentration data were plotred as a
percent of indet mercury concemtration versus time as in Example 1. Al the mercury in the
effluent was elemental, so a single detector was sufficient, and no S8nCl; trap was needed tw
convert to elemental mercury (as in Example 1) The time for 50% breakthrough (time to reach
S0% capture) was then determined from the breakthrough curves.

Results
The results are shown in Table | (helow) for the unbromisated sorbent (Calgon Fe4033,

the brominated sorbents (3%Br2W-AC and 3%BrD-AC), and the phosphobrominated sorbent
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(5%%PBr3-AC). The maximumn mercury concentration obtained in the effiuent in each run is also
reported in Table | for the Ume period indicated in the fast column,

Under the reducing hydrogen conditions, the unbrominated sorbent broke through
immediately and was exhausted after only 6.5 min. This complete fatlure occurred because the
hydrogen reduces the caplured mercury in the unbrominated sorbent at any wemperaiure above
100°C. Both of the brominated sorbents exhibited excellent reactivity and good capacity at all
temperatures, up 1c at least 400°C, The phosphobrominated sorbent exhibited superior reactivity
and capacity at all temperatures, up to at least 400°C.

Tabie §

Times for 30% Breakthrough
Maximum Observed Hg Concentrations for Sorbents
{10% Hydropen Streams)

Sorbent Temp 30% breakthrough Maximam [Hel Time {min}
¢C) (min) (ng/m’y

F-460 250 8 20.3 8.3
$%Br2W-AC 253G >139 1.4 150
$5BR2W AL 306 »180 4.3 180
$%BrR2W-AC 350 160 151 180
$%Be2W-AC 404G &0 139 63
FPBr3-AC 250 >i46 4 140
3%PBr3-AC 306 =150 0.5 150
52%PB3-AC 356 >156 i4 153G
$%Be2D-AC 350 »{80 2.1 180
3Be2D-AC 400 >180 9 180

While the preferred embodiments of the invention have been shown and described,
modifications thereof can be made by one skilled in the ant withowt departing from the spirit and
teachings of the invention. The embodiments described heretn are exemplary only, and are not
intended to be limiting. Many variations and modifications of the invention disclosed herein are
possible and are within the scope of the invention. Accordingly, the scope of protection is not
limited by the description sct out above, but is only Timited by the claims which follow, that scope
including alf equivalents of the subject matter of the claims.

The examples provided in the disclosure are presented for ilivstration and explanation
purposes only and are not inlended to limit the claims or embodiment of this invention. While

the preferred embodiments of the invention have been shown and deseribed, modifications
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thereof can be made by one skilled in the art without departing from the spirit and teachings of
the invention. Process oriteria, equipment, and the like for any given iraplementation of the
invention will be readily ascerlainable 1w one of skill in the art based upon the disclosure herein,
The embodiments described herein are exemplary only, and are not intended 10 be himiting,
Many variationa and modifications of the invention disclosed herein are possible and are within
the scope of the invention. Use of the term “optionally™ with respect to any clement of the
invention is intended to mean that the subject element is required, or aliernativedy, is not required.
Both shernatives are inteaded to be within the scope of the invention.

The discussion of g reference in the Background is not an admission that it is prior art to
the present invention, especially any reference that may have a publication date after the priority
date of this application. The disclosures of all patents, patent applications, and publications cied
herein are herehy incorporated herein by reference in their entirety, 1o the extent that they provide
exemplary, procedural, or other dotails supplementary 1o those set forth herein.

Although the fnvention is described hercin as a sorbent material and associated processes
for its preparation and ase, it is novertheless not intended to be limited to the details described,
since various modifications and structural changes may be made therein without depacting from

the spirit of the invention and within the scope and range of equivalents of the claims,
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WE CLAIM:

£, A promotad carbon sorbent comprising a base activaled carbon that has reacted with a
promoter selected from the group consisting of halides, halogens, and combinations thereof, such

that the reaction product is effective for the removal of mercury from a gas swweam,

2, The promoted carbon sorbent of claim 1§ wherein the base activated carbon is selecied
from the group consisting of powdered activated carbon, granuiar activated carbon, carbon black,
carbon fiber, serogel carbon, pyrolysis char, activated carbon with an average particle size greater
than 40 micrometers, and combinations thereof, and the promoter is selected from the group
consisting of molecular halogens, Group V halides, Group V! halides, bhydrohalides, and

combinations thereof,

3 The promoted carbon sorbent of claim 2 wherein the sorbest comprises from abouwt 1 o

about 34 grams promoter per 180 grams of base activated carbon,

4. The promoted carbon sorbent of claim 3 further comprising an optional secondary
compoenent comprising a halogen ot a hydrohalide such that the reactivity and mercury capacity

of the sorbent are enhanced,

3 The promoted carbon sorbent of claim 4 further comprising an optional alkaline
component selected from the group consisting of alkali elements, slkaline carth clements, alkali

salts, alkaline earth salts, and combinations thereof.

8, The promoted carbon sorbent of claim 4 wherein the concentration of the optional
secondary component on the finished sorbent is within the range of from about 1 o about 15 wit-

%% of the concentration of the promoter on the finished sorbent.

7. The promoted carbon sorbent of claim 6 wherein the optional sseondary component is
selected from the group consisting of Group V halides, Group V1 halides, HI, HBe. HCI, and

combinations thereof,

-

3 The promoted carbon sorbent of claim 7 wherein the optional secondary component is

selected from the group consisting of B, HL and combinations therecf,

g, The promeoted carbon sorbent of claim & wherein the promoter is subsiantially in vapor

form when combined with the base activated carbon,

i0.  The promoted carbon sorbent of claim § wherein the promoter is combined with an

29
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organic solvensi priot o reaction with the base activated carbon,

iR The promoted carbon sorbent of claim § wherein the promoter and optional secondary

component are combined with the base activaled carbon substantially simulianeously.

12.  The promoted carbon sorbent of claim 8 further comprising a mercury-stabilizing reagent
selected from the group consisting of 8, Se, HS, §0., HaBe, Se0y, €8y, P28y, and combinations

thereof.

i3. The promoted carbon sorbent of claire 12 wherein the promoter is selected from the group

gonsisting of Bry, HBr, and combinations thereofl

14, The promoted carbon sorbent of claim 3 further comprising a2 mercury-stabilizing reagent
selected from the group consisting of 8, Se, Hy8, §O4, HoSe, 8¢0q, T8y, PS5, and combinations

thereof,

is. The promoied carbon sorbent of claim 14 further comprising an optional alkalne
component comprising an alkaline or alkaline carth ¢lement wherein the promoter g selected

from the group consisting of Br., HBr, and combinations thereof.

i6. A method comprising providing a granular activated carbon; reacting the activated carbon
with a promoter selected from the group consisting of halogens, halides, and combinations
thareof, such that the reaction product comprises a prometed carbon sorbent effective for removal

of mercury from a gas stream.

17.  The method of claim |6 wherein the reaction product comprises from about 1 to about 30

grams promoter per 100 prams activated carbon.

18.  The method of claim |6 wherein the reaction product has an aversge particle sive

distribution greater then about 40 micrometers,

19, The method of claim 6 wherein the promoter is selected from the group consisting of

molecular halogens, hydrchalides, Group V halides, Group V1 halides, and combinations thereof,

0. The method of claim 19 whersin the promoter is i the gas phase when contacting the

activated carbon,

21, The method of claim 19 wherein the promoter is in an organic solvent when contacting

the activated carbon,
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22, The method of claim 20 wherein the promoter is sciected from the group consisting of

Bry, 2 Group V bromide, a Group Vi bromide, and combinations thereof.

23. The method of claim 18 further comprising providing an optional atkaling component w

improve the effectiveness of mercury removal.

24, The method of claim 20 further comprising reacting the granular activated carbon with an
optional secondary compenent comprising a halogen or a hydrohalide such that the reactivity and

mercury eapacity ¢f the serbert are enhanced.

25, The method of clain 24 further comprising sroviding an optional alkaline component o

improve the cffectiveness of mercury removal.

26, The method of claim 24 wherein the promoter and optional secondary component are

contacted simultaneously with the activated carbon,
27, The method of claim 24 wherein the optional secondary component comprises b or HE

28.  The method of claim 20 further comprising adding a mercury-stabilizing reagemnt selected

from the group consisting of 8, Se, H.8, 30;, HiSe, $e0y, C8;, P85, and combinations thereof,

29, The method of claim 24 further comprising adding a mercury-stabilizing reagent selected

from the group consisting of &, Se, Ha8, 80;, HaSe, 8¢0, C8;, P28s, and combinations thereof,

a0, A method for reducing mercury in flue gas comprising providing a sorbent, injecting the
sorbent imto a mercury-containing flue gas stream, collecting greater than 70 wt-% of the racroury
in the flue gas on the sotbent to produce a cleaned flue gas, and substantially recovering the

sotbent from the cleaned flue gas,

21, The method of elaim 30 further comprising co-injecting an optional alkaline component

into the mercury containing flue gas stream.

iz The method of claim 30 further comprising monitoring the mercury content of the clean
flue gas, regenerating the recovered sorbent, and using the monitored mercury content of the

cleaned flue gas to control the rate of injection of the sorbent.

33, The method of claim 30 wherein the Injected sorbent is prepared in-flight by reacting an
activated carbon and a promoter within a pneumatic transport ling from which the reaction

product is injected 1o the mercury-containing flue gas stream.

31
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34, The method of claim 33 wherein the promoter is selected from the group consisting of

molecular halogens, halides, and combinanons thersof

38, The method of claim 34 wherein the promoter s selecied from the group consisting of

Br:, HBr, Geoup V bromides, Group Vi bromides, and combinations thereof.
38, The method of clainy 35 wherein the promoter is reacted in the gas phase or as a vapor,

37, The method of claim 36 wherein the promoter is added at from about 1 10 about 30 grams

per 100 grams of activated carbon.

38, The method of claim 37 wherein the injected sorbent i3 prepared in-flight by reacting an
activated carbon, a promoter, and an optional secondary component (¢ enhance the reactivity and
capacity of the sorbent within a pacumatic transport line from wihich the reaction product is

injecied 40 the mercury-containing flue gas stream.

]

3% The method of claim 38 wherein the optional secondary component is selected from the
group consisting of todine, hydrohalides, Group ¥ halides, Group V1 halides, and combinations

thereof

44, The method of claim 39 further comprising co-injeciing ap optional alkaline component

into the mercury comaining flue gas stream,

41, The method of claim 39 wherein the optional secondary component is added at from

about 1 to about 15 wt-% of the promoter content.

a3, The method of claim 41 wherein the optional secondary component is selected from the

group consisting of I3, HI, and combinations thereof.

43, The method of claim 42 wherein the optional secondary component is added in the gas

phase or ag a vapor,

44,  The method of claim 41 further comprising adding 1o the sorbent a mercury-stabilizing
reagent selected from the group consisting of §, Se, H,8, 80;, HyS8e, 8¢y, €8, P18, and

combinations thereof.

45, The method of claim 32 further compnising using the monitored mercury content of the

cleaned flue gas to control the composition of the sorbent.

46.  The method of claim 4C further comprising monitoring the mercury content of the clean
32
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flue gas and using the monitored mercury content to contro] the composition of the sorbent and

the alkaline-to-sorhent injection ratic.

47.  The method of clalm 45 wherein the injected sorbent is prepared in-flight by reacting an
activated carbon and a promoter within a pneumatic wansport line from which the reaction
product is injected 0 the mercury-containing flue gas stream, wherein the promoter is seiected
from the group consisting of molecular halogens, halides, and combinations thereof, wherein the
promoter is reacted in the gas phase or as a vapor, wherein the promoter is added at from about |
to about 30 grams per 100 grams of scivated carbon, wherein the rate at which the promoter is
added and the rate of sorbent injection are determined by a digital compuier based at least in pant

on the monitored mercury content of the cleaned flue gas.

48. & method for reducing the mercury content of a gas stream comprising the steps of
jecting a powdered activated carbon sorbent having a mass-mean particle size >40um into a gas
stream comtalning mercury and ash particles, capturing mercury from the gas stream on the
sorhent particies, mechanically separating the sorbent particles from the ash particles, and re-

injacting the separated sorbent particles into the gas stream.

49.  The method of claim 48 further comprising regensrating the sorbent particles o

substanitially remove contaminants thereftom to recover capacity for capluring mercury,

50, The method of claim 48 further comprising co-injecting into the gas stream an alkaline
component selected from the group consisting of alkali elements, alkaline earth elements, alkali

saits, alkaline carth salts, and combinations thersof.

st The method of claim 48 wherein the powdered activated carbon sorbent further compwises

a promater selected from the group consisting of halides, halogens, and combinations thereof.

52, The method of claim 51 further comprising co-injecting into the gas stream an alkaline
component selected from the group consisting of alkali elements, alkaline earth elements, alkali

salts, alkaline eanrth salis, and combinations thereof,

53 The method of claim 48 wherein the particulate sctivated carbon sorbent has 8 mass-mean

particle size >60um,

54, The method of claim 32 wherein the particulate activated carbon sorbent has a mass-reean

particie size >60um,

had
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SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

CROSS-REFERENCE TO RELATED APPLICATIONS

10001 This application is being filed on 02 February 2010, as a PCT International
Patent application in the name of BEnergy & Environmental Research Center
Foundation, a U.S. national corporation, applicant for the designation of all countries
except the U5, and Edwin 8. Olson, a citizen of the U8, Michael J. Holmes, a
citizen of the U.5,, and John H. Paviish, a citizen of the U.S., applicants for the
designation of the U.S. only, and claims priority to U.S. Continuation-in-Part Patent
Application Serial No, 12/426,058 filed on 23 Apnil 2009,

BACKGROUND OF THE INVENTION

Technical Field of the Invention

{0092}. The present invention relates 1o methods and materials for the removal of
pothutants from flue gas or product gas from a gasification system. Tn particular,
mercury is removed from gas streams generated during the burning or gasification of

fossil faels by highly reactive regenerable sorbents.

10093] The combustion and gasification of fossil fuel such as coal generates flue gas
that containg mercury and other trace clemends that originate from the fuel. The release
of the mercury (and other polhutants) fo the environment must be confrofied by use of
sorbents, scrabbers, filters, precipitators, sad other rersoval technologies, Mercury is
inttially present in the elemendal form during combustion and gasification. In
downstream process sections, such as in the ducts and stack of a combustion systers,
some of the elemental meroury is oxidized, The amount that i oxidized depends on the
amout of acid gases present in the flue gas and other factors. Amounts ofmercury
vary with (he fuel, but concentrations of mercury in the stream of fhue gas from coal
combustion are typically less than 5 parts per billion (ppb). Large coal combustion
facilities such as electric utilities may emit a pound of mercury, or more, a day.
Mescury removal applications inclode, without limitation, flue gas from coal {or other
fossil fuel) combustion, waste incineration, product gas from gasification, as well ag
offzases from mineral processing, metal refining, retorting, cemend manvtacturing,
chlorallsali plants, dental facilities, and crematories,

1
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Mercury Sovbent Technologies

[0004] Several types of mercury control methods for flue gas have been ivestipgated,
including injection of fine sorbent particles into a fue gas duct and passing the flue gas
through # sorbent bed. Fine-particle injection sorbents inchude activated carbon, metal
oxide sorbent, sodium sulfide particles, and basic silicate or oxide sorbents. When
particle injection is enploved, the mercury capturad on the sorbent particles is removed
from the gas stream in # pasticulate control device such as a baghouse or electrostatic
precipitator {ESP) and coflected along with ash particulate. The sulfide and basic
siticate and oxide particles are effective only for the oxidized mercury, and the metal
oxide sorbents exhibit slower captare kinetics than the carbon particles. Additionally,
injection of fine carbon particles into the flue gas siream has been ondy partially
mceessful in removing mercury, especially elemental mercury, where effective removal
of only ahout 60% is attained for some applications with a FF {fabric filier) to collect
carbon and ash. Fven lower removal rates have been observed when an ESP is used fo
collect the carbon because the contact time of the carbon with the gas is very short.
[0008] A major problem with existing carbon injection systems is that the sorbent is
relatively unreactive toward mercury, Consequently, these sorbertts must be used in
jarge amounts, at high sorbent-to-mercury ratios, o effectively capture the mercary.
These sorbents tend o be relatively expensive and camnot be eastly separated from the
ash for regeneration and reuse. The collection of carbon in the ash also creates solid
wasteo Idis;aosal problems, and the spent sorbent may contaminate the collected ash,
preventing its use in various applications.

10608] One solution has boen to add an oxidative sorbert comprising an alominosilicate
material impregaated with a very heavy dosage of one or more oxidative metal halides
plus activated carbon. For example, refer to Varma et al. (20070140940). However, the
amounts of metal salis required for Hg oxidation are generally relatively large and
expensive. Also, several of the salts that can be used in such a process are highly toxic.
Although the metal salts are present for oxidation in this process, activated carbon is
essential for getting adsorption of the Hg,  As such, there is no synergistic role for the
aluminosilicates as they appear to be only a support for the oxidizing salis.

[6007] Another approach has been the injection of alumincsilicate particulate such ag
hentonite, which contains neither oxidizing salts nor halogen complexes with 2 Lewis
hase site, and thus lacks the more powerful oxidizing sapability of the said complexes 23
described in this application. For example, see U.S. Patent No. 7,413,719,

Additionally, the injection of an aluminosilicate {kaolin or metakaolin} containing

2
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calcium hypochlorite which thermoally decomposes to form halogen 15 also known, For
exampie, see 1.8, Patent Application No. 20030103882, Thus these and similar
impregnated aluminosilicate technologies require time in flight at appropriate high
temperatures to heat the lmprognated salt(s) to generate an oxidation site. This clearly
represents a kinetic barrier to activation in contrast to the extremely fast cornplexing
reaction of the Lewis acid on the surface of the appropriate Lewis base sorbeni
described in the present patend. The kinetic barrier is only for heating up the calcium
hypochlorite to decompose it to Cl atoms or molecules. Halogen (bimolecular or atomic)
would complex with catbon or noncarbon af any Jower temperature to foon reactive
oxidation sites. Also, halide would requive a very high temp or strong acid to form reactive
halogen or halogen complex.

J008] Yet another approach is the injection of berdonite plus a metal sulfide and 2
metal salt, none of which is oxidizing to elemental mercury and would require a slow
thertoal activation step. For example, see ULS. Patent Application No. 200670119360
{60087 The injection of halogen or halogen precursors in a bot zone, foliowed by
contact with an alkaline material in a wet or dry scrubber is another approach knowsn in
the art. 'With such an approach, elemental mercury is claimed to be oxidized by the
halogen to Hg{Il) which is collected by the alkaline material in the scrubber. For
gxample, see U8, Patent No 6,808,692 (Oehy}, U.S. Patent No. 3,849,267 (Thlgen), U.S.
Patent No. 5,435,980 (Felsvang), U.8. Patent No. 6,375,909 (Dangtrar}, U.5. Patent
Application No. 20020114749 (Cole), U.5. Patent No, 6,638,485 (lida), U.§, Patent
Application No. 20030185718 (Sellakumar), U.S. Patent Application No, 20030147793
{Breen), and U.S. Patent No. 6,878,358 (Vosteen). However, even though it is known fo
inject halogen forms at some stage of the combustion process, such a process does not
utilize 2 complexing method on a sorbent surface for conducting the oxidation and
captufc, Further, the alkaline material is rapidly surface-coated by the large
concentrations of acid gases, lowering its capacity for adsorption of Hg(fl}. It is also
recogmized that the halogen forms initially introduced or genevated are far more reactive
1o the large concentrations of 80 and moisture in the flue gas, and so gas-phase
reactions of the halogens with Hg are hindered. In contrast, the present invention takes
advaniage of the Lewis acid complexes that rapidly form on the sorbent surface to offect
the Hg oxidation, rather than rely on pas phase reactions for oxidation. Thus HCL, HBr,
S50, Rr, and other gas-phase producis all festoon the surface and promote the activity of

the sorbent by forming complexes with the sorbent to form a promoted sorbent,
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10048] Accordingly, there remains 2 need for more economical and effective mercury
removal technology. This invention provides for cost-effective removal of poiinianis,
including mercury, uging sorbent enhancement additives and/or highly reaciive sorbents,

with contact times of seconds {(or less), and that may be regensrated and reused.

SUMMARY

{0011} The varicus embodiments of the present invention overcome the various aspects
of the deficiencies of the prior art and provide new and economical methods for the
removal of mercury from the gases produced in the utilization of fossit fuels.

16 (00421 A halogen/halide-promoted sorbent is described that is highly effective for the
removal of mercury from flue gas streams. The sorbent comprises any activated carbon
and/or non-carbon compound, such as porous or vesicular felsic or basaltic materials,
clay-based compounds, alkaline compounds, calcium hydroxide compounds, sodivm
scetate compounds, and/or bicarbonate compounds, or a combination thereof. Optional

15 secondary components and alkali may be added to further increase reactivity and
mercory capacity. Mercury removal efficiencics obtained excezd or maich conventional
methods with added benefits such as reduced costs. Optionally, the promoted sorbent
pan be regenerated and reused. Sorbent treatment and/or preparation metheds are also
described. Methods for in-flight preparation, introduction, and control of the sorbent,

20 promoter and promoted sorbent into the mercury contarminated gas stream are described.
[0013] When a promoted or a non-promoted base sorbent reacis with clemental oy
oxidized mercury, 2 mercury/sorbent chemical compaosition is formed and, in the case of
clemental mercury reacting with the promoted base sorbent, the mercury is oxidized.

As discussed in forther detail in other portions of the specification, the base sorbent may

25 be either a carbon or a non-carhon material or a combination thereof. Additionally, the
mercurv/aorbent chemical composition may be comprised of covalent bonds, ionie
bonds and/or chemical complexes between the promoted or non-provoted base sorbent
and the oxidized mercury., The Lewis basic groups on the non-promoted base sorbent,
or the non-promoted portions of 2 promoted base sorbent, are available for reaction with

30 the Lewis acid groups of already existing oxidized mercury in the mercury conlaining
gas. Thus, mercury may be removed from the mercncy containing gas stream throngh
the formation of multiple and various mercury/sorbent chemical compositions even

within the same process. For example, multiple sites on a sorbent pariiculate can form

4
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mudtiple and various mercury/sorbent chemical compositions in the case where only a
portion of the sites on the base sorbent particulate are promoted,

{0014] In some ambodiments, a carbon and/or non-carbon promoted sorbent andfor a
combination thereof is provided comprising a sorbent structure that has reacted with a
promoter selecied from the group consisting of halides, halogens, and combinations
thereof, such that the reaction product is effective for the removal of mercury from a gas
stream. The carbon sorbent comprises reactive Lewis acid groups/sites; the non-carbon
sorbent comprises reactive Lewis basic groups/sites,

§0015] In an embodiment, a promoted carbon and/or non-carbon sothent is provided
wherein the base sorbent is selecied from the group consisting of carbon, activated
carbon, porous or vesicular felsic and basaltic matenals, clay-based compounds,
alkaline compounds, calciurm hydroxide compounds, sodivm acstate compounds, and/or
bicarbonate compounds, or a combination thereof, with an average particle size similar
to that of fiy ash produced from a thermal process {combustion or gasification) or
greater than that of fly ash produced such that it is physicaily separable therefrom, and
combinations thereof, and the promoter is selected from the group consisting of
molecular halogens, Group V (CAS nomenclature is used throughout) halides, Group V1
halides, hydrohalides, and combinations thereof. In an embodmuent, the promoted
sorbent (carbon, non-carbon, or thelr combination) may bave a mass mean particle
diameter such that it can be substantially separaied by physical means from enirained
ash in the gas stream from which mercury is 1o be removed. In sn embodiment, the base
sorbent {carbon, non-carbon, or their combination) may have a mass mean particle
diameter greater than about 40) micrometers.

100161 In annther embodiment, the promoted sorbent coroprises from about § to about
30 grams of promoter per 100 grams of base sorbent. Another embodirnent further
comprises an optional secondary component comprising a halogen or a hydrohalide
such that the reactivity and mercury capacity of the promoted sorbent are enhanced.
{60171 In ancther embodiment, the conceniration of the optional secondary component
on the finished sorbent is within the range of from about | to about 15 wit% of the
concentration of the promoter on the finished sorbent.

{06181 In another embodiment, an optional alksli component may preferably be added
1o provide a synergistic effect through combination of this alkalt with the base sorbent.
{06198] In another embodiment, the optional secondary component 15 selected from the
group consisting of Group V halides, Group V1 halides, HI, 88s, HCY, and
combinations thereof, In another embodirnent, the promoter is substantially in vapor

3
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forrn when combined with the base sorbent. In another embodiment, the promoter is
combined with an organic solvent prior to resction with the base sorbent. In another
embodiment, the promoter and optional secondary component are combined with the
base sorbentsubstantially simultanecusly. Another embodiment further compriscs
adding s mercury-stabilizing reagent selected from the group consisting of §, Se, H.S,
SO, HoSe, Se(y;, €8, Py8s, and combinations (hereof. Another embodiment further
comprises adding an optional alkali component.

0620} In an embodiment, a method is provided comprising providing a granular base
sorberd and reacting the base sorbent with a promoter selected from the group consisting
of halogens, halides, and combinations thereof, such that the reaction product comprises
a promoted sorbent effective for removal of mercury from 2 gas stream. In a futher
embodiment, the reaction product comprises from about 1 to about 30 grams of
promioter per 100 grams of base sorbent. In snother embodiment the reaction product
has an average particle-size distribution greater than the average size of entrained ash
particles in the gas stream from which mercuey is 10 be removed, such that the reaction
product can be substantially removed from the entrained ash particles by physical
means. In another embodiment, the reaction product has 2 mass mean pacticle diameter
greater than about 40 micrometers,

[6021] In another cmbodiment, the promaoter ts selected from the group consisting of
molecutar halogens, hydrohalides, Group V halides, Group V1 halides, and
combinations thereof. In another embodiment, the promoter is in the gas phase when
contacting the base sorbent {carbon, non-carbon, or their combmation}, In another
embodiment, the promoter is in an organic solvent when contacting the base sorbent
{carbon, non-carbon, or their combination}.

(80221 In another embodiment, the promoter is selected from the group consisting of
B, a Group V bromide, a Group V1 bromide, and combinations thereof,

[6023] In another embodiment, the method further comprises reacting the granular non-
carbon with an optional secondary component comprising 2 halogen or a hydrohalide
such that the reactivity and mercary capacity of the promoted sorbent are enhanced, In
another embodiment, the promoter and optional secondary component are contacted
simaltanecusly with the non-carbon base sorbent. In another embodiment, the mathed
further comprises adding a mercury-stabilizing reagent selected from the group
consisting of 8, Se, H,8, 8O, H;Se, Se(y, CSy, P25, and combinations thereof. Inan
embodiment, a method is provided for contrel of mercury in a flue gas with

substantially lower sorbent requirements. Through enhanced sorbent reactivity,
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mercury removal per gram of sorbent is increased, thereby decreasing the capital and
operaiing costs by decreasing sorbent requirements.

[3024] Inan embodiment, the promoted sorbent is introduced by direct injection info
the flue gas strearn, In another embodiment, the base sorbent is promoted within the
flue gas stream

{80251 In an embodiment, a method is provided for reducing mercury in flue gas
comprising providing a base sorbent, either by injection or in situ creation, into 2
mercury-containing flue gas siream, collecting greater than 70 wi% of the mercury in
the flue gas on the promoted sorbent to produce # cleaned flue gas, and substantially
recovering the promoted sorbent from the cleaned flue gas, Tn embodiments where Jess
than 70 wit% mercury remova! is desired, the reguired remeoval 18 attained using less
base sorbent a5 would be required with standard base sorbent. In a frther embodiment,
the method fiuther comprises moniforing the mercury content of the clean flue gas,
regenerating the recoverad promoted sorbent, and using the mondtored mercury content
of the cleaned flue gas to control the rate of base sorbent and promoter. Int another
embodiment the injected promoted sorbent is prepared in-flight by reacting a base
sorbent {carbon, non-carbon, or their combination) and a promoter within a pneumatic
transport line from which the reaction product is injected to the mercury-containing flue
gas stream.

{00268] In another embodiment, the promoter is selected from the group consisiing of
molecular halogens, halides, and combinations thereof. In another smbodiment, the
promoter is reacted in the gas phase or as a vapor, In another embodiment, the promoter
is added st from sbout 1 to about 30 grams per 100 grams of the base sorbent {carbon,
nen»cérbcn, or their combination).

[06027] In another embodiment, the injected promoted sorbent is prepared mn-flight by
reacting a base sorbent {carbon, non-carbon, or their combination), a promoter, and an
optiorial secondary component to enhance the reactivity and capacity of the promoted
sorbert within a paewmatic transport Hoe from which the reaction product is injected to
the mercury-containing flue gas stream.

{0028] In another embodirnent, the optional secondary component is selected from the
group consisting of todineg, hydrohatides, Group V halides, Group Y1 balides, and
combinations thereof. In ancther embodiment, the optional secondary component is
added at from about 1 o about 15 wt% of the promoter content. In another
embodiment, the method further comprises adding to the promoted sorbent a mercury-

stabilizing reagent sclected from the group congisting of 8, Se, HuS, 86;, Hy8e, Se(,,
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{{8,, P48:, and combinations thereof,

{0029] In an embodiment, the method further comprises coinjecting an optional alkaline
material, including without limitation alkaline and alkaline-carth components, fo
tmprove the efficiency of mercury capture by capturing oxidized mercury and/or
capiuring gaseous components that might otherwise reduce promoted sorbent capacity.
I another embodiment, the optional aikaline material may preforably comprise caleium
oxide, sodium carbonate, and the like, as are known in the art.

[3030] In another embodiment, the method finther cornprizses using the monitored
mercary conlent of the cleanad flue gas to condrol the composition of the promoted
sorbent. In another embodiment, the promoted sorbent is prepared in-flight by reacting
a base sorbent (carbon, non-carbon, or their combination} and a prometer within the flue
gas stream or in a transport line from which the reaction product 18 irgected to the
mercury-comtaining flue gas stream, whereln the promoter is selected from the group
consisting of molecular halogens, halides, and combinations thereof, wherem the
promoier is reacted in the gas phase or as 2 vapor, whereln the promoter is added at
from ébout 1 to about 30 grams per 100 grams of the hase sorbent {carbon, nen-carbon,
or their combination), wherein the rete at which the promoter iz added and the rate of
mromoled sorbent injaction are determined by a digital computer based, at least in part,
on the monitored mercury content of the cleaned Hue gas,

{00341 In an embodiment, a method for reducing the mercury content of & mercury and
ash-containing gas siream is provided wherein particulate carbon and/or non-catbon
promoted sorbent with a mass mean size greater than 40 pom is njected into the gas
strcam, mercury is removed from the gas by the promoted sorbent particles, the
promoded sorbent particles are separated from the ash particles on the basis of size, and
the promoted sorbent particles are reinjected to the gas sueam. In another erbodiment,
the mercury-containing promoted serbert particles are regenerated fo rerpove some or
substaﬁtiai!y all of the mercury. In snother embodiment, an alkaline component is
coinjected into the gas stream. In another smbodiment, the promoted sorbent may
further comprise a promaoter. The promoter may preferably comprise a balide, a
halogen, or both.

[0032] In an embodiment, a method for reducing mercury in a mercury-containing gas
to a desired level s disclosed. The method comprises reacting a carbon base sorbent
with 2t least one promoter selecied from the group consisting of molecuiar halogens,
haiideé, and combinations thereof to produce a promoted carbon sorbent; allowing said

promoted carbon sorbent o inferact with a mercury-containing gas to capture mecury
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in the mercury-containing gas on the promoted sorbent to produce a cleaned gas; and
monitoring the mercury content of the cleaned gas. In some embodiments, the carbon
base sorbent and the promoter are introduced ingo the noercury-containing gas af the
same location or at separaie locations. In some embodiments, the carbon base sorbent
o promoter or combination thereof ks introduced into the mercury-containing gas 41 one
or more locations. Tn an embodiment, the rate at which the carbon base sorbent is
infroduced or the rate at which the promoter is introduced or combination thereof is
adjusted according to the monitored mercury content of the cleaned gas so that the
mercury sontent of the cleaned gas is maintained at substantially the desired level with
rainimal operating cost,

16633] In 2 further emobodiment, the method comprises reacting a non-carbon base
sorbent with at least one promoter selected from the group consisting of molecular
halogens, halides, and combinations thereof to produce a promoted non-carbon sorbent;
allowing said promoted non-carbon sorbent to interact with a mercury-containing gas o
caphure mercury in the mercury-containing gas on the promoted sorbent to produce a
clesned gas; and monitoring the mereury condent of the cleaned gas. In some
ermbodiments, the not-carbon base sorbent and the promoter are introduced into the
micreury-coniaining gas at the same location or at separate locations. In some
embodiments, the not-carbon base sovbent or promoter or cornbination thereof is
introduced into the mercury-containing gas at one or more locations, In an embodiment,
the rate at which the non-carbon base sorbent is introduced or the rate at which the
promoter is introduced or combination thereof is adjusted according to the monitored
mercoty content of the cleaned gas so that the mercury content of the cleaned gas 18
maintained at substantiaily the desired level with minimal operating cost.

[0034] Ina further embodiment, a method for reducing mercary in a mercury-
containing gas to a desired level is presented. The method comprises reacting a base
sorhent with 2t least one promoier selected from the group consisting of molecular
halogens, halides, and combinations thereof to produce a promoted sorbert, wherein
said base sorbent is selected from the group consisting of 2 non-carbon malerial, a
carbon material, and combination thereof, allowing said promoted sorbent to huteract
with a mercury-containing gas to capture mercury in the mercury-comtaining gas on the
promoted sorbent o produce a cleaned gas; and monitoring the mercury content of the
cleansd gas.

10035] In some embodiments, the baso sorbent and the promoter are introduced into the

mercury-containing gas at the same location or at separate locations. In some
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embodiments, the base sorbent or promoter or combination thereof is introduced into the
mercury-containing gas af one or more locations. In some embodiments, introducing
the base sorbent and the promoter comaprises injecting the base sorbent and the promoter
into the mercury-containing gas. In some entbodiments, the promoter is introduced fnto
the marcury-containing pas upstream of the infroduction of the base sorbent. In some
embodiments, the promoter is introduced upstream of a boiler or a combustion chamber.
In an embodiment, the rate at which the base sorbent is introduced or the rate a1t which
the promoter is introduced or combination thereof is adjusted according to the
monitored mercury content of the cleaned gas so that the mercury content of the cleaned
gas is maintained at substantially the desired level with minimal operating cost.

[6036] In an embodiment, the base sorbent for the promoted sorbent is selecied from
the group consisting of carbon, activated carbon, porous felsic materials, vesicular felsic
materials, porous basaltic materials, vesicular basaliic materials, clay-based compoands,
alkaline compounds, calcium hydroxide compounds, sodium acetate compounds,
Bicarbonate compounds, and conbinations thereof. In embodiments, the non-carbon
material comprises Lewis basic groups and the carbon material comprises Lewis acid
groups. In some cases, the non-carbon material comprises amarphous forma of
tectosilicates comprising nanoscale cavities lined with Lewis basic oxygen associated
with alicaline-earth metals. The alkaline-earth metals comprise Group { and Group 11
alkaline-sarth metals, In some other cases, the non-carbon material comprises
amorphous forms of phyHosilicates comprising nanoscale cavities lined with Lewis
basic oXygen

{0037 In an embodiment, the promotfed sorbend comprises metastable complexes
formed between the promoter of this disclosure and inorganic species on the non-carbon
hase sorbert. In some embodiments, the inorganic spocies is selected from the group
consisting of sodium compownds, calcium compounds, magnesium compounds,
shimbam compounds, ron compounds, and combinations thereof, In an embodiment,
the prbmoted sorbent comprises metastable complexes formed between the promoter of
this disclosure and metal-oxygen-metal structures on the norr-carbon base sorbent. In
some embodiments, the promoter affer being complexed with the metal-oxygen-metal
structures is in the form selected from the group consisting of a dibalogen group, a
halogen stom, a hydrohalogen group, a Group V halide, a Group Vi halide, and
combinations thereof. In an embodiment, the promoted sorbent comprises activated
Lewis basic groups or activated Lewis acid groups or combination thersol. In some

embodiments, the interaction between promoted sorbent and said mercury-containing
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gas sircam comprises mercury diffusing from the gas phase onto said prometed sorbent
sorface; and reacting with the activated Lewis basic groaps or activated Lewis acid
groups or combination thereef (0 cause chemiscrption on the promoted sorbent surface.
[0038] In an embodiment, the method for reducing mercury in a mercury-containing
pas to a desived evel further comprises prefreating the base sorbent to Increase the
number of Lewis basic groups or Lewis acid groups or combination thereof. In some
cases, the pretreating methods comprise chemical weatment, thermal treatinent, vacoum
treatment, and combinations thereof In some embodiments, chemical treatment
comprises acid treatment and alkaline treatment. In an embodiment, {{,]] the method for
reducing mercury in a mercury-containing gas to a desired level fxther comprises
introducing an alkali component into the mercury-coniaining gas.

10039] As will be described in more detail below, the present invention thus provides
several advantages over previously known techriques, ichuding significantly more
effective and economical mercury sorbents for effluent gases, advantageousty applicable
1o treating gas sireants from combustion and gasification systems.

[0040] The foregoing has outlined rather broadly the features and technical advantages
of the present invention in order that the detailed description of the invention that
follows may be better understood. Additional features and advantages of the invertion
will be described hereinafier that form the subjeot of the claims of the mvention. It
should be appreciated by those skilled in the art that the conception and specific
embodiments disclosed may be readily utilized as a basis for modifying or designing
other structures for carrying out the same purposes of the present invention. 1t should
also be realized by those skilled in the art that such equivalent constructions do not

depart from the spirit and scope of the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0841] For a more detailed description of the preferred embodiments of the present
invention, reference will now be made {0 the accompanying drawings.

10042] Figure | schematically illustrates methods for preparation of promoted carbon
andior nonecarbon sorbents in accordance with the present invention.

0043] Figure 2 illustrates a proposed mechanistic model of the chemical reactions
resulting in the oxidation and capture of mercury.

[0844] Figure 3 schematically illustrates preparation of promoted carbon and/or non-

carbon sorbents and processes for flue gas mercury reduction in flue gases and/or
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product gases from a gasification system in accordance with the present invention,
inciuding in-flight preparation of promoied carbon and/or non-carbon sorbent.

{0045} Figure 4 iflustrates a mechanism for prometion of metal oxide base sorbent via
formation of 2 reactive halogen complex sorbent and subsequent captare of elemental
mercury on the promoted sorbent,

[0048] Figure SA schematically illustrates an exemplary process flow diagram for in-
flight preparation of a promeoted carbon and/or non-carbon sorbent.

[0047] Figure 3B schematically illustrates an exemplary process flow diagram for in-

flight preparation of a promoted carbon and/or non-carbon sorbent.

DETATLED DESCRIPTION

10048] Herein will be described in detail specific preferred embodiments of the pressnt
invention, with the understanding that the present disclosure is to be considered an
exemplification of the principles of the invention and is not intended to limit the
invention to that illustrated and described herein. The present invention is susceptible to
preferred embodiments of differont forms or order and should notbe interpreted o be
limited to the specifically expressed methods or composilions contained berein. In
particular, various preferred embodiments of the present invention provide a number of
different configurations and applications of the inventive methed, compositions, and
their uses.
10043} The present invention provides a cost-effective way to capiure pollotants by
utilizing exceptionsily reactive halogen/hslide-promoted sorbents using a bromide (or
other halogen/halide) treatment of the promotsd sorbent, that caplure mercury vig
mercury-sorbent surface reactions, at very short contect times of seconds or less, The
reactivity of the promoted sorbent toward the pollutants (i.e., mercury) is greatly
enhanced, and the sorption capacity can be regenerated; i.e., the promoted sorbent may
be regenerated, recycled andfor reused.
[0058] The treaied base sorbents (carbon, non-carbon, or their cornbination), treatment
techniques, snd optional additives discussed herein have applicability fo mercury
control from the product or effluent gas or gases from gasification systems, syngas
generators, and other mercury-contsining gas streams, in addition to the flue gas from
combustion systems, Thus it should be undersiood that the terms combustion system
and flue gas as used throughout this description may apply equaily to gasification
systen_is and syngas or fuel gas, as will be understood by those skilied in the art.
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f6051] Hereinafter the disclosure may st times discuss the use of carbon base serbents
in further details; however the wse of non~carbon base sorbents and a combination of
carbon and non-carbon base sorbents is also contemplated fo at least the same degree as
carbon base sorbents.

16052] Referring now to Figure 1, there is shown a block flow diagram illustrating
some preferred embodiments of the process of the present invention {o prepare
prowoted sorbenis useful for mercory capture in 3 mercury contatning gas, suchasa
flue gas and/or product gas fom gasification sysiem streams. In a preferred
embodimernt ltustrated by path 10-20, block 10 illustrates providing a base sorbent
while block 20 illustrates adding a halogen or halide promoter that reacts with the base
sorbent io produce a product-promoted sorbent. In embodiments where the halogen or
halids is added, for example, as a vapor, no further steps may be necessary. In
embodiments where the halogen or halide is added in, for example, a solvent, it may be
desirahle to employ solvent removal as illustrated by block 20A 10 produce a product-
promoted sorbent suitable for injection.

[0053] Referring still to Figure 1, another preferred embodiment of the process of the
present invention is iHustrated by path 10-20-30, comprising providing a base sorbent as
shown by block 10, adding 2 halogen or halide promoter that rescts with the bage
sovbent, llustrated at block 20, and adding a secondary component illustrated at block
30 that reacts with the result of block 20 to produce a preduct-promoted sorbent. Tn
embodiments where both the halogen or halide promoter and the secondary component
are ad&icd, for example, as a vapor, no further steps may be necessary. In embodiments
where the halogen or halide promoter and/or secondary component are added in, for
example, a solvent, it may be desirable to employ solvent removal as iliustrated by
block 30A to produce 3 product-promoted sorbent suitable for injection.

[6054] Referring still to Figure 1, another preferred embodiment of the process of the
present invention is illustrated by path 10-44, comprising providing a base sorbent as
illustrated at block 10 and adding a halogen or halide promoter and & secondary
component to the base sorbent together, with which they react {o produce a product-
promoted sorbent as iHustrated by block 40. Az above, in embodiments where vapor
additions are made o the base sorbent, no further steps may be desived. In
cmbodimcnts where one or hore componenis are added in solvent, a solvent removal
step raay be provided as illustraied by block 40A to produce a product-promoted sorbent

suitable for ingjection.
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{0058] Referring still to Figure 1, another preferred embodiment of the process of'the
present invention is illustrated by path 10-30 in combination with path 20-30. In this
embodiment, 8 base sorbent as illustrated by block 10 is introduced to the mercury
containing gas as illustrated by block 50 while & halogen or halide promoter as
iHustrated by block 20 is introduced to the mercury containing gas strears. Thus the
base sorbend and promoter react at block 30 to produce a product-promoted sorbent. In 8
similar manner, a secondary component as illustrated by block 30 may be sdded to the
halogen or halide promoter as illustrated by block 20 and intreduced into the mercury
comtaining gas as illustrated by block 50. In embodiments where both the halogen or
halide promoter and secondary component are added, for example, by vapor, oo forther
steps may be taken. In embodiments where the halogen or halide and/or secondary
component are added in, for example, a solvent, it may be desirable 1o employ solvent
removal as illstrated by block 20A and/or block 30A.

{0086} Referring still to Figore 1, also illustrated are preferred embodinsents in which,
as iflusiraged by block 50, a mercury containing gas stream is ireated with product.
promoted carbon sorbent prepared as described above.

{00571 In some preferred embodiments, the carbon base sorbent provided may
preferably be any of several types, as understood by those skifled in the art. For
example, the carbon base sorbent may include powdered activated carbon, granular
activated carbon, carbon black, imburned carbon, carbon fiber, carbon honeycomb or
plate structure, acrogel carbon film, pyrolysis char, regenerated activated carbon from
product-promoted carbon sorbent, or other types as known in the art.

{00581 In some preferred embodiments, the carbon base sorbent provided may
preferably have a mass mean particle size greater than the fly ash in a merowry
containing gas, such as a flue gas stream, to be treated.

{00881 In some preferred embodiments, the carbon base sorbent provided may
preferably have a rass rocan particle diameter preferably greater than 40 micrometers,
more preferably greater than 60 micrometers, or a particle-size distribution greater than
that of the fly ash or entrained ash in a flue gas stream, or other mercury containing gas,
1o be treaied, such that the activated carbon and ash can be separated by physical means.
[6080] In some preferred embodiments, the halogen or halide promoter that is added fo,
and reacts with, the carbon base sorhent may preferably comprise, by way of illustration
and not Hmitation, & molecular halogen in vapor or gaseous form, a molecalar halogen
in an organic solvent, a Group V or Group VI halide, such as PRry or 8Ch, respectively,

in vapor, lguid, or selution form (though not in an aqueous solvent}.
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{0081] Embodiments are also provided in which the organic solvent may preferably
comprise a chlorinated hydrocerbon, such as dichloromethane, a hydrocarbon solvent,
including for example, petroleum ether, Hgroin, pentane, hexane, toluene, and benzene,
carbon disutfide, a waste solvent, an sther, a recycled solvent, a supercritical solvent,
such as supercritical CO;, water (though not in the case of a Group V or Group Vi
halide), and others as will be apparent to those of siall in the ari.

08621 Referring now to Figure 4, a theory is iHustrated developed from scientific
evidence to explain the nature of the promoting compounds. For exarnple, as illustrated
in Figure 4, a molecular bromine molecule forms a complex with the surface of ihe base
sorbent comprising a high surface area form of a metal oxide. Complexing with
browmine can ocour ai surface and defect sites on the surface of the glassy amorphous
tectositicates by association with the Lewis basic oxygen lining the interstitial cavities
and the alkali actions on the surface. Motecular hydrogen bromide or an electrophilic or
Lewis acid bromine compound react to form a similar struciure. The precedence for this
promotion of a metal sxide surface complex with an acidic species is deseribed in a
paper by Stark and Klabunde {Klabunde, K.J. Chem. Mater. 1996, 8, 1913-1918) who
showed addition of acids, HCL SCs, and NGO, 10 2 MgO surface to form a surface
complex. In US Patent 6,517,423 10 Koper et al. the described surface complexes were
active for destroying biological agents and toxins. As shown in Figure 4, addition of
halogens to a metal oxide surface (A) can form a complex that could be deseribed as 2
bromide-oxybromide species (B), in which electrophilic reactivity is maintained, owing
{0 the formation of positive charges on the surface. The electrophilic complex formed
on the metal oxide base sorbent comprises an active site for oxidation of elemental
mercury. Addition of mercury fo the complex results in formation of a mercury oxygen
bond and, simultancously, a mercury bromine bond as shown in complex € m Figure 4.
Thus the final structure is a stable oxidized Hg form () described as a
mctaié:‘;}mcrcuﬁc bromide,

[00631 In sumimary, it has now been found that the formation of the new bromide
complex with the metal oxide surface increases the surface reactivity toward mercury
and other pollutants. Additionally, the resulting bromide compound is uniquely suited
10 facilitate oxidation of the mercury. The effectiveness of the oxidation apparently
results from the promotion effect of the halide, exerted on the &evelcaping positive
charge on the mercury during the oxidation, known in the chemical art as a specific
catalyﬁc effect, Thus as the mercary electrons ars drawn toward the positive surface

oxygen, the halide anion electrons are pushing in from the other side, stabilizing the
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positive charge developing on the mercury and lowering the energy requirement for the
oxidation process. Bromide is especially reactive, owing to the laghly polarizable
electrons in the outer 4p orbitals of the ton, Thus adding HBr or Bry 1o the appropriate
metal oxide forms a stmilar surface bromide compley, in which the positive oxygen
axidiics the mercury with the assistance of the bromide {on.

{06647 In embodiments, a non-carbon base sorbent with Lowis basic sites/groups
comprising mefal-oxygen-metal structures is activated by a promoter of this disclosure,
forming a prorooted sorbend. The promoter and the metal-oxygen-metal structures of
the non-carbon base sorbent form metastable complexes, which are responsible for
mercury capiure via chemisorption. For example, roetastable complexes raay form
between a halogen promoter and inorganic species on a non-carbon base sorbent,
wherein inorpanic species inchude sodium (Na), calctum {Ca), magnesinm (Mg},
alumimumn (A, iron (Fe) compounds, and combinations thereof. In some embodiments,
the metastable complexes comprise 3 dibalogen group, such as Br-Cl, Br-Br, complexed
with metal-oxygen-metal sinseiures of the base sorbent. In soioe embodiments, the
metastable complexes comprise 2 halogen atom, complexed with melal-oxygen-metal
struciures of the base sorbent. In some embodiments, the metastable complexes
comprise a hydrohalogen group, complexed with metal-oxygen-metal structures of the
base sorbent. In some embodiments, the metastable complexes comprise a Group V or
Group VT halide, complexed with metal-oxygen-tetal structares of the base sorbent. In
some embodiments, the metal-oxygen-metal structures of the base sorbent are
complexed with combinations of the functional groups disclosed herein. Without
wishing to be limited by a theory, 1t is believed that mercury capture vis chemisorption
iakes place through the action of mercury oxidation provided by these metasiabie
complexes.

[0065] In embodiments, a carbon base sorbent with Lewis acid sites/groups comprising
graphene sheets is activated by a promoter of this disclosure, forming a promoted
sorbent. The promoter and the grapheme sheets of the carbon base sorbent form stable
compounds, which are responsible for mercury capture via chemisorption. Without
being limited by a theory, it is believed that mercury capture via chemisorption {akes
place through the action of mercury oxidation provided by these stable compounds, As
one skilled in the arf would appreciate, the versatility of chemistry associated with the
base sorbent {carbon, non-carbon, or combimation thereot) and the promoter of this

disclosure enables versatile applications of the promoted sorbent system for mercury
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capture. This is eapecially sdvantsgecus because mercury content in flue gases varies
from facility to facility, from operation to operation, and from day 1o day.

{99663 Examples of non-carbon base sorbents are amorphous foros of tectosilicates
that comprise nanoscale cavities lined with Lewis basic oxygen associated with Group |
atkali metals and Group 11 alkaline-carth metals. Such fectosilicates can be found in
naturaily occnrring minerals, including, but not Hmited to, perlite and pumacite.
Examples of non-carbon base sorbents also include amorphous forms of phyllosilicates.
1t is appreciated that other minersls may be used and also treated chemically and
thermally to increase the activity of the base sorhent materials, such as phyliosilicates in
the amorphous forms.

[0067] In some embodiments, bentonites are used as non-carbon base sorbents,
including sedium bentonite and calcium bentonite. The use of other types of bentonites
is contemnplated a3 is known to one skilled in the art. The application of bentonite base
sorbents is by introducing thers into the flue gas at a location of the mercury capture
system whereln the temperature of that location is below 300°C.

[0068] In some embodiments, the base sorbents are treated chemically and/or thermally
to increase thefr aotivity. For example, perlite as a base sorbend may go through vacuum
treatrment and then thermal treatment so as to reduce the moisture contained theretn,
increase its activity, and potentially alter its morphology. Other treatment processes
inchide chemical treatment, such acid ireatment and alkaling treatment. These treatment
methods may be combined to achieve desired effects as known to one skilled in the art.
One of the desired effacts is to increase the number of available Lewis acid sites/groups
in the carbon base sorbent and/or the number of available Lewis basic sites/groups in the
non-carbon base sorbent for subsequent activation via reaction with a promoter
discloszd herein,

[0089] Referring now to Figure 3, a schemaiic flow diagrarn is provided of mercury
control system 100 comprising preparation of promoted base sorbents and fwe gas
mercury reduction in accordance with preferred embodiments of the present invention.
In the exemplary embodiment shown, there is provided a base sorbent reservoir 110, 2
halogenvhalide promoter reservoit 120, a secondary component reservoir 130, and an
alkali 'camponent regervoir 180, each of which with commespending flow control
device(s) 201, 202, 203, and 208/209, respectively. In conjunction with the alkali
component reservolr 180, flow control devices 208 and 209 can be used mdependently,
together, or not at all. Fuarther, reservoirs 110, 120, 130 and 180 are optional and can be

used in any combination, or not at all, whereby the otherwise stored components can be
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introduced into the system by other means either together or independently. Further, the
sikali and secondary components mnay not be used at all within the system, if se desived.
{60701 As shown, reservoirs 110, 120, 130, and 180 conpect through their reapective
flow control devices and via associated piping, to ransport line 115, Alkali component
reservoir 180 may also connect, through respective flow control devices and via
associated piping, to transport fine 118, A sousce of air, mitrogen, or other fransport
gas{es) is provided by gas source 170 to transport line 115 for the purpose of eniraining
materials discharged from reservoirs 110, 120, 130, and 180 and tnjecting such
materials, via injection point 116, into contaminated flue gas stream 15, 4 source of air,
nitrogen, or other transport gas{es) may be provided by gas source 171 fo transport line
118 for the purpose of entraining materials discharged from reservoirs 180 and injecting
such materials, via injection point 119, inte flue gas stream 15, Gas sources 170 and
171 may be the same or different, as desired. Alternatively, transport gas{es) may be
provided to both transport Hines 115 and 118 by gas source 170 {connection from source

170 %0 line 118 not shown). Although gas sowrces 170 and 171 are shown in Figure 3 as

“compressors or blowers, any source of transport energy known in the art may be

acceptable, as will be appreciated by those of skill in the art,

10074} For clarity, single injection polnts 116 or 119 are shown in Figure 3, although
one skilled in the art will understand that multiple injcction polats and/or locations are
within the scope of the present invention. In the embodiment shown, transport line 15
comprises multiple Yines allowing for multiple injections and separate and/or combined
injections of base sorberd 110 and promoter 120 and/or 130, One mode of operation, by
example, comprises providing base sorbent 110 in g common line which s promoted
intine “in-flight” using promoter 120 and/or 130 and injected at point 116. Another
mode of operation, by example, comprises transport and injection of a base sorbent 110
in a separate line 1o a point downstresrn of the injection of promoter 120 andior 130 ina
line at point 116 which is upstream of injection of base sorbent 110, resulting in in-fhght
preparation at a promated sorbent within stream 13.

10072} In the exerplary embodiment shown, an optional optical density measuring
device(s) 204 is connected to transport line 115 and/or 118 to provide signals
representative of the optical density inside transport line 115 and/or 118 as a function of
tme.

(00731 Downstream from injection point 116 and 119 s provided particulate separator
140. By way of illustration and not limitation, particulate separator 140 may comprise

one or more fabric filiers, one or more ESPs, or other particulate removal devices as are
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known in the art. ¥ should be further noted that more than one particulate separator 140
may exist, sequentially or in paralflel, and that injection point 116 and 119 may be at
multiple locations upstream snd/or downsiream of 140 when paratlel, sequential, or
combinations thereof exist, Particulate separaior 140 produces st least a predominantly
gaseous (“clean™) stream 142 and a stream 141 comprising separated sohd materisls. A
sorbent/ash separator 150 separates stream 141 into a largely ash stream 132 and a
largely sorbent stream 131, Swream 151 may then preferably be passed to an optional
sorbent regenerator 160, which yields a regenerated sorbent siream 161 and a waste
stream 162,

[6074] An optional continwous emission monitor (hereinatter “CEM”) 205 for mercury
is provided in exhaust gas stream 335 to provide electrical signals representative of the
mercury soncentration in exhaust stream 35 as a function of time. The optiosal mercury
CEM 205 and flow conirollers 201, 202, 203, 208, and 209 are electrically connected
via optional Hines 207 (or wirelessty) to an optional digital computer {or controiler) 2086,
which receives and processes signals and preferably controls the preparation and
injection of promoted carbon sorbent into contaminated flue gas stream 13,

{00751 In operation, as example, promoted sorbent and/or an optional alkali component
is injected into contaminated flue gas steeamn 15, After contacting the injected material
with the contaminated flue gas stream 13, the injected material reduces the rercury
concentration, transforraing conlaminated flue gas into reduced mercury flue gas, 25.
The injected material is removed from the flue gas 25 by separator 140, disposed of or
further separated by optional separator 150, and disposed of or regenerated by an
optional regenerator 160, respectively. The reduced mercury clean flue zas stream [42
is then monitored for mercury content by an optional CEM 203, which provides
corresponding signals to an optional computer/controller 206. Logic and optimization
sigmals from 206 then adjust flow controllers 201, 202, 203, 208, and 209 to maintain
the mercury concentration in exhaust stream 35 within desired limits, according 1©
control algorithms well known in the art. Flow conirollers 201, 202, 203, 208, and 209
can also be adjusted manually or by some other automated means to maintain the
mercury concentration in exhaust stream 3$ within desived Himits, according to gontrol
algorithms well known in the art.

[0076] Referring still to Figure 3, several embodiments are iilustrated for preparcation
and injection of promoted sorbents and/or alkali components in accordance with the
present invention. Stream 111 provides for introduction of base sorbent from reservoir

110, as metered by flow controller 201 manually or under the direction of computer 206.
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The halogen/halide may be combined and react with the base sorbent according 1o any
of several provided methods, The halogen/halide may preferably be combined via line
121 directly into transport Hne 113, within which it contacts and reacts with the base
sorbent prior to injection point 116 or downstream st point 116, This resulis in in-flight
preparation of a promoted sorbent in accordance with the invention. Further, the
halogenhalide may be combined via line 121b with the base sorbent prior 1o entering
transport line 1135, $till further, the halogen/halide ray be contacted and react with the
base sorbent by introduction via line 121¢ inlo reservoir 110, This option is preferably
amplioved when, for example, reservoir 110 comprises ap ebulliated or flucidized bed of
base sorbent, through which halogen/halide flows in gascous form or a8 a vapor, Of
course, the halogen/halide may also preferably be contacted with the base sorbent in
liquid form or in a solvenst, as discussed previously, and solvent removal (not shown in
Figare 3} may then be provided if necessary as mentioned with respect to embodinments
discussed with reference o Figure 1.

(00771 Similarly, the optional secondary component may be contacted and react
directly in transport line 115 via line 131, or optionally as described above with respect
to the halogen/halide, via lines 131 and 131c,

10078) Similarly, the optional alkali component from 180 may either be added in
transpért line 115 directly, or may be injected separately by transport hoe 118,
combining downatrearn in flue gas 15 for synergistic effects with the base sorbent,
promoted sorbent, or optional secondary corponents, Being able fo vary on-site the
amount of the optional alkali component relative to base serbent, promoted sorbent, or
optional secondary components is a key feature to overcone and optimize for site-
specific operating and flve gas conditions.

{ﬁﬂ?’@]. in some preferred embodiments wherein contacting between components and
reaction is performed in a Hquid or solvent phase, stirring of such Hquid andVor shury
mixtufes may be provided. In other embodiments, the halogen/halide promoter and
optional secondary component(s) may preferably be sprayed in solution form into or on
the hase sorbent. In some such embodiments, drying, filtering, centrifugation, settling,
decantation, or other solvent removal methods as are known in the art may then be
provided.

{00801 In embodiments wherein the halogen/halide promoier 18 i gaseous or vapor
form, it may be diluted in air, nitrogen, or other gas as appropriate. The halideshalogen

gas, for exarmple, gascous HBr or Bry, may be passed through an ebulliated or flueidized

PAC ET AL. EXHIBIT 1023
Page 807



WO 2610/123609 PCTIAUS2GHO22807

10

15

30

bed of granular or fibrous hase sorbent, with the promoted sorbent so produced removed
from the top of the bed via gas entraimment for injection.

100811 In some embodiments, the secondary component(s) may preferably comprise
iodine or other halogens, hydrohalides, including without hmitation Hi, HBr, HCL, 2
Group V or Group V1 element with a molecular halogen, such as 3Ch and others. In
some preferred embodiments, the promoted sorbent may comprise from about 1 1o abowt
30 g of halogen/halide per 100 g of base sorbent. In some preferred embodiments, the
promoted sorbent may comprise 3 secondary component in concentration of from about
1 to about 15 wi of the concentration of the halogen/halide component.

{6082] In still other embodimends, the product-promoted sorbent may be appliedto a
substrate, In other embodiments, such prepared substrate(s) may be caused 1o condact a
contaminated flue gas or gasification system prodact gas stream for mercury reduction
purposes. Such substrates may be monolithie, rotating, or exposed o the gas stream
any nwrnber of ways known to thoss skilled i the art.

083} In some embodiments, a method is provided whereby a mercury stabilizing
reagent is added io a promoted sorbent to produce a bifimetional sorbent. Such
stabilizing reagent(s) may be sequentiaily added, either before or after the addition and
reaction of the halogenshalide. In some preferred embodiments, the halogenhalide
preferably comprises Br or HBr, and the mercury-stabilizing reagent may comprise S,
Se, 128, 500, HaSe, Sey, €82, P1Ss, and combinations thereof.

Hulogens in Mercury Captuve

[6084] Methodologies for using halogens for the treatment of flue gas have been
problematic, owing to their reactivity with other gases and metals, resoliing in COITOsion
and health issues. A “halogen” is defined a5 8 member of the very active elements
conmprising Group VIIA {CAS nomenclature is used throughout; Group VIA (CAS)
corresponds to Group VIB (FUPAC)) of the periodic table. In the molecular elemental
form é}f the halogens, including Fa, Chy, By, and I, the veaction with bot flue gas
components leaves little fo react with elemental mercary. The atomic slemental halogen
form, which includes the flueorine, chlorine, bromine, and lodine atoms, is about a
smillion times more reactive 1o roercury, hut the concentration of the atomic forms is
typically extremely low. In a large portion of electrie utility coal combustion facibities,
the concentrations are generally not sufficient to oxidize a significant amount of

RSreusy.
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12085] The tenm “halide” as used herein is defined as a compound formed from the
reaction of a halogen with another clement or radical, In general, halide compounds are
much less reactive than the molecular halogens, baving a low chemical potential.
Halides are considered reduced forms that do not, alone, oxidize other compounds. In
the conventional view, therefore, a halide salt-treated sorbent will not effectively

oxidize slemental mercury and capiure elernental mercury.

Hologen-Promoted Serbent Characteristics

10086] The promoted sorbenst described here has a very high initial reactivity for
oxidizing mercury and therefore, can be used in very small amounts to achieve very
high capture efficiencies, thus lowering operation cosis and lessening waste disposal
problems. In addition, further disposal reductions are obtainable by regenerating and
reusing the promoted sorbents produced using the inventive technology. The time
interval required for the mercury and the promoted sorbents of the present invention to -
successfully interact in a flue gas duct, with subsequent collection of the mercury on the
pomoted sorhent and ash, is very short — less than seconds. Clearly, such collection
times require the promoted sorbent to have both high capacity and high reactivity
toward mercury. The promoted sorbent can be utilized in 3 very finely powdered form
to minimize mass-transfer Himitations. However, again, the reactivity should be very
high to capture all of the mercury encountered by the fine particles. Additionaily, use of
these enhancement technologies allows capture to be effective for larger sorbent
particles which also allows separation of the promoted sorbert from the ash to enable
subsequent regeneration as well a3 ash uiilization. One feavare of this mvention isthe
process 1o prepare a promoted sorbent containing a halide component formed on and/or
within the base sorbent structure that provides a sorbent that is highly active on initial
contact with the mercary-contaminated gas stream, which allows for very effective
capture of the mercury.

150871 The inventive sorbents chemically combine bromine species with Lewis
acid/basic sites on the base sorbeni. For example, x~vay photoelectron spectroscopy has
established that the addition of bromine, chiorine, HBr, or HCI formed a chemical
compound in the carbon siucture. Thus the promoted sorbent produced from halogen
and bass sorbent does not represent a molecular halogen forn, but rather 8 now
chemically modified sructure. This phenomenon may not cocur with the less reactive
iodine, where an » molecular complex can exist on the carbon basal plane. In the case

of bromine, modificd cationic carbon has a high chemical potential for oxidation of
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mercury. Thus an entirely new model is presenied for the reactivity of the bromine-
treated carbon with mercary shown in Figure 2. The reactive carbon form can preferably
be generated by the addition of bromine, hydrogen bromide, or combinations of bromine
and other elements, as described herein. Halogen treatment resulted in higher-activity
carbons because the halide anions (especially bromide and iodide) were effective in
promoting oxidation by stabilizing the developing positive charge on the mercury in the
transition state for oxidation. Based on this model, several innovative, inexpensive,

activity-enhancing features have been developed.

Optisnal Second Component

{0088] It has been demonsteated that addition of an optional second component, in
addition to the bromine, results in improved reactivity and capacity for the promoted
sorbent, typically exceeding that of both the unireated base sorbent and the brominated
carbon. The second compound compriscs either a second halogen or a compound
derived from a second halogen. such as HI. Thus in addition to having g reactive carbon
form present, the second component generates a Lewis base with greater ability o
siabilize the developing positive charge on the mercury. Thus the second component is

an elersent with more polarized electrons {dp and Sp).

{ptional Alkali Component

{013893. It has been demonstrated that addition of an optional alkali component with a
base or promoted activated carbon results in eproved mercury caphure, typically
excoeding that of both the untreaied carbon and the promoted carbon. Test data indicate
that flue gas contaminants, flue gas constituents (SO,, NGy, HCl, ¢ic), operating
temperature, mercury form, and mercury concentration ay Impact the effectivensss of
the alkah addivon. This suggests the nesd to be able to adjust and tailor the alkali-to-
activated-carbon ratin onesite in order to overcome and optimize for a given st of site
conditions.

{00907 The synergy that can be gained when coinjecting the two materials can be
explained as follows, PFirst, testing shows that binding sites on activated carbon
{hercinafter “AC™) can be consumed by chlorine species, sulfir species {i.¢., sulfates),
and other fhie gas contarninants (arsenates, selenaies, ¢i¢). The addition of optional
alkali material will interact and react with these species/contaminants, thus minimizing
their consumption of AC mercury binding sites. Second, testing also shows that
standard AC will continue to oxidize mercury, even though the binding sites are fully
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consumed. This oxidized mercory can then react with alkali material and subsequently
be capiured by particulate control devices. Conseguently, the addition of the optional
alkali component acts to protect mercury-binding sites and capture oxidized mercury,
thereby resulting in improved mercury reduction at lower cost. Alkali is generally much
lower in cost (~ an order of magnitade less) than AC; thus more of it can be used, still

resuiting in overall lower costs,

Fn-Flight Sovbent Preparation

[0091] As stated previously, the halogen promwoted sorbent can be readily produced in-
flight. This is accomplished by, for example, contacting the vapors of any combination
of halogens and, optionally, a second component, in-ilight, with base sorbent particles.
The particles may be dispersed in a stream of transport air {or other gas, such as the flue
gas itself), which also conveys the halogen/halide-prometed sorbent particles o the flue
gas duct, or other contaminated gas stream, from which mercury is to then be removed.
There is no particular tempersture requiremnent for this contact. Thus technology is
obviously very simple to implement, and resulis in a great cost savings to [acilities using
this technology for mercury capture,

{0&923 Retferring fo Figures SA and SB, process flow diagrams are shown as examples
of the process for mercary removal from a mercury containing gas, such as a flue gas.
In an embodiment shown at Figare SA, gas inlet stream 501 passes throngh chamber
301 and enters air heater 302 as stroam S02; then it exits air heater 302 as stream 503
and passes through particulate control device 303 and enters scrubber 304 as stream
504; finally it exits scrubber 304 ag stream 505, As shown, chamber 301 152 botier,
however, one skilled in the art will appreciate that chamber 381 can also be the
combustion chamber of a coal fired boiler, 2 stand alone combustion chamber or any
other chamber in which mercury containing gas is either generated or passed tuwough.
Injection streams 401, 402, 403 and 404, in addition to stream 501, are multiple
focations wherein promoter, base sorbent, or a combination of promoter and base
sorbent may be introduced.

[0093] Figure 3R shows an embodiment similar to that of F¥G. A, but with the position
of the scrubber and particulate control device switched. Specifically, gas inlet stream
501’ passes through chamber 301° and enters air heater 3027 as stream 5027; then it exits
air heater 302° as stream 503" and passes through scrubber 304° and enters partculate
control device 303" as stream 5047; finally it exits particulate condrol device 303 as

stream 505, As shown, chamber 301 is a boiler, however, one skilled in the art will
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appreciate that chamber 301 can alse be the combustion chamber of 2 coal fired boiler, a
stand alone combustion chamber or any other chamber in which mercury containing gas
is either generated or passed through.,  Ingection stream locations 4017, 402°, 403° and
404’, in addition to stream 301, represent multiple locations wherein promoter, base
sorbeﬁt, or a combination of promoter and hase sorbent may be mirodoced.

[06084] Al each of the aforementioned injection stream locations 401, 4017, 402, 402,
4013, 4037, 404 and 4047, 501, 5017 multiple injection points are contemplated so that
promoter and base sorbent may be injected as a single injection streanm or as separate
injection sireams, as further illustrated in the following exemplary embodiments,

{00951 In an embodiment, a prowmoter is introduced to chamber 331 at location 401, A
hase sorbent {carbon, non-carbon, or their combination) is infroduced at location 402
upstrearn of air heater 302, In a further embodiment, & promoter is infroduced to at
{ocation 402 upsiream of atr heater 302, A base sorbent {carbon, non-carbon, or their
combination) is also introduced at location 402 either as 1 separate siream or 28 a mixed
single stream with (he promoter. In apother embodinent, a promoter 18 introduced at
locations 401 and 402. A base sorbent {carbon, non-carbon, or their combination) is
introduced at location 402 either as a separate sirearn or a8  mixed single stream with
the promoter.

[0086] With the aid of this disclosure, one of ordinary skill in the art will be able to
configure the process in many different fashions for mercury removal using the
pmméted sorbent. All these configurations are considered equivalents of the disclosed

process and therefore are within the scope of the claimed invention,

Advantages of On-Site Preparation
10087] In-flight preparation of the halogen/halide-promoted sorbent on location
produces certain advargages, For example, the treatment system can be combined with
the base sorbent injection system al the end-use site. With this technique, the
halogen/halide is introduced to the base sorbent air (or other gas, including to the flue
gas or other mercury containing gas) mixture in 8 transport line (or flue gas duct part of
the base sorbent storage and Injection sysiem), This provides the following benelits
over current conventional concepts for treating sorbents off-site:

«  Capital equipment costs at 2 treatiment facility are sliminated.

»  Cosis 1o operate the treatment facility are eliminated.

+  There are no costs for transporting carbon and addstive to a treatment facility.
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»  The inventive process uses existing hardware and operation procedures.

+  The inventive technology ensures that the sorbent 1 always fresh and, thus,
more reactive.

»  No pew handling concerns are introduced.

+  There are no costs for removing carbon from treatinent system,

«  The inventive process allows rapid onesife tailoring of additive—-sorbent ratios in
order to match the requirements of flue gas changes, such as may be needed
when fuels are changed or loads are reduced, thus further oplimizing the
EQOBOMICS,

«  The inventive technology redoces the amount of spent sorbents that are
disposed.

60881 With the foregoing and other features in view, there 1s provided, in accordance
with the present invention, embodiments including a process for preparing and
regenerating halogen/halide-promoted sorbents, whose activily for mercury capture is

erhanced by the addition of halogen (e.g., bromine} to the base sorbent structure.

Sorbent Infection Locution

{0049] Some of the preferred embodiments contemplate the use of 2 halogen-promoied
sorbent in a powdered form that has been injected into a flue gas stream before or after
ash particdates have been removed. Other embodiments of the mventive composition
of the halogen-promoted sorbent comprise a powdered modified AC prepared by adding
Bry or HBr plus a second optional component. Other embodiments allow the addition of
the optional alkali component in conjunciion with a base AC and/or with the use of a
halogen-based sorbent and any other combinations of the sorbent technologies provided
in this patent. Other embodiments allow for in-flight preparation of promoted sorbents
by using and combining the promoters and base sorbents. Altermalively, embodiments
include methods whersin the base sorbent is on a moving contactor consisting of

particles or fibers containing one or more of the compositions listed above.

Sorbent Regeneration

{00100 Any of the above cmbodiments of the halogen/halide-promoted carbon and/or
non-carbon sorbent can be easily regenerated; the poisoning contaminants from the flue
gas arc preferably removed, and an inexpensive promoting agent added, o restore
mercury sorption activity. This process of promoting the activity of the carbon and/or

non-carbon iiself contrasts with the carlier, more expensive, conventional methods of
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adding a reagent {such as peroxide, gold, triiodide, et¢.) to a base sorbent. The
halogen/hatide-promoted carbon sorbent of the present invention, treated with bromine
and/or optional components, is noncorrosive. Detailed examples of sorbent regeneration
techniques are described in copending, commonly owned PCT Patent Application No.
PCT/LISN4/1 2828, titled “PROCESS FOR REGENERATING A SPENT SORBENT,”

which is hereby incorporated by reference in its entirety.

Sorbent Infection Contref Schemes

160109] Another advantage of the present invention relates to the use of a feedback
system to more efficiently utilize certain aspeets of the inveniion. Where possible and
destrable, the mercury contro] technology of the present invention may preferably utilize
continuous measurement of mercury emissions ss feedback to assist in control of the
sorbent injection rate. Tighter control on the sorbent and optional component(s) levels
can be achieved in this way, which will ensare mercury removal requirements are met
with miniroal material requirements, thus miniiaizing the associated costs. nan
embadiment, the mercury emissions are continuously measured downstream of the

injection location, preferably in the exbaust gas at the stack.

EXAMPLES

106102} To more clearly illustrate the present invention, an example is presentad below.
This example is intended to be illustrative, and no liraitations to the present invention
should be drawn or inferred from the example presented herein,

Example 1 ~ Noa-carbon-Promoted Sorbent Tests at Full-Scale Planiy

Fo0403] Full-scale commercial tests were conducted at several coal-burning facilities
equipped with ESPs wherein three types of pre-cursers were injected upstream of an
ESP at 325°F. In all, move than thirty tests were performed with variations in base
sorbent material, base sorbent material injection rates and promeoter injoction rates.
Promoters were halogen-based materials. Base sorbents were clay-based materials such
as perlite and pumacite, which are vesicular forms of tectosilicates goroprising sibeates
and aluminate tetrahedra with alkali metals in the interstitual spaces. Each base sorbent
was injected upstream from the ESP.

100404} The fiue gas flow rate for the test was approximaiely 23 million dsf*/hr with 2

comesponding mercury flow rate of 0.6097 lbs Hg/hr, Initial mercury concentration in
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the flve pas prior 1o the introduction of the base sorbent or promoted sorbent was
approximately 0.000417 1bs Hp/million daft’,

§00105] As shown in Table 1, each base sorbent was injected at three different fest rates:
about 106 Ib/hr (“Low™), about 150 Ib/hr (“Ave”) and abous 200 b/ (“High™). Al
each test rate, the mercury removal rate was measured both with and without the use of
a promoter to show the relative benefit of introducing the promoter into the fhue gas
streaﬁl, For the tesis where promoter was injected into the fiue gas stream, promaoler
was injected at about 20 1b/hr for the “Low™ tests, af about 25 I/l for the “Ave.” tests
and from about 30 to about 50 fv/hr for the “High” tests. The percent mercury removal
for sach test was calculated based on measurernents taken from the indet flue gas and the
outlet flue gas. The resulis as shown in Table 1 clearly show a significant mprovement
in mercury capture when a promoter and base sorbent are mj ected, as compared to the

injection of a base sorbent alone.

'I'abié 1. Test Diata for Non Carbon-Promoted Sovboents

Basge Base Sorbent Promoter | Percesnt Removal
Serbent | Infection Rate Injection Rate of Meroury
Material | (b/hr) {b/he) (Yo}
Low |Ave |High |lLow Ave. | Hieh i Low | Ave, | High
164 150 200 4] 3 £ 37 40 43
Perliic
100 150 200 20 25 s 35 72 74
160 150 206 Q f ] 25 25 25
Punacite
140 150 200 20 25 50 52 60 853
Clay- 1y |150 200 [0 o 0 50 152 154
Based
Wix of
Silica 100 1150 1200 {20 25 30 58 65 74
and
Aluming

100486] While the preferred embodiments of the invention have been shown and
described, modifications thereof can be made by one skilled in the art without depariing
from the spirit and teachings of the invention. The embodiments described herein are
exemplary only and are not intended to be Hmiting. Many variations and modifications

of the invention disclosed herein ave possible and are within the scope of the invention,
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Accordingly, the scope of proteciion is not limited by the description set out above, bt
is only limited by the claims which follow, thal scope including all equivalents of the
subject matier of the claims.

100407] The exaroples provided in the disclosure are presented for ilfustration and
explanation purposes only and are not intended to limit the claims or embodisent of this
invention. While the preferred enobodiments of the invention have been shown and
described, modifications thereof can be made by one skilfed in the art withowt departing
from the spirit and teachings of the invention. Process criteria, equipinent, and the like
for any giver: implementaiion of the invention will be readily ascertainable 10 one of
skill in the art based upon the disclosare herein, The embodiments described herein are
exemplary only and are not intended to be limiting. Many varigtions and modifications
of the invention disclosed herein are possible and are within the scope of the invention.
Use of the term “optionally” with respect to any clement of the invention is intended to
mean that the subject element is required, or alternatively, is not required. Both
alternatives are intended to be within the scope of the invention.

{66108} The discussion of a reference in the Backeround is not an admission that it 15
prior art to the present invention, especially any reference that may have a publication
date after the priority date of this application. The disclosures of all patents, patent
applicéticms, and publications cited herein are hereby incorporated herein by reference
in their entirety, to the extent that they provide exemplary, procedural, or other details
supplementary to those set forth berein.

100108] Although the invention is described herein as a promoted sorbent material and
associated processes for its preparation and use, it is nevertheless not intended to be
limited to the details described, since various modifications and structural changes may
e made therein without departing from the spirit of the invention and within the scope

and range of equivalents of the claims.
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1. A methed for separating merowey from s mercury containing gas comprising:

{a}  providing a nonecarbon sorbent nuaterial;

(by  providing 2 halogen or balide promoter;

(¢}  wromoting &t least 4 portion of the nown-carbon sorbent material by
chemically reacting the nou-carbon sorbent material with the halogen or halide
promoter to foun e prometed halogenaied sorbent;

{h) chemically reacting elemental mercury in fhe mercury confaining gas
with the promoted halogensted sorbent to form o mevetry/sorband chiemieal
composition; sud

{e}  separating pariiculates from the meroury containing gas to form a
cleaned gas, the particuiates inciuding ash and the first mereury/sorbent chemical
composifion.

2. The method of cleim 1, farther comprising the step of injecting the non-carbon

sorbant meterial and the halogen or halide promoter indo the meiroury containing gas.

3. The method of clalm 2, wherein said lislogen or halide promoter sod the nop-

carbon sorbent matosial ave injected into the mercury containing gas at the same
location,

4. The mathod of cleim 2, wherein said halogen or hulide promoter snd the non-
carbon sorbent material are injected into the meroury containing gas at separate
focations.

3 The method of claim 4, wherein sald halogen or halide promoter is injected into

the mervury-containing Zas upstream of the injection of said non-carbon sorbent
material,

B, The method of claim 5, wherein said halogen or halide promoter is injected into
s combugtion vharnbor that produces a mercury-containing ges, and the non-carbon

sorbent material is injected downstream of the combustion chamber,

7. The method of claim 6, vherein said halogen or halide promoter s addiionally
injested downstrosm of the combustion shamber.
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8. The method of oladiy §, whersin ssid combustion chuabor is a boiler and the
meroury-containing gas s a foo ges,

9, The method of cledm 3, wharsin said halogoen or balide promoter and non-

carbon sorbet msterial are injocted downatream of a chamber that produces 2 mercury-
COTLAITENL 58,

19, The method of clabm 8, wherein said chamber iz a botler and the morgmy-
containing gas is 2 flue gas.

i1, The method of claim 2, whereits the rate at which sgid non-carbon sorbent
material is Infected or the rate at which gaid promoter is injscted or conbinstion thepeof
iz adjusied scoovding to a mumitored mercury condent in ths cleaned gas so that the

mereury content of the clesned gas is maintaived at substantially a desired lovel.

12, The method of claim 3 , wheren said non-carbon sorberd material 4s sslested
from the group consisting of porous felsic rosterials, veatcular falsic materials, porous
hazaltic materialy, vesicular basaltic materials, elayebased compounds, sikaline
coropaunds, calchun hydraxide compounds, sodlum scotate componds, bicarbonaie
compounds, apd combinations thereof,

i3, The method of claim 12, whercin said non-carbon sorbent material iz 2 material
that yeasts with oxidized mercwry in the mecury-containing gas to form a second
mercury/sarbens chorsical composition.

14, The method of claim 1, whorein ssdd non-carbon sovbent material comprises
Lewis basic groups.

15, The method of claim 1, wherein satd non-cerbon vorbent material comprises
amorphous forma of tociositizates comprising nanoseals cavities lned with Lewis bagic

oxygen associatad with alkaline-earth metals,

18, The mothod of ¢laim 13, wheyein sald slkaline-earth motals coniprise Grouy 1
and Gronp 1 alkaline-carih metals,
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17, The mwethod of claim 1 wherein said non-carbon sorbent materis! comprises
amorphous forms of phyvliosilioates comprising nanoscale cavities Hoed with Lewis
basic oxygen.

18, The method of olabm 1, whorein said prowoted sorhent comprises metastable
compiexes formed botween said promoter nnd inovganic species on the non-carbon
sothent,

18, The method of clatin 13 wherein sald inorganic species i3 selected from the
group consisting of sodiom compomnds, caloimm compounds, magnesium compounds,

alymimun compounds, ion eormpounds, and comgbinstions therent

20, The method of claim 1, whereln said promoted sorbent comprises metastable
comploxes formed betweoen said proracter and motal-oxygen-meial structires on the
nou~catbon sorhent,

21. The method of olaim 20, whevein sald promoter after being comploxed with the
metal-oxygen-metal structures is in the form selected from the group consisting of s
dihnlogen group, a balogen atom, a hydrohalogen group, a Group V halide, a8 Group VI
halide, and combinations thereof,

22, The method of claim 1, whersin said promoted sorbent comprisss aotivated
Lewis basic groups or activated Lewis acid groups or combivalion thareof,

23, The mothod of clabm 1, whersin said infcsetion between promoted sorbont and
spid morcury-contaiving gos strean comprises;
meruney diffasing fros the gas phase onto said promoted serbent surface; snd
reqeting with astivated Lowis basic groups or activsted Lowis ecid groups or
combination thereof to causs chantsorption on the sorbont surface,

24, The method of claim 1 fusther comprising prefreating 5aid sorbent fo incrsasc
the number of Lewis basie groups or Lewis acid groups or combinstion thereof on said
sorhent,

k1
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23, The mothod of clabm 24, wherein pretreating sald sorbent comprises chemical
treatment, thormal trestment, vaormm treatment, rod combinations thareof,

24, The method of «laim 25, wharein said chemical troatment comprises acid
treatrment and alkalins tronimend,

27, The method of claira 1 fiuther comprising introducing sn alkal component into
the mercwry-containing gas,

18, The method of vledm 1, wherein o carbon sorbent is rencted with sald promoter
to produce 3 protaoted carbon sotbent,

28, The meihod of ¢laim 28, wherein said carbon sorbend or zaid promoter or
copibination thereof are introduced into (e mercury-coptaining gas at one or more
locations.

30, The method of claita 29, whereln the rate atf widch said carbon sorbent is
- istreduccd or the rate at which said promoter is infroduced or conabination thereof is
adfusted according o & inonitored macroury content in the cleanod gas so that the

mersary content of the cleaned gas is maintained at aubstantially a desired level,

3L The method of elaim 28, whorein said carbon sorbent comyprises sotivated
carbon,
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SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
BACKGROUND OF THE INVENTION

Technical Fisld of the Invention

[0002] The prasent invention relates to methods and materials for the removal of poliutants
from flue gas or product gas from a gasification system. In particuiar, mercury is removed
from gas streams gensrated during the burning or gasification of fossH fuels by highly
reactive regenerable sorbants.

Background of the invention

[06G3] The combustion and gasification of fossil fuel such as coal generates flue gas that
containg mercury and other irace elemanis that originate from the fuel The release of the
mercury (and other pollutants) to the environment must be controlled by use of sorbents,
scrubbers, filters, precipiiators, and other removal technologies. Mercury is initially present
in the elemeardal form during combustion and gasification. In downstraam process sections,
such as in the ducts and stack of a combustion system, some of the slemental merclry is
oxidized. The amount that is oxidized depends on the amount of acid gases presend in the
flue gas and other faciors. Amounts of mercury vary with the fusl, but concenirations of
mercury in the stream of flue gas from coal cormbustion are typicaily less than 5 parts per
biflion {ppb}). Large coal combustion faciliiss such as electric utilites may emit a pound of
mercury, of morg, a day. Mercury removal applications include, without limitation, fiue gas
from coat {or other fossil fuel) combustion, waste incineration, product gas from gasification,

as well as offgases from mineral processing, metal refining, retorting, cemant

manufacturing, chioraikali plants, dental facilities, and crematories.
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Mercury Sorbent Technologies

[0004] Several types of mercury control methods for flue gas have been investigated,
including injection of fine sorbent particles into a flue gas duct and passing the flue gas
through a sorbent bed. Fine-particle injection sorbents include activated carbon, melal
oxide sorbent, sodium sulfide pariicies, and basic sllicale or oxide sorbents. When
particle injection is employed, the mercury captured on the sorbent particles is removed
from the gas streaim in a particulate control device such as a baghouse or electrosiatic
precipitator (ESP) and collected along with ash particulate. The sulfide and basic
silicate and oxide particles are effective only for the oxidized mercury, and the metal
oxide sorbents exhibif siower caplure kinetics than the carbon particies. Additionally,
injection of fine carbon particles into the flue gas siream has been only partially
successiul in removing mercury, especially slemental mercury, where effective removal
of only about 80% is altained for some applications with a FF (fabric filter} to collect
carbon and ash. Even lower removal rates have been observed when an ESP is used

o collect the carbon because the contact time of the carbon with the gas is very shotl,

(30087 A major problem with existing carbon injection systems is that the sorbent is
relatively unreaclive toward mercury. Consequently, these sorbents must be used in
large amounts, at high sorbent-to-mercury ratios, to effectively capture the mercury.
These sorbenis tend to be relatively expensive and cannot be sasily separated from the
ash for regeneration and reuse. The collection of carbon in the ash also creates solid
waste disposal problems, and the spent sorbent may confaminate the collected ash,
preventing its use in various applications,

[06006] One solution has been {0 add an oxidative sorbent comprising an
astuminosilicate material impregnated with a very heavy dosage of one or more oxidative
metal halides plus activated carbon. For example, refer to Varma ef al. (published US
application np, 2007/0140840). However, the amounis of metal salts required for Hy
oxidation are generally relatively large and expensive. Also, several of the salts that can
be used in such 3 process are highly foxic. Although the metlal salts are present for
oxidation in this process, activated carbon is essential for getting adsorption of the Hg.

PAC ET AL. EXHIBIT 1023

Page 829



Ca Q2YRTE08 Z2016-06-08

As such, there is no synergistic role for the aluminosilicates as they appear to be
only a support for the oxidizing salis.

{Q007] Another approach has been the injection of aluminosiiicate particulate such
as benlonite, which conlains neither oxidizing salts nor halogen complexes with a
Lewis base site, and thus lacks the more powerful oxidizing capability of the said
complexas as described in this application. For exampie, see U5, Patent No,
7,413,719, Additionally, the injection of an aluminosilicale (kaofin or metakaoling

coniaining

éa
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calcium hypochlorite which thermoally decomposes to form halogen 15 also known, For
exampie, see 1.8, Patent Application No. 20030103882, Thus these and similar
impregnated aluminosilicate technologies require time in flight at appropriate high
temperatures to heat the lmprognated salt(s) to generate an oxidation site. This clearly
represents a kinetic barrier to activation in contrast to the extremely fast cornplexing
reaction of the Lewis acid on the surface of the appropriate Lewis base sorbeni
described in the present patend. The kinetic barrier is only for heating up the calcium
hypochlorite to decompose it to Cl atoms or molecules. Halogen (bimolecular or atomic)
would complex with catbon or noncarbon af any Jower temperature to foon reactive
oxidation sites. Also, halide would requive a very high temp or strong acid to form reactive
halogen or halogen complex.

J008] Yet another approach is the injection of berdonite plus a metal sulfide and 2
metal salt, none of which is oxidizing to elemental mercury and would require a slow
thertoal activation step. For example, see ULS. Patent Application No. 200670119360
{60087 The injection of halogen or halogen precursors in a bot zone, foliowed by
contact with an alkaline material in a wet or dry scrubber is another approach knowsn in
the art. 'With such an approach, elemental mercury is claimed to be oxidized by the
halogen to Hg{Il) which is collected by the alkaline material in the scrubber. For
gxample, see U8, Patent No 6,808,692 (Oehy}, U.S. Patent No. 3,849,267 (Thlgen), U.S.
Patent No. 5,435,980 (Felsvang), U.8. Patent No. 6,375,909 (Dangtrar}, U.5. Patent
Application No. 20020114749 (Cole), U.5. Patent No, 6,638,485 (lida), U.§, Patent
Application No. 20030185718 (Sellakumar), U.S. Patent Application No, 20030147793
{Breen), and U.S. Patent No. 6,878,358 (Vosteen). However, even though it is known fo
inject halogen forms at some stage of the combustion process, such a process does not
utilize 2 complexing method on a sorbent surface for conducting the oxidation and
captufc, Further, the alkaline material is rapidly surface-coated by the large
concentrations of acid gases, lowering its capacity for adsorption of Hg(fl}. It is also
recogmized that the halogen forms initially introduced or genevated are far more reactive
1o the large concentrations of 80 and moisture in the flue gas, and so gas-phase
reactions of the halogens with Hg are hindered. In contrast, the present invention takes
advaniage of the Lewis acid complexes that rapidly form on the sorbent surface to offect
the Hg oxidation, rather than rely on pas phase reactions for oxidation. Thus HCL, HBr,
S50, Rr, and other gas-phase producis all festoon the surface and promote the activity of

the sorbent by forming complexes with the sorbent to form a promoted sorbent,
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{0010] Accordingly, there remains a need for more economical and effective mercury
removal technology. This invention provides for cost-effective removal of pollitants,
including mercury, using sorbent enhancament additives and/or highly reactive sorbents,
with contact times of seconds (or less), and that may be regenerated and reused,

SUMMARY

[0G11] The varicus embodiments of the present invention overcome the various aspects of
the deficiencies of the prior art and provide new and econcemical methods for the removal of
mercury from the gases produced in the ulilization of fossil fuels.

{0011.a] An embodiment of the invention relates to a method for separating mercury from a

mercury containing gas comprising:

{a) providing a3 carbon sorbent material and & non-carbon sarbent material,

whaerein the carbon sorbent malerial comprises activated carbon;
it providing a halogen or halide promuoler,

() promoting at least a portion of the carbon sorbent material and the non-
carbon sorbent material by chemically reacting the carbon sorbent material and the non-
carbon sorbent material with the halogen or halide promoter o form a promoted

halogenatad carbon sorbent and a promoted halogenated non-carbon sorbent;

(dy  chemically reacting elemental mercury in the marcury containing gas with the
promoted halogenated carbon sorbent and the promoted halogenated non-carbon sorbent
to form a mercuryfsorbent chemical compasition; and

(=) separating particulates from the mercury containing gas to form a cleaned

gas, the parficulates indluding ash and the mercury/sorbent chemical composition.

(0011-b] Ancther embodimant of the invention refates to the method defined herginabove,
further comprising the step of injecting the non-carben sorbent material and the halogen or
halide promoter into the mercury containing gas.

[0011-c] Another embodiment of the invention relaies o the method defined hareinabove,
whareln said halogsn or hakde promoter and the nen-carbon sorbent material are injected
into the mercury containing gas at the same location.

{001 1411 Another embodiment of the invention relates 1o the method defined hereinabove,

4
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whersin said halogen or halide promoter and the non-carbon sorbent material are injected
info the mercury containing gas at separate iocations.

{0811-8] Ancther embadiment of the invantion relates o the method definsd hereinabove,
wherein said halogen or halide promoler s injected into the mercury-contaning gas
upsirsam of the inieclion of said non-carbon sorbent material.

[0014-f] Ancther embodiment of the invention rsiates o the method defined herginabove,
whereln said halogen or halide promoter is injected inlo a combustion chamber that
produces a mercury-coniaining gas, and the non-carbon sorbent materal s injected
downstream of the combustion chamber,

[0811-gl Ancther embodimant of the invention relates to the method defined hereinabove,
wherein said halogen or halide promoter Is addifionally injected downstream of the
combustion chamber.

{001 1-h] Ancther embodiment of the invention relates to the method defined hereinabove.,

whersin said combustion chamiber is a boller and the mercury-containing gas is a flue gas.

{80114} Ancther embodiment of the invention relates 1o the method defined hersinabove.
whergin said halogen or halide promoter and non-carbon sorbent material are injected
downsiream of a chamber that produces a mercury-containing gas,

{0011-] Ancther embodiment of the invention relates fo the method defined hereinabove,

wharein said chambser is 2 boiler and the mergury-containing gas is a flus gas.

[0011-k] Ancther embodiment of the invention relates fo the method defined herginabove,
wharein the rate af which said non-carbon sorbent material is injected or the rate at which
sald promoter is injected or combination thereof 18 adjusied according 1o 8 monilored
mercury content in the cleansd gas so that the mercury content of the cleaned gas is
maintained at a desired level.

{0014+ Ancther embodimant of the invention relales to the method defined hersinabove,
wherein said non-carbon sorbent material is selected from the group consisting of porous
felsic materials, vesicular feisic matenals, porous basaltic materials, vesicular basaltic
malerials, clay-based compounds, sikaline compounds, calcium hydroxide compounds,
sodium acetate compounds, bicarbonate compounds, and combinations theraot.

43
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[0011-m] Ancther embodiment of the invention relatas to the method defined hereinabove,
wherein said non-carbon sorbent material is a material that reacts with oxidized mercury in

the mercury-containing gas to form a second mercury/sorbent chemical composition.

{06110} Another embodiment of the invention relates to the method definad hereinabove,
wherein said non-carbon sorbent material comprises Lewis basic groups,

(3011 -0] Ancther embodiment of the invention relates o the method defined hereinabove,
wherein said non-carbon sorbent material comprises amorphous forms of testosilicates
comprising nanoscale cavities iined with Lewis basic oxygen associaled with alkaling-earth
metais,

{0011-p] Ancther embodiment of tha invention relates to the mathod defined hersinabove,
wherein said alkaline-earth metals comprise Group | and Group i alkaline-saith metals.

[0011-q} Ancther embodiment of the invention relates o the method defined hereinabove,
whergin sald non-carbon sorbent material comprises amorphous forms of phylicsiiicates
comprising nanoscale caviies lined with Lewis basic oxygen.

{001 1-1] Another embodiment of the invention relates (o the method defined hareinabove,
wherein said promotad non-cartbon sothent comprises mestastable complexes formed

between said promoter and inorganic spacies on lhe non-carbon sorbent.

{0041-s] Ancther embodiment of the invention relates to the method defined hereinabove,
wherein said inorganic species is selected from the group consisting of sodium compounds,
calcium compounds, magnesium compounds, aluminum compounds, iron compounds, and
combinations thereof.

(D01 1-1] Another embodiment of the invention relates to the method defined hersinabove,
wherein sald promoted non-carbon sorbent comprises metastable complexes formed

hetwaen sald promotsr and metal-oxyger-mstal structures on the non-carbon sorbent.

00114 Ancther embodiment of the invention relates to the method defined hersinabove,
wherein said promoter afier being complexed with the metal-oxygen-metal structures is in
the form selected from the group consisting of a dibalogen group, a halogen alom, a
hydrohalogen group, a Group YV halide, a Group VI halide, and combinations theraof,

[0091-v] Another embodiment of the invention relates to the method defined hereinabove,
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wherein said promoted non-carbon sorbent comprises activated Lewis hasic groups or
activated Lewis acld grouns or combination thereof.

{0011-wi Ancther ambodiment ¢of the invention relates to the method defined hereinabova,
wherain said interaction betwesn promoted non-carbon sorbent and said mercury-
containing gas stream comprises:

mercury diffusing from the gas phase onto a surface of said non-carbon promoted
sorbent, and

reacting with activated lewis basic groups or aclivaled Lewis acid groups or
cornbination thereof o cause chemisorpiion on a sorbent suface.

[6011-%] Another embodiment of the invention reiates io the method defined hereingbove,
further comprising pretreating said non-carbon sorbent to increase the number of Leowis

basic groups or Lewis acid groups or combination thereof on said sorbent.

{601 4-y] Ancther embodiment of the invention relates o the method defined herginabove,
whergin prefreating said non-carbon sorbent comprises chemical freatment, themnal

traatrmant, vacuum treatment, and combinations thereof.

[B011-z] Another embuodiment of the invention reiates o the method dafined hereinabove,
wharain said chemical treatmeant comprises agid treatment and alkaline treatment.

[8011-aa] Another embodiment of the Invention relates to the method defined hereinabove,
furlher comprising intreducing an alkali component into the rercury-containing gas.

{301 1-ab] Ancther embodiment of the invention relates to the method defined hersinabove,
wherain said carbon sorbent or said promoter or combination thereof are introduced into the

mercury-containing gas at one or more {ocations,

[0011-ac] Ancther embodiment of the invention relates 1o the method defined hersinabove,
whergin the rate at which said carbon sorbent is introduced or the rate at which said
promoter is infroduced or combination thereof is adjusted according to & maonifored mercury
content in the cleansd gas so thetl the mercury content of the cleansad gas is maintained ata
desired level.

{001 1-ad] Another embodiment of the invention relates to the melhod defined hereinabove,
where the promoted halogenated carbon sorbent and the promoled halogenated non-
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carbon sorbent comprise 1 o 30 grams of the halogen or halide promoter per 100 grams of

the carbon sorbent and the non-carbon sorbent,

(03121 A helogen/halide-promoted sorbent is described that is highly effective for the
removal of mercury from flue gas streams. The sorbent comprises any activated carbon
andior non-carbon compound, such 8s porous or vesicular felsic or basaltic materials, clay-
based compounds, akaline compounds, caltium hydroxide compounds, sodium aceiaie
compounds, and/or bicarbonate compounds, or a combination thereof. Optional secondary
components and atkali may be added to further increase reactivity and mercury capacity.
Mearcury removal efficiencies obtained exceed or maich conventional methods with added
benefits such as reduced costs. Optionally, the promoted sorbent can be regenerated and
reused, Sorbent reatment andfor greparai:on methods are also described. Methods for in-
flight preparation, infroduction, and condral of the sorband, promoter and promoted sorbent
into the marcury contaminated gas stream are described.

[064 3] When a promoted or 2 non-promoted base sorbent reacts with elemental or oxidized
mercury, a mercury/sarbent chemical composition is formed and, in the case of elemenial
mercury reacting with the promoted base sorbent, the mercury is oxidized, As discussed in
further detait in other portions of the specification, the base sorbent may be either a carbon
or a non-carbon matenal or a combination thereof. Additionally, the mercury/sorbent
chemical composition may be comprised of covalent bonds, ionic bonds and/or chemical
complexes between the promoted or non-promoied base sorbent and the oxidized mercury.
The Lawis basic groups on the non-promoted base sorbent, or the non-promoted portions
of a promoted base sorbent, are available for reaction with the Lewis acid groups of already
existing oxidized mercury in the mercury containing gas. Thus, mercury may be removed
from the mercury containing ges sbtream through the formation of mulliple and various
mercury/sorbent chemical compositions even within the same process. For example,
rnuliiple sites on a sorbeani particulata can form
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mudtiple and various mercury/sorbent chemical compositions in the case where only a
portion of the sites on the base sorbent particulate are promoted,

{0014] In some ambodiments, a carbon and/or non-carbon promoted sorbent andfor a
combination thereof is provided comprising a sorbent structure that has reacted with a
promoter selecied from the group consisting of halides, halogens, and combinations
thereof, such that the reaction product is effective for the removal of mercury from a gas
stream. The carbon sorbent comprises reactive Lewis acid groups/sites; the non-carbon
sorbent comprises reactive Lewis basic groups/sites,

§0015] In an embodiment, a promoted carbon and/or non-carbon sothent is provided
wherein the base sorbent is selecied from the group consisting of carbon, activated
carbon, porous or vesicular felsic and basaltic matenals, clay-based compounds,
alkaline compounds, calciurm hydroxide compounds, sodivm acstate compounds, and/or
bicarbonate compounds, or a combination thereof, with an average particle size similar
to that of fiy ash produced from a thermal process {combustion or gasification) or
greater than that of fly ash produced such that it is physicaily separable therefrom, and
combinations thereof, and the promoter is selected from the group consisting of
molecular halogens, Group V (CAS nomenclature is used throughout) halides, Group V1
halides, hydrohalides, and combinations thereof. In an embodmuent, the promoted
sorbent (carbon, non-carbon, or thelr combination) may bave a mass mean particle
diameter such that it can be substantially separaied by physical means from enirained
ash in the gas stream from which mercury is 1o be removed. In sn embodiment, the base
sorbent {carbon, non-carbon, or their combination) may have a mass mean particle
diameter greater than about 40) micrometers.

100161 In annther embodiment, the promoted sorbent coroprises from about § to about
30 grams of promoter per 100 grams of base sorbent. Another embodirnent further
comprises an optional secondary component comprising a halogen or a hydrohalide
such that the reactivity and mercury capacity of the promoted sorbent are enhanced.
{60171 In ancther embodiment, the conceniration of the optional secondary component
on the finished sorbent is within the range of from about | to about 15 wit% of the
concentration of the promoter on the finished sorbent.

{06181 In another embodiment, an optional alksli component may preferably be added
1o provide a synergistic effect through combination of this alkalt with the base sorbent.
{06198] In another embodiment, the optional secondary component 15 selected from the
group consisting of Group V halides, Group V1 halides, HI, 88s, HCY, and
combinations thereof, In another embodirnent, the promoter is substantially in vapor
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forrn when combined with the base sorbent. In another embodiment, the promoter is
combined with an organic solvent prior to resction with the base sorbent. In another
embodiment, the promoter and optional secondary component are combined with the
base sorbentsubstantially simultanecusly. Another embodiment further compriscs
adding s mercury-stabilizing reagent selected from the group consisting of §, Se, H.S,
SO, HoSe, Se(y;, €8, Py8s, and combinations (hereof. Another embodiment further
comprises adding an optional alkali component.

0620} In an embodiment, a method is provided comprising providing a granular base
sorberd and reacting the base sorbent with a promoter selected from the group consisting
of halogens, halides, and combinations thereof, such that the reaction product comprises
a promoted sorbent effective for removal of mercury from 2 gas stream. In a futher
embodiment, the reaction product comprises from about 1 to about 30 grams of
promioter per 100 grams of base sorbent. In snother embodiment the reaction product
has an average particle-size distribution greater than the average size of entrained ash
particles in the gas stream from which mercuey is 10 be removed, such that the reaction
product can be substantially removed from the entrained ash particles by physical
means. In another embodiment, the reaction product has 2 mass mean pacticle diameter
greater than about 40 micrometers,

[6021] In another cmbodiment, the promaoter ts selected from the group consisting of
molecutar halogens, hydrohalides, Group V halides, Group V1 halides, and
combinations thereof. In another embodiment, the promoter is in the gas phase when
contacting the base sorbent {carbon, non-carbon, or their combmation}, In another
embodiment, the promoter is in an organic solvent when contacting the base sorbent
{carbon, non-carbon, or their combination}.

(80221 In another embodiment, the promoter is selected from the group consisting of
B, a Group V bromide, a Group V1 bromide, and combinations thereof,

[6023] In another embodiment, the method further comprises reacting the granular non-
carbon with an optional secondary component comprising 2 halogen or a hydrohalide
such that the reactivity and mercary capacity of the promoted sorbent are enhanced, In
another embodiment, the promoter and optional secondary component are contacted
simaltanecusly with the non-carbon base sorbent. In another embodiment, the mathed
further comprises adding a mercury-stabilizing reagent selected from the group
consisting of 8, Se, H,8, 8O, H;Se, Se(y, CSy, P25, and combinations thereof. Inan
embodiment, a method is provided for contrel of mercury in a flue gas with

substantially lower sorbent requirements. Through enhanced sorbent reactivity,
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mercury removal per gram of sorbent is increased, thereby decreasing the capital and
operaiing costs by decreasing sorbent requirements.

[3024] Inan embodiment, the promoted sorbent is introduced by direct injection info
the flue gas strearn, In another embodiment, the base sorbent is promoted within the
flue gas stream

{80251 In an embodiment, a method is provided for reducing mercury in flue gas
comprising providing a base sorbent, either by injection or in situ creation, into 2
mercury-containing flue gas siream, collecting greater than 70 wi% of the mercury in
the flue gas on the promoted sorbent to produce # cleaned flue gas, and substantially
recovering the promoted sorbent from the cleaned flue gas, Tn embodiments where Jess
than 70 wit% mercury remova! is desired, the reguired remeoval 18 attained using less
base sorbent a5 would be required with standard base sorbent. In a frther embodiment,
the method fiuther comprises moniforing the mercury content of the clean flue gas,
regenerating the recoverad promoted sorbent, and using the mondtored mercury content
of the cleaned flue gas to control the rate of base sorbent and promoter. Int another
embodiment the injected promoted sorbent is prepared in-flight by reacting a base
sorbent {carbon, non-carbon, or their combination) and a promoter within a pneumatic
transport line from which the reaction product is injected to the mercury-containing flue
gas stream.

{00268] In another embodiment, the promoter is selected from the group consisiing of
molecular halogens, halides, and combinations thereof. In another smbodiment, the
promoter is reacted in the gas phase or as a vapor, In another embodiment, the promoter
is added st from sbout 1 to about 30 grams per 100 grams of the base sorbent {carbon,
nen»cérbcn, or their combination).

[06027] In another embodiment, the injected promoted sorbent is prepared mn-flight by
reacting a base sorbent {carbon, non-carbon, or their combination), a promoter, and an
optiorial secondary component to enhance the reactivity and capacity of the promoted
sorbert within a paewmatic transport Hoe from which the reaction product is injected to
the mercury-containing flue gas stream.

{0028] In another embodirnent, the optional secondary component is selected from the
group consisting of todineg, hydrohatides, Group V halides, Group Y1 balides, and
combinations thereof. In ancther embodiment, the optional secondary component is
added at from about 1 o about 15 wt% of the promoter content. In another
embodiment, the method further comprises adding to the promoted sorbent a mercury-

stabilizing reagent sclected from the group congisting of 8, Se, HuS, 86;, Hy8e, Se(,,
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{{8,, P48:, and combinations thereof,

{0029] In an embodiment, the method further comprises coinjecting an optional alkaline
material, including without limitation alkaline and alkaline-carth components, fo
tmprove the efficiency of mercury capture by capturing oxidized mercury and/or
capiuring gaseous components that might otherwise reduce promoted sorbent capacity.
I another embodiment, the optional aikaline material may preforably comprise caleium
oxide, sodium carbonate, and the like, as are known in the art.

[3030] In another embodiment, the method finther cornprizses using the monitored
mercary conlent of the cleanad flue gas to condrol the composition of the promoted
sorbent. In another embodiment, the promoted sorbent is prepared in-flight by reacting
a base sorbent (carbon, non-carbon, or their combination} and a prometer within the flue
gas stream or in a transport line from which the reaction product 18 irgected to the
mercury-comtaining flue gas stream, whereln the promoter is selected from the group
consisting of molecular halogens, halides, and combinations thereof, wherem the
promoier is reacted in the gas phase or as 2 vapor, whereln the promoter is added at
from ébout 1 to about 30 grams per 100 grams of the hase sorbent {carbon, nen-carbon,
or their combination), wherein the rete at which the promoter iz added and the rate of
mromoled sorbent injaction are determined by a digital computer based, at least in part,
on the monitored mercury content of the cleaned Hue gas,

{00341 In an embodiment, a method for reducing the mercury content of & mercury and
ash-containing gas siream is provided wherein particulate carbon and/or non-catbon
promoted sorbent with a mass mean size greater than 40 pom is njected into the gas
strcam, mercury is removed from the gas by the promoted sorbent particles, the
promoded sorbent particles are separated from the ash particles on the basis of size, and
the promoted sorbent particles are reinjected to the gas sueam. In another erbodiment,
the mercury-containing promoted serbert particles are regenerated fo rerpove some or
substaﬁtiai!y all of the mercury. In snother embodiment, an alkaline component is
coinjected into the gas stream. In another smbodiment, the promoted sorbent may
further comprise a promaoter. The promoter may preferably comprise a balide, a
halogen, or both.

[0032] In an embodiment, a method for reducing mercury in a mercury-containing gas
to a desired level s disclosed. The method comprises reacting a carbon base sorbent
with 2t least one promoter selecied from the group consisting of molecuiar halogens,
haiideé, and combinations thereof to produce a promoted carbon sorbent; allowing said

promoted carbon sorbent o inferact with a mercury-containing gas to capture mecury
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in the mercury-containing gas on the promoted sorbent to produce a cleaned gas; and
monitoring the mercury content of the cleaned gas. In some embodiments, the carbon
base sorbent and the promoter are introduced ingo the noercury-containing gas af the
same location or at separaie locations. In some embodiments, the carbon base sorbent
o promoter or combination thereof ks introduced into the mercury-containing gas 41 one
or more locations. Tn an embodiment, the rate at which the carbon base sorbent is
infroduced or the rate at which the promoter is introduced or combination thereof is
adjusted according to the monitored mercury content of the cleaned gas so that the
mercury sontent of the cleaned gas is maintained at substantially the desired level with
rainimal operating cost,

16633] In 2 further emobodiment, the method comprises reacting a non-carbon base
sorbent with at least one promoter selected from the group consisting of molecular
halogens, halides, and combinations thereof to produce a promoted non-carbon sorbent;
allowing said promoted non-carbon sorbent to interact with a mercury-containing gas o
caphure mercury in the mercury-containing gas on the promoted sorbent to produce a
clesned gas; and monitoring the mereury condent of the cleaned gas. In some
ermbodiments, the not-carbon base sorbent and the promoter are introduced into the
micreury-coniaining gas at the same location or at separate locations. In some
embodiments, the not-carbon base sovbent or promoter or cornbination thereof is
introduced into the mercury-containing gas at one or more locations, In an embodiment,
the rate at which the non-carbon base sorbent is introduced or the rate at which the
promoter is introduced or combination thereof is adjusted according to the monitored
mercoty content of the cleaned gas so that the mercury content of the cleaned gas 18
maintained at substantiaily the desired level with minimal operating cost.

[0034] Ina further embodiment, a method for reducing mercary in a mercury-
containing gas to a desired level is presented. The method comprises reacting a base
sorhent with 2t least one promoier selected from the group consisting of molecular
halogens, halides, and combinations thereof to produce a promoted sorbert, wherein
said base sorbent is selected from the group consisting of 2 non-carbon malerial, a
carbon material, and combination thereof, allowing said promoted sorbent to huteract
with a mercury-containing gas to capture mercury in the mercury-comtaining gas on the
promoted sorbent o produce a cleaned gas; and monitoring the mercury content of the
cleansd gas.

10035] In some embodiments, the baso sorbent and the promoter are introduced into the

mercury-containing gas at the same location or at separate locations. In some
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embodiments, the base sorbent or promoter or combination thereof is introduced into the
mercury-containing gas af one or more locations. In some embodiments, introducing
the base sorbent and the promoter comaprises injecting the base sorbent and the promoter
into the mercury-containing gas. In some entbodiments, the promoter is introduced fnto
the marcury-containing pas upstream of the infroduction of the base sorbent. In some
embodiments, the promoter is introduced upstream of a boiler or a combustion chamber.
In an embodiment, the rate at which the base sorbent is introduced or the rate a1t which
the promoter is introduced or combination thereof is adjusted according to the
monitored mercury content of the cleaned gas so that the mercury content of the cleaned
gas is maintained at substantially the desired level with minimal operating cost.

[6036] In an embodiment, the base sorbent for the promoted sorbent is selecied from
the group consisting of carbon, activated carbon, porous felsic materials, vesicular felsic
materials, porous basaltic materials, vesicular basaliic materials, clay-based compoands,
alkaline compounds, calcium hydroxide compounds, sodium acetate compounds,
Bicarbonate compounds, and conbinations thereof. In embodiments, the non-carbon
material comprises Lewis basic groups and the carbon material comprises Lewis acid
groups. In some cases, the non-carbon material comprises amarphous forma of
tectosilicates comprising nanoscale cavities lined with Lewis basic oxygen associated
with alicaline-earth metals. The alkaline-earth metals comprise Group { and Group 11
alkaline-sarth metals, In some other cases, the non-carbon material comprises
amorphous forms of phyHosilicates comprising nanoscale cavities lined with Lewis
basic oXygen

{0037 In an embodiment, the promotfed sorbend comprises metastable complexes
formed between the promoter of this disclosure and inorganic species on the non-carbon
hase sorbert. In some embodiments, the inorganic spocies is selected from the group
consisting of sodium compownds, calcium compounds, magnesium compounds,
shimbam compounds, ron compounds, and combinations thereof, In an embodiment,
the prbmoted sorbent comprises metastable complexes formed between the promoter of
this disclosure and metal-oxygen-metal structures on the norr-carbon base sorbent. In
some embodiments, the promoter affer being complexed with the metal-oxygen-metal
structures is in the form selected from the group consisting of a dibalogen group, a
halogen stom, a hydrohalogen group, a Group V halide, a Group Vi halide, and
combinations thereof. In an embodiment, the promoted sorbent comprises activated
Lewis basic groups or activated Lewis acid groups or combination thersol. In some

embodiments, the interaction between promoted sorbent and said mercury-containing
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gas stream comprises mercury diffusing from the gas phase onio said promoted
sofbent swface, and reacting with the activaled Lewis basic groups or activated
Lewis acid groups or combination thereof to cause chemisorption on the promotled
sotbent surface,

{8038] in an embodiment, the method for reducing mercury in a mercury-coniaining
gas 1o a desited level further comprises pretreating the base sorbent to increase the
number of Lewis basic groups or Lewis acld groups of combination thereof, In some
cases, the prefreating methods comprise chemical treatment, thermal treaiment,
vacuum treatment, and combinations thereof In some embodiments, chemical
freafment comprises acid treatment and alkalineg eatment, hi an embodiment, the
method for reducing mercury in a mercury-containing gas {o a desired level further
comprises infroducing an alkali component into the mercury-containing gas.

[0G38] As will be described in more detall below, the preseni invention thus
provides ssveral advaniages over previously known techniques, including
signfficantly more effective and economical mercury sorbents for effiuent gases,
advantageously applicable {o treating gas streams from combustion and gasification

systems.

[0040] The foregoing has oullined rather broadly the features and technkal
advantages of the preseni invenlion in order that the detalled description of the
invention that {oflows may be betfer undersiood. Additional features and advantages
of the invention will be described hereinafter that form the subject of the claims of the
invention. it should be appraciated by those skilled in the art that the conception and
specific embodiments disclosed may be readily utilized as a basis for modifying or
designing other structures for carmrying out the same purposes of the present
invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0041] For a more detailed description of the preferred embodimentis of the present
invention, refergnce wili now be made to the accompanying drawings.

[0042] Figwe 1 schematically llusirates methods for preparation of promoted

carbon andfor non-carbon sorbents in accordance wilh the present invention.

{00431 Figure 2 Hlustrates a propossed mechanistic model of the chemical reactions
resulting in the oxidation and caplure of mercury.

[3044] Figure 3 schematically Hustrales preparation of promoted carbon andfor
non-carbon sorbents and processes for flue gas mercury reduction in flue gases
andior
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product gases from a gasification system in accordance with the present invention,
inciuding in-flight preparation of promoied carbon and/or non-carbon sorbent.

{0045} Figure 4 iflustrates a mechanism for prometion of metal oxide base sorbent via
formation of 2 reactive halogen complex sorbent and subsequent captare of elemental
mercury on the promoted sorbent,

[0048] Figure SA schematically illustrates an exemplary process flow diagram for in-
flight preparation of a promeoted carbon and/or non-carbon sorbent.

[0047] Figure 3B schematically illustrates an exemplary process flow diagram for in-

flight preparation of a promoted carbon and/or non-carbon sorbent.

DETATLED DESCRIPTION

10048] Herein will be described in detail specific preferred embodiments of the pressnt
invention, with the understanding that the present disclosure is to be considered an
exemplification of the principles of the invention and is not intended to limit the
invention to that illustrated and described herein. The present invention is susceptible to
preferred embodiments of differont forms or order and should notbe interpreted o be
limited to the specifically expressed methods or composilions contained berein. In
particular, various preferred embodiments of the present invention provide a number of
different configurations and applications of the inventive methed, compositions, and
their uses.
10043} The present invention provides a cost-effective way to capiure pollotants by
utilizing exceptionsily reactive halogen/hslide-promoted sorbents using a bromide (or
other halogen/halide) treatment of the promotsd sorbent, that caplure mercury vig
mercury-sorbent surface reactions, at very short contect times of seconds or less, The
reactivity of the promoted sorbent toward the pollutants (i.e., mercury) is greatly
enhanced, and the sorption capacity can be regenerated; i.e., the promoted sorbent may
be regenerated, recycled andfor reused.
[0058] The treaied base sorbents (carbon, non-carbon, or their cornbination), treatment
techniques, snd optional additives discussed herein have applicability fo mercury
control from the product or effluent gas or gases from gasification systems, syngas
generators, and other mercury-contsining gas streams, in addition to the flue gas from
combustion systems, Thus it should be undersiood that the terms combustion system
and flue gas as used throughout this description may apply equaily to gasification
systen_is and syngas or fuel gas, as will be understood by those skilied in the art.
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f6051] Hereinafter the disclosure may st times discuss the use of carbon base serbents
in further details; however the wse of non~carbon base sorbents and a combination of
carbon and non-carbon base sorbents is also contemplated fo at least the same degree as
carbon base sorbents.

16052] Referring now to Figure 1, there is shown a block flow diagram illustrating
some preferred embodiments of the process of the present invention {o prepare
prowoted sorbenis useful for mercory capture in 3 mercury contatning gas, suchasa
flue gas and/or product gas fom gasification sysiem streams. In a preferred
embodimernt ltustrated by path 10-20, block 10 illustrates providing a base sorbent
while block 20 illustrates adding a halogen or halide promoter that reacts with the base
sorbent io produce a product-promoted sorbent. In embodiments where the halogen or
halids is added, for example, as a vapor, no further steps may be necessary. In
embodiments where the halogen or halide is added in, for example, a solvent, it may be
desirahle to employ solvent removal as illustrated by block 20A 10 produce a product-
promoted sorbent suitable for injection.

[0053] Referring still to Figure 1, another preferred embodiment of the process of the
present invention is iHustrated by path 10-20-30, comprising providing a base sorbent as
shown by block 10, adding 2 halogen or halide promoter that rescts with the bage
sovbent, llustrated at block 20, and adding a secondary component illustrated at block
30 that reacts with the result of block 20 to produce a preduct-promoted sorbent. Tn
embodiments where both the halogen or halide promoter and the secondary component
are ad&icd, for example, as a vapor, no further steps may be necessary. In embodiments
where the halogen or halide promoter and/or secondary component are added in, for
example, a solvent, it may be desirable to employ solvent removal as iliustrated by
block 30A to produce 3 product-promoted sorbent suitable for injection.

[6054] Referring still to Figure 1, another preferred embodiment of the process of the
present invention is illustrated by path 10-44, comprising providing a base sorbent as
illustrated at block 10 and adding a halogen or halide promoter and & secondary
component to the base sorbent together, with which they react {o produce a product-
promoted sorbent as iHustrated by block 40. Az above, in embodiments where vapor
additions are made o the base sorbent, no further steps may be desived. In
cmbodimcnts where one or hore componenis are added in solvent, a solvent removal
step raay be provided as illustraied by block 40A to produce a product-promoted sorbent

suitable for ingjection.
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{0058] Referring still to Figure 1, another preferred embodiment of the process of'the
present invention is illustrated by path 10-30 in combination with path 20-30. In this
embodiment, 8 base sorbent as illustrated by block 10 is introduced to the mercury
containing gas as illustrated by block 50 while & halogen or halide promoter as
iHustrated by block 20 is introduced to the mercury containing gas strears. Thus the
base sorbend and promoter react at block 30 to produce a product-promoted sorbent. In 8
similar manner, a secondary component as illustrated by block 30 may be sdded to the
halogen or halide promoter as illustrated by block 20 and intreduced into the mercury
comtaining gas as illustrated by block 50. In embodiments where both the halogen or
halide promoter and secondary component are added, for example, by vapor, oo forther
steps may be taken. In embodiments where the halogen or halide and/or secondary
component are added in, for example, a solvent, it may be desirable 1o employ solvent
removal as illstrated by block 20A and/or block 30A.

{0086} Referring still to Figore 1, also illustrated are preferred embodinsents in which,
as iflusiraged by block 50, a mercury containing gas stream is ireated with product.
promoted carbon sorbent prepared as described above.

{00571 In some preferred embodiments, the carbon base sorbent provided may
preferably be any of several types, as understood by those skifled in the art. For
example, the carbon base sorbent may include powdered activated carbon, granular
activated carbon, carbon black, imburned carbon, carbon fiber, carbon honeycomb or
plate structure, acrogel carbon film, pyrolysis char, regenerated activated carbon from
product-promoted carbon sorbent, or other types as known in the art.

{00581 In some preferred embodiments, the carbon base sorbent provided may
preferably have a mass mean particle size greater than the fly ash in a merowry
containing gas, such as a flue gas stream, to be treated.

{00881 In some preferred embodiments, the carbon base sorbent provided may
preferably have a rass rocan particle diameter preferably greater than 40 micrometers,
more preferably greater than 60 micrometers, or a particle-size distribution greater than
that of the fly ash or entrained ash in a flue gas stream, or other mercury containing gas,
1o be treaied, such that the activated carbon and ash can be separated by physical means.
[6080] In some preferred embodiments, the halogen or halide promoter that is added fo,
and reacts with, the carbon base sorhent may preferably comprise, by way of illustration
and not Hmitation, & molecular halogen in vapor or gaseous form, a molecalar halogen
in an organic solvent, a Group V or Group VI halide, such as PRry or 8Ch, respectively,

in vapor, lguid, or selution form (though not in an aqueous solvent}.

14

PAC ET AL. EXHIBIT 1023
Page 847



WO 2610/123609 PCTIAUS2GHO22807

LY

13

{0081] Embodiments are also provided in which the organic solvent may preferably
comprise a chlorinated hydrocerbon, such as dichloromethane, a hydrocarbon solvent,
including for example, petroleum ether, Hgroin, pentane, hexane, toluene, and benzene,
carbon disutfide, a waste solvent, an sther, a recycled solvent, a supercritical solvent,
such as supercritical CO;, water (though not in the case of a Group V or Group Vi
halide), and others as will be apparent to those of siall in the ari.

08621 Referring now to Figure 4, a theory is iHustrated developed from scientific
evidence to explain the nature of the promoting compounds. For exarnple, as illustrated
in Figure 4, a molecular bromine molecule forms a complex with the surface of ihe base
sorbent comprising a high surface area form of a metal oxide. Complexing with
browmine can ocour ai surface and defect sites on the surface of the glassy amorphous
tectositicates by association with the Lewis basic oxygen lining the interstitial cavities
and the alkali actions on the surface. Motecular hydrogen bromide or an electrophilic or
Lewis acid bromine compound react to form a similar struciure. The precedence for this
promotion of a metal sxide surface complex with an acidic species is deseribed in a
paper by Stark and Klabunde {Klabunde, K.J. Chem. Mater. 1996, 8, 1913-1918) who
showed addition of acids, HCL SCs, and NGO, 10 2 MgO surface to form a surface
complex. In US Patent 6,517,423 10 Koper et al. the described surface complexes were
active for destroying biological agents and toxins. As shown in Figure 4, addition of
halogens to a metal oxide surface (A) can form a complex that could be deseribed as 2
bromide-oxybromide species (B), in which electrophilic reactivity is maintained, owing
{0 the formation of positive charges on the surface. The electrophilic complex formed
on the metal oxide base sorbent comprises an active site for oxidation of elemental
mercury. Addition of mercury fo the complex results in formation of a mercury oxygen
bond and, simultancously, a mercury bromine bond as shown in complex € m Figure 4.
Thus the final structure is a stable oxidized Hg form () described as a
mctaié:‘;}mcrcuﬁc bromide,

[00631 In sumimary, it has now been found that the formation of the new bromide
complex with the metal oxide surface increases the surface reactivity toward mercury
and other pollutants. Additionally, the resulting bromide compound is uniquely suited
10 facilitate oxidation of the mercury. The effectiveness of the oxidation apparently
results from the promotion effect of the halide, exerted on the &evelcaping positive
charge on the mercury during the oxidation, known in the chemical art as a specific
catalyﬁc effect, Thus as the mercary electrons ars drawn toward the positive surface

oxygen, the halide anion electrons are pushing in from the other side, stabilizing the
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positive charge developing on the mercury and lowering the energy requirement for the
oxidation process. Bromide is especially reactive, owing to the laghly polarizable
electrons in the outer 4p orbitals of the ton, Thus adding HBr or Bry 1o the appropriate
metal oxide forms a stmilar surface bromide compley, in which the positive oxygen
axidiics the mercury with the assistance of the bromide {on.

{06647 In embodiments, a non-carbon base sorbent with Lowis basic sites/groups
comprising mefal-oxygen-metal structures is activated by a promoter of this disclosure,
forming a prorooted sorbend. The promoter and the metal-oxygen-metal structures of
the non-carbon base sorbent form metastable complexes, which are responsible for
mercury capiure via chemisorption. For example, roetastable complexes raay form
between a halogen promoter and inorganic species on a non-carbon base sorbent,
wherein inorpanic species inchude sodium (Na), calctum {Ca), magnesinm (Mg},
alumimumn (A, iron (Fe) compounds, and combinations thereof. In some embodiments,
the metastable complexes comprise 3 dibalogen group, such as Br-Cl, Br-Br, complexed
with metal-oxygen-metal sinseiures of the base sorbent. In soioe embodiments, the
metastable complexes comprise 2 halogen atom, complexed with melal-oxygen-metal
struciures of the base sorbent. In some embodiments, the metastable complexes
comprise a hydrohalogen group, complexed with metal-oxygen-metal structures of the
base sorbent. In some embodiments, the metastable complexes comprise a Group V or
Group VT halide, complexed with metal-oxygen-tetal structares of the base sorbent. In
some embodiments, the metal-oxygen-metal structures of the base sorbent are
complexed with combinations of the functional groups disclosed herein. Without
wishing to be limited by a theory, 1t is believed that mercury capture vis chemisorption
iakes place through the action of mercury oxidation provided by these metasiabie
complexes.

[0065] In embodiments, a carbon base sorbent with Lewis acid sites/groups comprising
graphene sheets is activated by a promoter of this disclosure, forming a promoted
sorbent. The promoter and the grapheme sheets of the carbon base sorbent form stable
compounds, which are responsible for mercury capture via chemisorption. Without
being limited by a theory, it is believed that mercury capture via chemisorption {akes
place through the action of mercury oxidation provided by these stable compounds, As
one skilled in the arf would appreciate, the versatility of chemistry associated with the
base sorbent {carbon, non-carbon, or combimation thereot) and the promoter of this

disclosure enables versatile applications of the promoted sorbent system for mercury
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capture. This is eapecially sdvantsgecus because mercury content in flue gases varies
from facility to facility, from operation to operation, and from day 1o day.

{99663 Examples of non-carbon base sorbents are amorphous foros of tectosilicates
that comprise nanoscale cavities lined with Lewis basic oxygen associated with Group |
atkali metals and Group 11 alkaline-carth metals. Such fectosilicates can be found in
naturaily occnrring minerals, including, but not Hmited to, perlite and pumacite.
Examples of non-carbon base sorbents also include amorphous forms of phyllosilicates.
1t is appreciated that other minersls may be used and also treated chemically and
thermally to increase the activity of the base sorhent materials, such as phyliosilicates in
the amorphous forms.

[0067] In some embodiments, bentonites are used as non-carbon base sorbents,
including sedium bentonite and calcium bentonite. The use of other types of bentonites
is contemnplated a3 is known to one skilled in the art. The application of bentonite base
sorbents is by introducing thers into the flue gas at a location of the mercury capture
system whereln the temperature of that location is below 300°C.

[0068] In some embodiments, the base sorbents are treated chemically and/or thermally
to increase thefr aotivity. For example, perlite as a base sorbend may go through vacuum
treatrment and then thermal treatment so as to reduce the moisture contained theretn,
increase its activity, and potentially alter its morphology. Other treatment processes
inchide chemical treatment, such acid ireatment and alkaling treatment. These treatment
methods may be combined to achieve desired effects as known to one skilled in the art.
One of the desired effacts is to increase the number of available Lewis acid sites/groups
in the carbon base sorbent and/or the number of available Lewis basic sites/groups in the
non-carbon base sorbent for subsequent activation via reaction with a promoter
discloszd herein,

[0089] Referring now to Figure 3, a schemaiic flow diagrarn is provided of mercury
control system 100 comprising preparation of promoted base sorbents and fwe gas
mercury reduction in accordance with preferred embodiments of the present invention.
In the exemplary embodiment shown, there is provided a base sorbent reservoir 110, 2
halogenvhalide promoter reservoit 120, a secondary component reservoir 130, and an
alkali 'camponent regervoir 180, each of which with commespending flow control
device(s) 201, 202, 203, and 208/209, respectively. In conjunction with the alkali
component reservolr 180, flow control devices 208 and 209 can be used mdependently,
together, or not at all. Fuarther, reservoirs 110, 120, 130 and 180 are optional and can be

used in any combination, or not at all, whereby the otherwise stored components can be
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introduced into the system by other means either together or independently. Further, the
sikali and secondary components mnay not be used at all within the system, if se desived.
{60701 As shown, reservoirs 110, 120, 130, and 180 conpect through their reapective
flow control devices and via associated piping, to ransport line 115, Alkali component
reservoir 180 may also connect, through respective flow control devices and via
associated piping, to transport fine 118, A sousce of air, mitrogen, or other fransport
gas{es) is provided by gas source 170 to transport line 115 for the purpose of eniraining
materials discharged from reservoirs 110, 120, 130, and 180 and tnjecting such
materials, via injection point 116, into contaminated flue gas stream 15, 4 source of air,
nitrogen, or other transport gas{es) may be provided by gas source 171 fo transport line
118 for the purpose of entraining materials discharged from reservoirs 180 and injecting
such materials, via injection point 119, inte flue gas stream 15, Gas sources 170 and
171 may be the same or different, as desired. Alternatively, transport gas{es) may be
provided to both transport Hines 115 and 118 by gas source 170 {connection from source

170 %0 line 118 not shown). Although gas sowrces 170 and 171 are shown in Figure 3 as

“compressors or blowers, any source of transport energy known in the art may be

acceptable, as will be appreciated by those of skill in the art,

10074} For clarity, single injection polnts 116 or 119 are shown in Figure 3, although
one skilled in the art will understand that multiple injcction polats and/or locations are
within the scope of the present invention. In the embodiment shown, transport line 15
comprises multiple Yines allowing for multiple injections and separate and/or combined
injections of base sorberd 110 and promoter 120 and/or 130, One mode of operation, by
example, comprises providing base sorbent 110 in g common line which s promoted
intine “in-flight” using promoter 120 and/or 130 and injected at point 116. Another
mode of operation, by example, comprises transport and injection of a base sorbent 110
in a separate line 1o a point downstresrn of the injection of promoter 120 andior 130 ina
line at point 116 which is upstream of injection of base sorbent 110, resulting in in-fhght
preparation at a promated sorbent within stream 13.

10072} In the exerplary embodiment shown, an optional optical density measuring
device(s) 204 is connected to transport line 115 and/or 118 to provide signals
representative of the optical density inside transport line 115 and/or 118 as a function of
tme.

(00731 Downstream from injection point 116 and 119 s provided particulate separator
140. By way of illustration and not limitation, particulate separator 140 may comprise

one or more fabric filiers, one or more ESPs, or other particulate removal devices as are
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known in the art. ¥ should be further noted that more than one particulate separator 140
may exist, sequentially or in paralflel, and that injection point 116 and 119 may be at
multiple locations upstream snd/or downsiream of 140 when paratlel, sequential, or
combinations thereof exist, Particulate separaior 140 produces st least a predominantly
gaseous (“clean™) stream 142 and a stream 141 comprising separated sohd materisls. A
sorbent/ash separator 150 separates stream 141 into a largely ash stream 132 and a
largely sorbent stream 131, Swream 151 may then preferably be passed to an optional
sorbent regenerator 160, which yields a regenerated sorbent siream 161 and a waste
stream 162,

[6074] An optional continwous emission monitor (hereinatter “CEM”) 205 for mercury
is provided in exhaust gas stream 335 to provide electrical signals representative of the
mercury soncentration in exhaust stream 35 as a function of time. The optiosal mercury
CEM 205 and flow conirollers 201, 202, 203, 208, and 209 are electrically connected
via optional Hines 207 (or wirelessty) to an optional digital computer {or controiler) 2086,
which receives and processes signals and preferably controls the preparation and
injection of promoted carbon sorbent into contaminated flue gas stream 13,

{00751 In operation, as example, promoted sorbent and/or an optional alkali component
is injected into contaminated flue gas steeamn 15, After contacting the injected material
with the contaminated flue gas stream 13, the injected material reduces the rercury
concentration, transforraing conlaminated flue gas into reduced mercury flue gas, 25.
The injected material is removed from the flue gas 25 by separator 140, disposed of or
further separated by optional separator 150, and disposed of or regenerated by an
optional regenerator 160, respectively. The reduced mercury clean flue zas stream [42
is then monitored for mercury content by an optional CEM 203, which provides
corresponding signals to an optional computer/controller 206. Logic and optimization
sigmals from 206 then adjust flow controllers 201, 202, 203, 208, and 209 to maintain
the mercury concentration in exhaust stream 35 within desired limits, according 1©
control algorithms well known in the art. Flow conirollers 201, 202, 203, 208, and 209
can also be adjusted manually or by some other automated means to maintain the
mercury concentration in exhaust stream 3$ within desived Himits, according to gontrol
algorithms well known in the art.

[0076] Referring still to Figure 3, several embodiments are iilustrated for preparcation
and injection of promoted sorbents and/or alkali components in accordance with the
present invention. Stream 111 provides for introduction of base sorbent from reservoir

110, as metered by flow controller 201 manually or under the direction of computer 206.
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The halogen/halide may be combined and react with the base sorbent according 1o any
of several provided methods, The halogen/halide may preferably be combined via line
121 directly into transport Hne 113, within which it contacts and reacts with the base
sorbent prior to injection point 116 or downstream st point 116, This resulis in in-flight
preparation of a promoted sorbent in accordance with the invention. Further, the
halogenhalide may be combined via line 121b with the base sorbent prior 1o entering
transport line 1135, $till further, the halogen/halide ray be contacted and react with the
base sorbent by introduction via line 121¢ inlo reservoir 110, This option is preferably
amplioved when, for example, reservoir 110 comprises ap ebulliated or flucidized bed of
base sorbent, through which halogen/halide flows in gascous form or a8 a vapor, Of
course, the halogen/halide may also preferably be contacted with the base sorbent in
liquid form or in a solvenst, as discussed previously, and solvent removal (not shown in
Figare 3} may then be provided if necessary as mentioned with respect to embodinments
discussed with reference o Figure 1.

(00771 Similarly, the optional secondary component may be contacted and react
directly in transport line 115 via line 131, or optionally as described above with respect
to the halogen/halide, via lines 131 and 131c,

10078) Similarly, the optional alkali component from 180 may either be added in
transpért line 115 directly, or may be injected separately by transport hoe 118,
combining downatrearn in flue gas 15 for synergistic effects with the base sorbent,
promoted sorbent, or optional secondary corponents, Being able fo vary on-site the
amount of the optional alkali component relative to base serbent, promoted sorbent, or
optional secondary components is a key feature to overcone and optimize for site-
specific operating and flve gas conditions.

{ﬁﬂ?’@]. in some preferred embodiments wherein contacting between components and
reaction is performed in a Hquid or solvent phase, stirring of such Hquid andVor shury
mixtufes may be provided. In other embodiments, the halogen/halide promoter and
optional secondary component(s) may preferably be sprayed in solution form into or on
the hase sorbent. In some such embodiments, drying, filtering, centrifugation, settling,
decantation, or other solvent removal methods as are known in the art may then be
provided.

{00801 In embodiments wherein the halogen/halide promoier 18 i gaseous or vapor
form, it may be diluted in air, nitrogen, or other gas as appropriate. The halideshalogen

gas, for exarmple, gascous HBr or Bry, may be passed through an ebulliated or flueidized
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bed of granular or fibrous hase sorbent, with the promoted sorbent so produced removed
from the top of the bed via gas entraimment for injection.

100811 In some embodiments, the secondary component(s) may preferably comprise
iodine or other halogens, hydrohalides, including without hmitation Hi, HBr, HCL, 2
Group V or Group V1 element with a molecular halogen, such as 3Ch and others. In
some preferred embodiments, the promoted sorbent may comprise from about 1 1o abowt
30 g of halogen/halide per 100 g of base sorbent. In some preferred embodiments, the
promoted sorbent may comprise 3 secondary component in concentration of from about
1 to about 15 wi of the concentration of the halogen/halide component.

{6082] In still other embodimends, the product-promoted sorbent may be appliedto a
substrate, In other embodiments, such prepared substrate(s) may be caused 1o condact a
contaminated flue gas or gasification system prodact gas stream for mercury reduction
purposes. Such substrates may be monolithie, rotating, or exposed o the gas stream
any nwrnber of ways known to thoss skilled i the art.

083} In some embodiments, a method is provided whereby a mercury stabilizing
reagent is added io a promoted sorbent to produce a bifimetional sorbent. Such
stabilizing reagent(s) may be sequentiaily added, either before or after the addition and
reaction of the halogenshalide. In some preferred embodiments, the halogenhalide
preferably comprises Br or HBr, and the mercury-stabilizing reagent may comprise S,
Se, 128, 500, HaSe, Sey, €82, P1Ss, and combinations thereof.

Hulogens in Mercury Captuve

[6084] Methodologies for using halogens for the treatment of flue gas have been
problematic, owing to their reactivity with other gases and metals, resoliing in COITOsion
and health issues. A “halogen” is defined a5 8 member of the very active elements
conmprising Group VIIA {CAS nomenclature is used throughout; Group VIA (CAS)
corresponds to Group VIB (FUPAC)) of the periodic table. In the molecular elemental
form é}f the halogens, including Fa, Chy, By, and I, the veaction with bot flue gas
components leaves little fo react with elemental mercary. The atomic slemental halogen
form, which includes the flueorine, chlorine, bromine, and lodine atoms, is about a
smillion times more reactive 1o roercury, hut the concentration of the atomic forms is
typically extremely low. In a large portion of electrie utility coal combustion facibities,
the concentrations are generally not sufficient to oxidize a significant amount of

RSreusy.
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12085] The tenm “halide” as used herein is defined as a compound formed from the
reaction of a halogen with another clement or radical, In general, halide compounds are
much less reactive than the molecular halogens, baving a low chemical potential.
Halides are considered reduced forms that do not, alone, oxidize other compounds. In
the conventional view, therefore, a halide salt-treated sorbent will not effectively

oxidize slemental mercury and capiure elernental mercury.

Hologen-Promoted Serbent Characteristics

10086] The promoted sorbenst described here has a very high initial reactivity for
oxidizing mercury and therefore, can be used in very small amounts to achieve very
high capture efficiencies, thus lowering operation cosis and lessening waste disposal
problems. In addition, further disposal reductions are obtainable by regenerating and
reusing the promoted sorbents produced using the inventive technology. The time
interval required for the mercury and the promoted sorbents of the present invention to -
successfully interact in a flue gas duct, with subsequent collection of the mercury on the
pomoted sorhent and ash, is very short — less than seconds. Clearly, such collection
times require the promoted sorbent to have both high capacity and high reactivity
toward mercury. The promoted sorbent can be utilized in 3 very finely powdered form
to minimize mass-transfer Himitations. However, again, the reactivity should be very
high to capture all of the mercury encountered by the fine particles. Additionaily, use of
these enhancement technologies allows capture to be effective for larger sorbent
particles which also allows separation of the promoted sorbert from the ash to enable
subsequent regeneration as well a3 ash uiilization. One feavare of this mvention isthe
process 1o prepare a promoted sorbent containing a halide component formed on and/or
within the base sorbent structure that provides a sorbent that is highly active on initial
contact with the mercary-contaminated gas stream, which allows for very effective
capture of the mercury.

150871 The inventive sorbents chemically combine bromine species with Lewis
acid/basic sites on the base sorbeni. For example, x~vay photoelectron spectroscopy has
established that the addition of bromine, chiorine, HBr, or HCI formed a chemical
compound in the carbon siucture. Thus the promoted sorbent produced from halogen
and bass sorbent does not represent a molecular halogen forn, but rather 8 now
chemically modified sructure. This phenomenon may not cocur with the less reactive
iodine, where an » molecular complex can exist on the carbon basal plane. In the case

of bromine, modificd cationic carbon has a high chemical potential for oxidation of
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mercury. Thus an entirely new model is presenied for the reactivity of the bromine-
treated carbon with mercary shown in Figure 2. The reactive carbon form can preferably
be generated by the addition of bromine, hydrogen bromide, or combinations of bromine
and other elements, as described herein. Halogen treatment resulted in higher-activity
carbons because the halide anions (especially bromide and iodide) were effective in
promoting oxidation by stabilizing the developing positive charge on the mercury in the
transition state for oxidation. Based on this model, several innovative, inexpensive,

activity-enhancing features have been developed.

Optisnal Second Component

{0088] It has been demonsteated that addition of an optional second component, in
addition to the bromine, results in improved reactivity and capacity for the promoted
sorbent, typically exceeding that of both the unireated base sorbent and the brominated
carbon. The second compound compriscs either a second halogen or a compound
derived from a second halogen. such as HI. Thus in addition to having g reactive carbon
form present, the second component generates a Lewis base with greater ability o
siabilize the developing positive charge on the mercury. Thus the second component is

an elersent with more polarized electrons {dp and Sp).

{ptional Alkali Component

{013893. It has been demonstrated that addition of an optional alkali component with a
base or promoted activated carbon results in eproved mercury caphure, typically
excoeding that of both the untreaied carbon and the promoted carbon. Test data indicate
that flue gas contaminants, flue gas constituents (SO,, NGy, HCl, ¢ic), operating
temperature, mercury form, and mercury concentration ay Impact the effectivensss of
the alkah addivon. This suggests the nesd to be able to adjust and tailor the alkali-to-
activated-carbon ratin onesite in order to overcome and optimize for a given st of site
conditions.

{00907 The synergy that can be gained when coinjecting the two materials can be
explained as follows, PFirst, testing shows that binding sites on activated carbon
{hercinafter “AC™) can be consumed by chlorine species, sulfir species {i.¢., sulfates),
and other fhie gas contarninants (arsenates, selenaies, ¢i¢). The addition of optional
alkali material will interact and react with these species/contaminants, thus minimizing
their consumption of AC mercury binding sites. Second, testing also shows that
standard AC will continue to oxidize mercury, even though the binding sites are fully
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consumed. This oxidized mercory can then react with alkali material and subsequently
be capiured by particulate control devices. Conseguently, the addition of the optional
alkali component acts to protect mercury-binding sites and capture oxidized mercury,
thereby resulting in improved mercury reduction at lower cost. Alkali is generally much
lower in cost (~ an order of magnitade less) than AC; thus more of it can be used, still

resuiting in overall lower costs,

Fn-Flight Sovbent Preparation

[0091] As stated previously, the halogen promwoted sorbent can be readily produced in-
flight. This is accomplished by, for example, contacting the vapors of any combination
of halogens and, optionally, a second component, in-ilight, with base sorbent particles.
The particles may be dispersed in a stream of transport air {or other gas, such as the flue
gas itself), which also conveys the halogen/halide-prometed sorbent particles o the flue
gas duct, or other contaminated gas stream, from which mercury is to then be removed.
There is no particular tempersture requiremnent for this contact. Thus technology is
obviously very simple to implement, and resulis in a great cost savings to [acilities using
this technology for mercury capture,

{0&923 Retferring fo Figures SA and SB, process flow diagrams are shown as examples
of the process for mercary removal from a mercury containing gas, such as a flue gas.
In an embodiment shown at Figare SA, gas inlet stream 501 passes throngh chamber
301 and enters air heater 302 as stroam S02; then it exits air heater 302 as stream 503
and passes through particulate control device 303 and enters scrubber 304 as stream
504; finally it exits scrubber 304 ag stream 505, As shown, chamber 301 152 botier,
however, one skilled in the art will appreciate that chamber 381 can also be the
combustion chamber of a coal fired boiler, 2 stand alone combustion chamber or any
other chamber in which mercury containing gas is either generated or passed tuwough.
Injection streams 401, 402, 403 and 404, in addition to stream 501, are multiple
focations wherein promoter, base sorbent, or a combination of promoter and base
sorbent may be introduced.

[0093] Figure 3R shows an embodiment similar to that of F¥G. A, but with the position
of the scrubber and particulate control device switched. Specifically, gas inlet stream
501’ passes through chamber 301° and enters air heater 3027 as stream 5027; then it exits
air heater 302° as stream 503" and passes through scrubber 304° and enters partculate
control device 303" as stream 5047; finally it exits particulate condrol device 303 as

stream 505, As shown, chamber 301 is a boiler, however, one skilled in the art will
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appreciate that chamber 301 can alse be the combustion chamber of 2 coal fired boiler, a
stand alone combustion chamber or any other chamber in which mercury containing gas
is either generated or passed through.,  Ingection stream locations 4017, 402°, 403° and
404’, in addition to stream 301, represent multiple locations wherein promoter, base
sorbeﬁt, or a combination of promoter and hase sorbent may be mirodoced.

[06084] Al each of the aforementioned injection stream locations 401, 4017, 402, 402,
4013, 4037, 404 and 4047, 501, 5017 multiple injection points are contemplated so that
promoter and base sorbent may be injected as a single injection streanm or as separate
injection sireams, as further illustrated in the following exemplary embodiments,

{00951 In an embodiment, a prowmoter is introduced to chamber 331 at location 401, A
hase sorbent {carbon, non-carbon, or their combination) is infroduced at location 402
upstrearn of air heater 302, In a further embodiment, & promoter is infroduced to at
{ocation 402 upsiream of atr heater 302, A base sorbent {carbon, non-carbon, or their
combination) is also introduced at location 402 either as 1 separate siream or 28 a mixed
single stream with (he promoter. In apother embodinent, a promoter 18 introduced at
locations 401 and 402. A base sorbent {carbon, non-carbon, or their combination) is
introduced at location 402 either as a separate sirearn or a8  mixed single stream with
the promoter.

[0086] With the aid of this disclosure, one of ordinary skill in the art will be able to
configure the process in many different fashions for mercury removal using the
pmméted sorbent. All these configurations are considered equivalents of the disclosed

process and therefore are within the scope of the claimed invention,

Advantages of On-Site Preparation
10087] In-flight preparation of the halogen/halide-promoted sorbent on location
produces certain advargages, For example, the treatment system can be combined with
the base sorbent injection system al the end-use site. With this technique, the
halogen/halide is introduced to the base sorbent air (or other gas, including to the flue
gas or other mercury containing gas) mixture in 8 transport line (or flue gas duct part of
the base sorbent storage and Injection sysiem), This provides the following benelits
over current conventional concepts for treating sorbents off-site:

«  Capital equipment costs at 2 treatiment facility are sliminated.

»  Cosis 1o operate the treatment facility are eliminated.

+  There are no costs for transporting carbon and addstive to a treatment facility.
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»  The inventive process uses existing hardware and operation procedures.

+  The inventive technology ensures that the sorbent 1 always fresh and, thus,
more reactive.

»  No pew handling concerns are introduced.

+  There are no costs for removing carbon from treatinent system,

«  The inventive process allows rapid onesife tailoring of additive—-sorbent ratios in
order to match the requirements of flue gas changes, such as may be needed
when fuels are changed or loads are reduced, thus further oplimizing the
EQOBOMICS,

«  The inventive technology redoces the amount of spent sorbents that are
disposed.

60881 With the foregoing and other features in view, there 1s provided, in accordance
with the present invention, embodiments including a process for preparing and
regenerating halogen/halide-promoted sorbents, whose activily for mercury capture is

erhanced by the addition of halogen (e.g., bromine} to the base sorbent structure.

Sorbent Infection Locution

{0049] Some of the preferred embodiments contemplate the use of 2 halogen-promoied
sorbent in a powdered form that has been injected into a flue gas stream before or after
ash particdates have been removed. Other embodiments of the mventive composition
of the halogen-promoted sorbent comprise a powdered modified AC prepared by adding
Bry or HBr plus a second optional component. Other embodiments allow the addition of
the optional alkali component in conjunciion with a base AC and/or with the use of a
halogen-based sorbent and any other combinations of the sorbent technologies provided
in this patent. Other embodiments allow for in-flight preparation of promoted sorbents
by using and combining the promoters and base sorbents. Altermalively, embodiments
include methods whersin the base sorbent is on a moving contactor consisting of

particles or fibers containing one or more of the compositions listed above.

Sorbent Regeneration

{00100 Any of the above cmbodiments of the halogen/halide-promoted carbon and/or
non-carbon sorbent can be easily regenerated; the poisoning contaminants from the flue
gas arc preferably removed, and an inexpensive promoting agent added, o restore
mercury sorption activity. This process of promoting the activity of the carbon and/or

non-carbon iiself contrasts with the carlier, more expensive, conventional methods of
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adding a3 reagent (such as peroxide, gold, wiodide, elc} o @ bass sorbant The
halogenshalide-promodad carbon sorbent of the present invention, treated with bromine
andfor optional components, is roncorrosive. Detailed examples of sorbent regeneration
tfachniques are described in copending, commonly owned PCT Pateni Application No.
PCTAIS04/12828, fitled "PROCESS FOR REGENERATING A SPENT SORBENT".

Sorbent Injection Control Bchemes

[08101] Ancther advantage of the present invention relates io the use of a feedback system
to more gfficientdy utilize certain aspsects of the invention. Whaere possible and desirable, the
mearcury control technology of the preseni inveniion may preferably uliize confinuous
measurement of mercury emissions as feedback 1o assist in control of the sorbent injection
rate. Tighter control on the sorbent and oplional component(s} levels can be achieved in
this way, which will ensure mercury ramoval requiremenis are met with minimal malerial
requirements, thus minimizing the associated costs. In an embodiment, the mercury
ernissions are continuousty measured downsiream of the injection location, preferably in the

exhaust gas at the stack.
EXAMPLES

[00402] To more clearly illustrate the present invention, an example is presented below.
This example is intended {o be llusirative, and no imitations o the present invention should
be drawn or inferred from the example presentad harain.

Exampie 1 - Non-carbon-Promoted Sorbent Tests at Full-Scale Plants

00103 Fuli-scale commercial tesis were conducied at ssveral coal-burning facilities
ecquippad with ESPs whersin three types of pre-cursers were inlectad upstream of an ESP
at 325°F. In all, more than thirly tests were performed with variations in base sorbent
material, base sorbeni material injection rates and prometer injection rates. Promolers were
halogen-based materials. Base sorbents were dlayv-based materials such as perdite and
pumacite, which are vasicular forms of tectosilicates comprising silicates and aluminste
tetrahedra with alkall metals in the interstitual spaces. Each base sorbent was injected
upsiream from the ESP.

{00104] The flue gas flow rate for the test was approxmately 23 million dsftihy with a
sorssponding mercury flow rate of §.0087 the Hg/hr. indtlal mercusy concentration in
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the flve pas prior 1o the introduction of the base sorbent or promoted sorbent was
approximately 0.000417 1bs Hp/million daft’,

§00105] As shown in Table 1, each base sorbent was injected at three different fest rates:
about 106 Ib/hr (“Low™), about 150 Ib/hr (“Ave”) and abous 200 b/ (“High™). Al
each test rate, the mercury removal rate was measured both with and without the use of
a promoter to show the relative benefit of introducing the promoter into the fhue gas
streaﬁl, For the tesis where promoter was injected into the fiue gas stream, promaoler
was injected at about 20 1b/hr for the “Low™ tests, af about 25 I/l for the “Ave.” tests
and from about 30 to about 50 fv/hr for the “High” tests. The percent mercury removal
for sach test was calculated based on measurernents taken from the indet flue gas and the
outlet flue gas. The resulis as shown in Table 1 clearly show a significant mprovement
in mercury capture when a promoter and base sorbent are mj ected, as compared to the

injection of a base sorbent alone.

'I'abié 1. Test Diata for Non Carbon-Promoted Sovboents

Basge Base Sorbent Promoter | Percesnt Removal
Serbent | Infection Rate Injection Rate of Meroury
Material | (b/hr) {b/he) (Yo}
Low |Ave |High |lLow Ave. | Hieh i Low | Ave, | High
164 150 200 4] 3 £ 37 40 43
Perliic
100 150 200 20 25 s 35 72 74
160 150 206 Q f ] 25 25 25
Punacite
140 150 200 20 25 50 52 60 853
Clay- 1y |150 200 [0 o 0 50 152 154
Based
Wix of
Silica 100 1150 1200 {20 25 30 58 65 74
and
Aluming

100486] While the preferred embodiments of the invention have been shown and
described, modifications thereof can be made by one skilled in the art without depariing
from the spirit and teachings of the invention. The embodiments described herein are
exemplary only and are not intended to be Hmiting. Many variations and modifications

of the invention disclosed herein ave possible and are within the scope of the invention,
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Accordingly, the scope of pratection is not limited by the description set aut above, but is
only Himited by the claims which follow, that acope including all equivalents of the sublect

matter of the claims.

{00107} The examples provided in the disclosurs are presenied for Hlustration and
explanation purposes oniy and are not intended 1o limil the claims or embodiment of ihis
invention. While the preferred embodiments of the invention have been shown and
described, modifications thereof can be made by one skilled in the art. Process criteria,
sguipment, and the like for any given implementaiion of the invention wili be readily
asceriainabis to one of skil in the art based upon the disclosure herein. The embodiments
described herein are exemplary only and are not intended to be limiting. Many variations
and modifications of the invention disclosed herein are possible and are within the scope of
the invention. Use of the term “optionally” with respect to any slement of the invention is
infended to mean that the subject stement is required, or alternatively, is nol required. Both
alternatives are intended to be within the scope of the invention.

[03108] The discussion of a reference in the Background is not an admission that i is prior
art io the presant invention, aspecially any refarance that may have a publication date after
the priority date of this application.

{80108] Although the invaention is described herein as a promoted sorbent material and
associated processes for its preparation and use, it is neverthelass not intended 1o be
fimited to the detalls described.
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WHAT IS CLAIMED I8!
1. A method for separating mercury from a mercury containing gas comprising:

{a) providing a carbon sorbent material and a non-carbon sorbent material,
wherein the carbon sorbent material comprises activated carbon;

{b) providing a halogen or halide promoter;

{¢} promoling at least a portion of the carbon sorbent material and the non-
carbon sorbent material by chemically reacting the carbon sorbent material and the non-
carbon sorbent material with the halogen or halide promoter o form a promoted

halogenated carbon sorbent and a promoted halogenated non-carbon sorbend,

{d chemicaily reacting elemental mercury in the mercury containing gas with the
promoted halogenated carbon sorbent and the promoled halogenated non-carbon sorbent
o form a mercury/sorbent chemical composition; and

{e}  separaling particulates from the mercury containing gas o form a cleansad
gas, the particuylates including ash and the mercury/sorbent chamical compaosition.

2. The method of claim 1, further comprising the slep of injecting the non-carbon
scrbent material and the halogen or halide promoter into the mercury containing gas.

3. The method of claim 2, wherein said halogen or halide promoter and the noen-carbon
sorbent material ars injfoctad into the mercury containing gas af the same jocation,

4, The method of claim 2, wherein said halogen or halide promoter and the non-carbon

sorbent material are injected into the mercury containing gas al separate locations.

5. The method of claim 4, whersin said halogen or halide promoter is injecled into the
mercury-containing gas upstream of the injection of said non-carbon sorbent material.

Ful

8. The method of claim 8, wherein sald halogen or halide promoter is injected o a
combustion chamber that produces a mercury-conlaining gas, and the non-carbon sorbant
roaierial is indected downstraam of the combustion chamber,

7. The method of claim 6, whersin said halogen o halide promoter is additionally
injected downstream of the combustion chamber.
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8. The maethod of claim 8, wherein said combustion chamber is a boidler and the
mergury-coniaining gas is a flue gas.

3. The method of claim 3, whereln said halogen or hadide promoter and nen-carbon
sorbent material are injected downsirearn of a chamber that produces a mercury-containing
gas.

10, The method of claim 8, wherein sald charmber is a boller and the mercury-containing
gas is a fius gas.

11. Tha method of claim 2, wherain the rate at which said non-carbon sorbant material is
injected or the rate al which said promoter is injected or combination thereof s adjusted
according to a monitored mercury content in the cleaned gas so that the mercury content of
the cleaned gas is maintained at a desived level

2. The method of claim 1, wherein said non-carbon sorbent material is selected from
the group consisting of porous felsic materials, vesicular felsic materials. porous basaltic
materials, vesicular basaltic matedals, clay-based compounds, alkaline compounds,
calcium hydroxide compounds, sodium acefate compounds, bicarbonate compounds, ard
combinztions tharecf.

13, The method of claim 12, wherein said non-carbon sorbent matetial is a materiat that
reacts with oxidized mercury in the mercury-containing gas o form & second
mercury/sorbent chemical composition.

14. The mainod of olakm 1, wherein said non-carbon sorbent material comprises Leowis
basic groups.

15,  The method of ciaim 12, wherein said non-carbon sorbent material comprises
amorphous forms of tectosificates comprising nanoscale cavities lined with Lewis basic

oxygen associated with alkaline-earth metals.

18.  The method of claim 15, wherein said alkaline-earth metals comprise Group | and
Group H alkaline-earth metals.

17. The method of claim 1 wherein said non-carbon sorbent material comprises
amorphous forms of phylicsilicates comprising nanoscale cavities lined with Lewis basic
oMYgEn.
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18. The method of claim 1, wherein said promoted non-carbon sorbent compwises
metastable complexes formed between sald promcter and Inorganic species on the non-

carbon sorbent.

18.  Ths method of claim 18, whersin said inorganic species is selected from the group
consisting of sodium compounds, calcium compounds, magnesium compounds, aluminum

compounds, iron compounds, and combinations thereof.

20. The method of claim 1, wherein sald promoted non-carbon sorbent comprises
metastable complexes formed between said promoier and metal-oxygen-metal struciures
an the non-carbon sorbent.

21.  The method of claim 20, whersin said promoler after being complexed with ihe
metaloxygen-metal structures is in the form selected from the group consisting of a
dihalogen group. a halogen atom, a hydrohalogen group, a Group V halide, a Group Vi

halide, and combinations thereof.

2Z2. The method of olaim 1, wherein said promoled non-carbon sorbent comprises
activaied Lewis basic groups or activated Lawis acid groups or combination thereof,

23 The method of claim 1, wherein said inderaction between promoied non-carbe
sorbent and said mercury-containing gas stream comprises:

mereury diffusing from the gas phase onto a surface of said non-carbon promotsd
sorbent, and

reacting with aclivated Lewis basic groups or aclivated Lewis acid groups or
combination thereof {o cause chamisorption on 8 sorbent surfacs,
24,  The method of claim 1 further comprising pretreating said non-carbon sorbent o

ncrease the number of Lewis basic groups or Lewis acid groupns or combination thereof on
said sorbent,

28, The method of claim 24, wherein pretreating said non-carbon sorbent comprises
chemical treatment, thermal reatmant, vacuum treatment, and combinations thereof.

26, The method of claim 25, wherein said chemical treatiment comprises acid freatment

and alkaline treatment
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27.  The method of claim 1 further comprising introducing an alkall component into the
mércury-gcontaining gas.

28, The method of claim 1, wherein said carbon sorbent or said promoter or combination
thereof are intfroduced into the mercury-containing gas at one or more locations.

28 The method of claim 28, whersin the rate at which sald carbon sorbent is introduced
ar the rate al which said promoler is introduced or combmnation thersof is adjusied
according to a monitored mercury condent in the cleanad gas so that the mercury content of
the cleanad gas is maintained al a desired lavel.

30, The method of claim 1, where the promoted halogenated carbon sorbent and the
promoied halogenated non-carbon sorbeni comprise 1 fo 30 grams of the halogen or halide

promoter per 100 grams of the carbon sorbent and the non-carbon sorbent.
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Abstract of CN101053820 (A)

The invention reiates 1o an organic complex supported activated carbon adsorbent, which
has activated carbon as a carrier arxd organic complex distributed on a pore path of the
activated carborn. The preparing method comprises: immerging the aclivated carbon
treated by vacuumizing in a maceration axdract; removing soivant by vacuumizing, leaching
the sample using an eluate while vacuum filrating; and washing the the sample using
deionized water while vacuum filrating. The adsorbent is applicable for punifying peroxide
{H202) solution by a way of. adding the adsorbent into the peroxide solution, absorbing
and filtering the mixture {o affectively remove organic matier impurity from the peroxide
solution as well as remove various melallic ironimpurnities such as AL T, Cr, Mn, Fe, Ni,
Cu, Zn, Ga, Rb, 51, Mo, Ag, Sb, W, Ay, Hg, ele., thus the aim of purification is achieved.;
Accordingly, the adsorbent of the invention is suitable for purifving of peroxide solution, in
particular commercial grade peroxide solution having more organic matier impurity.
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