UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark @ffice
Address: COMMISSI®NER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKET NO/TITLE |
11/209,163 08/22/2005 Edwin S. Olson 2380-00200
CONFIRMATION NO. 1534
21186 POA ACCEPTANCE LETTER
SCHWEGMAN LUNDBERG & WOESSNER, P.A.
P.0. BOX 2938 VN M T
000000093284567

MINNEAPOLIS, MN 55402
Date Mailed: 08/08/2017

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/01/2017.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/tnguyen/
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MODIFIED PTO/SB/80 {(11-08)

Approved for use through 117302011, OMB 0651-0038
1.8, Patent and Trademank Office; 11.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act ol 19958, no persons are reguived to respond © a collection of inforration unisss it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

under 37 CFR 3.73(b).

- I hereby revoke all previous powers of attorney given m the application identified in the attached statement

{ hereby appoint:

OR

‘ Praciitioners associaled with the Customer Number:

21186

“] Practitioner(s} named balow (if more than ten patent praciifioners are jo e named, then a customer number must be used.

Name

Regisiration
Number

Name

Registration
Number

as-atlorpey(s) of agentis) to represent the undersigned befars the United States Patent and Trademark Oifice (USFTQ) innonnection
with any and all patent applications assigned only 1o the undersigned agoarding to the LIGPTC assigniment records or assignment
documents atiached to this form in accordance with 37 OFR 3.73(b).

A The address associated with Customer Nomber:;

Please chiange the corespondence address for the application identified in the attached staterment under 37 CFR 3.73(b) to:

21586
R
u Fusror
Fudtividual Name
Address
City | State | Fip
Country
Telephone { Email

Assignee Name and Address:
Midwest Energy Emissions Corp.
670 1 Boterprise Dy

Lewis Center, OH 43035

United States of America

A copy of this form, together with a statement under 37 CFR 3.773(h) (Form PTO/SBAS or eguivalent) is
reguired to be filed in each application In which this form is used. The statement under 37 CFR 3.73(5) weay be
conapleted by one of the practitioners appointed in this form i the appointed practitioner is authovized to act on
behalf of the assignee, and must identily the application in which this Power of Atforney is to be Hiled.

SIGNATURE of Assignee of Record
The individual whose signature and tile is supplied below 18 authorized to act on bebalf of the assignee

Signature Dae: -
Nams John Pavlish Telephons:
Title Chief Technology Officer

Any corniments on the smount of time you reguise 1o complete this form andior suggestions 101 seducing thie burden, shoultbe sent to the Chief infoymation
Officer, U5, Patent and Trademark Office, U8, Department of Cammerce, P.O. Box 1450, Alexandria, ¥A 22313-1450. DONQT SEND FEES QR
COMPLETED FORMS TO THIS ADDRESS. SERD TQ: Commissisner for Patents, P.O. Box 1456, Alexandria, VA 22313-1450,
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MODIFIED PTO/SB/96 {07-08)

Approved for use through 07/31/2012. OB 0651-0031

.8, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persens are reguired to respond to a collection of information unless i displays a valid OMB controf number.

STATEMENT UNDER 37 C.E.R. 3.73(b}

Applicant/Pateat Owner: Edwin 5. Clson et al, Attomey Docket No. 482000151

Application No./Pateat No.: }11/209.163 Filed/lssuc Date: August 22, 2005

Titled: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Midwest Encrgy Enussions Corp. a Corporation

(Nawe of Assignee) (Type of Assignee, ¢.g., corporation, patnership, university, government agency, ¢tc.)

States that it is;

1 P4 the assignee of the entire right, title, and interest in;
2. E} an assignee of less than the entire right, title, and interest in
{The extent (by percentage) of its ownership intorestis %y, or
EE the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was
made)
the patent application/patent identificd above, by virtue of either;
A. [::} An assignment from the aventor(s) of the patent application/patent identified above. The assigoment was
recorded in the United States Patent and Trademark Office at Reel |, Frame ____, or for which a copy therefore
is attached.

(o)

B. A chain of atle from the wnventor(s), of the patent application/patent identified above, 1o the current assignec as

follows:
1. From: Iaveniors To: Energy & Bavironmental Research Cenfer
The docnment was recorded in the United States Patent and Trademark Office at
Reel 016810 , Frame 0286 . or for which a copy thereof is attached.
2 From: Ioventors To: Energy & Environmiental Research Center
‘The docuxuent was recorded in the United States Patent and Trademark Office at
Reel 018937 . Frame §132 . or for which a copy thereof is attached.
3. From: Inveniors To: Energy & Environmental Research Center Foundation
The document was recorded in the United States Patent and Trademark Office at
Rgel 01‘)0“% \ Frame (339 . ot for which a copy thereof s attac ami
4. From wircnmental Re 7 To:
The document was reco: dﬂd in the United States Patent and Trademark Office at
Reel 021154 Frame 03528 , o1 for which a copy thereof is attached.
5. Frome _Inventor To: _Energy and Environmental Research Center Foundation
The document was recorded in the United States Patent and Trademark Office at
Reel _033643 , Frame 0338 , OF 101 which a copy thereof 1s atta
6. From:: Invenior To: E
The document was recorded in the United States Patent and
Reel _ 033643 , Frame 0339 ,or forwhicha mp / ‘hexcof is attached.

Additional documents in the chain of title are listed on a supplememal sheet(s).

assignee was, or concusre nﬂv is bemﬂ subnmt@d for recc)rdamn purs,uzmt to 7CFR 311
{NOTE: A separate copy (i.e., a true copy of the original assignment dmumﬁ,nus)) must be submitted to Assignment
Division in accordance with 3’" CFR Part 3, to record the assignment in the records of the USPTO. Sce MPEP 302.08]

The undersigned (whosg fitlg

/ \4\& %@LM

d bel@_w

is suppli 5 guthorized to a?un behalf of the assignee.

August 1, 2017

wmmn ¢ Date
Nicholas P. Lanzatelia USPTO Reg. No. 63,803
Printed or Typed Name Title

Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information
Cificer, U.8. Patent and Trademark Office, U.8. Department of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SERD FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.0. Box 1458, Alexandria, YA 22313-1450.
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MODIFIED PTO/SB/96 {07-08)

Approved for use through 07/31/2012. OB 0651-0031

.8, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persens are required to respond to a collection of infermation unless i displays a valid OMB controf number.

STATEMENT UNDER 37 CE.R, 3.73(b)
Supplemental Sheet - Chain Continuation

Applicant/Patent Owner: Edwin S, Qlsonet al. Attorney Docket No. _4820.001151

Appthication No /FPatent No.: 11/209.163 Filed/ssue Date: August 22, 2005

Titled: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Midwest Eneroy Emissions Corp. a Corporation

(MName of Assiguce) (Type of Assignee, ¢.g., corporation, partnership, university, government agency, €c.)

7. From: {aventor To: Energ
The document was recorded in the United States Patent and Tradc,maf‘k Office at
Reel 033643 . Frame 0436 . or Tor which a copy thereof is attached.
8 Fom:  Invemtor To: Energy and Envirommental Research Center Foundation
The document was recorded in the United States Patent and Trademark Office at
Reel _ 033698 . Frame 0632 , or for which a copy thereof is attached.
9. From: BEugrgy and Environmental Research Center Foundation To:  Midwest Energy Emissions Corp.

The document was recorded in the United States Patent and Trademark Office at

Reel _ 042047 , Frame (351 . ot for which a copy thereof is attached
The vodersigned (whosg iﬂ is s‘upph“ clow)is uthonzed to @;/m behalf of the assignee.
Y. S
‘/ \N\\‘\&/ %‘QLM Y August 1, 2017
10 nature ? Date
Micholas P Lanzatella USPTO Reg, No. 63.803
Printed or Typed Name Title

Any comments on the amount of ime you require to complete this form and/or suggestions for reducing this burden, shouid be sent to the Chief Information
Cfficer, U.S. Patent and Trademark Office, U.8. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Electronic Acknowledgement Receipt

EFS ID: 29950032
Application Number: 11209163
International Application Number:
Confirmation Number: 1534

Title of Invention:

SORBENTS FOR THE OXIDATION AND

REMOVAL OF MERCURY

First Named Inventor/Applicant Name:

Edwin S. Olson

Customer Number:

23505

Filer:

Mark Victor Muller/Robin Monsees

Filer Authorized By:

Mark Victor Muller

Attorney Docket Number: 2380-00200
Receipt Date: 01-AUG-2017
Filing Date: 22-AUG-2005
Time Stamp: 15:26:43

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

3032593

4820001US1_POA.pdf

74908ea6261dbb68c1fa948d 1cdb4bed2d

yes 4

6bAff
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Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 1
Power of Attorney 2 2
Assignee showing of ownership per 37 CFR 3.73 3 4
Warnings:
Information:
Total Files Size (in bytes): 3032593

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 similar to 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.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

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

Inventor{s). Edwin S. Olson et al.
Title:  SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Docket No.: 4820.001US1 Serial No.: 11/209,163
Filed: August 22, 2005 Due Date: N/A
Examiner: Amber Orlando Group Art Unit: 1797
Customer No.: 21186 Contirmation No.: 1534

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

We are transmitting herewith the following attached items (as indicated with an “X7):

Power of Attorney (1 pg.)

X
X Statement Under 37 CFR 3.73(b} (2 pgs)

¥ not provided for in a separate paper filed herewith, please congider this a PETITION FOR EXTENSION OF TIME for
sufficient number of months to enter these papers and please chavge any additional fees or credit overpayment to Deposit
Account No. 19-0743. If applicable, any papers or fees supplicd herewith are considered to be timely filed pursuant to 37
C.E.R, § 1.7(a), the response period falling on a Federal Holiday, Saturday or Sunday being extended to the next sueceeding
business day.

"Q
SCHWEGMAN LUNDBERG & WOESSNER PA. B{;\\,\ g,i}\a L}Q ‘( jg\ A

Customer No.: 21186 \Nicholas P, Lanzatella
Reg. No. 63,803
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Atty. Docket No. IP 05-001 (2380-00200)

Patent

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patentee: Edwin S. Olson, et al.
Patent No.: 7,435,286 B2
Issued: October 14, 2008

For: SORBENTS FOR THE OXIDATION AND
REMOVAL OF MERCURY

Mail Stop: Maintenance Fee
Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1450

LOR LD LR LN L0 U LD LR

Group Art Unit: 1797
Examiner: Amber Rose Orlando

Confirmation No: 1534

Pursuant to 37 C.F.R. §1.8,
correspondence is being electronically submitted to the U.S.
Pate

CERTIFICATE OF FILING

| hereby certify that this

n‘d Trademark Office website, www.uspto.gov, on
%

/%sﬁ\ ol

Edith S. Shek

NOTIFICATION OF LOSS OF ENTITLEMENT TO
SMALL ENTITY STATUS UNDER 37 C.F.R. § 1.27(g)

Sir:

Energy & Environmental Research Center Foundation is the Assignee of the entire right,

title, and interest in and to the subject matter which is claimed. Assignee’s rights are by virtue of

an assignment of the patent application identified above, which Assignment was recorded with the

U.S. Patent and Trademark Office on March 16, 2007, under Reel 019023 and Frame 0539.

154029-v1/2380-00200

PAC ET AL. EXHIBIT 1021
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Atty. Docket No. IP 05-001 (2380-00200) Patent

Assignee hereby notifies the Patent and Trademark Office that it is not entitled to status
as a small entity and that the claim for small entity status is hereby withdrawn.
Respectfully submitted,

ConNLEY ROSE, P.C.

Date: {’W g(/‘w/z”

5700 Granite Parkway, Suite 330
Plano, Texas 75024

Telephone: (972) 731-2288 ATTORNEY FOR APPLICANT
Facsimile: (972) 731-2289

,’ Carroll
0

~ Re . 39,624

02238000200 2 PAC ET AL. EXHIBIT 1021
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Electronic Acknowledgement Receipt

EFSID: 11960846
Application Number: 11209163
International Application Number:
Confirmation Number: 1534

Title of Invention:

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

First Named Inventor/Applicant Name:

Edwin S. Olson

Customer Number:

23505

Filer:

Rodney B. Carroll/Edith Shek

Filer Authorized By:

Rodney B. Carroll

Attorney Docket Number: 2380-00200
Receipt Date: 31-JAN-2012
Filing Date: 22-AUG-2005
Time Stamp: 15:24:52

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

D t " . File Size(Byt Multi P
ocumen Document Description File Name ile Size( y es)/ u I. . ages
Number Message Digest | Part/.zip| (ifappl.)

013112_L fSmallEntityStat >8705
1 Miscellaneous Incoming Letter - osscs> Z}a ntitystatu no 2
.p 8aa6808d1c4f63d00ebd 1c65657cac48b93
Odcaa
Warnings:

Information:
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Total Files Size (in bytes):| 58705

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 similar to 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.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
11/209,163 10/14/2008 7435286 2380-00200 1534
23505 7590 09/24/2008

CONLEY ROSE, P.C.
David A. Rose

P. 0. BOX 3267
HOUSTON, TX 77253-3267

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 208 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Customer Service Center of the Office of Patent Publication at
(571)-272-4200.

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

Edwin S. Olson, Grand Forks, ND;
Michael J. Holmes, Thompson, ND;
John H. Pavlish, East Grand Forks, MN;

IR103 (Rev. 11/05) PAC ET AL. EXHIBFI)T 10?;
age



Index of Claims

11209163

Application/Control No.

Applicant(s)/Patent Under
Reexamination

OLSON ET AL.

Examiner
Miller-Harris, Amber

Art Unit

1709

v Rejected

Cancelled N

Non-Elected A Appeal

= Allowed

Restricted |

Interference 0] Objected

[d Claims renumbered in the same order as presented by applicant

O cpa O T.D. O RrRA.47

CLAIM

DATE

Final Original

07/30/2007

07/30/2007 (01/17/2008 [07/01/2008
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36

U.S. Patent and Trademark Office

Part of Paper No. : 20080819
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Index of Claims

11209163

Application/Control No.

Applicant(s)/Patent Under
Reexamination

OLSON ET AL.

Examiner

Miller-Harris, Amber

Art Unit

1709

Rejected

Cancelled N

Non-Elected A Appeal

Allowed

Restricted |

Interference 0] Objected

[d Claims renumbered in the same order as presented by applicant

O cpa O T.D. O RrRA.47

CLAIM

DATE

Final Original

07/30/2007 | 07/30/2007 [01/17/2008 [07/01/2008
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Part of Paper No. : 20080819
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 11209163 OLSON ET AL.
H“m ‘H ‘ “HW “H‘ H“‘ — .
Miller-Harris, Amber 1709
4 Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted | Interference 0] Objected
[d Claims renumbered in the same order as presented by applicant O cpa O T.D. O R1.47
CLAIM DATE
Final Original |07/30/2007 |07/30/2007 |01/17/2008 |07/01/2008
1 73 v =
18 74 v =
75 v
27 76 =
28 77 =
29 78 =
5 79 =
20 80 =
30 81 =
6 82 =

U.S. Patent and Trademark Office

Part of Paper No. : 20080819
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, logether with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This Form should be used for transmitting the 1SSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
opriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

2ppr g T
im%cated unless corrected below or directed otherwise in Block 1, by (a) specifying a aew comespondence address; and/or (b) indicating a separate " ADDRESS" for
maintenance fee notifications.
CURRENT CORRESPONDENCE ADDRESY (Note: Use Block 1 for any change of address) Note: A certificale of_nmilir_)? can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapeps. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

23505 7580 0771472008 Certifi £ Mail T
ertificate of Mailing ox Transmission
CONLEY ROSE, P.C. 1 hereby certify that this Fec(:}) Transmiltal is being deposiled with the United
David A. Rose States Postal Service with sufficient postage for first class mail in an envelo;;c
— addressed to the Mail Stop ISSUE FEE address above, or being facsimile
P. 0. BOX 3267 transmitted to the USPTC (371) 273-2885, on the date indicated below.
HOUSTON, TX 77253-3267 .
(Depositor's name}
(Signature)
(Daic)
r APPLICATION NO. L FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATICN NO.
11/209,163 0872242005 Edwin S. Olscn 2380-00200 1534
TETLE OF INVENTION: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
r APPLN. TYPE | SMALL ENTITY l ISSUE FEE DUE i PUBLICATION FEE DUE I PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE J
nonprovisional NO 51440 $300 30 : $1740 . 1041472008
r EXAMINER | ART UNIT | CLASS-SUBCLASS I
MILLER HARRIS, AMBER R 1797 095-142000
lc.f:%halluagg3())i' correspondence address or indication of "Fee Address" (37 2, For printing on the patent front page, list Cénley Rose, P.C.
e (1) the names of up to 3 registered patent attorneys |
| Chanﬁe of correspondence address (or Change of Correspondence or agents OR, alternatively.
72
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
D "Fee Address™ indication (or "Fee Address" [ndication form registered altorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registercd pateat attorneys or agents. If Bo name is 3
Numnber is required. listed, no name will be printed. T T T e - -

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT {print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)}
ENERGY & ENVIRONMENTAL RESEARCH .
CENTER FOUNDATION Grand Forks, North Dakota 58202 USA

Piease check the appropriale assiguee calegory or categories (will not be printed on the patent): L Individual [HBorporation or other private group entity [l Government

4a. The following fec(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
B fssue Fee [J A check is enclosed.
A pubtication Fee {No small entity discount permitted) | Payment by credit card. Form PT0-2038 is attached.
[ Advance Order - # of Copies XA The Director is hereby authorized to charge t Bj‘e%li.?eg éee(s'). any deficiency, or credit any
overpayment, to Deposit Account Number - {enclose an extra copy of this form).

5. Change in Entity Status (from status indicat ove)
o Applicant claims SMALL ENTITY sfatus. Ske 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if (‘cquilecl)t"i)lyﬁot be accepted from anyone other than the applicant: a registercd attorney or agent; or the assignee or other party in
GIds O a

interest as shown by e Undled States Pal ngAT rademack Office.

Date

Authorized Signature _\I ] August 2?, 2008

Timothy S. Registration No. 52352

Typed or printed name

L €
This collection of information is required by 37 CFR l.;ﬁ?ﬁnfomaﬂm is r%uired 1o obtain or retain a benefit by the public which is to fite (and by the USPTO to process)
an application, Confidentiality is governed by 35 U S.C. and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will de endirn1§ upon the individual case. Aoy comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexand‘;‘ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.(. Box 1450,
Alexandriz, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control mimber.
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Electronic Patent Application Fee Transmittal

Application Number:

11209163

Filing Date:

22-Aug-2005

Title of Invention:

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

First Named Inventor/Applicant Name:

Edwin S. Olson

Filer:

Timothy S. Westby/Grace A. Wise

Attorney Docket Number:

2380-00200

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1440 1440
Publ. Fee- early, voluntary, or normal 1504 1 300 300
PAC ET AL. EXHIBIT 1021
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Description Fee Code Quantity Amount SU{JJ-STS::; in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1740

PAC ET AL. EXHIBIT 1021
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Electronic Acknowledgement Receipt

EFSID: 3812920
Application Number: 11209163
International Application Number:
Confirmation Number: 1534
Title of Invention: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
First Named Inventor/Applicant Name: Edwin S. Olson
Customer Number: 23505
Filer: Timothy S. Westby/Grace A. Wise
Filer Authorized By: Timothy S. Westby
Attorney Docket Number: 2380-00200

Receipt Date: 20-AUG-2008

Filing Date: 22-AUG-2005

Time Stamp: 18:19:47

Application Type: Utility under 35 USC 111(a)

Payment information:
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully received in RAM $1740
RAM confirmation Number 14041
Deposit Account 032769
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

PAC ET AL. EXHIBIT 1021
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File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
69904
1 Issue Fee Payment (PTO-85B) IssueFeePayment.pdf no 1
f6c2a8e6b26aalac2acae9d0b5a21e56e6373|
b1b3
Warnings:
Information:
32386
2 Fee Worksheet (PTO-06) fee-info.pdf no 2
761baf6c55d 1b650b2e2c04 13093499203
Warnings:
Information:
Total Files Size (in bytes); 102290

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 similar to 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.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

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

PAC ET AL. EXHIBIT 1021
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—
N PTO/SB/0BA (08-03)
' Approved for use thmu 07/3172006. OMB 0651-003)
U, S. Patent and Trademark Office; U.S. DI AR'I'MEN‘T OF COMMERCE
Under the Redugtion Act of 1995, no are required to nd to a collection of information unless it displays a valid OMB contro) number.
Substitute for form 1449A/PTO Complete if Known
. 09
INFORMATION DISCLOSURE ~Aouiaiontunbs: oo __(([209. [63
STATEMENT BY APPLICANT [ i Naedjovcmor | Eowin §. Olson vl
G Unit Unassigned
(use as many sheels as necessary) Examiner Name Unassigned
Sheet 1 of 2 Attorney Docket Number 2380-00200
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Pages, Columns, Lines, Where
Initials*® No.!' ™ NumberKind Code (i Fnown) Publication Date Name of Patentee or Applicant Rclcvant'l’assages or Relevant
MM-DD-YYYY of Cited Document Figures Appear
JAHJ] Taa {us-1,984,64 12-11-1934 Stock
AB | US-3,194,629 07-13-1965 Dreibelbis, et al
AC {US-3,662,523 05-16-1972 Revoir
AD [US-3,786,619 01-22-1974 Melkersson
AE |US-3,849,267 11.19-1974 Hilgen
AF | US4,101,631 07.18-1978 Ambrsini, et al
AG [US4,196,173 04-01-1980 deJong, et al.
AH {US-4,708,853 11-24-1987- Matviya
Al {US-4,786,483 11-22-1988 Audch
A)  |US+4,814,152 03-21-1989 Yan
AK | US-4,889,698 12.26-1989 Moller
AL |US-4,956,162 09-11-1990 Smith
AM [ US-5,505,766 04-09-1996 Chang
AN | Us-5,607,496 03-04-1997 Brooks
AQ |US-5,672,323 09-30-1997 Bhat
AP 1US-5,695,726 12-09-1997 Lemer
AQ {US-5,827352 12-27-1998 Altman
AR | US-5,891,324 04-06-1999 Ohtsuka
AS | US-6,027,551 02-22-2000 Hwan&
AT |US-6,080,281 06-27-2000 Attia
AU (US-6,136,072 - 10-24-2000 Sjostrom
AV | US-6,214,304 04-10-2001 Rosenthal
AW US-6,258,334 07-10-2001 Gadkaree
AX ]US-6,383,981 05-07-2002 Blankenship
AY [US-6,528,030 03-04-2003 Madden et al.
5 [ AZ | US-2002/0150516 10-17-2002 Pahlman, et al.
AAA | US-2001/0003116 06-07-2001 Neufert
IA.H.J ] aBB [Us-2004/0003716 01.08-2004 Nelson, Jr.
FOREIGN PATENT DOCUMENTS '
f.xam'in.cr Citﬁ Foreign Patent Document )
nitials No. P icati Name of Patentee or Applicant i
Country Code’ Number * Kind Code’ ;u:_';a;:cxt of Cited Document ?5:?533:;3';1‘ o Relevim
(if known) ‘ Figures Appear
o AH] DE 3426 059 61 1\A56
\Q‘% AH/ IP 4943197 HEIERY
‘,\Q,\ - JAHJ 1P 50-6438 o3((975
*EXAMINER: Initial reference conudemd whcthcr or not cilation is in conl’ormancc wnh MPEP 609 me lmc lhmush snd not idered
lnt:!nde copy of this form with next 1 Applicant's unique 2 See Kinds Codu of USPTO Pﬂlml Documents at
or MPEP 901.04, 3 Enter Office uul issucd the document, by the two-letier code (WIPO Standard ST.3). 4 For ) patent do , the indication of the
ym or the reign of the E must precede the serial ber of the patent document. $ Kind of document hy the |ppmpmu symbols as indicated on the document under
WIPO Standand SL16 if possible. 6 App plicant is t plece a check mark here if English language jon is
The coll of inf ion is requi ed by 37 CFR 1.97 and 1.98, The information is required 10 oblain or retain a bene(it by the public which is to file (and by the USPTO o

process) an spplication. Conr dentiality is governed by 35 U.S.C. 122 and 37 CFR 1.4, This collection is estimated o take 2 hours to complete mcludmg ylhenng. preparing

Land

1

d appli form to the USPTO. Time will vary depending upon the individus| case. Any comments on the amount of time you require to complete

8 the
this form sndfor suggtsnons for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 1.5, Department of Commerce, P. O.

Box 1450, Alcxandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORM TO THIS ADDRESS. Send To Commissioner For Patents, P, O. Box 1450,
Alexandria, VA 22313.1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select oprion 2
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

23505 7590 07/14/2008 | EXAMINER |
CONLEY ROSE. P.C. MILLER HARRIS, AMBER R
David A. Rose | ART UNIT PAPER NUMBER |
P. O. BOX 3267

1797

HOUSTON, TX 77253-3267 DATE MAILED: 07/14/2008

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

11/209,163 08/22/2005 Edwin S. Olson 2380-00200 1534
TITLE OF INVENTION: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1440 $300 $0 $1740 10/14/2008

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW

DUE.
HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3 PAC ET AL. EXHIBIT 1021
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

é)roprlate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

23505 7590 07/14/2008
Certificate of Mailing or Transmission
CONLEY ROSE, P.C. I hereby certify that this Fee(s) Transmittal is being deposited with the United
David A. Rose States Postal Service with sufficient postage for first class mail in an envelope
: addressed to the Mail Stop ISSUE FEE address above, or being facsimile
P. O. BOX 3267 transmitted to the USPTO (571) 273-2885, on the date indicated below.

HOUSTON, TX 77253-3267

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
11/209,163 08/22/2005 Edwin S. Olson 2380-00200 1534
TITLE OF INVENTION: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1440 $300 $0 $1740 10/14/2008
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
MILLER HARRIS, AMBER R 1797 095-142000
1. ChangGe ())f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363 1

(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2

[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CEFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v. epending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
11/209,163 08/22/2005 Edwin S. Olson 2380-00200 1534
23505 7590 07/14/2008 | EXAMINER |
CONLEY RO SE P C MILLER HARRIS, AMBER R
, P.C.
David A. Rose | ART UNIT PAPER NUMBER |
P. O. BOX 3267

1797

HOUSTON, TX 77253-3267 DATE MAILED: 07/14/2008

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

The Patent Term Adjustment to date is 208 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 208 day(s).

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.
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Application No. Applicant(s)

) . 11/209,163 OLSON ET AL.
Notice of Allowability Examiner Art Unit
AMBER MILLER HARRIS 1797

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

1. X] This communication is responsive to the request for continued examination filed 05/13/2008.

2. X] The allowed claim(s) is/are 30-32,38-40,45-47.49.54,62-71.73,74 and 76-82.

3. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[d Al b)[J Some* c¢)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [ to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)
1. ] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [1 Notice of Draftperson's Patent Drawing Review (PT0O-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. [ Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment

Paper No./Mail Date
4. [ Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance

of Biological Material

9. [] Other .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20080701

PAC ET AL. EXHIBIT 1021
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Application/Control Number: 11/209,163 Page 2
Art Unit: 1797

DETAILED ACTION

This action is in response to correspondence filed 05/14/2008.
Claims 76-82 are new.
Claims 72 and 75 are cancelled.
Claims 30-32, 38-40, 45-47, 49, 54, 62-71, 73, 74 and 76-82 are allowed.
Claims 30-32, 38-40, 45-47, 49, 54, 62-71, 73, 74 and 76-82 have been examined and
are pending.

Continued Examination Under 37 CFR 1.114
1. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on

5/13/2008 has been entered.

Response to Arguments
1. Applicant’'s arguments, see pages 12-28, filed 05/13/2008, with respect to claims
30-32, 38-40, 45-47, 49, 54, 62-71, 73, 74 and 76-82, have been fully considered and
are persuasive. The rejection of 30-32, 38-40, 45-47, 49, 54, 62-71, 73, 74 and 76-82

has been withdrawn.

Allowable Subject Matter

PAC ET AL. EXHIBIT 1021
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Application/Control Number: 11/209,163 Page 3
Art Unit: 1797

1. Claims 30-32, 38-40, 45-47, 49, 54, 62-71, 73, 74 and 76-82 are allowed.

2. The following is an examiner’s statement of reasons for allowance: the sorbent
being "a promoted halogenated carbon comprising active sites wherein the active sites
comprise halide covalently-bound to the base-activated carbon” could not be found in
prior art.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to AMBER MILLER HARRIS whose telephone number is
(571)270-3149. The examiner can normally be reached on Mon-Thur (6:30-5:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Walter Griffin can be reached on (571) 272-1447. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.

PAC ET AL. EXHIBIT 1021
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Application/Control Number: 11/209,163 Page 4
Art Unit: 1797

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
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EAST Search History

EAST Search History

iRef # {Hits Search Query DBs Detfault Plurals {Time Stamp
Operator
L1 0 110/345.ccls. and US-PGPUB; {ADJ OFF 2008/07/01
' remov$4 with mercury {USPAT; 12:46
and carbon with halide {USOCR
L2 5 423/210.ccls. and US-PGPUB; ADJ OFF 2008/07/01
remov$4 with mercury {USPAT; 12:46
and carbon with halide {USOCR
L3 0 (halogenated carbon US-PGPUB; ADJ OFF 2008/07/01
f with halide with USPAT; 13:05
3 covalently$5).cim. USOCR
L4 0 (carbon with haldie US-PGPUB; ADJ OFF 2008/07/01
with sorbent and reduc {USPAT; 13:06
: $ with mercury).clm. USOCR
L5 0 (carbon with haldie US-PGPUB; ADJ OFF 2008/07/01
with sorbent and co- USPAT; 13:07
injecting).clm. USOCR
L6 1 (carbon with sorbent US-PGPUB; {ADJ OFF 2008/07/01
f and co-injecting).cim.  {USPAT; 13:07
USOCR
St 4 2004/0003716 US-PGPUB; OR OFF 2007/07/26
USPAT 10:53
182 1 "200400037186" US-PGPUB; OR OFF 2007/07/26
USPAT 10:54
X 8 (remov$5 near3 US-PGPUB; iOR OFF  12007/07/24
mercury) and (carbon {USPAT 10:18
same in-flight)
4 8 (remov$5 near3 US-PGPUB; ADJ ON 2007/07/24
mercury) and (carbon {USPAT 10:48
same in-flight)
2 "6953494" US-PGPUB; ADJ ON 2007/07/24
USPAT 10:48
42 ("1788466" | US-PGPUB; OR OFF 2007/07/24
"1984164" | USPAT; 10:48
"20010002387" | USOCR
"20030161771" |
"20040013589" |
"2511288" | "3194629"
| "3662523" |
"3849267" | "3956458"
| "3961020" |
"4040802" | "4075282"
| "4174373" |
"4196173" | "4394354"
| "4427630" |
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EAST Search History

"4500327" | "4578256"
| "4708853" |
"4889698" | "4917862"
| "5179058" |
"5202301" | "5288306"
| "5320817" |
"5336835" | "5352647"
| "5372619" |
"5403548" | "5435980"
| "5505766" |
"5827352" | "6475461"
| "6514907" |
"6521021" |
"6533842").PN. OR
("6953494"). URPN.

&7

41

("1788466" |
"1984164" |
"20010002387" |
"20030161771" |
"20040013589" |
"2511288" | "3194629"
| "3662523" |
"3849267" | "3956458"
| "3961020" |
"4040802" | "4075282"
| "4174373" |
"4196173" | "4394354"
| "4427630" |
"4500327" | "4578256"
| "4708853" |
"4889698" | "4917862"
| "5179058" |
"5202301" | "5288306"
| "5320817" |
"5336835" | "5352647"
| "56372619" |
"5403548" | "5435980"
| "5505766" |
"5827352" | "6475461"
| "6514907" |
"6521021" |
"6533842").PN. OR
("6953494"). URPN.
and inflight

US-PGPUB;
USPAT;
USOCR

OR

OFF

2007/07/24
10:48
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EAST Search History

38 41 ("1788466" | US-PGPUB; ADJ ON 2007/07/24

"1984164" | USPAT; 10:53

"20010002387" | USOCR

§ "20030161771" |

"20040013589" |

"2511288" | "3194629"

| "3662523" |

"3849267" | "3956458"

| "3961020" |

"4040802" | "4075282"

§ | "4174373" |

"4196173" | "4394354"

§ | "4427630" |

"4500327" | "4578256"

| "4708853" |

"4889698" | "4917862"

| "5179058" |

"5202301" | "5288306"

: | "5320817" |

"5336835" | "5352647"

: | "5372619" |

"5403548" | "5435980"

| "5505766" |

"5827352" | "6475461"

| "6514907" |

: "6521021" |

"6533842").PN. OR

("6953494").URPN.

and in-flight

189 50 "4500327" US-PGPUB; ADJ ON 2007/07/24

USPAT; 10:54

: USOCR

1S10 9 in-flight near4 reaction {US-PGPUB; ADJ ON 2007/07/25

USPAT; 09:24

5 USOCR

St 13 in-flight same US-PGPUB; (ADJ ON 2007/07/24

(mercury and remov USPAT; 16:41

5 $5) USOCR

S12 0 carbon and (in flight) US-PGPUB; {ADJ ON 2007/07/24

near4 reaction USPAT; 16:42

5 USOCR

1813 6 carbon and (in-flight)  {US-PGPUB; {ADJ ON 2007/07/25

near4 reaction USPAT; 09:21

5 USOCR

814 9 in-flight near4 reaction {US-PGPUB; ADJ ON 2007/07/25

and in-flight USPAT; 09:32

: USOCR

815 5261 in-flight US-PGPUB; {ADJ ON 2007/07/25

USPAT; 09:33
USOCR
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EAST Search History

S16 118 in-flight and mercury US-PGPUB; ADJ ON 2007/07/25

USPAT; 09:33

; USOCR

S17 12 in-flight and (remov$4 {US-PGPUB; {ADJ ON 2007/07/25

with mercury) USPAT; 09:34

; USOCR

S18 0 In-Right Modification US-PGPUB; ADJ ON 2007/07/25

: Of Inorganic Particles  {USPAT; 09:34
Within A Reaction USOCR

: Product Fow

S19 7 In-Right Modification US-PGPUB; ADJ ON 2007/07/25

USPAT; 09:53

; USOCR

S20 4 In-Aight Capture US-PGPUB; {ADJ ON 2007/07/25

USPAT; 09:42

USOCR

S21 19 (sorbent near3 US-PGPUB; ADJ ON 2007/07/25

composition) same USPAT; 09:49
(remov$4 near3 USOCR

mercury)

S22 252 (sorbent near3 US-PGPUB; {ADJ ON 2007/07/25

Bromine OR iodine) USPAT: 09:49
same (remov$4 near3 (USOCR

mercury)

S23 6 (sorbent near3 US-PGPUB; {ADJ ON 2007/07/25

f (Bromine OR iodine)) USPAT; 09:49
same (remov$4 near3 {USOCR

mercury)

S24 0 In-Aight Modification  {US-PGPUB; {ADJ ON 2007/07/25

and mercury USPAT; 10:43

USOCR

S25 9 (mercury near3 remov (US-PGPUB; {ADJ ON 2007/07/25

: $4) same (surface USPAT; 10:44

5 reactions) USOCR

526 1227 sorbent and mercury US-PGPUB; iOR OFF 2007/07/25

and (surface reaction) jUSPAT; 13:56

; USOCR

S27 43 sorbent and mercury US-PGPUB; ADJ OFF 2007/07/25

and (surface reaction) {USPAT; 13:56

USOCR

528 64 sorbent and mercury US-PGPUB; ADJ ON 2007/07/25

f and (surface reaction) {USPAT; 13:57

USOCR

529 7 sorbent and mercury US-PGPUB; ADJ ON 2007/07/25

and (surface reaction) {USPAT; 13:57
and bromine USOCR
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EAST Search History

S30 10 sorbent and (remov$4 US-PGPUB; ADJ ON 2007/07/25
near3 mercury) and USPAT; 14:55
: (surface reaction) USOCR
S31 2 "5409522" and US-PGPUB; {ADJ ON 2007/07/25
(surface reaction) USPAT; 14:02
5 USOCR
832 0 "5409522" and US-PGPUB; ADJ ON 2007/07/25
; (surface reaction) and {USPAT; 14:03
(iodine or bromine) USOCR
S33 1 "20060048646" and in- {US-PGPUB; ADJ ON 2007/07/25
flight USPAT; 14:20
USOCR
S34 165 sorbent and (remov$4 {US-PGPUB; {ADJ ON 2007/07/25
near3 mercury) and USPAT; 14:56
(alkaline OR alkali) USOCR
S35 46 sorbent and (remov$4 US-PGPUB; {ADJ ON 2007/07/25
near3 mercury) and USPAT; 16:44
(alkaline OR alkali) and {USOCR
(bromine OR iodine)
S36 15 ((bromine ORiodine)  {US-PGPUB; {ADJ ON 2007/07/26
: same (activated USPAT; 08:19
carbon) same react$4) {USOCR
and (remove near3
mercury)
S37 1 "6848374" and US-PGPUB; ADJ ON 2007/07/26
f (alkaline OR alkali) USPAT; 09:12
; USOCR
S38 0 "6848374" and US-PGPUB; {ADJ ON 2007/07/26
(regenerat$) USPAT; 09:12
USOCR
S39 62 ((regenerat$4) with US-PGPUB; ADJ ON 2007/07/26
sorbent) and (remov$4 (USPAT; 09:13
near2 mercury) USOCR
$40 10 ((regenerat$4) with US-PGPUB; ADJ ON 2007/07/26
: sorbent) and (remov$4 {USPAT; 09:38
near2 mercury) and USOCR
: (bromine OR iodine)
A1 0 ((regenerat$4) with US-PGPUB; ADJ ON 2007/07/26
sorbent) and (remov$4 {USPAT; 09:39
near2 mercury) and USOCR
(bromine OR iodine)
5 and regeneragt$4
42 10 ((regenerat$4) with US-PGPUB; ADJ ON 2007/07/26
sorbent) and (remov$4 {USPAT; 09:55
near2 mercury) and USOCR
(bromine OR iodine)
and regenera\t$4
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43 10 ((regenerat$4) with US-PGPUB; ADJ ON 2007/07/26
sorbent) and (remov$4 {USPAT; 09:39
near2 mercury) and USOCR
(bromine OR iodine)
; and regenerat$4
S44 5 ((regenerat$4) with US-PGPUB; ADJ ON 2007/07/26
sorbent) and (remov$4 {USPAT; 13:42
near2 mercury) and USOCR
(bromine OR iodine)
and regenera\t$4 and
; monitor$3
45 34 (monitor$3 with US-PGPUB; ADJ ON 2007/07/26
mercury) and (remov  {USPAT; 10:00
$4 near2 mercury) and {USOCR
; (bromine OR iodine)
146 2 2004/0003716 and US-PGPUB; OR OFF 2007/07/26
monitor$4 USPAT 10:53
147 1 "20040003716" and US-PGPUB; OR OFF 2007/07/26
monitor$4 USPAT 10:55
148 5 ((regenerat$4) with US-PGPUB; ADJ ON 2007/07/26
sorbent) and (remov$4 {USPAT; 13:42
near2 mercury) and USOCR
(bromine OR iodine)
; and monitor$3
49 206 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/26
mercury) and (bromine {USPAT; 13:42
ORiodine) and monitor {USOCR
$3
S50 34 (remov$4 near2 US-PGPUB; {ADJ ON 2007/07/26
mercury) and (bromine {USPAT; 13:53
ORiodine) and USOCR
(monitor$3 with
: mercury)
S51 74 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/26
mercury) and (bromine {USPAT; 13:54
ORiodine) and USOCR
((monitor$3 or measur
5 $4) with mercury)
1852 38 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/26
mercury) and (bromine {USPAT; 14:05
ORiodine) and USOCR
((monitor$3 or measur
$4) with mercury) and
sorbent
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EAST Search History

1353 37 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/26
mercury) and (bromine {USPAT; 15:38
ORiodine) and USOCR
((monitor$3 or measur
$4) with mercury) and
5 sorbent and measur$4
S54 1 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/26
mercury) and (bromine {USPAT; 14:09
ORiodine) and USOCR
((monitor$3 or measur
$4) with mercury) and
sorbent and measur$4
: and regenerate
185 2 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/26
mercury) and (bromine {USPAT; 15:39
ORiodine) and USOCR
((monitor$3 or measur
$4) with mercury) and
sorbent and measur$4
and (particle size
; near4 "40")
1556 5 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/30
mercury) and (bromine {USPAT; 08:21
ORiodine) and USOCR
(particle size near4
: "40")
S57 2 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/26
mercury) and (bromine {USPAT; 15:45
ORiodine) and USOCR
(particle size near4
"50")
558 1 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/26
mercury) and (bromine {USPAT; 15:45
ORiodine) and USOCR
(particle size near4
"60")
559 2 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/26
mercury) and (bromine {USPAT; 15:47
ORiodine) and USOCR
(particle size near4
: "70")
S60 4 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/26
mercury) and (bromine {USPAT; 15:47
ORiodine) and USOCR
(particle size near4
"80")
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EAST Search History

S61 5 (remov$4 near2 US-PGPUB; ADJ ON 2007/08/07
mercury) and (bromine {USPAT; 16:51
ORiodine) and USOCR
(particle size near4
: "40") and "40"
1862 6 (remov$4 near2 US-PGPUB; {ADJ ON 2007/07/30
mercury) and (bromine {USPAT; 08:13
ORiodine) and ("50" USOCR
micrometers)
S63 1 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/30
; mercury) and (bromine {USPAT; 08:14
ORiodine) and ("60" USOCR
5 micrometers)
1865 0 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/30
mercury) and (bromine {USPAT; 08:23
ORiodine) and USOCR
(separation with
5 (physical means))
S67 0 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/30
mercury) and (bromine {USPAT; 08:23
ORiodine) and (separat jUSOCR
$4 with (physical
3 means))
1368 0 (remov$4 near2 US-PGPUB; ADJ ON 2007/07/30
mercury) and (bromine {USPAT; 08:24
ORiodine) and (remov {USOCR
$4 with (physical
; means))
11369 8 (remov$4 near2 US-PGPUB; ADJ ON 2007/08/07
mercury) and (bromine {USPAT; 16:04
ORiodine) and USOCR
(particle size greater)
1iS70 430744 ialkaline US-PGPUB; OR OFF 2007/08/07
USPAT; 16:02
; USOCR
1S71 1 alkaline and US-PGPUB; OR OFF 2007/08/07
"11209163" USPAT; 16:02
5 USOCR
S72 1077 (remov$4 near2 US-PGPUB; ADJ ON 2007/08/07
mercury) and alkaline {USPAT; 16:04
: USOCR
1873 397 (remov$4 near2 US-PGPUB; ADJ ON 2007/08/07
mercury) and alkaline  {USPAT; 16:04
: earth USOCR
HS74 1 (remov$4 near2 US-PGPUB; ADJ ON 2007/08/07
mercury) and (bromine {USPAT; 16:51
ORiodine) and USOCR
(separate near3 size)
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S75 29 (remov$4 near2 US-PGPUB; ADJ ON 2007/08/07

mercury) and (bromine {USPAT; 16:52
ORiodine) and (separat jUSOCR

$4 near3 size)

S76 13 95/142.ccls. and remov {US-PGPUB; {OR OFF 2008/01/16

: $4 with mercury USPAT; 16:35

USOCR

S77 1 "11209163" US-PGPUB; iOR OFF 2008/01/16

USPAT; 16:35

: USOCR

S78 103 95/134.ccls. and remov {US-PGPUB; OR OFF 2008/01/16

$4 with mercury USPAT: 16:35

USOCR

S79 8 95/134.ccls. and remov {US-PGPUB; OR OFF 2008/01/17

f $4 with mercury and USPAT; 11:12

halide USOCR

S80 120 lime and remov$4 with {US-PGPUB; OR OFF 2008/01/17

mercury and halide USPAT; 11:13

USOCR

582 40 lime and remov$4 with {US-PGPUB; ADJ OFF 2008/01/17

mercury and halide USPAT; 11:13

5 and activated carbon USOCR

S83 40 lime and remov$4 with {US-PGPUB; ADJ OFF 2008/01/17

mercury and halide USPAT,; 11:15

and activated carbon USOCR

S84 76 remov$4 with mercury {US-PGPUB; ADJ OFF 2008/01/17

and lime same USPAT; 11:19

activated carbon USOCR

S85 20 remov$4 with mercury {US-PGPUB; ADJ OFF 2008/01/17

: and lime same USPAT; 15:03
activated carbon same {USOCR

: react$4

S86 25 110/345.ccls. and US-PGPUB; {ADJ OFF 2008/01/17

sorbent same mercury {USPAT; 15:03

USOCR

S87 119 423/210.ccls. and US-PGPUB; iADJ OFF 2008/01/17

f (sorbent or bromine or {USPAT; 15:04

5 iodine) same mercury {USOCR

S88 4 active with site and US-PGPUB; {OR OFF 2008/06/30

remov$4 with mercury {USPAT; 15:49

and carbon with halide {USOCR

S89 7 95/134.ccls. and remov {US-PGPUB; OR OFF 2008/06/30

$4 with mercury and USPAT; 15:50

carbon with halide USOCR

90 1 95/142.ccls. and remov {US-PGPUB; OR OFF 2008/06/30

f $4 with mercury and USPAT; 15:56
carbon with halide USOCR
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S91 0 95/142.ccls. and US-PGPUB; {OR OFF 2008/06/30
alkaline with inject USPAT; 15:57
: USOCR
S92 0 95/142.ccls. and US-PGPUB; {OR OFF 2008/06/30
alkaline with inject$4 USPAT; 15:57
USOCR
S93 1 95/134.ccls. and US-PGPUB; OR OFF 2008/06/30
: alkaline with inject$4 USPAT; 15:58
USOCR
594 151 alkaline with inject$4 US-PGPUB; OR OFF 2008/06/30
and remov$4 with USPAT; 15:58
5 mercury USOCR
95 21 alkaline with inject$4 US-PGPUB; iOR OFF 2008/06/30
and remov$4 with USPAT: 15:59
mercury and sorbent USOCR
with inject$4
S96 3 alkaline with inject$4 US-PGPUB; {OR OFF 2008/06/30
and remov$4 with USPAT; 15:59
mercury and halide USOCR
with inject$4

7/1/2008 1:08:53 PM
C:\ Documents and Settings\ amillerharris\ My Documents\ EAST\ Workspaces\ 11209163.

wsp

file:///Cl/Documents%20and%20Settings/amillerharris/My...09163/EASTSearchHistory.11209163_AccessibleVersion.htm (10 of 10)7/1/2008 1:09:10 PM

PAC ET AL. EXHIBIT 1021

Page 41



Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

11209163 OLSON ET AL.
Examiner Art Unit
AMBER MILLER HARRIS 1797

INTERNATIONAL CLASSIFICATION

ORIGINAL
CLASS

SUBCLASS

CLAIMED

NON-CLAIMED

95 142

53 /02 (2006.01.01

CROSS REFERENCE(S)

59/ 26 (2006.01.01

15/ 00 (2006.01.01

( )
( )
( )
( )

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK) B 47700 (2006.01.01
% 134
110 345
423 210

/AMBER MILLER
HARRIS/

(Date)
(Assistant Examiner)

07/01/2008

Total Claims Allowed:

30

/Walter D. Griffin/

(Primary Examiner)

7/2/2008

(Date)

0O.G. Print Claim(s) O.G. Print Figure

1 1

U.S. Patent and Trademark Office

Part of Paper No. 20080701
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 11209163 OLSON ET AL.
Examiner Art Unit
Miller-Harris, Amber 1709
SEARCHED
Class Subclass Date Examiner
110 345 7/24/2007 AH
423 210 7/25/2007 AH
95 134 7/25/2007 AH
110 345 1/17/2008 AH
423 210 1/17/2008 AH
95 134, 142 1/16/2008 AH
110 345 7/1/2008 AH
423 210 6/30/2008 AH
95 134, 142 6/30/2008 AH
SEARCH NOTES
Search Notes Date Examiner
IDS search 7/24/2007 AH
Inventor search 7/24/2007 AH
Class 110/345 searched for carbon sorbents used to remove mercury from 7/24/2007 AH
a boiler system by injection within the stream
Class 423/210 searched for controlling the amount of sorbent entering the 7/25/2007 AH
system
Class 95/134 searched for regeneration of the sorbent after mercury 7/25/2007 AH
removal
Class 110 searched for a carbon sorbent, and promoter which is used to 1/17/2008 AH
remove mercury from a flue gas stream by co-injection.
Class 423 searched for controls used to change the amount of sorbent 1/17/2008 AH
entering the flue gas stream
Class 95 searched for a activated carbon sorbent with at least one 1/16/2008 AH
promoter used to remove mercury from a flue gas stream.
Classes 95, 423 and 110 searched for a carbon sorbent having a halide 7/1/2008 AH
covalently bonded on the active sites, and an alkaline sorbent being co-
injected with the carbon sorbent into a mercury stream.
INTERFERENCE SEARCH
Class Subclass Date Examiner
SEE EAST SEARCH HISTORY 7/1/2008 AH

U.S. Patent and Trademark Office

Part of Paper No. :
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Doc code: RCEX PTO/SBII0EFS (03/08)

Doe description: Request for Continued Examination (RCE} Approved for use through 05/31/2008. OMB 0651-00631
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a2 collection of information uniess i contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | 1506164 Filing | 5605.08-22 Docket Number | .0, 50500 At re7
Number Date (if applicable) Unit

First Named| o s oison Examiner A R. Miller Harris

Inventor Name

This is a Request for Continued Examination (RCE} under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE} practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW . USPTQ.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previcusly filed unentered amendments and amendments enclosed with the RCE wiil be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish {o have any previously filed unentered amendment(s}
entered, applicant must request non-eniry of such amendmeni(s}.

Previously submitied. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

(] Other Response filed on March 24, 2008

[ ] Enclosed

[] Amendment/Reply
D Information Disclosure Statement (IDS})

|:| Affidavii{s)y Declaration{s)}

[] Other

MISCELLANEOUS

D Suspension of action on the above-identified application is requested under 37 CFR 1.103{(c) for a pericd of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17{i) required)

[] Other

FEES

The RGE fee under 37 CFR 1.17(e} is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, {o
Deposit Account No 032789

SIGNATURE CF APPLICANT, ATTCRNEY, OR AGENT REQUIRED

Patent Practitioner Signature
[1 Applicant Signature
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Doc code: RCEX
Doe description: Request for Continued Examination (RCE} Approved for use through 05/31/2008. OMB 0651-00631

PTO/SBIAOEFS (03/08)

U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a2 collection of information uniess i contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

[Mimothy S. Westby/

Date (YYYY-MM-DD} | 2008-05-13

Name

Timothy S. Westby

Registration Number | 52352

This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to
file {and by the USPTO to process) an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gatherning, preparing, and submitiing the completed application form 1o the USPTO. Time
will vary depending upaon the individual case. Any comments on the amount of lime you require to complete this form andfor suggestions for

reducing this burden, should be sent to the Chief Information Gfficer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-8199 and selfect option 2.

EFS - Web 211
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 83-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b}X2}; (2) furnishing of the information
solicited is voluntary; and (3} the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information

Act (5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of information Act requires disclosure of these record s.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence fc a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractar of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 352a{m).

5. A record related to an Internaticnal Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

8. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c}}.

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under autherity of 44 U.5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., G8A or Commerce) directive. Such disclosure shall not be used toc make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, 1o the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, io the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

8. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enfarcement agency, if the USPTO becomes aware of a viclation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

11209163

Filing Date:

22-Aug-2005

Title of Invention:

Sorbents for the oxidation and removal of mercury

First Named Inventor/Applicant Name:

Edwin S. Olson

Filer: Timothy S. Westby
Attorney Docket Number: 2380-00200
Filed as Large Entity
Utility Filing Fees
Description Fee Code Quantity Amount SuILoj-STS(tg)I in

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

Extension - 1 month with $0 paid 1251 1 PAECET AL. EXHIBT 1021
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Miscellaneous:
Request for continued examination 1801 1 810 810
Total in USD ($) 930
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Electronic Acknowledgement Receipt

EFS ID: 3291572
Application Number: 11209163
International Application Number:
Confirmation Number: 1534

Title of Invention:

Sorbents for the oxidation and removal of mercury

First Named Inventor/Applicant Name:

Edwin S. Olson

Customer Number:

23505

Filer:

Timothy S. Westby

Filer Authorized By:

Attorney Docket Number: 2380-00200
Receipt Date: 13-MAY-2008
Filing Date: 22-AUG-2005
Time Stamp: 14:44:54

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $930

RAM confirmation Number 86

Deposit Account 032769

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)
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File Listing:

Document __— . File Size(Bytes) Multi Pages
Number Document Description File Name /Message Digest| Part/.zip| (if appl.)
R t for Continued E inati 698771
1 equestror O(qué()a Xamination RCE.pdf no 3
bbfbe14abc66ed8al9edib52443bades
0466dc3e
Warnings:
Information:
8299
2 Fee Worksheet (PTO-06) fee-info.pdf no 2
9e714e04d08172834aa0d9913a2asidc
9e7c6414
Warnings:
Information:
Total Files Size (in bytes): 707070

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
similar to 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.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.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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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Filing Date
Substitute for Form PTO-875 11/209,163 08/22/2005 | [ 7o be Mailed
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a). (b). or (c))
[ seARcH FEE
(37 CFR1.16(. (). or (m) N/A N/A N/A N/A
|:| EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A N/A
é?%ﬁLREL'I'%I(,I\;I)S minus20= | * X$ = ORI X3 =
INDEPENDENT CLAIMS . N _ _
(37 CFR 1.16(h)) minus 3 = X$ = X$ =
If the specification and drawings exceed 100
O sheets of paper, the application size fee due
A?’F;PCLF'(&TJSN SIZE FEE is $250 ($125 for small entity) for each
( 16(s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL

APPLICATION AS AMENDED — PART I

OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— [ 05/13/2008 | Arrer PREVIOUSLY EXTRA RATE ) | FEE (3) RATE ($) FEE ($)
E AMENDMENT PAID FOR
E I?St?l (37 CFR + 30 Minus | » 57 -0 X $ = OR [ x s$s50= 0
E '2;’2‘;2”1‘??6?}1)) x D Minus | =4 =0 X$ = OR | x s$210= 0
= | [ application Size Fee (37 CFR 1.16(s))
< P—
[[] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16()) OR
TOTAL TOTAL
ADD'L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE ) | FEE (3) RATE ($) FEE ($)
— AMENDMENT PAID FOR
E ;I'?Gt?l (37 CFR * Minus I ** - X $ = OR | X3 =
= Independent " f - — —
O Lo C§R1.16(h)) Minus = X $ = OR | X8 =
2 | T Appiication size Fee (37 CFR 1.16(s))
=
< | [ FirsT PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16() OR
TOTAL TOTAL
ADD’L OR ADD’L
FEE FEE

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** |If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

Legal Instrument Examiner:
/nicole c. lawrence/

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 11/209,163 Confirmation No. 1534
Applicant : Edwin S. Olson, ef al.

Filed : August 22, 2005

For : Sorbents for the Oxidation and Removal of Mercury

TC/A.U. : 1709

Examiner : Amber R. Miller Harris

AME ENT AND RESPONSE
TO FINAL OFFICE ACTION DATED JANUARY 23, 2008

Mail Stop AF ‘ Att'y Docket No, 2380-00200
Commissioner of Patents Customer No.: 23505
P.O. Box 1450 Date: March 24, 2008

Alexandria, VA 22313-1450
Sir:
INTRODUCTORY COMMENTS
This paper is filed in response to the Final Office Action dated January 23, 2008. The Examiner
is requested to enter the following amendments and consider the accompanying remarks.

Reconsideration and allowance are respectfully requested.
Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims begin on page 5 of this paper.
Remarks/Arguments begin on page 12 of this paper.

——BONOFENFERAH,
Ol o 1 110~
py= 03 &

226791.0172380.00200 ' Page 1 of 28
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
11/209,163 08/22/2005 Edwin S. Olson 2380-00200 1534
23505 7590 04/21/2008 | EXAMINER |

CONLEY ROSE, P.C.
David A. Rose

P. O. BOX 3267
HOUSTON, TX 77253-3267

MILLER HARRIS, AMBER R

| ART UNIT | PAPER NUMBER |
1797
| MAIL DATE | DELIVERY MODE |
04/21/2008 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
Advisory Action 11/209,163 OLSON ET AL.
Before the Filing of an Appeal Brief Examiner Art Unit
AMBER MILLER HARRIS 1797

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

THE REPLY FILED 24 March 2008 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.

1. [X] The reply was filed after a final rejection, but prior to or on the same day as filing a Notice of Appeal. To avoid abandonment of this
application, applicant must timely file one of the following replies: (1) an amendment, affidavit, or other evidence, which places the
application in condition for allowance; (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request
for Continued Examination (RCE) in compliance with 37 CFR 1.114. The reply must be filed within one of the following time
periods:

a) |:| The period for reply expires months from the mailing date of the final rejection.
b) & The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In
no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.

Examiner Note: If box 1 is checked, check either box (a) or (b). ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN TWO
MONTHS OF THE FINAL REJECTION. See MPEP 706.07(f).
Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension fee
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension fee
under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action; or (2) as
set forth in (b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed,
may reduce any earned patent term adjustment. See 37 CFR 1.704(b).

NOTICE OF APPEAL

2. |:| The Notice of Appeal was filed on . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of
filing the Notice of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a
Notice of Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a).

AMENDMENTS

3. The proposed amendment(s) filed after a final rejection, but prior to the date of filing a brief, will not be entered because

(a)x They raise new issues that would require further consideration and/or search (see NOTE below);

(b)|:| They raise the issue of new matter (see NOTE below);

(¢) O They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for
appeal; and/or

(d)|Z| They present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: See Continuation Sheet. (See 37 CFR 1.116 and 41.33(a)).

4.[] The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324).

5. ] Applicant's reply has overcome the following rejection(s):

6. Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment canceling the
non-allowable claim(s).

7. |z For purposes of appeal, the proposed amendment(s): a) [X] will not be entered, or b) [] will be entered and an explanation of
how the new or amended claims would be rejected is provided below or appended.

The status of the claim(s) is (or will be) as follows:
Claim(s) allowed:

Claim(s) objected to: .

Claim(s) rejected: 30-32, 38-40, 45-47, 49, 54 and 62-75.
Claim(s) withdrawn from consideration:

AFFIDAVIT OR OTHER EVIDENCE

8. [] The affidavit or other evidence filed after a final action, but before or on the date of filing a Notice of Appeal will not be entered
because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and
was not earlier presented. See 37 CFR 1.116(e).

9. [] The affidavit or other evidence filed after the date of filing a Notice of Appeal, but prior to the date of filing a brief, will not be
entered because the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a
showing a good and sufficient reasons why it is hecessary and was not earlier presented. See 37 CFR 41.33(d)(1).

10. [] The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached.

REQUEST FOR RECONSIDERATION/OTHER

11. [ The request for reconsideration has been considered but does NOT place the application in condition for allowance because:

12. [ Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s).
13. [X] Other: See Continuation Sheet.

/Walter D. Griffin/
Supervisory Patent Examiner, Art Unit 1797

U.S. Patent and Trademark Office
PTOL-303 (Rev. 08-06) Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20080416

PAC ET AL. EXHIBIT 1021
Page 54



Continuation Sheet (PTO-303) Application No. 11/209,163

Continuation of 3. NOTE: The halogenated carbon comprising active sites wherein the active sites comprise halide covalently-bonded to
the base-activated carbon would require further search. .

Continuation of 13. Other: Applicant's arguments filed 03/24/2008 have been fully considered but they are not persuasive. The arguments
filed pertain to the amendments of the claims that will not be entered.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 11/209,163 Confirmation No. 1534
Applicant : Edwin S. Olson, ef al.

Filed : August 22, 2005

For : Sorbents for the Oxidation and Removal of Mercury

TC/A.U. : 1709

Examiner : Amber R. Miller Harris

AMENDMENT AND RESPONSE
TO FINAL OFFICE ACTION DATED JANUARY 23, 2008

Mail Stop AF Att'y Docket No, 2380-00200
Commissioner of Patents Customer No.: 23505
P.O. Box 1450 Date: March 24, 2008

Alexandria, VA 22313-1450

Sir:
INTRODUCTORY COMMENTS
This paper is filed in response to the Final Office Action dated January 23, 2008. The Examiner

is requested fo enter the following amendments and consider the accompanying remarks.

Reconsideration and allowance are respectfully requested.

Amendments to the Specification begin on page 2 of this paper.
Amendments to the Claims begin on page 5 of this paper.

Remarks/Arguments begin on page 12 of this paper.

DO NOT ENTER: /AH/

226791.01/2380.00200 Page 1 of 28
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 11/209,163 Confirmation No. 1534
Applicant : Edwin S. Olson, ef al.
Filed : August 22, 2005
For : Sorbents for the Oxidation and Removal of Mercury
TC/A.U. : 1709
Examiner : Amber R. Miller Harris
AMENDMENT AND RESPONSE

TO FINAL OFFICE ACTION DATED JANUARY 23, 2008
Mail Stop AF Att'y Docket No, 2380-00200
Comimissioner of Patents Customer No.: 23505
P.O. Box 1450 Date: March 24, 2008

Alexandria, VA 22313-1450

Sir:
INTRODUCTORY COMMENTS
This paper is filed in response to the Final Office Action dated January 23, 2008. The Examiner

is requested fo enter the following amendments and consider the accompanying remarks.

Reconsideration and allowance are respectfully requested.

Amendments to the Specification begin on page 2 of this paper.
Amendments to the Claims begin on page 5 of this paper.

Remarks/Arguments begin on page 12 of this paper.

226791.01/2380.00200 Page 1 of 28
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AMENDMENTS TO THE SPECIFICATION

Please amend the specification as follows:

Please replace paragraph [0002] of the specification as filed with the following amended paragraph:

[0002] This invention was made with United States Government support under the U-S—Environmental
Proteetion-Ageney-Grant Nes:Numbers R 827649-01 and CR 830929-01_awarded by the United States
Environmental Protection Agency and under Contract Number DE-FC26-98FT40320 awarded by the

United States Department of Energy. The United States Government has certain rights in this

invention.

Please replace paragraph [0019] of the specification as filed with the following amended paragraph:

[0019] In another embodiment, the method further comprises reacting the granular activated carbon
with an optional secondary component comprising a halogen or a hydrohalide such that the reactivity
and mercury capacity of the sorbent are enhanced. In another embodiment, the promoter and optional
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 8, Se, H,S, SO,, H;Se, Se0,, CS,, P,Ss, and combinations thereof, In an embodiment, a method is
provided for control of mercury frem-in a flue gas atleowerremoval-rates-with substantially lower
sorbent requirements. Through enhanced sorbent reactivity, mercury removal per gram of sorbent is

increase, thereby decreasing the capital and operating costs by decreasing sorbent requirements.

Please replace paragraph [0071] of the specification as filed with the following amended paragraph:

[0071] It appears that the inventive sorbents chemically combine molecular bromine, for example, from
solution, with activated carbon (edge sites). X-ray photoelectron spectroscopy has established that the
addition of bromine, chlorine, HBr, or HCI 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) structure. T
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Addition-to-halide—ions;This phenomenon may not occur with the less reactive iodine, where an I
molecular complex can exist on the carbon basal plane, In the case of bromine, modified cationic
carbon has a high chemical potential for oxidation of mercury. Thus, an entirely new model is
presented for the reactivity of the bromine-treated 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 treatment 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-enhancing features have been developed.

Please replace paragraph [0078] of the specification as filed with the following amended paragraph:

[0078] 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 a second optional
component, Other embodiments allow the addition of the optional alkali component in eenjection
conjunction with a base activated carbon and/or with the use of a halogen based sorbent and any other
combinations of the sorbent technologies provided in this patent. Alternatively, embodiments include
methods wherein the sorbent 1s on a moving contactor consisting of particles or fibers containing one or

more of the compositions listed above,

Please replace paragraph [0084] of the specification as filed with the following amended paragraph:

[0084] Finely powdered activated carbon (such as NORIT Darco FGD, NORIT Americas, Inc.,
Marshall, TX (USA), although othess are suitable, as will be recognized by those skilled in the art), was
placed in a rotating plastic barrel with side blades (a 5 ft* (0.14 m®) cement mixer) fitted with a tight
plastic lid to prevent loss of the fine powder during the preparation. In a separate vessel, gas phase
bromine was generated by passing a nitrogen stream over a weighed amount of liquid bromine that s
warmed to about 40°-50°C. The vapor pressure of the bromine was such that a dark red gas is

generated a—and passed out of the generator. The outlet from the gaseous bromine generator is
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connected via a % inch (0.64 cm) plastic hose to a stationary metal tube inserted through a flange in the
center of the plastic lid and passing into the center of the barrel. The flange is not air tight te-go that the
excess of nitrogen is released after the bromine is transferred to the tumbling carbon. Thus, the
bromine gas stream continuously passed into the rotating barrel where it contacted the tumbling carbon.
The unit is then operated until the desired amount of bromine has combined with the carbon.
Typically, this is 0.4 to 1 kg of bromine to 20 kg of carbon (2-5 wt. %). When the reaction is
completed, the carbon is weighed. The treated carbon is odorless and does not cause skin irritation

since the bromine has completely reacted with the carbon to produce the brominated carbon.
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LISTING OF CLAIMS

Amendments to the Claims:

This listing of claims will replace all prior versions and listings of claims in the application.

Listing of Claims:
1-29. (Canceled).

30. (Currently Amended) A method for reducing mercury in flue-mercury-containing gas_to a

desired level, the method comprising: preparing a sorbent having a sorbent compositiony; njeeting—the

. . vy . .

sorbont-inte-amercury-containingfluepasstrean orbentnjection-tate;collecting-greaterthan 70
' £ q a8 0

. A t winv ) arosd a '

wherein preparing the sorbent comprises reacting a base activated carbon with at least one
promoter selected from the group consisting of molecular halogens, halides, and combinations thereof

to yield a promoted halogenated carbon_comprising active sites wherein the active sties comprise halide

covalently-bound to the base-activated carbon;

injecting_the sorbent into a mercury-containing gas stream at at least one sorbent injection

location and at a sorbent injection rate, wherein the mercury-containing gas stream is a combustion gas
or a gasification gas, and wherein the composition of the mercury-containing gas may vary with time;
optionally co-injecting an alkaline sorbent into the mercury-containing gas stream at at least

one alkaline injection location and at an alkaline injection rate;

collecting greater than 70 wit% of the mercury in the mercury-containing gas on the sorbent to

produce a cleaned gas;

whereinnonitoring the mercury content of the cleaned flue-gas; and
-is-used-to-eentrel controlling, in response to the monitored mercury content of the cleaned gas,

which may vary with the composition of the mercury-containing gas and operating conditions, the
sorbent injection rate, the alkaline injection rate, the sorbent composition, or betha combination thereof

226791.01/2380.00200 Page 5 of 28
PAC ET AL. EXHIBIT 1021
Page 61



Appl. No. 11/209,163
Amdt. Dated March 24, 2008
Reply to Final Office Action of January 23, 2008

so that the mercury content of the cleaned gas is maintained at substantially the desired leve] with

minimal operating cost.

31. (Currently Amended) The method of claim 30 further—comprising co-injecting an alkaline
component-gorbent into the mercury-—containing flue-gas stream_whereby contaminants in the mercury-
containing gas are consumed by the alkaline sorbent, thus maintaining active sites on the sorbent, and
whereby oxidized mercury is captured from the mercury-containing gas stream.

32, (Currently Amended) The method of claim 36-45 wherein the-menitored-meretry-contept-of
the-cleaned-flue-gasis-used-te-controlling the sorbent injeetion-statecomposition comprises controfling at

least one of the ratio of the at least one promoter to the activated cartbon and the ratio of the alkaline

injection rate to the sorbent injection rate,

the sorbent injection rate, the alkaline injection rate, the sorbent composition, or betha combination

thereof
33-37. (Canceled).

38. (Previously Presented) The method of claim 30 wherein preparing the sorbent further
comprises reacting the activated carbon or the promoted carbon with a secondary component to

enhance the reactivity and capacity of the sorbent.

39. (Previously Presented) The method of claim 38 wherein the secondary component is selected
from the group conmsisting of iodine, hydrohalides, Group V halides, Group VI halides, and

combinations thereof

40. (Currently Amended) The method of claim 39 farther—comprising co-injecting an alkaline

eompenent-sorbent into the merevry-mercury-containing flue-gas stream.
41-44. (Canceled).

45. (Currently Amended) The method of claim 30 wherein the monitored mercury content of the

cleaned flue-gas is used to control the composition of the sorbent.
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46. {Currently Amended) The method of claim 40-74 wherein the monitored mercury content is
used to control at least one selected from the group consisting of the-compesition-ofthe-sorbent-and-the
ameount-ef-alkaline injeeted-injection rate into the fue-mercury-containing gas relative to the ameunt-of
the-base activated carbon_injection rate, the promoted carbon_injection rate, the secondary components
injection rate, the sorbent injection rate, ex-aand combinations thereof, to maintain the desired level of

mercury in the cleaned gags stream.

47.  (Currently Amended) The method of claim 45 further comprising injecting the activated

catbon_at an activated carbon injection rate and injecting the at least one promoter at a promoter

injection rate into a transport line whereby in-flight reaction produces the promoted halogenated carbon

activated—carben—and—the—atJeast-ope—promoter, wherein the promoter is selected 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 I to about 30 grams per 100
grams of activated carbon, and wherein the rate-at-which-the-promoter_injection rate is-added-to-the
transpert-line-and the rate-efsorbent injection rate into the flue-gas are determined at least in part on the

monitored mercury content of the cleaned fue-gas,
48. (Canceled).

49, (Currently Amended) The method of claim 30 further comprising substantially recovering the

sorbent from the cleaned gas and regenerating at least a portion of the recovered sorbent particles to

substantially remove contaminants therefrom te-and recover capacity for capturing mercury, wherein

the mercury-containing gas comprises ash and substantially recovering the sorbent from the cleaned gas

comprises mechanically separating the sorbent particles from the ash.

50-53. (Canceled).

54. (Previously Presented) The method of claim 64 wherein the activated carbon has an average

particle size greater than 40pm.

55-61. (Canceled).

226791.01/2380.00200 Page 7 of 28
PAC ET AL. EXHIBIT 1021
Page 63



Appl. No. 11/209,163
Amdt. Dated March 24, 2008
Reply to Final Office Action of January 23, 2008

62. (Currently Amended) The method of claim 30 wherein the mercury-containing gas is a flue

gas stream is-downstream of a boiler.

63. (Currently Amended) The method of claim 30 whetrein monitoring the mercury content of the

cleaned flue-gas is performed substantially continuously.

64. (Currently Amended) The method of claim 49 wherein the activated carbon has an average
particle size greater than that of the components of the mercury-containing flue-gas stream such that

substantially recovering the sorbent from the cleaned flae-gas involves separation by physical means.

065. (Previously Presented) The method of claim 30 wherein the promoter is selected from the

group consisting of Br,, HBr, Group V bromides, Group VI bromides, and combinations thereof.

00. (Currently Amended) The method of claim 65 wherein the promoter is selected from the group
consisting of Group V bromides, Group VI bromidesB#,;HB#; and combinations thereof.

67. (Currently Amended) The method of claim €6-30 wherein the promoter is reacted in the gas

phase or as a vapor.

068. (Currently Amended) The method of claim 6730 wherein the sorbent has a composition
comprising prometer—is—added—at—from about 1 to about 30 grams of promoter per 100 grams of

activated carbon.

69. (Currently Amended) The method of claim 31 wherein the alkaline eempenent-sorbent is
selected from the group consisting of alkali elements, alkaline earth elements, alkali salts, alkaline earth

salts, and combinations thereof,

70. {Currently Amended) The method of claim 69 wherein the alkaline eempenent-sotbent is

selected from the group consisting of sodium carbonate, calcium oxide, lime, and combinations theteof.

71. (Currently Amended) The method of claim 38 wherein the-in-flight-preparation-of-the-serbent
comprisesteacting-within-the-transperttine-the-activated-carbonthe-promoted-earbon—er beth-withat

least-one-selected-from-the-group-consisting-of the-ateast-ene-prometerand-the-seeondary-compeonent;
and-wherel-monitoring the mercury content of the cleaned flue-gas is used to control the sorbent
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composition by controlling the ratio of the secondary component to the activated carbon, the ratio of

the at least one promoter to the activated carbon, or a combination thereof to optimize the number of
active sites on the sorbent available for oxidizing and capturing the mercury in the mercury-containing
gas stream, whereby the desired mercury level in the cleaned gas is substantially continuously

maintained.

72. (Canceled).

73. (Previously Presented) The method of claim 38 wherein the at least one promoter and

secondary component are combined with the base activated carbon substantially simultaneously.

74. (Currently Amended) The method of claim 49 further comprising reinjecting at least a portion

of the regenerated sorbent particles into the mercury-containing flue-gas.

75. (Canceled).

76. (New) The method of claim 30 wherein at least part of preparing the sorbent comprises at least
one of: injecting the promoted halogenated carbon at a promoted carbon injection rate and injecting at
least one secondary component at a secondary component injection rate into a transport line whereby
the sorbent is produced in-flight; injecting the activated carbon at an activated carbon injection rate and
injecting the at least one promoter at a promoter injection rate into a transport line whereby in-flight
reaction produces the promoted halogenated carbon; and injecting activated carbon at an activated
carbon injection rate, at least one secondary component at a secondary component injection rate, and at
least one promoter at a promoter injection rate substantially simultanecously into a transport line

whereby in-flight reaction produces the sorbent.

7. {(New) The method of claim 76 wherein controlling, the sotbent composition comprises
controlling the promoted halogenated carbon injection rate, the promoter injection rate, the alkaline
injection rate, the optional secondary component injection rate, the activated carbon injection rate, or a

combination thereof,
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78. (New) The method of claim 30 wherein injecting the sorbent into a mercury-containing gas
stream comprises injecting the sorbent into a mercury-containing gas stream having a temperature less

than about 400°C.,

79. (New) The method of claim 31 wherein the at least one alkaline injection location is upstream

of the at least one sorbent injection location,

80. {(New) The method of claim 74 comprising controlling the sorbent composition, the sorbent
injection rate, the ratio of the alkaline injection rate to the sorbent injection rate, or a combination
thereof to substantially maintain the desired level of mercury in the cleaned gas while minimizing the

cost of removing the mercury from the mercury-containing gas stream.

81. (New) A method for removing mercury from a mercury-containing gas stream to produce a
cleaned gas stream having a desired mercury level, the method comprising,

reacting an activated carbon with at least one promoter selected from molecular halogens,
Group V halides, Group VI halides, hydrohalides, and combinations thereof and optionally at least one
secondary component selected from Group V halides, Group VI halides, hydrohalides, and
combinations thereof to produce a halogenated carbon sorbent comprising carbocation reactive sites
that are capable of accepting electrons from neutral mercury atoms thereby forming oxidized mercury
species that bind to the surface of the halogenated sorbent, wherein the halogenated carbon sorbent
comprises a promoter to carbon ratio and optionally, a secondary component to carbon ratio;

injecting the halogenated carbon sorbent into a mercury-containing gas stream at a sorbent
mjection rate, wherein the mercury comtaining gas comprises flue gas, synthesis gas, fuel gas, or a
combination thereof, and wherein the composition of the mercury-containing gas stream may vary with
time;

injecting an alkaline sorbent into the mercury-containing gas stream at an alkaline injection
rate, wherein the alkaline sorbent is capable of adsorbing oxidized mercury gas and of removing
contaminants {rom the mercury-containing gas stream capable of consuming carbocation reactive sites
of the halogenated carbon sorbent;

allowing the sorbents to interact with the mercury-containing gas stream for a residence time to

produce a cleaned gas;
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removing the halogenated sorbent from the cleaned gas;

monitoring the mercury content of the cleaned gas; and

maintaining the desired mercury level of the cleaned gas by optimizing the sorbent injection
rate, the promoter to carbon ratio of the sorbent, the optional secondary component to carbon ratio of
the sorbent, the alkaline injection rate, or a combination thereof such that operating costs for removing

mercury from the mercury-containing gas stream are minimized.

82.  (New) The method of claim 79 wherein the alkaline sorbent injection into the mercury-
containing gas occurs upstream of the halogenated carbon sorbent injection into the mercury-containing

gas stream,
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REMARKS/ARGUMENTS

L Status of the Claims

Claims 30-32, 40, 45-47, 49, 62-64, 66-71 and 74 are herein amended.

Claims 38-39, 54, 65 and 73 were previously presented.

New claims 76-82 are presented herein.

Claims 72 and 75 are herein canceled.

Claims 33-37, 41-44, 48, 50-53, and 55-61 were previously canceled.

As such, claims 30-32, 38-40, 45-47, 49, 54, 62-71, 73-74 and 76-82 are pending in this
application. Claims 30 and 81 are independent claims.

Applicants acknowledge receipt of the Final Office Action dated January 23, 2008. Applicants
believe all pending claims are allowable over the art of record and respectfully request reconsideration

and allowance of all claims.

II. Claim Rejections 35 U.S.C., §103(a)

In the Final Office Action, claims 30, 32, 38, 39, 45-47, 62, 63, 65-68 and 71-73 are rejected
under 35 U.S.C. §103(a) as being unpatentable over Srinivasachar et al., U.S, 6,848,374 (hereinafter
“Srinivasachar”) in view of Vosteen ef al., U.S. 6,878,358 (hereinafter “Vosteen”).

In the Final Office Action, claims 31 and 69 are rejected under 35 U.S.C. §103(a) as being
unpatentable over Srinivasachar and Vosteen as applied to claim 30 above, and further in view of
Gadkaree ef al., U.S. 6,136,749 (hereinafter “Gadkaree”).

In the Final Office Action, claim 70 is rejected under 35 U.S.C. §103(a) as being unpatentable
over Srinivasachar, Vosteen, and Gadkarce as applied to claim 31 and further in view of Moller et al.,
EP 0208 490 Al (hereinafter “Moller™),

In the Final Office Action, claim 40 is rejected under 35 U.S.C. §103(a) as being unpatentable
over Srinivasachar and Vosteen as applied to claim 39 and further in view of Gadkaree.

In the Final Office Action, claims 49 and 74 are rejected under 35 U.S.C. §103(a) as being
unpatentable over Srinivasachar and Vosteen as applied to claim 30 and further in view of Hwang ef
al., U.S. 6,027, 551 (hereinafter “Hwang™).

In the Final Office Action, claims 64 and 75 are rejected under 35 U.S.C. §103(a} as being
unpatentable over Srinivasachar, Vosteen, and Hwang as applied to claim 49 and further in view of

Fristad ef al., U.S. 5,785,935 (hercinafter “Fristad”).
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In the Final Office Action, claim 54 is rejected under 35 U.S.C. §103(a) as being unpatentable
over Srinivasachar, Vosteen, Hwang, and Fristad as applied to claim 49 and further in view of Reiss et
al., U.S. 5,575,982 (hereinafter “Reiss™),

Applicants respectfully traverse these rejections
A. Claims 30, 32, 38, 39, 45-47, 62-63, 65-68 and 71-73 are patentable over Srinivasachar and
Vosteen

In the Final Office Action, the Examiner rejects claims 30, 32, 38, 39, 45-47, 62, 63, 65-68 and
71-73 under 35 U.S.C. §103(a) as being unpatentable over Srinivasachar in view of Vosteen.
Applicants respectfully traverse this rejection. Claim 30 is an independent claim from which claims 32,
38, 39, 45-47, 62-63, 65-68 and 71-73 either directly or indirectly depend.

Amended independent claim 30 recites, “A method for reducing mercury in mercury-
containing gas to a desired level, the method comprising: preparing a sorbent having a sorbent
composition; wherein preparing the sorbent comprises reacting a base activated carbon with at least one
promoter selected from the group consisting of molecular halogens, halides, and combinations thereof
to yield a promoted halogenated carbon comprising active sites wherein the active sites comprise
halide covalently-bound to the base-activated carbon, injecting the sorbent into a mercury-containing
gas stream at at least one sorbent injection location and at a sorbent injection rate, wherein the mercury-
containing gas stream is a combustion gas or a gasification gas, and wherein the composition of the
mercury-containing gas may vary with time; optionally co-injecting an alkaline sorbent into the
mercury-containing gas strearn at at least one alkaline injection location and at an alkaline injection
rate; collecting greater than 70 wt% of the mercury in the mercury-containing gas on the sorbent to
produce a cleaned gas; monitoring the metcury content of the cleaned gas; and controlling, in response
to the monitored mercury content of the cleaned gas, which may vary with the composition of the
mercury-containing gas composition and operating conditions, the sorbent injection rate, the alkaline
injection rate, the sorbent composition, or a combination thereof so that the mercury content of the

cleaned gas is maintained at substantially the desired level with minimal operating cost.”

Support for Amendments to Independent Claim 30
Support for the removal of the term “flue” and the addition of the limitation, “wherein the
mercury-containing gas is a combustion gas or a gasification gas” may be found in paragraph [0042] of

the specification as filed, which recites, “The treated carbons, treatment techniques, and optional
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additives discussed herein have applicability to mercury control from the product or effluent gas or
gases from gasification systems, syngas generators, and other mercury-containing gas sfreams, in
addition to 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 understood by those skilled in the art.”

Support for “halogenated carbon” may be found throughout the specification as filed, for
example, in paragraph [0083] of the specification as filed, which recites, “Preparation and Testing of
Halogenated Carbon.” Support for the amendment, “comprising active sites comprising halide
covalently-bound to the base-activated carbon” may be found, for example, paragraph [0053] of the
specification as filed, which recites, “Thus, as the mercury electrons are drawn 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 energy requirement for the oxidation process,” in
paragraph [0085] of the specification, which recites, “XPS spectra demonstrate that the brominated
cartbon contains both covalent carbon-bound (organic) bromide as well as anionic bromide,” in
paragraph [0071] of the specification which recites, “It appears that the inventive sorbents chemically
combine molecular bromine, for example, from solution, with activated carbon (edge sites)., X-ray
photoelectron spectroscopy has established that the addition of bromine, chlorine, HBr, or HCI 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) structure,” and in Figure 2 of the specification as filed.

Support for the amendments, “optionally co-injecting an alkaline sorbent into the mercury-
containing gas stream at at least one alkaline injection location and at an alkaline injection rate” may be
found throughout the specification as filed, for example from Figure 3 and the description thereof in
paragraph [0062] which recites, “Similarly, the optional alkali component from 180 may either be
added in transport line 115 directly, or may be injected separately by transport line 118, combining
downstream in flue gas 15 for synergistic effects with base activated carbon, promoted carbon, or
optional secondary components.” Support for “alkaline sorbent” may be found, for example, in
paragraph [00111] of the specification as filed, which recites, “Mercury removals of approximately
90% were achieved with the co-injected sorbents, whereas less than 60% removal was achieved with

the use of standard AC alone.”
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Support for the amendments, “controlling, in response to the monitored mercury content of the
cleaned gas, the sorbent injection rate, the alkaline injection rate, the sorbent composition, or a
combination thereof so that the monitored mercury content of the cleaned gas, which may vary with the
composition of the mercury-containing gas composition and operating conditions, is maintained at
substantially the desired level with minimal operating costs,” may be found throughout the
specification as filed, for example in Figure 3 and the description thereof in paragraphs [0054]-[0062].
For example, paragraph [0054] recites, “There is provided base activated carbon reservoir 110, an
optional halogen/halide promoter reservoir 120, an optional secondary component reservoir 130, and an
optional akali component reservoir 180, cach of which with corresponding flow control device(s) 201,
202, 203, and 208/209, respectively. In conjunction with the optional alkali component reservoir 180,
optional flow control devices 208 and 209 can be used independently, together, or not at all.”
Paragraphs [0060]-[0061] of the specification as filed, recite, “Another advantage of the present
invention relates to the use of a feedback system to more efficiently utilize certain aspects of the
invention. Where possible and desirable, the mercury control technology of the present invention may
preferably utilize continuous measurement of mercury emissions as 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 ensure mercury removal requirements are met with minimal material
requirements, thus minimizing the associated costs.” Paragraph [0058] of the specification recites, “An
optional Continuous Emission Monitor (hereinafter “CEM”) 205 for mercury is provided in exhaust
gas stream 35, to provide electrical signals representative of the mercury concentration in exhaust
stream 35 as a function of time. The optional mercury CEM 205 and flow controllers 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 into contaminated flue gas stream 15.”

Support for the limitations, “and wherein the composition of the mercury-containing gas may
vary with time,” and “which may vary with the composition of the mercury-containing gas composition
and operating conditions” may be found, for example, in paragraph [0076] of the specification as filed,
which recites, “The inventive process allows rapid on-site tailoring of additive-sorbent ratios in order to
match the requirements of flue gas changes, such as may be needed when changing fuels or reducing
loads, thus further optimizing the economics.”

Support for the limitation, “at minimal operating cost” may be found, for example, in paragraph
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[0080] of the specification as filed, which recites, “Another advantage of the present invention relates
to the use of a feedback system to more efficiently utilize certain aspects of the invention. Where
possible and desirable, the mercury control technology of the present invention may preferably utilize
continuous measurement of mercury emissions as 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 ensure mercury removal requirements are met with minimal material requirements, thus
minimizing the associated costs.” Paragraph [0019] of the specification as filed recites, “Through
enhanced sorbent reactivity, mercury removal per gram of sorbent is increased, thereby decreasing the
capital and operating costs by decreasing sorbent requirements.”

No new matter is introduced by way of these amendments to independent claim 30.

Arguments

Furthermore, Srinivasachar fails to teach, “a promoted halogenated catbon comprising active
sites comprising halide covalently-bound to the base-activated carbon.” Srinivasachar states in
column 6 lines 65-67 through column 7 line 22, “the sorbent particles 28 are sent along a path 38 from
the silo 30 to an oxidizer unit 40, where the particles are contacted by an oxidizing agent 42 {e.g.,
ozone, hydrogen peroxide, hot air, concentrated nitric acid), making the outer surfaces of the particles
hydrophilic. The treated sorbent may then be fed along a path 44 to the separation device 34 or sent
along a path 46 to a blender 48 where a solution 50 is sprayed 52 on the sorbent particles by a sprayer
54 1o deposit a halogen on the surface of the sorbent particles 28, Srinivasachar goes on to state that,
“a halogen 58, such as chlorine, bromine, iodine, or fluorine, may also be deposited on the sorbent 28
by vaporizing the halogen 58 in a vaporizer 60 and condensing/adsorbing it on the sorbent 28.”
Srinivasachar does not claim to react the halogens, halides, or combinations thereof but rather claims to
"deposit" them on the surface. Claim 5 of Srinivasachar states that at least one of a halogen and an
acidic species is deposited on the carbonaceous sorbent of the contact batch.  Srinivasachar teaches
that the oxidizing agents are added to increase hydrophilicity and, by definition, add oxygen to the
carbon surface so that the surface binds to water or other polar species. The instant claim 30 teaches
chemical modification of the carbon bonds thus promoting mercury-sorbent reactions via reactive sites
i.e., sites having a positive charge (carbocation as mentioned in paragraph [0082] of the specification as
filed. Thus, the promoters of claim 30 are promotors of reactivity by leading to the production of

reactive sites. Vosteen is not cited by the Examiner for the purpose of making up for the lack of
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teaching of “a promoted halogenated carbon comprising active sites comprising halide covalently-
bound to the base-activated carbon” and, indeed, Vosteen fails to make up for this lack of teaching, as
Vosteen does not disclose a sorbent.

Additionally, Srinivasachar fails to teach “collecting greater than 70 wt% of the mercury in the
mercury-containing gas on the sorbent to produce a cleaned gas.” Srinivasachar recites mercury
removal efficiencies from an air stream in Table 1. Srinivasachar does not teach collecting greater than
70 wt% of the mercury in a combustion or gasification mercury-containing gas on a sorbent as in the
instant independent claim 30. Furthermore, the data presented in Table 1 of the Srinivasachar patent
reports mercury removal efficiencies from an air stream. One of skill in the art would understand the
incomparability of mercury removal efficiencies from an air stream and mercury removal from a
mercury-containing gas from combustion or gasification, and the impact of the various and ever-
changing components of such gas streams on mercury removal efficiencies. Thus, Srinivasachar does
not disclose, “collecting greater than 70 wi% of the mercury in the mercury-containing gas on the
sorbent to produce a cleaned gas,” as in the instant claim 30. Vesteen is not cited for the purpose of
making up the missing limitations, and indeed, does not disclose collecting mercury by utilization of a
sorbent at all, let alone collecting greater than 70 wt% of the mercury thereon.

Amended independent claim 30 also recites the limitation, “controlling, in response to the
monitored mercury content of the cleaned gas, the sorbent injection rate, the optional alkaline injection
rate, the sorbent composition, or a combination thereof so that the mercury content of the cleaned gas is
maintained at substantially the desired level with minimal operating cost.” Neither Srinivasachar nor
Vosteen teach controiling the sorbent injection rate, the sorbent composition, or a combination thereof
so that the mercury content of the cleaned gas is maintained at substantially the desired level with
minimal operating cost. The Examiner indicates that she believes that Vosteen may be combined with
Srinivasachar to teach controlling the sorbent composition as the Examiner indicates that Vosteen
teaches monitoring the cleaned gas and adjusting bromine injection in response thereto. Vosteen does
not teach a sorbent, and the sorbent of Srinivasachar does not comprise halide covalently-bonded to the
carbon, but rather Srinivasachar teaches a halide salt or halogen deposited on a sorbent. Therefore, a
combination of the teachings of Srinivasachar with Vosteen would not lead to control of a sorbent
composition, or a sorbent injection rate,

Because the cited references, Srinivasachar and Vosteen fail to disclose each and every element

of the instant claim 30, as discussed above, the Applicants respectfully request removal of the 35

226791.01/2380.00200 Page 17 of 28
PAC ET AL. EXHIBIT 1021
Page 73



Appl. No. 11/209,163
Amdt. Dated March 24, 2008
Reply to Final Office Action of January 23, 2008

U.S.C. §103(a) rejection to the claim and allowance thereof. Because claims 32, 38, 39, 45-47, 62-63,
65-68 and 71-73 either directly or indirectly depend from independent claim 30, they carry with them
all the limitations of parent claim 30 and are submitted to be allowable for at least the reasons given
hereinabove with respect to claim 30. Applicants thus respectfully request removal of the 35 U.S.C.
§103(a) rejections to claims 30, 32, 32, 38, 39, 45-47, 62-63, 65-68 and 71-73 and allowance thereof.

B. Claims 31 and 69 are patentable over Srinivasachar, Vosteen, and Gadkaree

In the Final Office Action, claims 31 and 69 are rejected under 35 U.S.C. §103(a) as being
unpatentable over Srinivasachar and Vosteen as applied to claim 30 above, and further in view of
Gadkaree. Applicants respectfully traverse these rejections.

Claims 31 and 69 depend from independent claim 30, and thus comprise all the limitations of
the parent claim. As discussed in Section IIA hereinabove, Srinivasachar and Vosteen fail to disclose
all of the elements of claim 30. For at least the reasons presented hereinabove for independent claim
30, claims 31 and 69 are also patentable over Srinivasachar and Vosteen. As Gadkaree is not cited by
the Examiner for making up for the lack of teachings by Srinivasachar and Vosteen, claims 31 and 69
are submitted to be allowable over Srinivasachar, Vosteen, and Gadkaree.

Furthermore, amended claim 31 recites, “The method of claim 30 comprising co-injecting an
alkaline sorbent into the mercury-containing gas stream whereby contaminants in the mercury-
containing gas are consuined by the alkaline sorbent, thus maintaining active sites on the sorbent, and
whereby oxidized mercury is captured from the mercury-containing gas stream.” Support for the
limitation, “thus maintaining active sites on the sorbent, and whereby oxidized mercury is captured
from the mercury-containing gas stream” may be found, for example, in paragraph [0024] of the
specification as filed, which recites, “co-injecting an optional alkaline material, including without
limitation alkaline and alkaline earth components, to improve the efficiency of mercury capture by
capturing oxidized mercury and/or capturing gaseous components that might otherwise reduce sorbent
capacity,” and in paragraph [00109] which recites, “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 selenium oxides in the flue gas that can have a detrimental effect on the sorbent
capacity.”

The Examiner states, on page 10 of the Final Office Action, that, “the Gadkaree reference

discloses co-injecting an alkaline component into the mercury-containing flue gas stream.” Applicants
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respectfully traverse. In column 3 lines 54-65 of Gadkaree, to which the Examiner refers, Gadkaree
discloses, “a co-catalyst can also be introduced into the carbon either with the precursor, or afier
activation. ... The second group enhances the activity of the activated carbon catalyst.”” Gadkaree does
not disclose eo-injection of an alkaline sorbent with a mercury sorbent, but rather discloses injection of
a single activated carbon catalyst comprising an alkali metal and/or alkaline earth halide. The co-
catalyst of Gadkaree does not “improve the efficiency of mercury capture by capturing oxidized
mercury and/or capturing gaseous components that might otherwise reduce sorbent capacity,” as in the
instant claim 31. Claim 69 depends from dependent claim 31. Thus, another element of claims 31 and
69 is not disclosed by the combination of Srinivasachar, Vosteen, and Gadkaree, and the cited
references do not make obvious the invention as claimed in claims 31 and 69. Applicants thus
respectfully request removal of the 35 U.S.C. §103(a) rejections to claims 31 and 69, and allowance
thereof.

C. Claim 70 is patentable over Srinivasachar, Vosteen, Gadkaree, and Moller

In the Final Office Action, claim 70 is rejected under 35 U.S.C. §103(a) as being unpatentable
over Srinivasachar, Vosteen, and Gadkaree as applied to claim 31 and further in view of Moller.
Applicants respectfully traverse this rejection.

Amended claim 70 recites, “The method of claim 69 wherein the alkaline sorbent is selected
from the group consisting of sodium carbonate, calcium oxide, lime, and combinations thereof.,” As
claim 70 depends from dependent claim 69, it is submitted to be allowable for all of the reasons
presented hereinabove with regard to claim 69. Furthermore, in the Final Office Action, the Examiner
states, “the Moller reference discloses the alkaline component is selected from the group consisting of
sodium carbonate, calcium oxide, lime, and combinations thereof (column 3, lines 1-19).” Applicants
respectfully disagree.

Column 3, lines 1-19 of Moller, to which the Examiner refers, recites, ““The hydrogen chloride
in the gas reacts with the calcium hydroxide to form calcium chloride, which apparently is essential to
the removal of mercury,” Moliler fails to disclose, “sodium carbonate, calcium oxide, lime, and
combinations thereof” Thus, claim 70 is submitted to be non-obvious in light of Srinivasachar,
Vosteen, Gadkaree, and Moller for all of the reasons presented hereinabove for claims 30, 31, and 69 as
well as for the lack of disclosure of the specific alkaline components disclosed in claim 70. Applicants
thus respectfully request removal of the 35 U.S.C. §103(a) rejection to claim 70 and allowance thereof.

D. Claim 40 is patentable over Srinivasachar, Vosteen, and Gadkaree
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In the Final Office Action, claim 40 is rejected under 35 U.S.C. §103(a) as being unpatentable
over Srinivasachar and Vosteen as applied to claim 39 and further in view of Gadkaree. Applicants
respectfully traverse this rejection.

Amended claim 40 recites, “The method of claim 39 comprising co-injecting an alkaline
sorbent into the mercury containing gas stream.” Support for this amendment to claim 40 may be
found, for example, in paragraph [00111] of the specification as filed, which recites, “mercury
removals of approximately 90% were achieved with the co-injected sorbents.”

Claim 40 is submitted to be allowable for the reasons presented with respect to claim 31
hereinabove in Section IIB.

E. Claims 49 and 74 are patentable over Srinivasachar, Vosteen, and Hwang

In the Final Office Action, claims 49 and 74 are rejected under 35 U.S.C. §103(a) as being
unpatentable over Srinivasachar and Vosteen as applied to claim 30 and further in view of Hwang.
Claims 49 and 74 depend directly or indirectly from claim 30 and are submitted to be allowable over
Srinivasachar and Vosteen for at least the reasons given in Section IIA hereinabove with respect to
independent claim 30.

Furthermore, amended claim 49 recites, “The method of claim 30 further comprising
substantially recovering the sorbent from the cleaned gas and regenerating at least a portion of the
recovered sorbent particles to substantially remove contaminants therefrom and recover capacity for
capturing mercury, wherein the mercury-containing gas comprises ash and substantially recovering the
sortbent from the cleaned gas comprises mechanically separating the sorbent particles from the ash.”
Support for the amendment, “substantially recovering the sorbent from the cleaned gas” may be found,
for example, in original claim 30 which recited, “and substantially recovering the sorbent from the
cleaned flue gas.” Support for the amendment, “wherein the mercury-containing gas comprises ash and
substantially recovering the sorbent from the cleaned gas comprises mechanically separating the
sorbent particles from the ash,” may be found, for example, in originally-filed claim 40. Amended
claim 74 recites, “The method of claim 49 further comprising reinjecting at least a portion of the
regenerated sorbent particles into the mercury-containing gas.”

On page 12 of the Final Office Action, the Examiner states that “the Hwang reference discloses
regenerating at least a portion of the recovered sorbent particles to substantially remove contaminants
therefrom to recover capacity for capturing mercury (column 3, lines 53-60).” Hwang is not dealing

with an activated carbon, however, and teaches away from the use of activated carbon. For example, in
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the Abstract, Hwang states, “mercury emission from a coal fired power plant is controlled by injecting
into the flue gas unburned carbon purified from ash such as fly ash or wood ash... The unburned
carbon collected from ash is significantly lower in cost compared to activated carbon presently used in
such a process.” Hwang does not disclose regeneration and reinjection of a sorbent comprising
activated carbon as disclosed in the instant claims 49 and 74, and cannot disclose “wherein the
mercury-containing gas comprises ash and substantially recovering the sorbent from the cleaned gas
comprises mechanically separating the sorbent particles from the ash,” as Hwang’s sorbent is ash.

For all of these reasons, Applicants respectfully request that the 35 U.S.C. §103(a) rejections to
claims 49 and 74 be removed and the claims allowed.

F. Claim 64 is patentable over Srinivasachar, Vosteen, Hwang, and Fristad

In the Final Office Action, claims 64 and 75 are rejected under 35 U.S.C. §103(a) as being
unpatentable over Srinivasachar, Vosteen, and Hwang as applied to claim 49 and further in view of
Fristad. Claim 75 is herein canceled.

Claim 64 indirectly depends from claim independent ¢laim 30 and directly depends from claim
49, and is submitted to be allowable for at least the reasons presented hereinabove in Section ITA with
regard to independent claim 30 and in Section IIE with regard to claim 49. Amended claim 64 recites,
“The method of claim 49 wherein the activated carbon has an average particle size greater than that of
the components of the mercury-containing gas stream such that substantially recovering the sorbent
from the cleaned gas involves separation by physical means.”

The Examiner states that the Fristad reference discloses the activated carbon has an average
patticle size greater than that of the components of the flue gas stream such that substantially
recovering the sorbent from the cleaned flue gas involves separation by physical means (column 6,
lines 55-65).” Applicants respectfully traverse. Fristad is concerned with the separation of solid
phases and does not deal with any gaseous (i.e. mercury-containing gas) phase. [Fristad also does not
teach, an “activated carbon has an average particle size greater than that of the components of the
mercury-containing gas stream,” as Fristad discloses neither activated carbon nor mercury-containing
gas.

Thus, Applicants respectfully request removal of the 35 U.S.C. §103(a) rejection to claim 64
and allowance thereof.

G. Claim 54 is patentable over Srinivasachar, Vosteen, Hwang, Fristad, and Reiss.
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In the Final Office Action, claim 54 is rejected under 35 U.S.C. §103(a) as being unpatentable
over Srinivasachar, Vosteen, Hwang, and Fristad as applied to claim 49 and further in view of Reiss et
al., U.S. 5,575,982 (hereinafter “Reiss™). Applicants respectfully traverse this rejection. Claim 54
depends from, and includes cach and every limitation of, dependent claim 49. Therefore, claim 54 is
submitted to be allowable for at least the reasons provided with respect to claim 49 in Section IIE
hereinabove.

Furthermore, Srinivasachar not only does not teach, “an activated carbon having an average
particle diameter of greater than 40m,” but indeed specifically teaches against the use of such an
activated carbon. Srinivasachar teaches, see lines 30-38 in column 5 of Srinivasachar, “the contact
batch of carbonaceous sorbent has a particle size distribution of carbonaceous sorbent of dse<15
microns.” In lines 47-52 of column 5, Srinivasachar states that, “the target particle size distribution is
dsp<15microns, preferably dsp<8microns, and most preferably dsy<dmicron.” Srinivasachar does not
contemplate, and indeed strictly teaches against, the use of larger particles, i.e. against “base activated
carbon having an average particle diameter of greater than 40pum™ as in the instant claim 54.

On page 14 of the Final Office Action, the Examiner cited Reiss as disclosing “the activated
carbon has an average particle size greater than 40um.” On page 14 of the Final Office Action, the
Examiner states that, “it would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar reference to inciude the activated carbon has
an average particle size greater than 40um (Reiss column 4, lines 59-65) because these particle
diameters of the activated carbon can be effectively introduced into the exhaust gas stream and cause
optimum adsorption.” Applicants respectfully traverse. Srinivasachar states in lines 25-35 of column
1 that, “the utilization factor for activated carbon is limited by the relatively large particle size and low
surface area which limits the adsorption of mercury, Using activated carbon with mean particle size of
about 5 microns with a top size of about 10 microns would improve the mercury capture efficiency, but
storage, handling, transport, and dispersion of these particles is extremely difficult. As a result, the use
activated carbon for mercury capture is too costly,” (Emphasis added). Srinivasachar thus teaches
away from the use of large activated carbon particles in his disclosure, and a combination of the
teachings of Reiss with Srinivasachar 1s improper. Amended claim 30 also recites the limitation, “with
minimal operating cost.” One of skill in the art, upon reading Srinivasachar would not be motivated to
combine the large particles of Reiss with the teachings of Srinivasachar and expect to incur “minimal

operating costs,” as Srinivasachar clearly teaches that larger activated carbon use is cost prohibitive.
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Thus, there is no motivation to combine the teachings of the cited references to create a sorbent
comprising an activated carbon that “has an average particle size greater than 40um.” Combination of
the references would indeed be improper, as utilizing large particles in Srinivasachar is contradictory to
the teachings therein and would alter the operation of the invention as disclosed by Srinivasachar.

Applicants thus respectfully request removal of the 35 U.S.C. §103(a) rejection to claim 54,

and allowance thereof.

HI. Other Claim Amendments

Claim 32 is amended herein to recite, “The method of claim 45 wherein controlling the sorbent
composition comprises controlling at least one of the ratio of the at least one promoter to the activated
carbon and the ratio of the alkaline sorbent to the activated carbon.” Support for this amendment may
be found, for example, in paragraph [0058] of the specification as filed, which recites, “An optional
Continuous Emission Monitor (hereinafter “CEM”) 205 for mercury is provided in exhaust gas stream
35, to provide electrical signals representative of the mercury concentration in exhaust stream 35 as a
function of time, The optional mercury CEM 205 and flow controllers 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 into contaminated flue gas stream 15,” and in paragraph [0062]
which recites, “Being able to vary ensite the amount of the optional alkali component relative to base
activated carbon, promoted carbon, or optional secondary components is a key feature to overcome and
optimize for site-specific operating and flue gas conditions.” Paragraph [0073] of the specification as
filed recites, “It has been demonstrated that addition of an optional alkali component with a base or
promoted 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 (SO,, NO,, HCl, etc), operating temperature, mercury form, and mercury concentration
may impact the effectiveness of the alkali addition. This suggests the need to be able to adjust and tailor
the alkali-to-activated-carbon ratio onsite in order to overcome and optimize for a given set of site
conditions,”

Claims 45, 63, and 64 are amended to delete the word “flue.” As mentioned hereinabove,
support for the removal of the term “flue” in the claims may be found in paragraph [0042] of the

specification as filed, which recites, “The treated carbons, treatment techniques, and optional additives
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discussed herein have applicability to mercury control from the product or effluent gas or gases from
gasification systems, syngas generators, and other mercury-containing gas streams, in addition to 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 understood by those skilled in the art.”

Claim 46 is amended herein to recite, “The method of claim 74 wherein the monitored mercury
content is used to control at least one selected from the group consisting of the alkaline injection rate
into the mercury-containing gas relative to the base activated carbon injection rate, the promoted
carbon injection rate, the secondary component injection rate, the sorbent injection rate, and
combinations thereof, to maintain the desired level of mercury in the cleaned gas stream.” Support for
these amendments may be found in paragraphs [0058] and [0059] of the specification as filed, wherein
it is stated that, “The reduced mercury “clean” flue gas stream 142 is then monitored for mercury
conteni by an optional CEM 205, which provides corresponding signals to an optional
computer/controller 206. Logic and optimization signals from 206 then adjust flow controllers 201,
202, 203, 208, 209 to maintain the mercury concentration in exhaust stream 35 within desired limits,
according to control algorithms well known in the art.”

Claim 47 has been amended herein for clarity.

Claim 62 has been amended to recite, “The method of claim 30 wherein the mercury-
containing gas is a flue gas stream downstream of a boiler.” Support for this amendment may be found
in paragraph {00107] of the specification as filed, which recites, “In this example, the halogen/halide
promoted carbon sorbent was injected into the flue gas after the boiler,”

Claim 66 is herein amended to recite, “The method of claim 65 wherein the promoter is
selected from the group consisting of Group V bromides, Group VI bromides and combinations
therecof.” Support for this limitation may be found for example, in originally filed claim 39 and
Example 12 of the specification as filed.

Claim 67 has been amended to recite, “The method of claim 30 wherein the promoter is reacted
in the gas phase or as a vapor.” Support for this amendment may be found, for example, in original
claim 43 as filed.

Claim 68 has been amended herein for clarity.

Claim 71 is herein amended to recite, “The method of claim 38 wherein monitoring the

mercury content of the cleaned gas is used to control the sorbent composition by controlling the ratio of

226791,01/2380.00200 Page 24 of 28
PAC ET AL. EXHIBIT 1021
Page 80



Appl. No. 11/209,163
Amdt. Dated March 24, 2008
Reply to Final Office Action of January 23, 2008

the secondary component to the activated carbon, the ratio of the at least one promoter to the activated
carbon, or a combination thereof to optimize the number of active sites on the sorbent available for
oxidizing and capturing the mercury in the mercury-containing gas stream, whereby the desired
mercury level in the cleaned gas is substantially continuously maintained.” Support for these
amendments to claim 71 may be found, for example, in paragraphs [0058]-[0060] of the specification
as filed.

IV.  New Claims

Claims 76-82 are new claims presented herein, which contain matertal to which the Applicants
are entitled, No new matter is introduced by way of these new claims.

New claim 76 recites, “The method of claim 30 wherein at least part of preparing the sorbent
comprises at least one of: injecting the promoted halogenated carbon at a promoted carbon injection
rate and injecting at least one secondary component at a secondary component injection rate into a
transport line whereby the sorbent is produced in-flight; injecting the activated carbon at an activated
carbon injection rate and injecting the at least one promoter at a promoter injection rate into a transport
line whereby in-flight reaction produces the promoted halogenated carbon; and injecting activated
cartbon at an activated carbon injection rate, at least one secondary component at a secondary
component injection rate, and at least one promoter at a promoter injection rate substantially
simultaneously into a transport line whereby in-flight reaction produces the sorbent.”

Support for new claim 76 regarding in-flight contacting of various components, may be found,
for example, in Figure 3 and the description thereof in paragraphs [0060]-[0061] of the specification as
filed, which recite, “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 into transport line 115, within which it contacts and reacts with the base activated
carbon prior to injection point 116. This option is one form of what is referred to herein as “in-flight”
preparation of a promoted carbon sorbent in accordance with the invention.... 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 131b and 131¢.”

New claim 77 recites, “The method of claim 76 wherein controlling, the sorbent composition
comprises controlling the promoted halogenated carbon injection rate, the promoter injection rate, the

alkaline injection rate, the optional secondary component injection rate, the activated carbon injection
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rafe, or a combination thereof.” Support for this amendment may be found, for example, in paragraphs
[0058]-[0059] of the specification as filed.

New claim 78 recites, “The method of claim 30 wherein injecting the sorbent into a mercury-
containing gas stream comprises injecting the sorbent into a mercury-containing gas stream having a
temperature less than about 400°C.” Support for the limitation, “mercury-containing gas stream having
a temperature up to about 400°C,” may be found, for example, in paragraph [0019] of the specification
as filed, which recites, “Both of the brominated sorbents exhibited excellent reactivity and good
capacity at all temperatures, up to at least 400°C.”

New claim 79 recites, “The method of claim 31 wherein the at least one alkaline injection
location is upstream of the at least one sorbent injection location.” Support for claim is found, for
example, in Figure 3 (injection points 119 and 116) and the description thereof in paragraph [0055] of
the specification as filed.

New claim 80 recites, “The method of claim 74 comprising controlling the sorbent
composition, the sorbent injection rate, the ratio of the alkaline injection rate to the sorbent injection
rate, or a combination thereof to substantially maintain the desired level of mercury in the cleaned gas
while minimizing the cost of removing the mercury from the mercury-containing gas stream.” Support
for this claim may be found, for example, in paragraph [0062] of the specification as filed, which
recites, “Being able to 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 overcome and
optimize for site-specific operating and flue gas conditions,” paragraph [0074] which recites,
“Consequently, 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 magnitude less) than activated carbon, thus more of it can
be used still resulting in overall lower costs,” and paragraph [0075] which recites, “This technology is
obviously very simple to implement, and results in a great cost savings to facilities using this
technology for mercury capture.”

New claim 81 presented herein is an independent claim presented herein to capture an
embodiment to which the Applicants are entitled. Support for this claim is found throughout the
specification as filed, and specifically in Figure 3 and the description thereof in paragraphs [0058]-
[0062] of the specification as filed.
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New claim 82 recites, “The method of claim 79 wherein the alkaline sorbent injection into the
mercury-containing gas occurs upstream of the halogenated carbon sorbent injection into the mercury-
confaining gas stream.” Support for this amendment may be found, for example, in Figure 3 (see

sorbent injection point 116 and alkaline sorbent injection point 119),

V. Amendments to the Specification

Paragraph 2 has been amended herein to correctly cite the federally sponsored research and
development grant and contract numbers,

Paragraphs [0019], [0071], [0078], and [0084] are amended herein to correct minor
typographical crrors.

No new matter is introduced by these amendments to the specification.
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CONCLUSION

Applicants respectfully request reconsideration, allowance of the pending claiis and a timely
Notice of Allowance be issued in this case. If the Examiner feels that a telephone conference would
expedite the resolution of this case, the Examiner is respectfully requested to contact the undersigned.

In the course of the foregoing discussions, Applicants may have at times referred to claim
limitations in shorthand fashion, or may have focused on a particular claim element. This discussion
should not be interpreted to mean that the other limitations can be ignored or dismissed. The claims
must be viewed as a whole, and each limitation of the claims must be considered when determining the
patentability of the claims. Moreover, it should be understood that there may be ofher distinctions
between the claims and the prior art that have yet to be raised, but which may be raised in the future.

If any fees are inadvertently omitted or if any additional fees are required or have been
ovetpaid, please appropriately charge or credit those fees to Conley Rose, P.C. Deposit Account
Number 03-2769.

Respectfully submitted,

{Timothy S. Westby/

Timothy S. Westby

Reg. No. 52,352

CONLEY RosE, P.C.

P. O. Box 3267

Houston, Texas 77253-3267
(713) 238-8000
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Office Action Summary Examiner A Unit
Amber Miller-Harris 1797

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (8) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if t|mely filed, may reduce any

earned patent term adjustment, See 37 CFR 1.704(b).

Status

1)K Responsive to communication(s) filed on 19 November 2007.
2a){X] This action is FINAL. 2b)[’] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)[X Claim(s) 30-32,38-40,45-47,.49.54 and 62-75 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5[] Claim(s) is/are allowed.

6)X Claim(s) 30-32, 38-40, 45-47, 49, 54, and 62-75 is/are rejected.

7)[ Claim(s) ____is/are objected to.

8)[] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/ are: a)[] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[_] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)L JAIl b)[] Some * ¢)[_] None of;
1.[J Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ____
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
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1) E Notice of References Cited (PTO-892) 4) [:] Interview Summary (PTO-413)

2) [ Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. __

3) [ information Disclosure Statement(s) (PTO/SB/08) 5) [] Notice of Informal Patent Application
Paper No(s)/Mail Date . 6) [:] Other:

U.S. Patent and Trademark Office
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DETAILED ACTION
This action is in response to the amendment filed on the 19" of November 2007.
Claims 1-29, 33-37, 41-44, 48, 50-53 and 55-61 have been cancelled.
Claims 65-75 are new. |
Claims 30-32, 38-40, 45-47, 49, 54, and 62-75 have been rejected.
Claims 30-32, 38-40, 45-47, 49, 54, and 62-75 are pending and have been examined.
Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under 35 U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence presentin the application indicating
obviousness or nonobviousness.

o=

This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
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not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)
prior art under 35 U.S.C. 103(a).

Claims 30, 32, 38, 39, 45-47, 62, 63, 65- 68 and 71-73 are rejected under 35
U.S.C. 103(a) as being unpatentable over Srinivasachar et al. US 6,848,374 in view of
Vosteen et al. US 6,878,358.

Regarding claim 30, the Srinivasachar reference discloses a method for reducing
mercury in flue gas comprising: preparing a sorbent having a sorbent composition
injecting the sorbent into a mercury-cdntaining flue gas stream at a sorbent injection
rate, collecting greater than 70 wt-% of the mercury in the flue gas on the sorbent to
produce a cleaned flue gas, substantially recovering the sorbent from the cleaned flue
gas (column 6, lines 25-30) wherein preparing the sorbent comprises reacting a base
activated carbon with at least one promoter selected from the group consisting of
molecular halogens, halides, and combinations thereof to yield a promoted carbon,
wherein at least part of preparing the sorbent comprises in-flight reaction of the base
activated carbon or with at least one component within a transport line to yield the
sorbent which is injected into the mercury-containing flue gas stream (column 6, lines 2-
20). The reference does not disclose monitoring the mercury content of the cleaned flue
gas, nor the mercury content of the cleaned flue gas is used to control the sorbent
injection rate, the sorbent composition or both.

The Vosteen reference discloses monitoring the mercury content of the cleaned

flue gas, and the mercury content of the cleaned flue gas is used to control the bromine
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injection rate, the bromine composition or both (column 5, lines 47-63). It would be
obvious to one having ordinary skill in the art at the time the invention was made that in ‘
order to counteract the mercury content within the cleaned flue gas, the sorbent |
injection rate, the sorbent corhposition or both must be changed just as that of the
bromine within the Vosteen reference.

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar et al. reference to monitoring
the mercury content of the cleaﬁed flue gas, and the mercury content of the cleaned flue
gas is used to control the sorbent injection rate, the sorbent composition or both
(Vosteen column 5, lines 47-63) because this allows the maximum amount of mercury
to be taken out of the stream.

For claim 32, the Srinivasachar reference does not disclose the monitored
mercury content of the cleaned flue gas is used to control the sorbent injection rate.

The Vosteen reference discloses the monitored merbury content of the cleaned
flue gas is used to contrél the bromine injection rate (column 5, lines 47-63). It would be
obvious to one having ordinary skill in the art at the time the invention was made that in
order to counteract the mercury content within the cleaned flue gas, the sorbent
injection rate, must be changed just as that of the bromine within the Vosteen reference.

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar et al. reference to include the

monitored mercury content of the cleaned flue gas is used to control the sorbent

PAC ET AL. EXHIBIT 1021
Page 92



Application/Control Number: Page 5
11/209,163
Art Unit: 1797

injection rate (Vosteen column 5, lines 47-63) because this allows the maximum amount
of mercury to be taken out of the stream. |

For c|aim' 38, the Srinivasachar reference discloses contacting the activated
carbon or the promoted carbon with a secondary component to enhance the reactivity
and qapacity of the sorbent. It would have been obvious to one having ordinary skill in

the art at the time the invention was made that contacting the activated carbon or the

‘promoted carbon with the secondary component would have caused a reaction between

the two.

For claim 39, the Srinivasachar reference discloses the secondary component is
selected from the group consisting of iodine, hydrohalides, Group V halides, Group VI
halides, and combinations thereof (column 6, lines 2-20).

For claim 45, the Srinivasachar reference does not disclose the monitored
mercury content of the cleaned flue gas is used to control the composition of the
sorbent. |

The Vosteen reference discloses the monitored mercury content of the cleaned
flue gas is used to control the composition of the bromine (column 5, lines 47-63). It
would be obvious to one having ordinary skill in the art at the time the invention was
made that in order to counteract the mercury content within the cleaned flue gas, the
sorbent composition, must be changed just as that of the bromine within the Vosteen
reference.

It would have been obvious to one having ordinary skill in the art at the time the

invention was made to have modified the Srinivasachar reference to include the
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monitored mercury content of the. cleaned flue gas is used to control the composition of
the sorbent (Vosteen colurﬁn 5, lines 47-63) because this allows the maximum amount
of mercury to be taken out of the stream.

For claim 46, the Srinivasachar reference does not disclose the monitored
mercury content is used to control at least one selected from the group consisting of the
composition of the sorbent and the amount of alkali injected into the flue gas relative to
the amount of base activated carbon, the promoted carbon, the secondary components
or a combination thereof.

The Vosteen reference discloses the monitored mercury content of the cleaned
flue gas is used to control the injection rate of the bromine (column 5, lines 47-63). It
would be obvious to one having ordinary skill in the art at the time the invention was
made that in order to counteract thé mercury content within the cleaned flue gas, at
least one selected from the group consisting of the composition of the sorbent and the
amount of alkali injected into the flue gas relative to the amount of base activatéd
carbon, the promoted carbon, the secondary components or a combination thereof,
must be changed just as that of the bromine within the Vosteen reference.

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar reference to include the
monitored Enercury content is used to control at least one selected from the group
consisting of the composition of the sorbent and the amount of alkali injected into the

flue gas relative to the amount of base activated carbon, the promoted carbon, the
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secondary components or a combination thereof (Vosteen column 5, lines 47-63)
because this allows the maximum amount of mercury to be taken out of the stream.

For claim 47, the Srinivasachar reference discloses the in-flight preparation of the
sorbent com‘prises reacting within the transport line the activated carbon and the at least
one promoter, wherein the promoter is selected from the group consisting of molecular
halogens, halides, and combinations thereof, wﬁeréin the promoter is reacted in the gas
phase or as a vapor, wherein the promoter is added at from about 1 to about 30 grams
per 100 grams of activated carbon (column 6, lines 2-20). The reference does not
disclose the rate at which the promoter is added to the transport line and the rate of
sorbent injection into the flue gas are determined at least in part on the monitored
mercury content of the cleaned flue gas.

The Vosteen reference discloses the rate of bromine injection into the flue gas is
determined at least in part on the monitored mercury cdntent of the cleaned flue gas
(column 5, lines 47-63). It would be obvious to one having ordinary skill in the art at the
time the invention was made that in order to counteract the mercury content within the
cleaned flue gas, the rate at which the promoter is added to the iransport line and the
rate of sorbent injection, must be changed just as that of the bromine within the Vosteen
reference.

It would have been obvious to one having ordinary skill in the art at the time the
invention was hade to have modified the Srinivasachar reference to include the rate at
which the promoter is added to the transport line and the rate of sorbent injection into

the flue gas is determined at least in part on the monitored mercury content of the
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cleaned flue gas (Vosteen column 5, lines 47-63) because this allows the maximum
amount of mercury to be taken out of the stream. |

For claim 62, the Srinivasachar reference discloses the flue gas stream is
downstream of a boiler (column 8, lines 20-22).

For claim 63, Srinivasachar reference does not disclose monitoring the mercury
content of the cleaned flue gas is performed substantially continuously.

The Vosteen reference discloses monitoring the mercury content of the cleaned
flue gas is performed substantially continuously (column 5, lines 47-63).

It would have been obvious to one having ordinary skill in the art at the time the
‘invention was made to have modified the Srinivasachar reference to include monitoring
the mercury content of the cleaned flue gas is performed substantially continuously
(Vosteen column 5, lines 47-63) because this allows the maximum amount of mercury
to be taken out of the stream.

For claim 65, the Srinivasachar reference discloses the promoter is selected from
the group consisting of Br,, HBr, Group V bromides, Group VI bromides, and
combinations thereof (column 6, lines 2-20). |

For claim 66, the Srinivasachar reference discloses the promoter is selected from
the group consisting of Br,, HBr, and cofnbinations thereof (column 6, lines 2-20).

For claim 67, the Srinivasachar reference discloses the promoter is (eacted in the

gas phase or as a vapor (column 6, lines 2-20). |
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For claim 68, the Srinivasachar reference discloses the promoter is added at
from about 1 to about 30 grams per 100 grams of activated carbon (column 6, lines 2-
20).

For claim 71, the Srinivasachar reference discloses the in-flight preparation of the
sorbent comprises reacting within the transport line the activated carbon, the promoted
carbon, or both with at least one selected from the group consisting of the at least one
promoter and the secondary component (column 6, lines 2-20). The reference does not
disclose the mercury content of the cleaned flue gas is used to control the sorbent
composition.

The Vosteen reference discloses the monitored mercury content of the cleaned
flue gas is used to control the composition of the bromine (column 5, lines 47-63). It
would be obvious to one having ordinary skill in the art at the time the invention was
made that in order to counteract the mercury content within the cleaned flue gas, the
sorbent composition, rﬁust be changed just as that of the bromine within the Vosteen
reference.

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar reference to include the
monitored mercury content of the cleaned flue gas is used to control the composition of
the sorbent (Vosteen column 5, lines 47-63) because this allows the maximum amount

of mercury to be taken out of the stream.
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For claim 72, the Srinivasachar reference discloses the secondary component is
selected from the group consisting of I3, HI, and combinations thereof (column 6, lines
2-20).

For claim 73, the Srinivasachar reference discloses the at least one promoter
and secondary component are combined with the base activated carbon substantially
simultaneously (column 6, lines 2-20).

Claims 31, and 69 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Srinivasachar et al. US 6,848,374 and Vosteen et al. US 6,878,358 as applied to
claim 30 above, and further in view of Gadkaree et al. US 6,136,749,

Regarding claim 31, the Srinivasachar et al. reference does not disclose co-
injecting an alkaline component into the mercury containing flue gas stream.
| The Gadkaree reference discloses co-injecting an alkaline component into the
mercury containing flue gas stream (column 3, lines 54-65).

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar reference to include co-injecting
an alkaline component into the mercury containing flue gas stream (Gadkaree, column
3, lines 54-65) because this will enhance the activity of the activated carbon catalyst.

For claim 69, the Srinivasachar reference discloses the alkaline component is
selected from the group consisting of alkali elements, alkaline earth elements, alkali
salts, alkaline earth salts, and combinations thereof (column 6, lines 2-20).

Claim 70 is rejected under 35 U.S.C. 103(a) as being unpatentable over

Srinivasachar et al. US 6,848,374, Vosteen et al. US 6,878,358, and Gadkaree et al. US
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6,136,749 as applied to claim 31 above, and further in view of Moller et al. EP 0 208
490 A1, |

For claim 70, the Srinivasachar reference does not disclose the alkaline
component is selected from the group consisting of sodium carbonate, calcium oxide,
lime, and combinations thereof.

The Moller reference discloses disclose the alkaline component is selected from
the group consisting of sodium carbonate, calcium oxide, lime, and combinations
thereof (column 3, lines 1-19).

It would have been obvious to one having ordinary skill in the art at the time the
Jinvention was made to have modified the Srinivasachar reference to include the alkaline
component is selected from the group consisting of sodium carbonate, calcium oxide,
lime, and combinations thereof (Moller, column 3, lines 1-19) because this aids in the
removal of mercury from the flue gas.

Claim 40 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Srinivasachar et al. US 6,848,374 and Vosteen et al. US 6,878,358 as applied to claim
39 above, and further in view of Gadkaree et al. US 6,136,749. |

For claim 40, the Srinivasachar reference does not disclose co-injecting an
alkaline component into the mercury containing flue gas stream. |

The Gadkaree reference discloses co-injecting an alkaline component into fhe
mercury containing flue gas stream (column 3, lines 54-65).

It would have been obvious to one having ordinary skill in the art at the time the

invention was made to have modified the Srinivasachar reference to include co-injecting
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an alkaline component into the mercury containing flue gas stream (Gadkaree, column
3, lines 54-65) because this will enhance the activity of the activated carbon catalyst.

Claims 49 and 74 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Srinivasacha'r et al. US 6,848,374 and Vosteen et al. US 6,878,358 as applied to
claim 30 above, and further in view of Hwang et al. 6,027,551. |

For claim 49, the Srinivasachar reference does not disclose regeneraﬁng at least
a portiqn of the recovered sorbent particles to substantially remove contaminants -
therefrom to recover capacity for capturing mercury.

The Hwang reference discloses regenerating at least a portion of the recovered
sorbent particles to substantially remove contaminants therefrom to recover capacity for
capturing mercury (column 3, lines 53-60).

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar reference to include
fegenerating at least a portion of the recovered sorbent particles to substantially remove
contaminants therefrom to recover capacity for capturing mercury (Hwang, column 3,
lines 53-60) because if regenerated carbon is used, this reduces the amount of new
carbon needed, therefore cutting the cost of operation.

For claim 74, the Srinivasachar reference does not disclose re-injecting at least a
portion of the regenerated sorbent particles into the flue gas.

The Hwang reference discloses re-injecting at least a portion of the regeneratéd

sorbent particles into the flue gas (column 3, lines 53-60).
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It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar reference to include re-injecting
at least a portion of the regenerated sorbent particles into the flue gas (Hwang, column
3, lines 53-60) because if regenerated carbon is used, this reduces the amount of new
carbon needed, therefore cutting the cost of operation.

Claims 64 and 75 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Srinivasachar et al. US 6,848,374, Vosteen et al. US 6,878,358 and Hwang et al. US
6,027,551 as applied to claim 49 above, and furtﬁer in view of Fristad et al. US
5,785,935.

For claim 64, the Srinivasachar reference does not disclose the activated carbon
has an average particle size greater than that of the components of the flue gas stream
such that substantially recovering the sorbent from the cleaned flue gas involves
separation by physical means.

The Fristad reference discloses the activated carbon has an average particle size
greater than that of the components of the flue gas stream such that substantially
re'covering the sorbent from the cleaned flue gas involves separation by physical means
(column 6, lines 55-65).

It would have been obvious to one having ordinary skill in the art at the time the
inventibn was made to have modified the Srinivasachar reference to include the
activated carbon has an average particle size greater than that of the components of the
flue gas stream such that substantially recovering the sorbent frdm the cleaned flue gas

involves separation by physical means (Srinivasachar, column 6, lines 55-65) because
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the particular technique of separation by physical means, is recognized as part of the
ordinary capabilities of one skilled in the art.

For claim 75, the Srinivasachar reference discloses the flue gas comprises ash
and substantially recovering the sorbent from the cleaned flue gas comprises
mechanically separating the sorbent particles from the ash (column 10, lines 35-38).

Claim 54 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Srinivasachar et al. US 6,848,374, Vosteen et al. US 6,878,358, Hwang et al. US
6,027,551, and Fristad et al. US 5,785,935 as applied to claim 49 above, and further in
view of Reiss et al. US 5,575,982.

.For claim 54, the Srinivasachar reference does not disclose the activated carbon
has an average particle-size greater than 40 ym.

The Reiss reference diécloses the activated carbon has an average particle size
greater than 40 um (Reiss, column 4, lines 59-65).

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar reference to include the
activated carbon has an average particle size greater than 40 pm (Reiss column 4, lines
59-65) because these particle diameters of the activated carbon can be effectively

introduced into the exhaust gas stream and cause optimum adsorption.

Response to Arguments
Applicant's arguments filed 11/19/2007 have been fully considered but they are

not persuasive.
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For claim 30, the applicant contends that the Srinivasachar reference does not
diéclose “monitoring the mercury content of the cleaned flue gas”, or "the mercury
content of the cleaned flue gas being used to control the sorbent injection rate, the
sorbent composition, or both." (Page 7, paragraphs 1 and 2).

Although this is true, the applicant's argument is not persuasive because the
Vosteen reference discloses monitoring the mercury content of the cleaned flue gas,
and the mercury content of the cleaned flue gas is used to control the bromine injection
rate, the bromine composition or both (column 5, lines 47-63). It would be obvious to
one having ordinary skill in the art at the time the invention was made that in order to
counteract the mercury content within the cleaned flue gas, the sorbent injection rate,
the sorbent composition or both must be changed just as that of the bromine within the
Vosteen reference.

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar et al. reference to monitoring
the mercury content of the cleaned flue gas, and the mercury content of the cleaned flue
gas is used to control the sorbent injection rate, the sorbent composition or both
(Vosteen column 5, lines 47-63) because this allows the maximum amount of mercury
to be taken out of the stream.

For claim 38, the applicant contends that the Srinivasachar reference does not
teach “preparing the sorbent further comprises reacting the activated carbon or the
promoted carbon with a secondary componént to enhance the reactivity and capacity of

the sorbent.” (page 7, paragraph 4)
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The applicant’'s argument is not persuasive because the Srinivasachar reference
discloses “chlorine, bromine, iodine, or fluorine, may also be deposited on the sorbent”.
The examiner interprets this fto mean that the chlorine, bromine, iodine or fluorine would
be in addition to the treatments previously disclosed (column 8, lines 2-20).

For claim 31, the applicant contends that the Gadkaree reference does not
disclose “co-injecting an alkaline component into the flue gas stream.” (page 9,
paragraph 3)

The applicant’s argument is not persuasive because the Gadkaree reference
does disclose injecting the alkaline component with the sorbent into the flue gas stream,
therefore co-injecting. (column 3, lines 54-65)

For claims 32, 45, 47, 63, and 49, the applicant contends that the Vosteen
reference does not disclose “monitoring the mercury content of the cleaned flue gas to
control the rate Qf injection of the sorbent” (Page 10, paragraph 1).

The applicant's argument is not persuasive because, the Vosteen reference
discloses the monitored mercury content of the cleaned flue gas is used to control the
bromine injection rate (column 5, I‘ines 47-63). It would be obvious to one having
ordinary skill in the art at the time the invention was made that in order to counteract the
mercury content within the cleaned flue gas, the sorbent injection rate, must be change_d
‘just as that of the bromine within the Vosteen reference.

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar et al. reference to include the

monitored mercury content of the cleaned flue gas is used to control the sorbent
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injection rate (Vosteen column 5, lines 47-63) because this allows the maximum amount
of mercury to be taken out of the stream. |

For claim 38, the appllicant contends that the Fristad can not be combined with
the Srinivasachar reference because the Srinivasachar reference discloses “the sorbent
particles are engineered to be extremely small and therefore distinct from the ash and |
may be separated from the normal ask in the ash disposal system 136 as shown in
Figs. 1-3" and this would teach away from the applicants method because “having a |
particle size greater than the components of the ash stream would change the principle
operation of the primary reference" (page 15, paragraph 2). The Applicant also
contends that "standard AC sorbents generally are of fine size with a mean particle
diameter of less than 20 micrometers. Consequently 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” (Page
15, paragraph 2).

The applicant’s arguments are not persuasive because separation by size,
whether large particles from smaller particles or visa versa is well know to those having
ordinary skill in the art, and would not teach away on the Srinivasachar reference to
Qontinue to separate different sized particles. Also the Reiss reference discloses "that it
is particularly desirable to use an activated carbon which has an average particle
diameter from 1 to 200 micrometers, preferably from 1 to 80 micrometers" in order to
~ cause "an optimum adsortion within the time which is available for reaction” (column 4,

lines 59-65). Therefore it would have been obvious to one having ordinary skill in the art
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at the time the invention was made that injection of a AC sorbent with a mean patrticle
diameter of greater than 20 micrometers, would have been within the capabilities of one
having ordinary skill in the art at the time the invention wés made.

Conclusion

Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP |
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a). |

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Amber Miller-Harris whose telephone number is (571)
270-3149. The examiner can normally be reached on Mon-Thur (6:30-5:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
sdpervisor, Walter Griffin can be reached on (571) 272-1447. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toli-free). If you would like assistance from a
USPTO Custbmer Service Represent‘ative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

AH Mhtt=0.2

WALTER D. GRIFFIN
SUPERVISORY PATENT EXAMINER
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@ A process for removal of mercury vapor and vapor of chiorodibenzodioxing and -furans from s stream of hot flue gas.

@ Marcury vapor and/or vapor of chlorodibanxodioxins
and/or vepor of chlorodibenzofurans are removed from a
stream of hot flue gas together with acidic components of the

flue gas In 8 spray absorption process. The absorbent ussdin |

nald process is an aqueous liquid which besides alkaline com-
ponents contains suspended activated carbon.

Croydon Priming Comoery Ld

PAC ET AL. EXHIBIT 1021

Page 109



10

15

20

25

30

35

0208490

A process for removal of mercury vapor and vapor of
chlorodibenzo~dioxins and -furans from a gtream of hot

flue gas.

FIELD OF THE INVENTION.

It is a well recognized fact that - flue gases
often contain mercury vapor ;n such amounts that their
release into the atmosphere is regarded as being'hazard-
ous. This especially applies to flue gases from inci-
neration plants where domestic refuse is incinerated but
also flue gas formed by combustion of certain coals may
contain mercury vapor in such amounts that it is highly
desirable to remove a substantial part of said mercury
vapor Dbefore releagsing the flue gas into the
atmosphere. . '

In the present specification and the attached
claims the term mercury vapor means elementary mercu-
ry as well as: mercut-y-containing cixé:hical compounds in
the vapor phase. ‘ ' '

In recent‘yeara'h growing concern has arisen as
to the presence in flue gases of the toxic polychloro-
dibenzodioxines { PCDD) and polychlorodibenzofurans
(PCDF). Said two series of compounds may be represented
by the following formulae

Cﬂn ) cgm

(o)
PCDD PCDF

wherein n and m each independently is an int ger from 0
through 4 provided that n + m is at least 2,

PCDD and PCDF are present in flue gases frow in-
cineration plants and in minor proportion also in the
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flue gases from power plants. 1In flu gases th se com-
pounds are primarily present in vapor phase and in'the
present specification the above abbr viations denot th
compounds a8 vapors. ‘

The eitramely high toxicity of certain of these
compounds makes it desirable to avoid their release into
the atmosphere.

DESCRIPTION OF PRIOR ART.

Numerous methods have been suggested for removing
or recovering mercury from gases. However, the majority
of the prior art processes have been created with the
purpose of removing mercury from relative small amounts

of gas having high mercury concentration. These pro- -

cesses are not suitable for cleaning flue gas since
coste of chemicals would be prohibitive or operation

.wbuld be impracticable in connection with large volumes

of flue gas.
Processes for removing mercury from air . of

relatively low mercury content have also been suggested.

Such a process is disclosed in published European Patent
Application No. 1.456. (Akzo N.V.). Said process which
is described as particularly suitable for the removal of
mercury from air which is vented from buildings, is
based on the principle that mercury vapor is absorbed as
mercury chloride when passing a bed of activated carbon
having a specific chlorine content. According to the
specification to said European application high moisture
content of the gas from which mercury is to be removed,
should be avoided since the effectiveness of the
activated carbon is reduced thereby;. From said specifi-~-
cation it also appears that activated carbon used in a
stationary bed without chlorine is unsatisfactory as
absorbent for mercury and has a very low capacity for
that purpose.

ast’
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The process of said Europ an application seenms
unsuitable for treating flu gas sinc _it would require
the total amount of flue gas to be i:aaaed through a bed
of activated carbon to which gaseous chlorine is added,
which obviously involves the risk’ t.hat a surplus of
chlorine may be entrained with the £lue gas to the
atmosphere. ) .

‘A process for removing mercury vapcr from a hot
hydrogene chloride—conta:.ning flue gae is diaeclosed in
published European patent application no., 13.567,
(Svenska Flﬁktfabriken) Accordicg to said process
the gas whlch contains hydtcgen chloride and minor
amounts ‘of wmercury vapor, is contacted with powdered
calcium hydroxide, preferably in a fluidized bed. The
hydrogen chloride in the gas xeacts wit.h the calcium
hydroxide to form calcium chloride which apparently is
egsential to the removal of mercury. Said prccesa is
restricted to gases having a suﬁst’ant:.al contents of
hydrogen chloride. This condition will often be ful-
filled by the flue gas from a waste’ ‘incineration plant
while flue gasses from other sources may be deficient. in
that respect..

US patent specifzcation 4 273.747 (Rasmussen)
discloses removal of mercury from hot waste gasses by
atomizing an aqueous liéuid into the waste gasses in
the presence of fly ash 'suspended in the gas and
subsequently separating the f£fly ash together with a
substantial part of the mercury originally present
as vapor. It is essential that by said treatment the
gas stream is cooled from a temperature of at least
200°C to a temperature below 160°%. The aqueous
liquid may be Jjust water or it may be an agueous
solution or suspension of an -alkaline compound,
preferably calcium hydroxide.

Obviously said method will not be auitable in
case it is not acceptable to cool the gas to the
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extent required or if the amount of £fly ash is
insufficient due to the use of a preceding £fly ash
separation. -Even when th conditions as to fly ash
contents of the flue gas and cooling are satisfied it
would in certain applications be desired to increase
the efficiency of the removal of mercury vapor in said
process.

flue gas have hitherto mainly concentrated on thermal
destruction. A reliable thermal destruction is,
however, difficult to establish, since a very high
temperature is required to ensure a complete destruct-
ion. .

According to a paper of A.J. Teller and J. D.
Lauber :- "Control of Dioxin Emissions from Incineration®
presented at the 76th annual meeting of the Air Pollu-
tion Control Association, Atlanta, Georgia, June 19 -
24, 1983, dioxin theoretic estimations indicate that
emission may be reduced by condensing the dioxin there-
of. However, A. Nottrodt et al: "Emissionen' von poly-
chlorierten Dibenzodioxinen und polychlorierten Dibenzo-
furanen aus Abfallverbrenngngsanlagen", MUll und Abfall
11/84, p. 313-327 (Erich Schmidt Verlag GmbH Berlin,
Bielefeld, Mlinchen) state results showing high vaéor
phase concentrations after several wet scrubbings wiﬁh
flue gas temperatures lower than those obtained in the
theoretic estimations made in said paper by Teller and
Lauber.

Consequently a need excists for efficient
measures for removing not only mercury vapor but also
PCDD and PDCF vapors from flue gases.

SUMMARY OF THE INVENTION.
' The present invention is directed to_ a novel
process for efficient removal of mercury vapor.and PCDD

Efforts to reduce the PCDD and PCDF levels in

PAC ET AL. EXHIBIT 1021

Page 113



10

15

20

25

30

35

and PCDF from a stream of hot flue gas, which process
provides a simultaneous removal of acidic components of
the flue gas. 4

It has turned out that incorporation of a
relatively small amount of . activated carbon in an
alkaline feed suspension to. be 'spraydried in a spray
absorption process enables a surprising improvement of
the ability of the process to remove mercury, PCDD and
PCDF .

Consequently the: . process according to the

invention is characterized in' that an .aqueous liquid
which besides alkaline components  .comprises . suspended
activated carbon is spray. dried in the flue gas which
subsequently is freed from.the resulting particulate
material. . L ‘

The amount of activated.carbon: to be used depends
on the amount of mercury vapor as well as PCDD and PCDF

in the flue gas, on the .limits for emission which it is

intended to meet, on the extent to which cooling of the
gas is permissible, on the proportion of fly ash and the
character thereof, etc.

' ~ Usually the amount. :0f activated - carbon will
correspond to at least 5 mg per qu3 flue gas to be
treated. For economnic reasons the amount will usually
not exceed 500 mg per Nm3  flue gas, peferrably not 200
mg per Nra3.

Since the prior art deséribes activated carbon
as not being very suitable for .absorption of mercury
vapor when no chlorine -is . present .and since. high
moisture conditions are described as harmful to mercury
sorption by means of activated carbon together with
chlorine it could not be predicted that a very efficient
mercury removal is obtained by.the very simple measures
prescribedl by the present process. It is also surprising
that the rather small additions of activatet carbon to

0208480
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the aqueous liquid to be atomiz 4, which come into
consideration by the pr sent process, enabl s a r -
duction of PCDD and PCDF levels to extremely low values.

The preferred alkaline <component for the
simultaneous removal of acidic components of the gas is
calcium hydroxide which by chemical reaction absorbs e.
g. sulphur oxides and hydrogen chloride. However, it is
to be observed that by the process of the invention
presence of hydrogen chloride and consequently product-
ion of calcium chloride is not necessary to achieve an
efficient removal of mercury vapor.

The fact that in the present process the
activated carbon 1is initially present in aqueous
suspension in the atomized droplets and subsequently is

embedded in the particulate material comprising the .

reaction products of e.g. calcium hydroxide and the

acidic components of the gas, apparently does not have

any substantial adverse influence on the absorption
ability of the activated carbon, as would have been
expected. ’

The process of the present invention may be
performed using those measures which are conventional in
spray absorption processes for desulfurization of flue
gases, e.g.- as described in US patent 4,279,873
(Felsvang et al), incorporated herein by reference.

In the typical embodiment the process of the
invention is performed on a stream of flue gas the fly
ash -of which has previously been removed in a particle
collector, e.g. an electrostatic precipitator. However,

the absorption of mercury vapor by activated carbon may

be used as a supplement to the absorption by means of
fly ash as described in the above cited US specification
4,273,747, 'in which case at least a portion of the fly
ash present in the flue gas stream remains in said
stream during the spray absorption proc ss and is r -

0208490
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covered together with the particulate material formed by
the spray absorption process. ‘

It is also posuible to ndd fly ash to the liquid ]
to be atomized, thereby utilizing the so:ption abilityuu
of the fly ash to reduce the requirement for activatedi

carbon.

-

. Alao otber abaoxbenta auch aq silicatan mqy bq
" added to the 11quid to be atomized to minimize the re-

quirement as to actxvated carbon..
As indlcated above the amount of activated caxbon

)

necessary to achleve a substantial teductxon of the

concentration of mercury vapor and PCDD and gCDF in thg
flue gas is surprisingly small. The actual amounts to
be used in each individual case may easily be fixed by a
person skilled in the art on the baa;s of a few tests.
It is an important feature of _the invention that
by very aimple measures a very flexible procesa s
obtained since even flue gases with substantially vary-
ing levela of Hg, PCDD and PCDF may be coped with just

by changing the amount of activate carbon added to the

liquid to be atom;zed-, .
~ The partmculate matarial formad in the spray
absorption’ process and typxcally comprieing calcium

sulfite, calcium 9u1fate. calcium hydtoxide and activat-

ed carbon and posaibly fly ash is preferably separated

from the flue gas in a baghouse which enables a prolong— N

ed contact between the partlculate matetial and the flue.
rgas.

) In the followlng the process according to the
invention wlll be further 111ustrated by [means of
examples. . .

In these examplea analya;a was performed on flue
gas withdrawn by means of a heated prcbe with glass
lining and equipped with a glass wool filtet. The
mercury was collected in two meingex flasks in aerieﬂ
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containing an aqueocus 5% potassium permanganat -
nitric qéid golution. Mercury was analyzed by flameless
atomic absorption using NaBH4 as a reductant (MHS-20,
Mercury/ Hydride System by Perkin Elmer, ref. 338 -
A2-M 294/ 12.79). o

It is to be observed that methods previously used
for determination of Hg in flue gases have not always
been accurate and have often indicated values lower than
the actual ones. Consequently the reults obtained as to
removal of Hg vapor in the following,examples may not be
comparable with prior art results determined by means of
lesé accurate methods of analysis.

EXAMPLE 1
Eight test runs were performed using a partial
stream of the flue gas from an incineration plant
wherein do@estic waste was incinerated.
' The spray absorption process was performed in a

spray ‘absorber the chamber of which comprised a’

cylindrical portion having a diameter of 1.2 m and a
hight of 0.8 m, and a conical bottom portion the cone
angle of which was 60°. The spray absorber was provided
with a fotary atomizer. Downstream of the spray absorber
particle separaiion was performed using a baghouse.

An aqueous suspension of slaked lime or an
aqueous solution of sodium carbonate (solids content of
the suspension or solution app. 5%) was used as feed for
the atomizer. ,

‘The'temperature of the flue gas when led to the
spray absorber was 225-300°C and the amount of fly ash
therein was 0.5-1.0 g/Nm3 in run nos. 1-5 whereas run
nos. 6-8 were performed using flue gas with substantial-
ly no fly ash. The flue gas was supplied in an amount
of 300 kg/h.

The concentration of mercury vapor was measured
upstream of the spray absorber, between the spray ab-

0208490
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sorber and the baghouse filter and downnt;roam of the
baghouse filter.

Run nos. 1 and 7 were performed for comparison
and no activated carbon was added to the feed suspension
of slaked lime or feed solution of sodium carbonate. 1In
runs 2 through 6 and in run 8 activated carbon was added

- to said feed solution in an amount of app. 2% by’ wmlght

10

of the solids content,’ correaponding to 0 04-0,05 q/m

of flue gas.
The following results were obtained:
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The ab ve results clearly indicate that activat-
ad carbon acts as a very efficient absordbent for mercury

vapor when utilized in the process of the present inven- .

tion.

EXAMPLE 2
‘'Two further test runs was made in the same plant
and under similar conditione as described in example 1,
except that the flue gas temperature varied between 280
and 300°C.

The results obtained are listed in the following

. table:
‘inﬁn No.
9 10
Upstream of spray absorber ’ -
pcop' +PCDF, ug/Nm3 B 0.38 0.53
' Absorbent . ' slaked slaked lime
lime . + activated
' carbon
Between spray absorber .
and baghouse o :
Gas temperature, °C 150 150
pcop' +PCDF, ug/Nm3 not 0.28
analysed
Downstream the baghouse
pCDD’ +PCDF, ug/Nm3 . 0.047 0.01
% removal ‘ 87.8 98.1

! The PCDD contents were approximat 1ly 35-45% of the

total contents of PCDD and PCDPF.
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CLAIMS

A process for removal of mercury vapor and/or
vapor of chlorodibenzodioxins and/or vapor of
chlorodibenzofurans from a stream of hot flue gas
combined with a simultaneous removal of acidic
components of the flue gas, characterized in that an
aqueous liquid, which besides alkaline components
comprises suspended activated carbon is spray dried in
the flue gas which subsequently is freed from the
resulting particulate material.-

The process of claim 1, wherein the amount of
activated carbon in said aqueous liquid amounts to 5-
500 mg per Nm3 flue gas being treated.

The process of claim 1, wherein the amount of
activated carbon in said aqueous liquid amounts to
5-200 mg pef Nm3 flue gas being treated.

The process of claim 1, wherein said alkaline
components comprise calcium hydroxide in a quantity at
least sufficient to neutralize a substantial part of
the acidic components, such as sulfuroxides and
hydrogen chloride, of the flue gas.

The'proceSS'of claim 1, wherein said
particulate material is recovered in a baghouse.

The process of claim 1, wherein at least a
portion of any fly ash present in the flue gas stream
remains In said stream during the spray absorption
proceés and is recovered together with the particulate

" material formed by the spray absorption process.

The process of claim 1, wherein at least a
portion of any fly ash present in the flue gas stream
is collected from said stream before said aqueous
liquid is spray dried therein, and at least a part of
the collected fly ash is suspended in said aqueous
liquid before spraying thereof.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 11/209,163 Confirmation No. 1534
Applicant : Edwin S. Olson, et al.

Filed : August 22, 2005

For : Sorbents for the Oxidation and Removal of Mercury

TC/AU. : 1709

Examiner : Amber R. Miller Harris

RESPONSE TO OFFICE ACTION DATED AUGUST 13, 2007

Mail Stop: Amendment Att'y Docket No. 2380-00200
Commissioner of Patents Customer No.: 23505
P.O. Box 1450 Date: November 13, 2007

Alexandria, VA 22313-1450

Sir:
INTRODUCTORY COMMENTS
This paper is filed in response to the Office Action dated August 13, 2007. The Examiner is
requested to enter the following amendment and consider the accompanying remarks.

Reconsideration and allowance are respectfully requested.

Amendment to the Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 6 of this paper.
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injecting the sorbent into a mercury-containing flue gas
¢-substantially recovering the sorbent from the cleaned

U
IOGSITON, 1

LISTING OF CLAIMS
ate, collecting greater than 70 wt-% of the mercury in the flue gas on

(Currently Amended) A method for reducing mercury in flue gas comprising: preparing a

(Canceled).

This listing of claims will replace all prior versions and listings of claims in the application:

the sorbent to produce a cleaned flue gas, as

Reply to Office Action of August 13, 2007
flue gas[[]]. :

Amdt, Dated November 13, 2007

Appl. No. 11/209,163
Amendments to the Claims
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39. (Currently Amended) The method of claim 38 wherein the ¢ +-secondary component
is selected from the group consisting of iodine, hydrohalides, Group V halides, Group VI halides,

and combinations thereof.

40. (Currently Amended) The method of claim 39 further comprising co-injecting an

alkaline component into the mercury containing flue gas stream.

41-44., (Canceled).

the

45, (Currently Amended) The method of claim -3

monitored mercury content of the cleaned flue gas :

sorbent.

46. (Currently Amended) The method of claim 40 fusther-compaistagy

3 3 3

raercury-content-of-the-cleansd Hus-gay-and-ustng-the monitored mercury content is

1

3
H
L

groun consisting of the composition of the sorbent and the s

SV ‘x T

47. (Currently Amended) The method of claim 45 wherein the in-flight preparation of the

sorbent comprises reacting ithir iine the activated carbon and a-the gt least one

promoter, wherein the promoter is selected 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 1 to about 30 grams per 100 grams of activated

carbon, and wherein the rate at which the promoter is added i the transport iine and the rate of

i )

sorbent injection inte the {iue gas are determined by-a-digital-computesr-based-at least in part on the

monitored mercury content of the cleaned flue gas.
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48. (Canceled).

49. (Currently Amended) The method of claim s

3{} further comprising regenerating at least a
portion of the recovered sorbent particles to substantially remove contaminants therefrom to

recover capacity for capturing mercury.
50-53. (Canceled).

54. (Previously Presented) The method of claim 64 wherein the activated carbon has an

average particle size greater than 40pm.

55-61. (Canceled).

62. (Previously Presented) The method of claim 30 wherein the flue gas stream is downstream

of a boiler.

63. (Currently Amended) The method of claim -3:-

monitoring the mercury content of the cleaned flue gas is performed substantially confinuousiy.

64. (Currently Amended) The method of claim &2-4% wherein the activated carbon has an

substantially recovering the sorbent from the cleaned flue gas involves separation by physical

means.

65. (New) The method of claim 30 wherein the promoter is selected from the group consisting

of Br,, HBr, Group V bromides, Group VI bromides, and combinations thereof.

60. (New) The method of claim 65 wherein the promoter is selected from the group consisting

of Br,, HBr, and combinations thereof.

67. (New) The method of claim 66 wherein the promoter is reacted in the gas phase or as a
vapor.
213493.01/2380.00200 Page 4 of 19
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68. (New) The method of claim 67 wherein the promoter is added at from about 1 to about 30

grams per 100 grams of activated carbon.

69. (New) The method of claim 31 wherein the alkaline component is selected from the group
consisting of alkali elements, alkaline earth elements, alkali salts, alkaline earth salts, and

combinations thereof.

70. (New) The method of claim 69 wherein the alkaline component is selected from the group

consisting of sodium carbonate, calcium oxide, lime, and combinations thereof.

71. (New) The method of claim 38 wherein the in-flight preparation of the sorbent comprises
reacting within the transport line the activated carbon, the promoted carbon, or both with at least
one selected from the group consisting of the at least one promoter and the secondary component,

and wherein the mercury content of the cleaned flue gas is used to control the sorbent composition.

72. (New) The method of claim 38 wherein the secondary component is selected from the

group consisting of I, HI, and combinations thereof.

73. (New) The method of claim 38 wherein the at least one promoter and secondary

component are combined with the base activated carbon substantially simultaneously.

74. (New) The method of claim 49 further comprising reinjecting at least a portion of the

regenerated sorbent particles into the flue gas.

75. (New) The method of claim 64 wherein the flue gas comprises ash and substantially
recovering the sorbent from the cleaned flue gas comprises mechanically separating the sorbent

particles from the ash.
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REMARKS/ARGUMENTS
L Status of the Claims

Claims 30-32, 38-40, 45-47, 49, and 63-64 are herein amended.

Claims 1-13, 15-18, 20-26, 33, 53, and 55-61, which were previously withdrawn from
consideration due to restriction requirement, are herein canceled to meet 37 CFR 1.75(b).
Claims 14, 19, 27-29, 34-37, 41-44, 48, and 50-52 were previously canceled.

New claims 65-75 are presented herein.

As such, claims 30-32, 38-40, 45-47, 49, 54, and 62-75 are pending in this application.
Claim 30 is an independent claim.

Applicants acknowledge receipt of the Office Action dated August 13, 2007. Applicants
believe all pending claims are allowable over the art of record and respectfully request

reconsideration and allowance of all claims.

11 Claim Objections
In the Office Action, claim 30 was objected to due to the presence of a period rather than a
comma between “flue gas” and “wherein preparing the sorbent comprises.” Claim 30 has been

amended to correct this typographical error.

111. Claim Rejections 35 U.S.C. §112
In the Office Action, claim 30 was rejected under 35 U.S.C. §112 second paragraph for
having insufficient antecedent basis for the term “base activated carbon” in line 6 of the claim.

The claim has been amended to provide sufficient antecedent basis for the “base activated” carbon.

IV.  Claim Rejections 35 U.S.C. §102

In the Office Action, claims 30, 38, 39, and 62 are rejected under 35 U.S.C. §102(e) as
being anticipated by Srinivasachar er al, U.S. 6,848,374 (hereinafter “Srinivasachar”). Applicants
respectfully traverse this rejection.

Amended claim 30 recites, “A method for reducing mercury in flue gas comprising:
preparing a sorbent having a sorbent composition, injecting the sorbent into a mercury-containing

flue gas stream at a sorbent injection rate, collecting greater than 70 wt-% of the mercury in the
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flue gas on the sorbent to produce a cleaned flue gas, substantially recovering the sorbent from the
cleaned flue gas, and monitoring the mercury content of the cleaned flue gas; wherein preparing
the sorbent comprises reacting a base activated carbon with at least one promoter selected from the
group consisting of molecular halogens, halides, and combinations thereof to yield a promoted
carbon; wherein at least part of preparing the sorbent comprises in-flight reaction of the base
activated carbon or promoted carbon with at least one component within a transport line to yield
the sorbent which is injected into the mercury-containing flue gas stream; and wherein the
mercury content of the cleaned flue gas is used to control the sorbent injection rate, the sorbent
composition, or both.”

Support for the amendments, “monitoring the mercury content of the cleaned flue gas™ and
“wherein the mercury content of the cleaned flue gas is used to control the sorbent injection rate,
the sorbent composition, or both” may be found in the specification as filed, for example,
paragraphs [0059], [0076], [0080], the description of Figure 3, and original claims 32, 45, and 47.

As the Examiner states on page 5 of the Office Action, the Srinivasachar reference “does
not disclose monitoring the mercury content of the cleaned flue gas.” Furthermore, Srinivasachar
fails to disclose the limitation, “wherein the mercury content of the cleaned flue gas is used to
control the sorbent injection rate, the sorbent composition, or both.” According to MPEP 2131,
“a claim is anticipated only if each and every element as set forth in the claim is found, either
expressly or inherently described, in a single prior art reference.” As Srinivasachar fails to
disclose each and every element of the claimed invention, the invention is not anticipated by the
cited reference. It is respectfully requested that the §102 rejection to claim 30 be removed, and the
claim allowed.

Amended claim 38 depends from independent claim 30 and adds the limitation, “wherein
preparing the sorbent further comprises reacting the activated carbon or the promoted carbon with
a secondary component to enhance the reactivity and capacity of the sorbent.” The Examiner
states, on page 3 of the Office Action, that “for claim 38, the Srinivasachar et al. reference
discloses, the in-flight reaction comprising reacting the activated carbon, the promoter, and an
option secondary component to enhance the reactivity and capacity of the sorbent (column 6,
lines 2-20).” Applicants respectfully traverse. Srinivasachar discloses that “a halogen 58, such as

bromine, chlorine, iodine or fluorine, may also be deposited on the sorbent 28 by vaporizing the
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halogen 58 in a vaporizer 60 and condensing/adsorbing it on the sorbent 28.” Srinivasachar
nowhere discloses a second component in addition to the promoter, as in the instant claim 38.
Thus, in addition to the missing limitations presented for independent claim 30 hereinabove,
Srinivasachar also fails to disclose, “reacting the activated carbon or the promoted carbon with a
secondary component to enhance the reactivity and capacity of the sorbent.” Because claim 38
depends from claim 30, it carries with it each and every element of claim 30. Because
Srinivasachar fails to disclose each and every element of claim 30, it consequently fails to disclose
each and every element of claim 62 depending therefrom.

Amended claim 39 recites, “The method of claim 38 wherein the secondary component is
selected from the group consisting of iodine, hydrohalides, Group V halides, Group VI halides, and
combinations thereof.” Support for the amendments may be found in original filed claim 39, for
example. In the same manner as argued with respect for claim 38 vide supra, Srinivasachar fails
to disclose each and every element, and thus fails to anticipate, amended claim 39.

Previously presented claim 62 depends from independent claim 30 and adds the limitation,
“wherein the flue gas stream is downstream of a boiler.” Because claim 62 depends from claim 30,
it carries with it each and every element of claim 30. Because, as discussed above, Srinivasachar
fails to disclose each and every element of claim 30, it consequently fails to disclose each and
every element of claim 62 depending therefrom, and thus fails to anticipate claim 62.

As the Srinivasachar reference fails to disclose each and every element of claims 30, 38,
39, and 62, the reference fails to anticipate the claims. It is thus respectfully requested that the

§102 rejections to claims 30, 38, 39, and 62 be removed and the claims allowed.

V. Claim Rejections 35 U.S.C. §103

A. Claim 31 is Patentable over Srinivasachar and Gadkaree.

In the Office Action, claim 31 is rejected under 35 U.S.C. §103(a) as being unpatentable
over Srinivasachar and Gadkaree, U.S. 6,136,749 (hereinafter “Gadkaree”).  Applicants
respectfully traverse this rejection.

Amended claim 31 recites, “The method of claim 30 further comprising co-injecting an

alkaline component into the mercury containing flue gas stream.”
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The Examiner states on page 5 of the Office Action that, “regarding claim 31, the
Srinivasachar et al. reference does not disclose co-injecting an optional alkaline component into the
mercury containing flue gas stream.” The Examiner also states, “the Gadkaree et al. reference
discloses co-injecting an optional alkaline component into the mercury containing flue gas stream
(column 3, lines 54-65).”

As discussed in Section IV hereinabove, the Srinivasachar reference fails to teach or
suggest all of the claim limitations of independent claim 30, specifically the limitations,
“monitoring the mercury content of the cleaned flue gas” and “wherein the mercury content of
the cleaned flue gas is used to control sorbent injection rate, the sorbent composition, or both.”
The secondary reference Gadkaree is not cited for the purpose of providing such missing elements
of independent claim 30. Claim 31 depends from and thus incorporates all limitations of
independent claim 30, which is herein submitted to be allowable. Therefore, Applicants
respectfully submit that claim 31 is likewise patentable over Srinivasachar and Gadkaree.

Furthermore, it must be pointed out that Gadkaree does not disclose “co-injecting an
alkaline component into the flue gas stream.” Gadkaree discloses (column 3 lines 54-65), “a co-
catalyst can be introduced into the carbon either with the precursor, or after activation....the co-
catalyst can be...(2) one or more alkali metal and/or alkaline earth metal halides.” Thus, the
catalyst of Gadkaree may comprise an alkali metal or alkaline earth metal halide, but this is distinct
from co-injecting an alkaline component with the sorbent (but separate therefrom) into the flue gas

stream.

B. Claims 32, 45, 47, 63, and 49 are Patentable over Srinivasachar and Vosteen.

In the Office Action, claims 32, 45, 47, 63, and 49 are rejected under 35 U.S.C. §103(a) as
being unpatentable over Srinivasachar, Vosteen, U.S. 6,878,358 (hereinafter “Vosteen”), and
Hwang, U.S. 6,027,551 (hereinafter “Hwang”). Applicants respectfully traverse this rejection.

Amended claim 32 recites, “The method of claim 30 wherein the monitored mercury
content of the cleaned flue gas is used to control the sorbent injection rate.”

On page 5 of the Office Action, the Examiner states, “regarding claim 32, the Srinivasachar
et. al reference does not disclose monitoring the mercury content of the cleaned flue gas,

regenerating the recovered sorbent, and using the monitored mercury content of the cleaned flue
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gas to control the rate of injection of the sorbent.” The Examiner further states, “the Vosteen et al.
reference discloses monitoring the mercury content of the cleaned flue gas to control the rate of
injection of the sorbent (column 5, lines 47-63)”. Applicants respectfully traverse that Vosteen
discloses controlling the sorbent injection rate. Vosteen discloses a process for removing mercury
from flue gases of high temperature plants, the process comprising adding a bromine compound to
a multistage furnace or the flue gas downstream of the furnace, whereby the bromine, in the
presence of sulphur, oxidizes mercury. Vosteen states, column 2 lines 57-61, “preferably, an
aqueous solution of hydrogen bromide or an alkali metal bromide, in particular sodium bromide, or
an aqueous solution of the alkali metal bromide is used.” Vosteen does not disclose injection of a
promoted carbon sorbent into a flue gas.

In column 5 lines 54-65, Vosteen discloses measuring the mercury content of the flue gas
and using the mercury content to control the “amount of bromine fed and/or bromine compounds
and/or the mixture of bromine compounds and if appropriate, sulphur substances and/or the
mixture of sulphur substances.” Vosteen never discloses “injecting the sorbent into a mercury-
containing flue gas stream at a sorbent injection rate,” as Vosteen does not disclose injection of
sorbent. Furthermore, as Vosteen does not prepare and inject a sorbent into a flue gas stream,
Vosteen fails to disclose, “wherein the mercury content of the cleaned flue gas is used to control
the sorbent injection rate, the sorbent composition, or both.”

On page 6 of the Office Action, the Examiner states that Hwang “discloses regenerating the
recovered sorbent.” Hwang is not cited for the purposes of making up for the missing limitations
of Srinivasachar and Vosteen, particularly the limitation “wherein the monitored mercury content
of the cleaned flue gas is used to control the sorbent injection rate.” The combination of the prior
art references does not disclose each and every element of the invention as disclosed in
independent claim 30 so that the combination of Srinivasachar, Vosteen, and Hwang does not
make obvious independent claim 30. As claim 32 depends from independent claim 30, it
incorporates each and every limitation of claim 30. MPEP 2143.03 states that, “if an independent
claim is nonobvious under 35 U.S.C. 103, then any claim depending therefrom is nonobvious. In re
Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988).” Because the combination of the prior art

cited does not teach or suggest each and every claim limitation, a prima facie case of obviousness
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has not been established, and it is thus respectfully requested that the §103 rejection to claim 32 be
removed and the claim allowed.

Amended claims 45, 49, and 63 depend from independent claim 30, and amended claim 47
depends from claim 45. Amended claim 45 recites, “The method of claim 30 wherein the
monitored mercury content of the cleaned flue gas is used to control the composition of the
sorbent.” Support for this claim may be found in original claim 45.

Amended claim 47 recites, “The method of claim 45 wherein the in-flight preparation of
the sorbent comprises reacting within the transport line the activated carbon and the at least one
promoter, wherein the promoter is selected 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 1 to about 30 grams per 100 grams of activated
carbon, and wherein the rate at which the promoter is added to the transport line and the rate of
sorbent injection into the flue gas are determined at least in part on the monitored mercury content
of the cleaned flue gas.” Support for this claim may be found in original claim 47. Support for “in
a transport line” may be found, for example, in paragraphs [0055]-[0056] and [0060].

Claims 49 and 63 have been minimally amended herein for clarity, and find support in
original claims 49 and 63.

It is argued above in this Section that the combination of Srinivasachar, Vosteen, and
Hwang fails to make obvious independent claim 30. By this same argument, claims 45, 47, 49,
and 63 depending directly or indirectly therefrom are also nonobvious, for at least the reasons
given above for claim 32. Removal of the §103 rejections to claims 45, 47, 49, and 63 is thus

respectfully requested.

C. Claim 40 is Patentable over Srinivasachar and Gadkaree.

In the Office Action, claim 40 is rejected under 35 U.S.C. §103(a) as being unpatentable
over Srinivasachar and Gadkaree. The Examiner states on page 9 of the Office Action that “the
Srinivasachar et al. reference does not disclose co-injection of an optional alkaline component into
the mercury containing flue gas stream.” The examiner further states that, “the Gadkaree et al.
reference discloses co-injecting an optional alkaline component into the mercury containing flue

gas stream (column 3, lines 54-65).” Applicants respectfully traverse this rejection.
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As amended, claim 40 recites, “The method of claim 39 further comprising co-injecting an
alkaline component into the mercury containing flue gas stream.” Claim 39 depends from claim
38 which depends from independent claim 30.

As discussed with regard to claim 31 in Section VA hereinabove, the Srinivasachar
reference fails to teach or suggest all of the claim limitations of independent claim 30, specifically
the limitations, “monitoring the mercury content of the cleaned flue gas” and “wherein the
mercury content of the cleaned flue gas is used to control the sorbent injection rate, the sorbent
composition, or both.” The secondary reference Gadkaree is not cited for the purpose of
providing such missing elements of independent claim 30. Claim 40 depends from and
incorporates the limitations of independent claim 30. Thus, the Applicants respectfully submit that
claim 40 is likewise patentable over Srinivasachar and Gadkaree.

Furthermore, it must be pointed out that Gadkaree does not disclose “co-injecting an
alkaline component into the flue gas stream.” Gadkaree discloses (column 3 lines 54-65), “a co-
catalyst can be introduced into the carbon either with the precursor, or after activation....the co-
catalyst can be...(2) one or more alkali metal and/or alkaline earth metal halides.” Thus, the
catalyst of Gadkaree, which may be injected into a gas stream, may comprise an alkali metal or
alkaline earth metal halide, but this is distinct from co-injecting an alkaline component with the

sorbent (but separate therefrom) info the flue gas stream.

D. Claim 46 is Patentable over Srinivasachar, Gadkaree, and Vosteen.

In the Office Action, claim 46 is rejected under 35 U.S.C. §103(a) as being unpatentable
over Srinivasachar, Gadkaree, and Vosteen. Applicants respectfully traverse this rejection.

Amended claim 46 recites, “The method of claim 40 wherein the monitored mercury
content is used to control at least one selected from the group consisting of the composition of the
sorbent and the amount of alkali injected into the flue gas relative to the amount of base activated
carbon, promoted carbon, secondary components, or a combination thereof.” Support for the
limitation, “amount of alkali injected into the flue gas relative to the amount of base activated
carbon, promoted carbon, secondary components, or a combination thereof” may be found in

paragraph [0062] of the specification as filed.
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The Examiner states, on page 10 of the Office Action, that “the Vosteen et al. reference
discloses monitoring the mercury content of the cleaned flue gas and using the monitored mercury
content to control the composition of the sorbent and the alkaline to sorbent ratio...Although the
reference does not disclose specifically the alkaline-to-sorbent ratio, it does disclose mixtures of
bromine and sulphur substances to be controlled.” Applicants respectfully argue that Vosteen does
not disclose controlling “the composition of the sorbent and the alkaline to sorbent ratio,” as
discussed further below.

As mentioned hereinabove in Section VB hereinabove with regard to claim 32, the
combination of Srinivasachar and Vosteen fails to make obvious the invention as claimed in
claim 32. Specifically, the combination fails to disclose, “wherein the mercury content of the
cleaned flue gas is used to control the sorbent injection rate, the sorbent composition, or both.”
As described in Section IV hereinabove, Srinivasachar does not disclose the limitation,
“monitoring the mercury content of the cleaned flue gas,” or the limitation, “wherein the mercury
content of the cleaned flue gas is used to control the sorbent injection rate, the sorbent
composition, or both.” Vosteen fails to make up for the lack of teaching by Srinivasachar, as
Vosteen does not disclose injecting a sorbent, and does not describe a method for controlling the
composition of an injected sorbent based on the monitored flue gas mercury content.” As
mentioned in Section VC hereinabove, Gadkaree fails to make up for the lack of teachings and is
not cited for the purpose of providing the missing limitations.

As the combination of the prior art references fails to teach or suggest each and every claim
limitation, the prior art fail to make obvious the disclosed invention as claimed in claim 46. It is

thus respectfully requested that the §103 rejection to claim 46 be removed, and the claim allowed.

E. Claim 64 is Patentable over Srinivasachar and Fristad.

In the Office Action, claim 64 is rejected under 35 U.S.C. §103(a) as being unpatentable
over Srinivasachar and Fristad, U.S. 5,185,935 (hereinafter “Fristad”). Applicants respectfully
traverse this rejection.

Amended claim 64 recites, “The method of claim 49 wherein the activated carbon has an

average particle size greater than that of the components of the flue gas stream such that
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substantially recovering the sorbent from the cleaned flue gas involves separation by physical
means.”

Claim 64 depends indirectly from independent claim 30. As discussed in Section IV
hereinabove, Srinivasachar fails to disclose the invention as claimed in claim 30. Particularly,
Srinivasachar fails to disclose, “monitoring the mercury content of the cleaned flue gas” and
“wherein the mercury content of the cleaned flue gas is used to control the sorbent injection
rate, the sorbent composition, or both.”

In the Office Action, the Examiner states (page 10) that, “Srinivasachar et al reference does
not disclose the activated carbon having an average particle size greater than that of the
components of the ash stream such that substantially recovering the sorbent from the cleaned flue
gas involves separation by physical means.” The Examiner further states that, “the Fristad et al.
reference discloses the activated carbon having an average particle size greater than the
components of the ash stream such that substantially recovering the sorbent from the cleaned flue
gas involves separations by physical means.”

It is noted that patent number 5,185,935 cited by the Examiner in the August 13™ Office
Action is an incorrect patent number. U.S. Patent No. 5,185,935 is a patent entitled, “Method and
apparatus for separation measurement and alignment system” to Consolidation Coal Company.

Regardless, according to MPEP 2143.03, “if an independent claim is nonobvious under
35 U.S.C. 103, then any claim depending therefrom is nonobvious. In re Fine, 837 F.2d 1071,
5 USPQ2d 1596 (Fed. Cir. 1988).” As Srinivasachar fails to make obvious independent claim 30,
and Fristad is not cited by the Examiner for the purpose of providing the missing limitations, claim
64 depending from claim 30 is also nonobvious. It is thus respectfully requested that the §103
rejection to claim 64 be removed and the claim allowed.

Furthermore, the Examiner states, on page 11 of the Office Action, that, “it would have
been obvious to one having ordinary skill in the art at the time the invention was made to have
modified the Srinivasachar et al. reference to include the activated carbon having an average
particle size greater than that of the components of the ash stream such that substantially
recovering the sorbent from the cleaned flue gas involves separations by physical means.”

Applicants respectfully traverse.
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According to MPEP 2143.01 (VI), the “If the proposed modification or combination would
change the principle of operation of the prior art invention being modified, then the teachings of
the references are not sufficient to render the claims prima facie obvious. In re Ratti, 270 F.2d
810, 123 USPQ 349 (CCPA 1959).”

Srinivasachar discloses “a contact batch of carbonaceous sorbent having a particle size
distribution of carbonaceous sorbent of dsg, 15 microns.” In embodiments, the contact batch has a
dsp of less than 8 microns, and in some embodiments, less than 4 microns. See column 2 lines 19-
27 and claims 1, 3, and 4. As Srinivasachar states in column 10, lines 35-38, “the sorbent particles
28 are engineered to be extremely small and are therefore distinct from the ash and may be
separated from the normal ash in the ash disposal system 136 as shown in FIGS. 1-3.” This is in
direct opposition to the invention as claimed in the instant claim 64 which states, “wherein the
activated carbon has an average particle size greater than that of the components of the flue gas
stream.” Modifying Srinivasachar to include activated carbon having a particle size greater than
the components of the ash stream would change the principle of operation of the primary reference,
and is thus prohibited under MPEP 2143.01 (VI).

In Example 6 of the specification as filed, it is stated that, “standard AC sorbents generally
are of a fine size with a mean particle diameter of less than 20 micrometers. Consequently,
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.” Because the use of larger sized particles, i.e. activated carbon having “an average particle
size greater than that of the components of the flue gas stream,” would have been expected to
have unsuitable effectiveness for removing mercury from a flue gas stream, and since
Srinivasachar emphasizes “extremely small particles, one of ordinary skill in the art would not
have been motivated to modify Srinivasachar with the teachings of Fristad to arrive at the claimed
invention.

As there is no motivation to combine Srinivasachar and Fristad, the combination of the
cited references is improper, and because the combination of the references (were it proper, but not
conceding such) fails to disclose each and every element of the invention as claimed in claim 64, it

is respectfully requested that the §103 rejection to claim 64 be removed and the claim allowed.
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F. Claim 54 is Patentable over Srinivasachar, Fristad, and Reiss.

In the Office Action, claim 54 is rejected under 35 U.S.C. §103(a) as being unpatentable
over Srinivasachar, Fristad, and Reiss et al., U.S. 5,575,982 (hereinafter “Reiss”). Applicants
respectfully traverse this rejection.

Claim 54 recites, “The method of claim 64 wherein the activated carbon has an average
particle size greater than 40um.” As discussed with regard to claim 64 in Section IVF
hereinabove, the combination of Srinivasachar and Fristad fails to make obvious claim 64.
Furthermore, the combination of Srinivasachar with Fristad is improper under 2143.01 as the
combination would change the principle of operation of the primary reference, Srinivasachar. On
page 11 of the Office Action, the Examiner cites Reiss for disclosing, “an activated carbon having
an average particle size greater than 40 micrometers.” As Reiss is not cited by the Examiner to
provide the missing limitations of Srinivasachar and Fristad, the combination of the cited
references fails to make obvious the claimed invention. Furthermore, as discussed in Section IVE
hereinabove with regard to combining Srinivasachar with Fristad in a §103 rejection to claim 64, a
combination of Srinivasachar with Reiss is improper under 2143.01(VI) as such a combination
would change the principle of operation of Srinivasachar. As such, it is respectfully requested that

the §103 rejection to claim 54 be removed and the claim allowed.

V. New Claims

Claims 65-75 are new claims presented herein, which contain material to which the
Applicants are entitled. Claim 65 is a new claim reciting, ““The method of claim 30 wherein the
promoter is selected from the group consisting of Br,, HBr, Group V bromides, Group VI
bromides, and combinations thereof.” Support for this claim is found in the specification as filed,
for example, in paragraph [0018] and original claim 35.

New claim 66 recites the limitation, “The method of claim 65 wherein the promoter is
selected from the group consisting of Br,, HBr, and combinations thereof.” Support for this claim
may be found in paragraphs [0053], [0064] and [0067] and original claims 13 and 15 of the

specification as filed.
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New claim 67 recites the limitation, “The method of claim 66 wherein the promoter is
reacted in the gas phase or as a vapor.” Support for this limitation may be found, for example,
paragraph [0021] and original claims 9, 20, and 36 of the specification as filed.

New claim 68 recites the limitation, “The method of claim 67 wherein the promoter is
added at from about 1 to about 30 grams per 100 grams of activated carbon.” Support for this
limitation is found throughout the specification as filed, for example, paragraphs [0016], [0025],
and [0065] and original claims 3, 17 and 47.

New claim 69 recites the limitation, “The method of claim 31 wherein the alkaline
component is selected from the group consisting of alkali elements, alkaline earth elements, alkali
salts, alkaline earth salts, and combinations thereof.” Support for this limitation is found, for
example, in paragraphs [0024] and original claim 5 of the specification as filed.

New claim 70 recites, “The method of claim 69 wherein the alkaline component is selected
from the group consisting of sodium carbonate, calcium oxide, lime, and combinations thereof.”
Support for this claim may be found, for example, in paragraph [0024] and Example 11B of the
specification as filed.

New claim 71 recites, “The method of claim 38 wherein the in-flight preparation of the
sorbent comprises reacting within the transport line the activated carbon, the promoted carbon, or
both with at least one selected from the group consisting of the at least one promoter and the
secondary component, and wherein the mercury content of the cleaned flue gas is used to control
the sorbent composition.” Support for this new claim may be found in Figure 3 and the description
thereof in paragraphs [0060]-[0062], as well as in paragraphs [0022] and [0075] of the
specification as filed.

New claim 72 recites, “The method of claim 38 wherein the secondary component is
selected from the group consisting of I, HI, and combinations thereof.” Support for this claim is
found, for example, in Example 4 and original claims 8 and 42 of the specification as filed.

New claim 73 recites, “The method of claim 38 wherein the at least one promoter and
secondary component are combined with the base activated carbon substantially simultaneously.”
Support for this claim is found in paragraphs [0045] and [0061], Figure 3, and original claim 11
and 26 of the specification as filed.

213493.01/2380.00200 Page 17 of 19
PAC ET AL. EXHIBIT 1021
Page 150



Appl. No. 11/209,163
Amdt, Dated November 13, 2007
Reply to Office Action of August 13, 2007

New claim 74 recites, “The method of claim 49 further comprising reinjecting at least a
portion of the regenerated sorbent particles into the flue gas.” Support for this new claim may be
found, for example, in paragraphs [0009], [0026], and [0079] and original claim 48 of the
specification as filed.

New claim 75 recites, “The method of claim 64 wherein the flue gas comprises ash and
substantially recovering the sorbent from the cleaned flue gas comprises mechanically separating
the sorbent particles from the ash.” Support for this new claim may be found in paragraphs [0026]
and Example 6 paragraph [0094] of the specification as filed.

These new claims add no new matter to the disclosure and are embodiments to which the
Applicants are entitled. As these new claims depend from independent claim 30 which is herein
argued to be allowable over the cited prior art, the new claims are also believed to be allowable. It

is thus respectfully requested that the Examiner allow new claims 65-75.

CONCLUSION

Applicants respectfully request reconsideration, allowance of the pending claims and a
timely Notice of Allowance be issued in this case. If the Examiner feels that a telephone
conference would expedite the resolution of this case, the Examiner is respectfully requested to
contact the undersigned.

In the course of the foregoing discussions, Applicants may have at times referred to claim
limitations in shorthand fashion, or may have focused on a particular claim element. This
discussion should not be interpreted to mean that the other limitations can be ignored or dismissed.
The claims must be viewed as a whole, and each limitation of the claims must be considered when
determining the patentability of the claims. Moreover, it should be understood that there may be
other distinctions between the claims and the prior art that have yet to be raised, but which may be

raised in the future.
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If any fees are inadvertently omitted or if any additional fees are required or have been
overpaid, please appropriately charge or credit those fees to Conley Rose, P.C. Deposit Account

Number 03-2769.

Respectfully submitted,

[Timothy S. Westby/

Timothy S. Westby

Reg. No. 52,352

CoNLEY RoOsE, P.C.

P. O. Box 3267

Houston, Texas 77253-3267
(713) 238-8000

ATTORNEY FOR APPLICANTS

213493.01/2380.00200 Page 19 of 19

PAC ET AL. EXHIBIT 1021
Page 152



Electronic Acknowledgement Receipt

EFS ID: 2458736
Application Number: 11209163
International Application Number:
Confirmation Number: 1534
Title of Invention: Sorbents for the oxidation and removal of mercury
First Named Inventor/Applicant Name: Edwin S. Olson
Customer Number: 23505
Filer: Timothy S. Westby/Grace A. Wise
Filer Authorized By: Timothy S. Westby
Attorney Docket Number: 2380-00200
Receipt Date: 13-NOV-2007
Filing Date: 22-AUG-2005
Time Stamp: 14:00:16
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment no

File Listing:

Document
Number

File Size(Bytes) Multi Pages

Document Description File Name /Message Digest| Part/.zip| (if appl.)

114011
Resp_OA_Dated August 13

_2007.pdf

yes 19

1103e6d50259¢7657437 412296786294
61824eb2

PAC ET AL. EXHIBIT 1021
Page 153



Multipart Description/PDF files in .zip description
Document Description Start End

Amendment - After Non-Final Rejection 1 1

Claims 2 5

Applicant Arguments/Remarks Made in an Amendment 6 19

Warnings:
Information:
Total Files Size (in bytes): 114011

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
similar to 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.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

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

PAC ET AL. EXHIBIT 1021
Page 154




PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Filing Date
Substitute for Form PTO-875 11/209,163 08/22/2005 | [ 7o be Mailed
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a). (b). or (c))
[ seARcH FEE
(37 CFR1.16(. (). or (m) N/A N/A N/A N/A
|:| EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A N/A
é?%ﬁLREL'I'%I(,I\;I)S minus20= | * X$ = ORI X3 =
INDEPENDENT CLAIMS . N _ _
(37 CFR 1.16(h)) minus 3 = X$ = X$ =
If the specification and drawings exceed 100
O sheets of paper, the application size fee due
A?’F;PCLF'(&TJSN SIZE FEE is $250 ($125 for small entity) for each
( 16(s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL

APPLICATION AS AMENDED — PART I

OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 111312007 | Arrer PREVIOUSLY EXTRA RATE ) | FEE (3) RATE ($) FEE ($)
E AMENDMENT PAID FOR
E I?St?l (37 CFR « 25 Minus | » 57 -0 X $ = OR [ x s$s50= 0
E '2;’2‘;2”1‘??6?}1)) * 1 Minus | =4 =0 X$ = OR | x s$210= 0
= | [ application Size Fee (37 CFR 1.16(s))
< P—
[[] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16()) OR
TOTAL TOTAL
ADD'L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE ) | FEE (3) RATE ($) FEE ($)
— AMENDMENT PAID FOR
E ;I'?Gt?l (37 CFR * Minus I ** - X $ = OR | X3 =
= Independent " f - — —
O Lo C§R1.16(h)) Minus = X $ = OR | X8 =
2 | T Appiication size Fee (37 CFR 1.16(s))
=
< | [ FirsT PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16() OR
TOTAL TOTAL
ADD’L OR ADD’L
FEE FEE

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** |If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

Legal Instrument Examiner:
dorretta brooks

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

PAC ET AL. EXHIBIT 1021
Page 155



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.C. Box 1450 .

Alexandria, Virginia 22313-1450

WWW.USpto.gov

L APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. l CONFIRMATION No.j
11/209,163 08/22/2005 Edwin S. Olson 2380-00200 1534
23505 7590 08/13/2007
EXAMINER .
CONLEY ROSE, P.C. I l
David A. Rose MILLER HARRIS, AMBER R
P. 0. BOX 3267
HOUSTON, TX 77253-3267 l ARTUNIT | parernumzER |
, 1709
‘ MAIL DATE l DELIVERY MODE l
08/13/2007 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07) PAC ET AL. EXHI|:I>3IT ’|(1)§(13
age



Application No. - ' Applicant(s)
: . : 11/209,163 - | OLSONETAL.
Office Action Summary Examiner S A Unit
Amber Miller-Harris 1709

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(2). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- if NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this cnmmumcat;on
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)K Responsive to communication(s) filed on 12 July 2007.
2a)_] This action is FINAL. 2b)X] This action is non-final.
3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1,2,4-12,15-18,20-26,30-33,38-40,45-47.49 and 53-64 isfare pending in the application.
43a) Of the above claim(s) 1-13,_15-18, 20-26, 33, 53, and 55-61_is/are withdrawn from consnderatlon
5] Claim(s) _____is/are allowed.
6)X Claim(s) 30-32,38-40.45-47,49,54 and 62—64 lsiare rejected.
7] Claim(s) 30 30 is/are objected to.
8)[] Claim(s) ____ _are subject to restriction and/or electnon requwement

|- Application Papers

9)[_] The specification is.objected to by the Examiner. -
10) The drawing(s) filed on 22 August 2005 is/are: a)X accepted or b)D ob;ected to by the Exammer
Apphcant may not request that any objection to the drawmg(s) be held in abeyance See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[_] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-{d) or (f).
a)_JAIl b)[]Some * ¢)[] None of:
1.} Certified copies of the priority documents have been received.
2.1 Certified copies of the priority documents have been received in Application No. __
3.[] Copies of the certified copies of the priority documents have been received in this National Stage -
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s) L . .o -

1) @ Notice of References Cited (PTO- 892) - : - . 4) D interview Summary (PTO- 413)

2) [] Notice of Draftsperson’s Patent Drawmg Review (PTO-948} B " Paper No(s)/Mail Date. -~

3) IX] information Disclosure Statement(s) (PTO/SB/08) . o 5[] Notice of !nfomjai Patent Apphcat:on
Paper No(s)fMaxI Date See Contmuat/on Sheet. - 2o T 6) E] Other S :

" US Patert and Trademark OffEs : - : - . —— R R
- PTOL-326 (Rev. 08-06) - . ’ I C.)fficevA,c:tion.-lSu;ﬁma‘ry‘. SR Part O|£Da eEN]o A/E:l %ﬁ_ﬁ}gﬁ]%zbz1 RN

Page 157



 Continuation Sheet (PTOL-326) .~ _ S . Application No. 11/209,163

Continuation of Attachment(s) 3). Information Disclosure Statement(s) (PTO/SB/08), Paper No(s)/Mail Date :09/25/2006,
08/15/2006, 08/22/2005. '

* PAC ET AL, EXHIBIT 1021 *
: _ Page158 . -



Application/Control Number: 11/209,163 : . Page?2
Art Unit: 1709

DETAILED ACTION
Election/Restrictions
Claims 1-13, 15-18, 20-26, 33, 53, and 55-61 are .withdrawn from further
consideration pursuant to 37 CFR 1.142(b) as being drawn to a nonelected inventions,

there being no allowable generic or linking claim. Election was made without traverse

in the reply filed on July 12", 2007.

| 'Claim Obje"ctions*
Clanm 30 i is objected to because of the fol!owmg mformalmes “flue ga's".'w_ﬁeféih'r
'preparmg the sorbent comprsses oA comma»shou!d _:rep{a'ce the per:odfbét\}x?ééﬁ gas

- and whgre’in in orde_r tQ make the claim one sentence. - .’

Ciatm Rejectlons 35 USC § 11 2
T e fo;lowmg isa quotdt on of the second pardgraph of35 0.8 G2

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claim 30 recites the limitation "base activated carbon” in line 6. There is
insufffcient antecedent basis for this limitation in the claim. Claim 30 discloses only an
actzvated carbon prevxously WIthm the c!a!m

| Clalm Rejectlons 35 Usc§ 102

The foHowmg is a quotatson of the appropr ate paragraphs of 35 U S. C 102 that

- form jthe basis for th_e_ reject-ions underthls sectlpn made in this Qfﬁ.ce,aqtlon; e

A person shall be entitled to a ééteni:qniess -
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{e) the invention was described in (1) an application for patent, published under section 122(b}, by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

Claims 30, 38, 39 and 62 are rejected under 35 U.S.C. 102(e) as being clearly
anticipated by Srinivasachar et al US 6,848,374.

For claim 30, the Srinivasachar et al. reference discloses a method for reducing
~mercury in ﬂue gas comprrsmg preparlng a sorbent mjectrng the sorbent into a
mercury contammg ﬂue gas stream collect ing greater than 70 wt-%. of the mercury in
_ the flue gas on the sorbent to produce a cleaned flue gas, and substantlally recoverrng
the sorbent from the c!eaned ﬂue gas (coiumn 6 hnes 25 30). Wherern prepanng the

' ~sorbent compnses reactmg an actxvated carbon wrth at least ong component to yreld a

- reactlon product and wherem at least part of prepar ng the sorbent compnsmg rn-ﬂlght

o | Areactron ef the base actlvated carbon wrth the at ieast one component wrthln a transport

line from which the reactlon product is mjected into the mercury-contarmng gas stream . \
(column 6, lines 2-20).

For claim 62, the Srinivasachar et al. reference discloses the flue gas stream is
down stream of a boiler (column 8, lines 20-22).

For claim 38, the"Sriniv'asachar et lall’ reference'discloses, the in-flight reaction
comprising reactiog- the}'activated carbort, the promoter, ahd ao»option:secondary |

"»componeht to enhance the rea_ctivity 'and‘.capacity_ of the sorbent (coiu‘mn 6, lines 2-20).
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For claim 39, the Srinivasachar et al. reference discloses, the optional secondary

component'being selected from.the group consisting of iodine, hydrohalides, Group V

halides, Group VI halides and combinations thereof (column 6, lines 2-20).

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the. invention is not identically disclosed or described as set

- forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior-art are such that the subject matter-as a whole would have been obvious-at-the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertams

, Patentabmty shall not be negatived by the manner in which the mventlon was made. - :

The factual lnqumes set forth in Graham V. John Deere Co 383 U.S. 1, 148
USPQ 459 (1966) that are apphed for estabhshmg a background for determmmg
L .obvnousness under 35 U S C 103(a) are summanzed as fol!ows

Determmmg the scope: and contents of the prior art ,
Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating
obviousness or nonobviousness.

P@N%

This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(3), the examiner presumes that the subject matter of
" the various claimé was commonily dwned atv the fime ény inventidns covered therein
were made absent any evidence to the contrary. Applicant fs advised of the obligation
~uhder 37 CFR 1:56 to‘ point out the inventor-and invention dates of each claim that was

‘not commonly owned at the time a later invention was made in order for the examiner to .
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consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)
prior art under 35 U.S.C. 103(a). |

Claim 31 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Srinivasachar et al. US 6,848,374 as applied in claim 62 above, further in view of
Gadkaree et al. US 6,136,749.

Regarding claim 31, the Srinivasachar et al. reference odes not disclose co-
injecting an optional alkaline component into the mercury containing flue gas stream.

The Gadkaree et al. reference discloses co-irijecting an optional alkaline - |
component into'the mercury containing fiue gas stream (Coiumn 3, lines 54-65).

It would have been obvious to one hauing ordinary'“skiiiin the art at the time the
_inveniion was made to have modified the Srinivasachar et ai. reference to include co- .
injecting an op’uonai alkaline component into the mercury containing ﬂue gas stream |

(Gadkaree et al column 3 iines 54 65) because thls will. enhance the activity of the : N

-2

: _ ’activated carbon catalyst.

Claims 32, 45, 47, 63, and 49 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Srinivasachar et al. US 6,848,374 as applied in claim 62 above,
further in view of Vosteen et al. US 6,878,358 and Hwang et al. US 6,027,551.

v Regarding claim 32, the‘SrinivAasacharA et ai. reference does not oisciose'
monitoring the mercury content of the cleaned flue gas, regenerating the recovered -
sorbent, and using the monitored mercury content of t'he cleaned flue gas to control the

rate of injection of the sorbent.
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~The Vosteen et al. reference discloses monitoring the mercury content of the
cleaned flue gas and using t.he monitored mercury content of the cleaned flue gas to
control the rate of injection of the sorbent (column 5, lines 47-63).

It would havexbeen obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar et al. ‘reference to include
monitoring the mercury content of the cleaned flue gas and using the monitoréd
merbury content of the cleaned flue gas to control the rate of injection of‘the sorbent
(Vosteen et al. column 5, lines 47-63) because this allows the' apparatus to -have the
maximum amount of mércury to be téken out of the stream as pos_sibie.

‘The Hwang et al. reference discloses regenerating the récovér.ed_ sorbent-
(column 3, lines _53-60).
| : lt‘Would-have been obvious to one-having ordinary skill in the art at the time the -
» invehtioﬁ' Was"made'to héve ‘m'odifiedjthé' Sriniva.sachér, et él; reférence to include
r'égenera.r‘t‘ing the ‘r‘e.é:bvé_red '.si')ribent'.:(HWéng etal 'cdiumﬁ 3, |ihés”53—é’0) because; if
regenerated carbon is uéed, this reduces the amount of new carbon needed, therefore
| cutting the cost of operation. |

For claim 45, the Srinivasachar et al. reference does not disclose using the
mOnitbred merc;ury conten’t of the cléaned ﬂue gas tb control the comﬁositi6ﬁ~of the .- - |
sorbent. : ' s

The Vosteen et al. reference discloses using the monitored mercury content of

the cleaned flue gas to control the composition of the sorbent (column 5, lines 47-63).
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- It would have been obvious to one having ordinary skill in the art at the time the
iﬁvention was made to have modified the Srinivasachar et al. reference to include using
the monitored mercury content of the cleaned flue gas to control the composition of the
éorbent (Vosteen et al. column 5, lines 47-63) because this allows the apparatus to
have the maximum amount of mercury to be taken out of the stream as possible.

For claim 47, the Srinivasachar et al. reference discloses in-flight preparation of
the sprbent comprising reacting activated carbon and a promoter, wherein the promoter
is selectéd from the grbup consisting of molecular halogens, halides, and combinations
thereof, wherein the promoter is reacted in the gés- phase or as a vapor, and wherein
the promoter is added at from about 1 to about:30 grams per 100-grams of activated:
carbqn, wherelin the rat'e at which the promoter is added (column 6, lines 2-20). The |
reference does not disc_:losé_ the raté of sorb’ent injection being‘detérmined by a digitél
computer based Aéf‘least part on the mpnitc)réd‘merc'ury content of the cleéaned Af'lue gas. .

The Vosteen et al. reference discloses the faie "of 'sorbént‘i'njéction being
determined by a digital computer based at Igast part on the monitored mercury content
of the cleaned flue gas (coluﬁn 5, lines 47-63). Although.the reference does not
explicitly state “a digital computer”, but would perform the same.function the Vosteenet . - ...
al. reference déscribe's a “control system” which one wouid know in the art can be - -
considered “a digital computer”.

It would have beeh obvious to one having ordinafy skill in the art at the time the
invention was made to have modified the Srinivasachvar‘ et al. r.eference to include the

rate of sorbent injection being determined by a digital computer based at least part on
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the-monitored mercury content of the cleaned flue gas (Vosteen et al. cinmn 5, lines
47-63) because this allows the apparatus to have the maximum amount of mercury to
be taken out of the stream as possible.

For claim 63, the Srinivasachar et al. reference does not disclose continuously
monitoring the mercury content of the cleaned ﬂue'gas.

The Vosteen et al. reference discloses continuously monitoring the mercury
content of the cleaned flue gas (column 5, lines 47-63).

it would have been obvious to one having ordinary skill in the art at the time the -
invention was made to have modifie‘d‘ the Srinivasachar et al. reference to include
continuously monitor'ing the mercury-/'content of the cleaned flue gas (Vosteen et al. -
cqlﬁmn 5, lines 4_7-63) because this allows the system to know if the mercury level is
ﬂ'uctuatihg, and if so how to adjust ’ghe rate at which the sorbent is-entering-in the
system.: | |

" For c‘la‘i‘m‘49, the Srinivasachar et al. reféreh’cé does not disclose régenerating at.

least a portion of the recovered sorbent particles to subs_tantially remove contaminénts
therefrom to recover capacity for capturing mercury.

The Hwang et al. reference discloses regenerating at.least a portion of the . ... - . ..
: 'reCovefed sorbent particles to substantially remove contaminants therefrom to recover
capacity for capturing mercury (column 3, lines 53-60).

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have-'m'odified the’.Srinivasachér et al. réferenée to include

regeneratingj at least a portion of the recovered sorbent particles ti; substanti'a‘liy rémove'
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- contaminants therefronﬁ to recover capacity for capturing mercury (Hwang, column 3,

lines 53-60) because, if regenerated carbon is used, this reduces the amount of new
carbon néeded, therefore cutting the cost of operation.

Claims 40 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Srinivasachar et al. US 6,848,374 as applied to claim 39 above, and further in view of
Gadkaree et al. US 6,136,749.

For claim 40, the Srinivasachar et al. reference does not disclose co-injection an

optional alkaline component .int(é the mercury containing flue gas stream.
The Gadkaree et al. reference discloses co-injecting an optional alkaline

-component into the mercury containing-flue gas stream (column'3, lines 54-65).

‘ It would have been obvious to one having ordinary skill in the art at the time the.
: invention was made to have modified the Srinivasachar et al. référe‘n‘ce to include co- -
) inject‘ing' an‘optional’alkaline component into the mercury containing flue gas stream -
(GadKareé et al, column 3, lines. 54-65) because this will enhance the activity of the .
activated carbon catalyst.

Claims 46 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Srinivasachar et al. US 6,848,374 and Gadkaree et al. US 6,136,749 as applied to claim .
'40-above, and further in view of Vos;ceen,eta!. US 6,878,358. |

For claim 46, the Srinivasachar et ali. reference does not disc;lose monitoring the
mercury céntént of the deanéd flue gas‘anq using the monitored mercufy content to

~ control the composition of the sorbent and the alkaline-to-sorbent injection ration.
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The Vosteen et al. reference discloées monitoring the mercury content of the
cleaned flue gas and using the monitored mercury content to control the comAposition of
the sorbent and the alkaline-to-sorbent injection ration (column 5, lines 47-63). Although
the reference does not disclose Specifically the alkaline-to-sorbent ratio, it does disclose
mixtures of bromine and sulfur substances to be controlled. The controlling device does
provide the needed ability to do ratios of different substances needed within the sorbent.

It would have been obvious to one having ordinary skill in the art at the time the
- invention was‘ made to have modified the Srinivasachar et al. reference to include
monitoring the mercury content of the cleaned flue gas and using the -monitored
- mercury content of the cleaned flue gas to control the rate of injection of the sorbent |
(Vosteen et al. column 5, lines 4.7-63) becaulse: thfs'a!lows the apparatus to have the
- maximum amount of mercury to be taken eutqf the stream as. possible. oo
Claim 64 is rejected under 35 U.S.C. 103(a) as being ’unpaten.table over
~ Srinivasachar et al. US 6,,848,3'74 as applied in claim 62 above, further in view of -
Fristad et al. US 5,185,935.

Regarding claim 64, the Srinivasachar et al. reference does not disclose the
activated carbon having an average particle size greater than that of the components of
the as stream such that sdbstantiaily recovering the sorbent from the cleaned flue gas
involves separations by physicat means.

The Fnstad et al. reference d:scfoses the activated carbon having an average

particle size greater than that of the components of the as stream such that substantlaﬂy

PAC ET AL. EXHIBIT 1021
Page 167 ,



X _‘_Aﬁpﬁéa‘tion[ContrQi Nurf]béi?:. 11!209163 _ . I S :-'A"P‘age‘1;1'_ﬁ Lo

. “Art Unit: 1709

recqvering the sorbent from the cleaned flue gas involves separations by physical
means (column 6, iinés 55-65).

It would have been obvious to one having ordinary skill in the art at the time the
invention was made to have modified the Srinivasachar et al. reference to include the
activated carbon having an average particle size gréater than that of the components of
| tﬁe as stream such that substantially recovering the sorbent from the cleaned flue gas
involves separations by physical means (Fristad, column 6, lines 55-65) because the
particular technique of separation by physical means, was recognized as part of the
ordinary capabilities of one skilled-i.n the art.

Claim 54 is rejected under 35 U.S.C. 103(a) as being unpatentable over- - -
Srinivasachar et al. US »6,848,374 and Fristad etal. US 5,185,935 as applied in claim 64
- above, further in view of Reisé etal. US 5,575,082, - A

| The Srinivaéachar et al. referencé does not diéclose the activated carbon having
an average patrticles size greater than 40 microme_t'e,'rs. ) |

The Reiss et al. reference discloses the activated carbon having an average
particles size greater than 40 micrometers (column 4, lines 59-65).

It would have been obvious to one having ordinary skill‘ in the art at the time the
invention was made to have modified the Srinivasachar et al. reference to include the
activated carbon having an average particles size greater than 40 micrometers (Reiss et
al. column 4, lines 59—65) because thesek particle. diameters of the -activated carbon can’

effectively be introduced into the exhaust gés stream and cause an optimum adsorption.
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Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Amber Miller-Harris whose telephone number is (671)
270-3149. The examiner can normally be reached on Mon-Thur (6:30-5:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Walter Griffin can be reached on (571) 272-1447. The fax phone number
) for the organization where this application or proceeding is assigned is 571-273-8300.

| _Information regarding the status of an application may be obtained from the

Pétent AppliCation Ihf»orr_n‘ation Retﬁeval (PAIR) system. 'Status_ information for
pﬁbﬁshed'appiica’(ion‘s may be obtained from either Private PAIR or Public PAIR.
Status informaﬁ'on for unpublished g’p_plications is>avvailable thrpugh Private PAIR only.
For more vi'nf'orr‘nation abbut the PA_»IR‘ sy‘stem,see http:f/pair-diréct.usp’to.gov. Should -
you have'qué_stions‘o'n access to the APrivate PAIR system, contact the Electronic
Business Center (EBC) at 866-217491é7"(toil-free). If yéu would Iiké assistance froma
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

AH : . : W,&ﬂ 0. 47% .
, ‘ . WALTER D. GRIFFIN
SUPERVISORY PATENT EXAMINER
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S30 10 | sorbent and (remov$4 near3 US-PGPUB; | ADJ ON 2007/07/25 14:55
mercury) and (surface reaction) USPAT; :
USOCR
S31 2 | "5409522" and (surface reaction) US-PGPUB; | ADJ] ON 2007/07/25 14:02
USPAT;
. USOCR
S32 0 | "5409522" and (surface reaction) US-PGPUB; | ADJ] ON 2007/07/25 14:03
and (iodine or bromine) USPAT;
' USCCR .
S33 1 | "20060048646" and in-flight US-PGPUB; | ADJ] ON 2007/07/25 14:20
USPAT;
, USOCR
S34 165 | sorbent and (remov$4 near3 US-PGPUB; | ADJ ON 2007/07/25 14:56
mercury) and (alkaline OR alkali) USPAT; :
USOCR _
S35 46 | sorbent and (remov$4 near3 US-PGPUB; | AD3 ON 2007/07/25 16:44
“mercury) and (alkaline OR alkali) USPAT;
and (bromine OR iodine) USOCR -
S36 15 | ((bromine OR iodine) same US-PGPUB; | ADJ ON 2007/07/26 08:19
(activated carbon) same react$4) USPAT;
and (remove near3 mercury) USOCR )
S37 1 | "6848374" and (alkaline OR alkali) US-PGPUB; | ADJ} ON 2007/07/26 09:12
USPAT,;
USOCR
S38 0 | "6848374" and (regenerat$) US-PGPUB; | ADJ ON 2007/07/26 09:12
USPAT;
A USOCR _ A
1839 62 | ((regenerat$4) with sorbent) and US-PGPUB; | AD3 ON 2007/07/26 09:13
(remov$4 near2 mercury) USPAT,;
USOCR
540 10 | ((regenerat$4) with sorbent) and US-PGPUB; | ADJ ON 2007/07/26 09:38
{remov$4 near2 mercury) and USPAT;
(bromine OR iodine) USOCR
S41 0 | ((regenerat$4) with sorbent) and US-PGPUB; | ADJ ON 2007/07/26 09:39
(remov$4 near2 mercury) and USPAT;
(bromine OR iodine) and USOCR
regeneragt$4
S42 10 | ((regenerat$4) with sorbent) and US-PGPUB; | ADJ] ‘ON 2007/07/26 09:55
(remov$4 near2 mercury) and USPAT;
{bromine OR iodine) and USOCR
regenera\t$4 '
S43 10 | ((regenerat$4) with sorbent) and US-PGPUB; | ADJ - ON 2007/07/26 09:39
(remov$4 near2 mercury) and USPAT;
{bromine OR iodine) and USOCR
L regenerat$4
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EAST Search History

544

545

S46

S47

548

549

S50

S51

552

S53

S54

S55

S56

34

206

34

74

38

37

((regenerat$4) with sorbent) and
(remov$4 near2 mercury) and
(bromine OR’iodine) and
regenera\t$4 and monitor$3

(monitor$3 with mercury) and
(remov$4 near2 mercury) and
(bromine OR iodine)

2004/0003716 and monifor$4
"20040003716" and monitor$4

((regenerat$4) with sorbent) and
(remov$4 near2 mercury) and
(bromine OR iodine) and monitor$3

(remov$4 near2 mercury) and
(bromine OR iodine) and monitor$3

(remov$4 near2 mercury) and
(bromine OR iodine) and
(monitor$3 with mercury)

(remov$4 near2 mercury) and
{bromine OR iodine) and
((monitor$3 or measur$4) with
mercury)

(remov$4 near2 mercury) and
(bromine OR iodine) and
({(monitor$3 or measur$4) with
mercury) and sorbent

(remov$4 near2 mercury) and
(bromine OR iodine) and

| ({(monitor$3 or measur$4) with

mercury) and sorbent and
measur$4

(remov$4 near2 mercury) and
(bromine OR iodine) and
((monitor$3 or measur$4) with
mercury) and sorbent and
measur$4 and regenerate

(remov$4 near2 mercury) and
(bromine OR iodine) and
((monitor$3 or measur$4) with
mercury) and sorbent and
measur$4 and (particle size near4
"40“)

(remov$4 near2 mercury) and
(bromine OR iodine) and (particle
size near4 "40")

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT,;
USCCR

US-PGPUB;
USPAT

US-PGPUB;
USPAT

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR -

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR

US-PGPUB;
USPAT;
USOCR -

US-PGPUB;
USPAT;
USOCR

AD]

ADJ]

OR

OR

AD]

ADJ

ADJ

ADJ]

ADJ

ADJ]

ADJ

ADJ

ADJ

OFF 2007/07/26 10:53

ON 2007/07/26 13:42

ON 2007/07/26 10:00

OFF 2007/07/26 10:55

ON 2007/07/26 13:42
ON | 2007/07/26 13:42
ON | 2007/07/26 13:53

ON 2007/07/26 13:54
ON | 2007/07/26 14:05

ON 2007/07/26 15:38
ON | 2007/07/26 14:09

ON 2007/07/26 15:39

ON 2007/07/30 08:21
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EAST Search History

S57 2 | (remov$4 near2 mercury) and US-PGPUB; | AD] ON 2007/07/26 15:45
(bromine OR iodine) and (particle USPAT; :
size near4 "50") USOCR

S58 1 | (remov$4 near2 mercury) and US-PGPUB; | ADJ ON 2007/07/26 15:45
(bromine OR iodine) and (particle USPAT; :
size near4 "60") | USOCR

S59 2 | (remov$4 near2 mercury) and - | US-PGPUB; | ADJ ON 2007/07/26 15:47
(bromine OR iodine) and (particle USPAT;
size neard4 "70") USOCR

S60 4 | (remov$4 near2 mercury) and US-PGPUB; | ADJ ON 2007/07/26 15:47
(bromine OR iodine)} and (particle USPAT; '
size near4 "80") USOCR , ,

S61 - (remov$4 near2 mercury) and US-PGPUB; | ADJ ON 2007/07/30 07:59
(bromine OR iodine) and (particle USPAT;
size near4 "40") and "40" USOCR
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 11/209,163 Confirmation No. 1534
Applicant : Edwin S. Olson, et al.

Filed : August 22, 2005

For : Sorbents for the Oxidation and Removal of Mercury

TC/AU. : 1724

Examiner : Amber R, Miller Harris

Customer No.: 23505
Atty. Dkt. No.: 2380-00200
Date: July 9, 2007

MAIL STOP AMENDMENT
Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO RESTRICTION REQUIREMENT

Dear Sir:

Responsive to the Office Action (Election/Restrictions) dated June 7, 2007, pursuant to the
above-referenced application, Applicants elect without traverse the claims of Group II consisting of
Claims 30-32, 38-40, 45-47, 49, 54, and 62-64, drawn to the method for reducing mercury in flue
gas, classified in class 95, subclass 134. Applicants reserve the right to re-file the non-elected
claims in one or more divisional applications at a later time.

Applicants, through undersigned counsel, welcome a telephone conference if the Examiner
believes this will expedite prosecution of the application by clarifying any outstanding questions or
issues.

The Commissioner is hereby authorized to charge any fee connected with this
communication to Account Number 03-2769 and enter any time extension(s) necessary to prevent

this case from being abandoned.

Page 1 of 2
201097.01/2380.00200
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Appl. No.: 11/209,163
Reply to Office Action Dated June 7, 2007

Respectfully submitte

Tim . W
Reg. No. 52,352
CoNLEY ROSE, P.C.

P.O. Box 3267

Houston, Texas 77253-3267
(713) 238-8000

ATTORNEY FOR APPLICANTS

Page 2 of 2

201097.01/2380.00200
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Electronic Acknowledgement Receipt

EFS ID: 1950758
Application Number: 11209163
International Application Number:
Confirmation Number: 1534

Title of Invention:

Sorbents for the oxidation and removal of mercury

First Named Inventor/Applicant Name:

Edwin S. Olson

Customer Number:

23505

Filer:

Timothy S. Westby/Grace A. Wise

Filer Authorized By:

Timothy S. Westby

Attorney Docket Number: 2380-00200
Receipt Date: 09-JUL-2007
Filing Date: 22-AUG-2005
Time Stamp: 16:08:47

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document - . File Size(Bytes) Multi Pages
Number Document Description File Name /Message Digest | Part/.zip| (if appl.)
R to Election / Restricti 35559
1 esponse 1o F?;cljon estriction RespRestReq.pdf no 2
2b42974bt7bd2b519a7445e9bebdbles
a82416ca
Warnings:
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Information:

Total Files Size (in bytes): 35559

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
similar to 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.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

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

PAC ET AL. EXHIBIT 1021
Page 193




UNITED STATES PATENT AND TRADEMARK OFFICE C:

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

P.O. Box 1450

Alexandria, Virginia 22313-1450
www,usplo.gov

I APPLICATION NO. FILING DATE I FIRST NAMED INVENTOR ] ATTORNEY DOCKETNO. | CONFIRMATION NO.
11/209,163 08/22/2005 Edwin S. Olson 2380-00200 1534
23505 7590 06/07/2007 :
EXAMINER
CONLEY ROSE, P.C. l
David A. Rose MILLER HARRIS, AMBER R
P. 0. BOX 3267 - —
HOUSTON, TX 77253-3267 l ARTUNIT | paperumBER

1709

L MAIL DATE | DELIVERY MODE

06/07/2007 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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G

Application No. Applicant(s)
11/209,163 OLSON ET AL.
Office Action Summary Examiner Art Unit
Amber R. Miller-Harris 1709

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended pericd for reply will, by statute, cause the application to become ABANDONED (35 U.5.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 22 August 2005.
2a)[] This action is FINAL. 2b)[X This action is non-final.

3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits :s
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)[X Claim(s) 1-13,15-18,20-26,30-33,38-40,45-47.49 and 53-64 is/are pending in the application.

4a) Of the above claim(s) _____is/are withdrawn from consideration.
5[] Claim{s) ___is/are allowed.
6)[] Claim(s) ____isfare rejected.
7)1 Claim(s) ______is/are objected to.

8)X Claim(s) 7-13, 15-18,_20-26,_30-33,_38-40, 45-47, 49, 53-64 are subject o restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[]] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJAll b)[_] Some * ¢c)[_] None of:
1.[] Certified copies of the priority documents have been received.
2.[] cCertified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s}
1) D Notice of References Cited (PT0O-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____
3) [] information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 6) D Other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-06) Office Action Summary Part gbRAgeeENe-Mail Raig 2187959702 1
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Application/Control Number: 11/209,163 ‘ Page 2
Art Unit: 1709

DETAILED ACTION
Election/Restrictions
1. Restriction to one of the following inventions is required under 35 U.S.C. 121:
. Claimé 1-13, 15-18, 20-26, 33, 53, 55, and 56-61 drawn to the
composition of a promoted carbon sorbent, and the method of making the |
promoted carbon sorbent, classified in class 502, subclass 417.
I Claims 30-32, 38-40, 45-47, 49, 54, and 62-64, drawn to the method for

reducing mercury in flue gas, classified in class 95; subclass 134.
The inventions are distinct, each from the other because of the following reasons:
2. Inventions |. and |l. are related as product and process of use. The inventions
can be shown to be distinct if either or both of the following can be shown: (1) the
process for using the product as claimed can be practiced with another materially
different product or (2) the product as claimed can be used in a materially different
process of using that product. See MPEP § 806.05(h). In the instant case the product
as claimed can be used in a materially different process such as the adsorption of
volatile organic compounds.
3. Restriction for examination purposes as indicated is proper because all these
inventions listed in this action are independent or distinct for the reasons given above
and there would be a serious search and examination burden if restriction were not
required because one or more of the following reasons apply:

(a) the inventions have acquired a separate status in the art in view of their

different classification;

PAC ET AL. EXHIBIT 1021
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Application/Control Number: 11/209,163 Page 3
Art Unit: 1709

(b) the invéntions have acquired a separate status in the art due to their

recognized divergent subject mater:

(c) the inventions require a different field of search (for example, searching

different classes/subclasses or electronic resources, or employing different

search quires);

(d) the prior art applicable to one inventioh would not likely be applicable to

another invention;

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C

101 and/or 35 U.S.C. 112, first paragraph.

Applicant is advised that the reply to this requirement to be compiete must
include (i) an election of invention to be examined even though the requirement may
be traversed (37 CFR 1.143) and (ii) identification of the claims encompéssing the
elected invention.

The election of an invention may be made with or with or without traverse. To
reserve a right to petition, the election must be made with traverse. If the reply does not
distinctly and specifically point out supposed errors in the restriction requirement, the
election shall be treated as an election without traQerse. Traversal must be presented at
the time of élection in order to be considered timely. Failure to timely traverse the
requirement will result in the loss of right to petition under 37 CFR 1.144.

If claims are added after the election, applicant must indicate which of these

claims are readable on the elected invention.
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Application/Control Number: 11/209,163 Page 4
Art Unit: 1709 ‘

Should applicant traverse on the ground that the inventions are not patentably
distinct, applicant should submit evidence or identify such evidence now of record
showing the inventions to be obvious variants or clearly admit on the record that this is
the case. In either instance, if the examiner finds one of the inventions unpatentable
over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.
103(a) of the other invention.

4, Applicant is reminded that upon the cancellation of claims to a non-elected

* invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one

or more of the currently named inventors is no longer an inventor of at least one claim
remaining in the application. Any amendment of inventorship must be accompanied by
a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Amber R. Miller-Harris whose telephone number is (571)
272-3149. The examiner can normally be reached on Mon-Fri 8-5 (Alt Fri Off).

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Walter Griffin can be reached on (571) 272-1447. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 11/209,163 Page 5

Art Unit: 1709

information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available thrdugh Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customef Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Mt . 0.

- WALTER D. GRIFFIN
SUPERVISORY PATENT EXAMINER

AH
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UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

ARRIDERTN R TGN

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

P.O. Box 1450

Alexandris, Virginia 22313-1450

wWww.usplo.gov

CONFIRMATION NO. 1534
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 11/209,163 Confirmation No. 1534
Applicant : Edwin S. Olson, et al.

Filed : August 22, 2005

For : Sorbents for the Oxidation and Removal of Mercury

TC/AU. : 1724

Examiner e Robert A. Hopkins

Customer No.: 23505
Atty. Dkt. No.: 2380-00200
Date: February 27, 2007

PRELIMINARY AMENDMENT

Mail Stop Amendment

Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

Sir:

Applicant requests that the above-identified application be amended as follows prior to
consideration on the merits:

Amendments to the Claims are reflected in the listing of the claims which begins on page 2 of
this paper.

Remarks/Arguments begin on page 9 of this paper.
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Amendments to the Claims:

This listing of claims will replace all prior versions and listings of claims in the application:

Listing of Claims:

1. (Currently Amended) A promoted carbon sorbent comprising a base activated carbon that has

reacted with a promoter selected from the group consisting of halides, halogens, and combinations

thereof, such-that-the-reaction-productwherein the sorbent is effective for the removal of mercury

from a gas stream_located downstream of a boiler. said removal of mercury vielding a cleaned gas

stream. and wherein the composition of the promoted carben sorbent is controlled by the mercury

content of the cleaned gas stream.

2. (Original) The promoted carbon sorbent of claim 1 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 40 micrometers, and combinations thereof, and the promoter is selected from the group
consisting of molecular halogens, Group V halides, Group VI halides, hydrohalides, and

combinations thereof.

3. (Currently Amended) The promoted carbon sorbent of claim 2 wherein the sorbent eesaprises

COMPIIses_an

activated carbon matrix in a fixed or a moving bed structure.

4, (Currently Amended) The promoted carbon sorbent of claim 3-2 further comprising an
optional secondary component comprising a halogen or a hydrohalide such that the reactivity and

mercury capacity of the sorbent are enhanced.

5. (Currently Amended) The promoted carbon sorbent of claim 4-2 further comprising an
optional alkaline component selected from the group consisting of alkali elements, alkaline earth

elements, alkali salts, alkaline earth salts, and combinations thereof.

6. (Currently Amended) 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_wt-%

to about 15 wt-% of the concentration of the promoter on the finished sorbent.

7. (Currently Amended) The promoted carbon sorbent of claim 64 wherein the optional
Page 2 of 9
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secondary component is selected from the group consisting of Group V halides, Group VI halides,
HI, HBr, HCl, and combinations thereof.

8. (Original) The promoted carbon sorbent of claim 7 wherein the optional secondary

component is selected from the group consisting of I, HI, and combinations thereof.

9, {Currently Amended) The promoted carbon sorbent of claim 8 wherein the 9promoter is

substantially in vapor form when combined with the base activated carbon.

10. (Original) The promoted carbon sorbent of claim 8 wherein the promoter is combined with an

organic solvent prior to reaction with the base activated carbon.

11. (Original) The promoted carbon sorbent of claim 8 wherein the promoter and optional

secondary component are combined with the base activated carbon substantially simultaneously.

12. (Currently Amended) The promoted carbon serbent of claim 82 further comprising a
mercury-stabilizing reagent selected from the group consisting of S, Se, H,S, SO,, H,Se, Se0,, CS,,

P-S;, and combinations thereof.

13. (Original) The promoted carbon sorbent of claim 12 wherein the promoter is selected from

the group consisting of Br;, HBr, and combinations thereof.

14. (Canceled) The promoted carbon sorbent of claim 3 further comprising a mercury-stabilizing
reagent selected from the group consisting of S, Se, H,S, SO;, H,Se, Se0,, CS,, P,Ss, and

combinations thereof,

15. {Currently Amended) The promoted carbon sorbent of claim +4-12 further comprising an
optional alkaline component comprising an alkaline or alkaline earth element wherein the promoter is

selected from the group consisting of Br,, HBr, and combinations thereof.

i6. (Currently Amended) A method of preparing a promoted carbon sorbent comprising

providing a-an granular-activated carbon; and forming a reaction product by reacting the activated

carbon with a promoter selected from the group consisting of halogens, halides, and combinations
thereof, such that the reaction product comprises a promoted carbon sorbent effective for removal of

mercury from a gas stream_downstream of a boiler. thus vielding a cleaned gas stream. and wherein

the composition of the sorbent is adjusted based upon the mercury content of the cleaned gas stream.

Page 3 of 9
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17. (Original) The method of claim 16 wherein the reaction product comprises from about 1 to

about 30 grams promoter per 100 grams activated carbon.

18. (Currently Amended) The method of claim 46-53 wherein the reaction product has an

average particle size distribution greater than about 40 micrometers.

19. (Canceled) The method of claim 16 wherein the promoter is selected from the group
consisting of molecular halogens, hydrohalides, Group V halides, Group VI halides, and

combinations thereof.

20. {(Currently Amended) The method of claim +9-17 wherein the promoter is in the gas phase

when contacting the activated carbon.

21. (Currently Amended) The method of claim 19-17 wherein the promoter is in an organic

solvent when contacting the activated carbon.

22. (Original) The method of claim 20 wherein the promoter is selected from the group

consisting of Bry, a Group V bromide, a Group VI bromide, and combinations thereof.

23. (Currently Amended) The method of claim +8-17 further comprising providing an optional

alkaline component to improve the effectiveness of mercury removal.

24, (Currently Amended) The method of claim 20 further comprising reacting the sranular
activated carbon with an optional secondary component comprising a halogen or a hydrohalide such

that the reactivity and mercury capacity of the sorbent are enhanced.

25. (Original) The method of claim 24 further comprising providing an optional alkaline

component to improve the effectiveness of mercury removal.

26. {Currently Amended) The method of claim 24 wherein the promoter and optional secondary
component are contacted substantially simultaneously with the activated carbon.

27. (Canceled) The method of claim 24 wherein the optional secondary component comprises I

or HI.

28. (Canceled) The method of claim 20 further comprising adding a mercury-stabilizing reagent
selected from the group consisting of S, Se, H,S, SO,, H,Se, SeO,, CS,, P,Ss, and combinations
Page 4 of 9
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thereof,

29, (Canceled) The method of claim 24further comprising adding a mercury-stabilizing reagent
selected from the group consisting of S, Se, H2S, SO,, H,Se, Se0,, CS8,, P12Ss, and combinations
thereof.

30. (Currently Amended) A method for reducing mercury in flue gas comprising: previding
preparing a sorbent, injecting the sorbent into a 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. wherein preparing the sorbent

comprises reacting an activated carbon with at least one component to vield a reaction product. and

wherein at least part of preparinge the sorbent comprises in-flicht reaction of the base activated carbon

with the at least one component within a transport line from which the reaction product is injected

into the mercury-containing gas stream.

31. (Currently Amended) The method of claim 38-62 further comprising co-injecting an optional

alkaline component into the mercury containing flue gas stream.

32. (Currently Amended) The method of claim 36-62 further comprising monitoring the mercury
content of the cleaned 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. (Currently Amended) The method of claim 38-16 further comprising preparing wherein-the
injeeted-sorbent is-prepared-in-flight by reacting an-the activated carbon, and-a-the promoter. and an

optional secondary component to enhance the reactivity and mercury capacity of the sorbentwithin-a

34. (Canceled) The method of claim 33 wherein the promoter is selected from the group

consisting of molecular halogens, halides, and combinations thereof.

35. {Canceled) The method of claim 34 wherein the promoter is selected from the group

consisting of Bra, HBr, Group V bromides, Group VI bromides, and combinations thereof.

36. (Canceled) The method of claim 35 wherein the promoter is reacted in the gas phase or as a

vapor.

Page 5 of 9
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37. (Canceled) The method of claim 36 wherein the promoter is added at from about 1 to about

30 grams per 100 grams of activated carbon.

38. (Currently Amended) The method of claim 37-62 wherein the injected-serbent-isprepared-in-
flight reaction comprises by-reacting an—the activated carbon, e—the promoter, and an optional

secondary component to enhance the reactivity and capacity of the sorbent—within—a—pneamatie

a¥a nectad ta the mae antammactlie o & 3 10y
~ < a L 1 3 o

39. {Original) The method of claim 38 wherein the optional secondary component is selected
from the group consisting of iodine, hydrohalides, Group V halides, Group VI halides, and

combinations thereof.

40. (Original) The method of claim 39 further comprising co-injecting an optional alkaline

component into the mercury containing flue gas stream.

41.  (Canceled) The method of claim 39 wherein the optional secondary component is added at

from about 1 to about 15 wt-% of the promoter content.

42. (Canceled) The method of claim 41 wherein the optional secondary component is selected

from the group consisting of L, HI, and combinations thereof.

43, (Canceled) The method of claim 42 wherein the optional secondary component is added in

the gas phase or as a vapor.

44. {Canceled) The method of claim 41 further comprising adding to the sorbent a mercury-
stabilizing reagent selected from the group consisting of S, Se, H;S, SO, H,Se, Se0s, CS,, P2Ss, and

combinations thereof.

45.  (Original) The method of claim 32 further comprising using the monitored mercury content

of the cleaned flue gas to control the composition of the sorbent.

46. (Currently Amended) The method of claim 40 further comprising monitoring the mercury
content of the cleaned fiue gas and using the monitored mercury content to contrel the composition

of the sorbent and the alkaline-to-sorbent injection ratio.

47. (Currently Amended) The method of claim 45 wherein the injected-serbent-isprepared-in-

Page 6 of 9

192736.01/2380.00200

PAC ET AL. EXHIBIT 1021
Page 206




flight preparation of the sorbent comprises by-reacting as-the activated carbon and a promoter-within

2as—strearm, wherein the promoter is selected 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 1 to about 30 grams per 100 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 at least in part on the monitored mercury content of the cleaned flue gas.

48. (Canceled) A method for reducing the mercury content of a gas stream comprising the steps
of injecting a powdered activated carbon sorbent having a mass-mean particle size >40um into a gas
stream containing mercury and ash particles, capturing mercury from the gas stream on the sorbent
particles, mechanically separating the sorbent particles from the ash particles, and re-injecting the

separated sorbent particles into the gas stream.

49. (Currently Amended) The method of claim 48-62 further comprising regenerating at least a

portion of the recovered sorbent particles to substantially remove contaminants therefrom to recover

capacity for capturing mercury.

50. (Canceled) 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 salts, alkaline earth salts, and combinations thereof.

51. {Canceled) The method of claim 48 wherein the powdered activated carbon sorbent further
comprises a promoter selected from the group consisting of halides, halogens, and combinations

thereof.

52. (Canceled) 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 earth salts, and combinations thereof.

53. (Currently Amended) The method of claim 48-16 wherein the partieslate-activated carbon
sorbent-has a-mass-meanan average particle size =60umgreater than that of the components of the

oas stream such that the promoted carbon sorbent produced therefrom can be substantiallv separated

bv phvsical means from the cleaned oas stream.
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54. (Currently Amended) The method of claim 52-64 wherein the partiewlate-activated carbon
serbent-has a-mess-reanan average particle size =greater than 6840um.

55. (New) The promoted carbon sorbent of claim 3 wherein the structure is selected from the group

consisting of moving fiber screens and monoliths.

56. (New) The promoted carbon sorbent of claim 5 wherein the ratio of base activated carbon, the
promoter, and the opticnal alkaline component is chosen for optimum economic removal of mercury

from the gas stream.

57. (New) The method of claim 16 further comprising continuously monitoring the mercury content

of the cleaned gas stream.

58. (New) The method of claim 16 wherein the sorbent comprises an activated carbon matrix in a

fixed or a moving bed structure.

59. (New) The method of claim 58 wherein the structure is selected from the group consisting of

moving fiber screens and monoliths.
60. (New) The promoted carbon sorbent prepared by the method of claim 57.

61. (New) The method of claim 16 wherein the ratio of activated carbon to promoter is adjusted for

optimization of economic removal of mercury from the gas stream.
62. (New) The method of claim 30 wherein the flue gas stream is downstream of a boiler.

63. (New) The method of claim 32 further comprising continuously monitoring the mercury content

of the cleaned flue gas.

64. (New)} The method of claim 62 wherein the activated carbon has an average particle size greater
than that of the components of the gas stream such that substantially recovering the sorbent from the

cleaned flue gas involves separation by physical means.
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REMARKS/ARGUMENTS

The Applicants have added new claims 55-64 and preliminarily amended claims 1, 3-7, 12,
15-16, 18, 20-21, 23-24, 26, 30-33, 38, 47, 49, 53-54 to clarify the invention. Claims 9 and 46 are
amended herein to correct typographical errors. Claims 14, 19, 27-29, 34-37, 41-44, 48, and 50-52
are canceled herein. It is respectfully submitted that the Application, as amended, is in condition for
allowance. By virtue of this Preliminary Amendment, claims 1-13, 15-18, 20-26, 30-33, 38-40, 45-
47, 49, and 53-64 are currently pending. Please note that amended claims 1, 16, and 30 are
amended independent claims. The Applicants respectfully request consideration and allowance of

the present claims.

CONCLUSION
If any fees are inadvertently omitted or if any additional fees are required or have been
overpaid, please appropriately charge or credit those fees to Conley Rose, P.C. Deposit Account
Number 03-2769.

Respectfully submitted,

Timothy S. Westby
PTO Reg. No. 52,352
CONLEY ROSE, P.C.
P. O. Box 3267
Houston, TX 77253-3267
{713) 238-8000 (Phone)
(713) 238-8008 (Fax)

ATTORNEY FOR APPLICANTS
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require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.5.
Patent and Trademark Office, U.S. Department of Commerce, P.C. Bax 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.0O. Box 1450, Alexandria, VA
22313-1450.
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Electronic Acknowledgement Receipt

EFS ID: 1216722
Application Number: 11209163
Confirmation Number: 1534

Title of Invention:

Sorbents for the oxidation and removal of mercury

First Named Inventor:

Edwin S. Olson

Customer Number:

23505

Filer:

Timothy S. Westby

Filer Authorized By:

Attorney Docket Number: 2380-00200

Receipt Date: 25-SEP-2006

Filing Date: 22-AUG-2005

Time Stamp: 14:25:31

Application Type: Utility
International Application Number:
Payment information:
Submitted with Payment no
File Listing:
Dﬁﬁ;mbgrnt Document Description File Name File Size(Bytes) I\g::tt' Pages
1 Information (P[i)s‘s‘;'oFﬁ;f Statement | 5380.00200_SupplIDS.pdf 137254 no 3
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Warnings:

Information:

This is hot an USPTO supplied IDS fillable form

Total Files Size (in bytes): 137254

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
similar to 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.S.C. 371

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

PTOQ/MSB/8a (08-03 )

Appraved for use through 07/31/2006 OMB 0651-0031

U & #atent and Trademark Office; U § DEPARTMENT OF COMMERCE

Urnider the Paperwork Reduclion Act of 1995, no parsons are required 1o respand 1o a colfaction of information unlass i contains a valid OMB control aumber

Application Number 11209163
Filing Date 2005-08-22
INFORMATION DISCLOSURE (g Named Inventor | Edwin S Olson
STATEMENT BY APPLICANT  —— p—
( Not for submission under 37 CFR 1.99)
Examiner Name Robert A Hopkins
Attorney Docket Number 2380-00200

U.S.PATENTS
; Pages,Columns,Lines where
ﬁ:;g;nljner 82& Patent Number grgw Issue Date Sfagtg dO;DZiL&aneni or Applicant Relevant Passages or Relevant
Figures Appear
Nishino, et al.
1 4500327 1985-02-19

If you wish to add additional U 8. Patent citation information please click the Add button,

U.8.PATENT APPLICATION PUBLICATIONS

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

Kind { Publication Name of Patentee or Applicant
Code Date of clted Document

Examiner Cite

Initial* No Publication Number

If you wish to add additional U.8. Published Application citation information please click the Add button.

FOREIGN PATENT DOCUMENTS

, Pages,Columns,Lines
Examiner| Cite | Foreign ;I)ocument Country Kind | Publication ga":fé::ti‘?;tg?;ﬁﬂ o | where Relevant -
Initiar | No | Number Code? j Coded| Date nﬁﬁum et Passages or Relevant
Figures Appear
1 [

If you wish to add additional Foreign Patent Document citation information please click the Add button

NON-PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, eic), date, pagas(s), volume-issue number(s), TS
publisher, city andfor country where published.

Examiner| Cite
Initials® | No
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SUPPLEMENTAL

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 11208163
Filing Date 2008-08-22
First Named Inventor | Edwin 8. Ofson
Art Unit 1724

Examiner Name

Robert A. Hopkins

Attorney Docket Number 2380-00200

If you wish to add additional non-patent literature document citation information please click the Add button

EXAMINER SIGNATURE

Examiner Signature

Date Considered

*EXAMINER: Initial if reference considered, whether or not citation s in conformarnice with MPEP 609, Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTQ Patent Documents at www.USPTO.GOV or MPEP 901 04 2 Enter office that issued the document, by the two-letler code (WIFO
Slandard 8T 3) 2 For Japanese patenl documents, the indication of tha year of the reign of the Emperor must precede the serfal number of the patent document
* Kind of document by {he appropriate symbols as indicated on the document under WIPO Standard ST 16 If possible 5 Applicant is lo place a check mark here if|

English language translation is attached.
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SUPPLEMENTAL MODIFIED

Application Number 11209163
Filing Date 2005-08-22
INFORMATION DISCLOSURE First Named Inventor | Edwin 8 Olson
STATEMENT BY APPLICANT [ —— —
{ Not for submission under 37 CFR 1.89)
Examiner Name Robert A Hopking
Attorney Docket Number 2380-00200

CERTIFICATION STATEMENT

Please see 37 CFR 1 87 and 1.98 to make the appropriate selestion(s).

That each itern of information contained in the information disclosure statement was first cited in any communication
[[] from a foreign patent office in a counterpart foreign epplication not more than three months prior to the filing of the
information disclosure staterment See 37 CFR 1.97(eX1)

OR

That no item of information contained in the information disclosure statement was cited in & communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

L] any individual designated in 37 CFR 1 56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1 97(e)(2)

[] See attached cerification statement.
[[] Fee setforth in 37 CFR 1.17 {p) has been submitted herewith.

None

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1 33, 10.18 Please see CFR 1.4(d) for the
form of the signature.

Signature Mimothy 5. Westby/ Date {YYYY-MM-DD} 2006.08-15

Name/Print Timothy S. Westby Registration Number 52352

This collection of information is required by 37 CFR 1 97 and 1.98 The information is required to obtain or retain a benefit by the
public which Is to file (and by the USPTO ta process) an application. Confidentiality is governed by 35 U S.C 122 and 37 CFR

1 14, This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case  Any caomments on the amount of time you
require to complete this form and’or suggestions for reducing this burden, should be sent o the Chief Information Officer, U 8
Patent and Trademark Office, U 8. Department of Commerce, P O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS  SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA
22313-1450,
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Electronic Acknowledgement Receipt

EFS ID: 1154333
Application Number: 11209163
Confirmation Number: 1534

Title of Invention:

Sorbents for the oxidation and removal of mercury

First Named Inventor:

Edwin S. Olson

Customer Number:

23505

Filer:

Timothy S. Westby

Filer Authorized By:

Attorney Docket Number: 2380-00200

Receipt Date: 15-AUG-2006

Filing Date: 22-AUG-2005

Time Stamp: 14:16:40

Application Type: Utility
International Application Number:
Payment information:
Submitted with Payment no
File Listing:
Dﬁﬁ;mbgrnt Document Description File Name File Size(Bytes) I\g::tt' Pages
1 Information (P[;S‘SC)'OFSEES Statement | 5350.00200_SupplDS.pdf 141347 no 3
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Warnings:

Information:

This is hot an USPTO supplied IDS fillable form

Total Files Size (in bytes); 141347

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
similar to 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.S.C. 371

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

11/22/2005 14:04 FAX 7132388008 @001/008
- NOV.2 2 2005

.

FAX TRANSMITTAL COVER SHEET

ORIGINAL WILL FOLLOW VIA:

O Man
CONLEY ROSE, P.C. [E]:] gg{ljs:g;nmwu, AIRMAIL
600 Travis, Suite 7100 ' WILL NoT FOLLOW
Houston, Texas 77002 []  HAND DELIVERY
Fax Number: (713) 238-8008 [0  WITH ENCLOSURE(S)
[  WITHOUT ENCLOSURE(S)

Telephone Number: (713) 238-8000

PLEASE DELIVER THE FOLLOWING PAGES IMMEDIATELY TO:

NAME: MAIL STOP MISSING PARTS
FIRM: U.S. PATENT & TRADEMARK OFFICE
CITY: ALEXANDRIA, VIRGINIA

FAX NO: 571-273-8300

REMARKS: Serial No. 11/209,163, filed August 22, 2005

Please find the following attached hereto: Transmittal Form (1 p.); Application Data Sheet (3 p.);
Declaration (1 p.); and Notice to File Missing Parts of Nonprovisional Application (2 p.)

Total Number of Pages (Including This One): 8

FROM: Timothy S. Westby, Direct Dial No. 713-238-8030

DATE: November 22, 2005 ATTORNEY DOCKET NO. 2380-00200

IF YOU DO NOT RECEIVE ALL THE PAGES,
PLEASE CALL BACK AS SOON AS POSSIBLE.

This facsimile, and the information it contains, is intended to be a confidential communication
only to the person or entity to whom it is addressed. If you have received this facsimile in error,
please notify us by telephone at the above telephone number and return the original to this office

by mail.
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11/22/'2005 14:04 FAX 7132388008

.

[@oo2/008

Approved for use through 07/31/2006. OMB 0651-0032
U.S. Patent and Trademark Officc; U.S. DEPARTMENT OF COMMERCE

PTQ/SB/21 (09-04)

Under the Paperwork Reduction Act of 1995, no persons are required to respond to 2 collection of information unless it displays a valid OMB control number

Application Number 11/209,163
TRANSMITTAL Filing Date August 22, 2005
FORM First Named Inventor Edwin S. Olson REC
Art Unit CENT
(to be used for all correspondence after initial filing) Eramine Nams
Total Number of Pages in This Submission J 7 Attorney Docket Number | 2380-00200

ENCLOSURES (check all that apply)

_[]—I*:ee Transmittal Form
[0 Fee Attached
[0 Amendment/Reply
[J Atter Final
[ Affidavits/declaration(s)
[J Extension of Time Request
[[J Express Abandonment Request
[] Information Disclosure Statement
[ Centified Copy of Priority Document(s)

Response to Missing Parts/
Incomplete Application

[] Response to Missing Parts
under 37 CFR 1.52 or 1.53

Drawing(s)
[ Licensing-related Papers
] Petition

[ Petition to Convert to a
Provisional Application

[3J Power of Attorney, Revocation
Change of Correspondence Address

(O Terminal Disclaimer
[J Request for Refund
] CD, Number of CD(s)

{T] Landscape Table on CD

ﬁ After Allowance Communicarion
to Group

(0 Appeal Communication to Board
of Appeals and Interferences

[J Appeal Communication to Group
(Appeal Notice, Brief, Reply Brief)

O Proprietary Information
(O status Letter

O other Enclosure(s) (please
identify below):

s Application Data Sheet (3 p.)

e Declaration (I p.)

»  Notice to File Missing Parts of
Nonprovisional Application (2
p)

Remarks

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm CONLEY R@SY, P4C,
<« Y \
Signature l )
‘ .
Printed name Timothy S. Westby )
Date November 22 2005 (/ Reg. No. 55,352

CERTIFICATE OF TRANSMISSION/MAILING

I hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal
Service with sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P. O. Box 1450,
Alexandria, VA 22313-1450 on the date shown below.

Typed or Printed Name

R. Elizabeth Skaggs
R ¢

re
*

Signature

S?hggs

Date

November 22, 2005

164027.01/2380.00200
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- RECEIVED
CENTRAL FAX CENTER 007/008

_NOV 22 2005

11/22/2005 14:05 FAX 7132388008 .

e

UNITED STATES PATENT AND TRADEMARK OFFICE _

UNITED STATES DEFARTMENT QF COMMERCE
United Siates Patant and Tra tk Offioa
Address: COMMISSIONER FUR PATENTS
BO. Box 450
S Alwcandrin, Vginin 23313-)450
WWW.HPI0 ROV

| APPLICATION NUMBER ] FILING OR 371 ()DATE |  FIRSTNAMEDAPPLICANT | ATTORNEY DOCKET NUMBER |
11/209,163 08/22/2005 Edwin S. Olson 2380-00200 ./
5 CONFIRMAT! .
s RECEIVED on o1
CONLEY ROSE, P.C. SEP 3 0 2005 %C, LETTER
P. 0. BOX 3267 )
HOUSTON, TX 77253-3267 CCMLEY ROSE PC.-HOU

Date Mailed: 09/26/2005

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
items Required To Avo bandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

o The oath or declaration is missing. A properly signed oath or declaration in compliance with 37 CFR 1.63,
identifying the application by the above Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or daclaration in compliance with 37 CFR 1.63
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary
interest, is required.

The applicant needs to satisfy supplemental fees prablems indicated bslow.
The required item(s) identified below must be timely submitted to avoid abandonment:
¢ To avoid abandonment, a suréharge (for late submission of filing fee, search fee, examination fee or oath or

declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing items
Identified in this letter.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $130 for a Large Entity
o $130 Surcharge.

Replies should be mailed to:  Mail Stop Missing Parts
Commissioner for Patents
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P.0. Box 1450
Alexandria VA 22313-1450

A copy of this notice MUST be returned with the reply.

L T,
! v Ll Az
Office of Initial Patent Examination (571) 272-4000, or 1-8 0-9199, or 1-800-972-6382
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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PTQ/SB/0( A (08-03)
Approved for use through 06/30/2006, OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, 10 PETSOns are required ¢o respond to 3 collection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING
AN APPLICATION DATA SHEET (37 CFR 1.76)

Title of Invention | Sorbents for the Oxidation and Removal of Mercury

As below named inventor(s), I/we declare that:
This declaration is directed to:
] The attached application, or
X Application No. 11/209,163, filed on August 22, 2005.
O as amended on (if applicable);

Uwe belicve that I/we am/are the original and first inventor(s) of the subject matter which is claimed and for which a
patent is sought;

I/we have reviewed and understand the contents of the above-identified application, including the claims, as amended
by any amendment specifically referred to above;

I'we acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to
me/us to be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications,
material information which became available between the filing date of the prior application and the national or PCT
International filing date of the continuation-in-part application,

All statements made herein of my/own knowledge are true, all statements made herein on information and belief are
believed to be true, and further that these statements were made with the knowledge that willful false statements and
the like are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001, and may jeopardize the validity of
the application or any patent issuing thereon.

FULL NAME OF INVENTOR(S)

Inventor one:  Edwin S, Olson Date: Alen 27 , 2005
| Signature: et A e Citizen of _US

Inventor two:  Michael J, Holmes L Date: re 7, 2005

| Signature: %M/ Citizen of: US

Ve
Inventor three:  Johg H. Pavlish ﬁ Date:_Movember A [ 2005
Signature: % AJM Citizenof: 4 S

Inventor four: Date: , 2005
| Signature: Citizen of:
I Additional inventors are being named on additional form(s) attached hereto.

This callectlon of informatian Is required by 35 U.S.C. 115 and CFR 1.63. The information & requined w obtaln or resain a beaefit by the public which is @ ﬂlcu(and by the USPTO to process) gn
spplication. Confidentinlity is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection [s estimated to take 1 minute ko complete, including gathering, preparing, and pubmitting the
campleted applicativn form to the USPTO. Time wil! vary depending upon the individual case. Any comments 0n the amsunt of time you require 1o complete this form end/or suggestions for
seducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P. O. Box 14350, Alcxendrin, VA 22313-1450. DO NOT

SEND FBES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO; Comnissioner for Patena, P. 0. Box 1430, Alexandria, VA 22313-1450.
If you need aysistance in completing the form, call 1-800-PTO-9198 and szlect oprion 2.

163266.01/2380.00200

» . L] B . :02-
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hoo3 008

Application Data Sheet

APPLICATION INFORMATION
Application Type::
Subject Matter::
Title::

Attorney Docket Number::

Request for Early Publication?::
Request for Non-Publication?::
Suggested Drawing Figure::

Total Drawing Sheets::

Small Entitvy?::
Licensed US Govt. Agency::

Contract or Grant Numbers::

APPLICANT INFORMATION
Applicant Authority type::
Primary Citizenship
Country::

Statug::

Given Name::

Family Name::

Name Suffix::

City of Residence::

State or Province of Residence::
Country of Resgidence::
Street of mailing address::
City of mailing address::
State or Province of
mailing address::

Country of mailing
address::

Postal or Zip Code of

Page 1

Regular

Utility

Sorbents for the Oxidation
Removal of Mercury
2380-00200

No

No

10

9

No

Yes

R 827649-01 and CR 83092%-01

Inventor

us

Full Capacity

Edwin §.

Olson

Ph.D.

Grand Forks

ND

Uus

223 Circle Hills Drive

Grand Forks

us

Initial 08/22/2005

and
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mailing address::

Applicant Authority type::
Primary Citizenship
Country::

Status: :

Given Name: :

Family Name::

City of Residence::

State or Province of Residence::

Country of Residence::
Street of mailing address::
City of mailing address::
State or Province of
mailing address::

Country of mailing
address::

Postal or Zip Code of

mailing address::

Applicant Authority type::
Primary Citizenship
Country::

Status::

Given Name: :

Family Name: :

Name Suffix::

City of Residence::

State or Province of Residence::

Country of Residence::
Street of mailing address::
City of mailing address::

State or Province of

Page 2

iho04,008

58201

Inventor

us

Full Capacity
Michael J.
Holmes
Thompson

ND

us

614 é6th Avenue

Thompson

ND

us

58278

Inventor

us

Full Capacity

Johnt H.

Pavlish

East Grand Forks

MN

Us

42204 210th Street Southwest
East Grand Forks

Initial 08/22/2005
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mailing address:: MN
Country of mailing

address:: us
Postal or Zip Code of

mailing address:: 56721

CORRESPONDENCE INFORMATION

Correspondence Customer Number:: 23505

REPRESENTATIVE INFORMATION
Representative Customer Number:: 23505

DOMESTIC PRIORITY INFORMATION

Application:: Continuity Parent Parent Filing
Type:: Application:: Date::

This Non-Provigsional | 60/605,640 08/30/2004

Application of

ASSIGNEE INFORMATION

Assignee name:: Energy & Environmental Research
Center Foundation

Street of mailing address:: P.0O. Box 9018

City of mailing address:: Grand Forks

State or Province of

mailing address:: ' ND
Country of mailing
address: : us
Postal or Zip Code of
mailing address:: 58202-9018
Page 3 Initial 08/22/2005
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PATENT APPLICATION SERIAL NO.

US DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

11/30/2005 WNGUYEN 00000009 032769 11209163
01 FC:1051 130.00 DA
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERGE
United States Patent and Trademark Office
Addceas: COMMISSIONER FOR PATENTS

Alwm!m Vusmw 22313-1450
VW RERLO. 20"

| AppLicATION NUMBER | FILING OR 371 (c) DATE | FRSTNAMEDAPPLICANT |  ATTORNEY DOCKET NUMBER |
11/209,163 08/22/2005 Edwin S. Olson 2380-00200

CONFIRMATION NO. 1534

23505 ‘ FORMALITIES
CONLEY ROSE, P.C. LETTER
P. O. BOX 3267

. HOUSTON, TX 77253-3267

Date Mailed: 09/26/2005

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The oath or declaration is missing. A properly signed oath or declaration in compliance with 37 CFR 1.63,
identifying the application by the above Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary
interest, is required.

The applicant needs to satisfy supplement'al fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

e To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing items
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SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional Patent
Application No. 60/605,640 filed August 30, 2004, the disclosure of which is hereby incorporated by

reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] This invention was made with United States Government support under the U.S.
Environmental Protection Agency Grant Nos. R 827649-01 and CR 830929-01. The United States

Government has certain rights in this invention.

BACKGROUND OF THE INVENTION

Technical Field of the Invention

[0003] The present invention relates to methods and materials for 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 burning or gasification of fossil fuels by highly reactive regenerable sorbents.
Background of the Invention

[0004] The combustion and gasification of fossil fuel such as coal generates 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 controlled by use of sorbents, scrubbers, filters, precipitators,
and other removal technologies. Mercury is initially present in the elemental form during
combustion and gasification. In downstream process sections, such as in the ducts and stack of a
combustion system, some of the elemental mercury is oxidized. The amount that is oxidized depends
on the amount of acid gases present in the flue 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 5 parts per billion (ppb). Large coal combustion facilities such as electric utilities may emit
a pound of mercury, or more, per day. Mercury removal applications include, without limitation,
flue gas from coal (or other fossil fuel) combustion, waste incineration, product gas from
gasification, as well as off gases from mineral processing, metal refining, retorting, cement

manufacturing, chloralkali plants, dental facilities, and crematories.
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Mercury Sorbent Technologies

[0005] 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, metal oxide sorbent, sodium sulfide
particles, and basic silicate or oxide sorbents. When particle injection is employed, the mercury
captured on the sorbent particles is removed from the gas stream in a bag house or electrostatic
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 exhibit slower
capture kinetics than the carbon particles. Additionally, injection of fine carbon particles into the
flue gas stream has been only partially successful in removing mercury, especially elemental
mercury, where effective removal of only about 60% is attained for some applications with a FF
(fabric filter) to collect carbon and ash. Even lower removal rates have been observed when using an
ESP to collect the carbon because the contact time of the carbon with the gas is very short.

[0006] A major problem with existing carbon injection systems is that the sorbent is initially
unreactive, and only after extended exposure to the flue gas does the sorbent become effectively
seasoned and provide increased reactivity with the mercury in the gas. Consequently, these sorbents
must be used in large amounts, at high sorbent-to-mercury ratios, to effectively capture the mercury.
These sorbents tend to be relatively expensive and cannot be easily 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 contaminate the collected ash, preventing its use in various
applications.

[0007] Accordingly, there remains 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 and/or highly reactive sorbents, with contact times of seconds

(or less), and that may be regenerated and reused.

SUMMARY OF THE INVENTION

[0008] It is thus an object of the present invention to overcome the deficiencies of the prior art and
thereby to provide new and economical methods for the removal of mercury from the gases produced
in the utilization of fossil fuels.

[0009] A halogen/halide promoted activated carbon sorbent is described that is highly effective for

the removal of mercury from flue gas streams. The sorbent comprises a new halide-modified carbon
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form containing a reactive compound produced by the reaction of bromine (or halide or other
halogen) with the carbon. Optional secondary components and alkali may be added to 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.

[0010] In some embodiments, a promoted carbon sorbent is provided comprising a base activated
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 stream.

[0011] In an embodiment, a promoted 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 promoter is selected from the group consisting of molecular halogens, Group V
(CAS nomenclature is used throughout) halides, Group VI halides, hydrohalides, and combinations
thereof. In an embodiment, the base activated carbon may have an mass mean particle diameter such
that it can be substantially separated by physical means from entrained ash in the gas stream from
which mercury is to be removed. In an embodiment, the base activated carbon may have a mass
mean particle diameter greater than about 40 micrometers.

[0012] In another embodiment, the sorbent comprises from about 1 to about 30 grams promoter per
100 grams of base activated carbon. Another embodiment further comprises an optional secondary
component comprising a halogen or a hydrohalide such that the reactivity and mercury capacity of
the sorbent are enhanced.

[0013] In another embodiment, the concentration of the optional secondary component on the
finished sorbent is within the range of from about 1 to about 15 wt-% of the concentration of the
promoter on the finished sorbent.

[0014] In another embodiment, an optional alkali component may preferably be added to provide a
synergistic effect through combination of this alkali with the primary sorbent.

[0015] In another embodiment, the optional secondary component is selected from the group
consisting of Group V halides, Group VI halides, HI, HBr, HCI, and combinations thereof. In

another embodiment, the promoter is substantially in vapor form when combined with the base
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activated carbon. In another embodiment, the promoter is combined with an organic solvent prior to
reaction with the base activated carbon. In another embodiment, the promoter and optional
secondary component are combined with the base activated carbon substantially simultaneously.
Another embodiment further comprises adding a mercury-stabilizing reagent selected from the group
consisting of S, Se, H,S, SO,, H,Se, Se0,, CS,, P»Ss, and combinations thereof. Another
embodiment further comprises adding an optional alkali component.

[0016] In an embodiment, a method is provided comprising providing a granular activated carbon;
reacting the activated carbon with a promoter selected from the group consisting of halogens, halides,
and combinations thereof, such that the reaction product comprises a promoted carbon sorbent
effective for removal of mercury from a gas stream. In a further embodiment, the reaction product
comprises from about 1 to about 30 grams promoter per 100 grams activated carbon. In another
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 mercury is to 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 a mass mean particle diameter greater than about 40
micrometers.

[0017] In another embodiment, the promoter is selected from the group consisting of molecular
halogens, hydrohalides, Group V halides, Group VI halides, and combinations thereof. In another
embodiment the promoter is in the gas phase when contacting the activated carbon. In another
embodiment, the promoter is in an organic solvent when contacting the activated carbon.

[0018] In another embodiment, the promoter is selected from the group consisting of Br,, a Group V
bromide, a Group VI bromide, and combinations thereof.

[0019] In another embodiment, the method further comprises reacting the granular activated carbon
with an optional secondary component comprising a halogen or a hydrohalide such that the reactivity
and mercury capacity of the sorbent are enhanced. In another embodiment, the promoter and
optional 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, H,S, SO,, H;Se, SeO,, CS,, P2Ss, and combinations thereof. In an
embodiment, a method is provided for control of mercury from a flue gas at lower removal rates with
substantially lower sorbent requirements. Through enhanced sorbent reactivity, mercury removal per
gram of sorbent is increased, thereby decreasing the capital and operating costs by decreasing sorbent
requirements.

[0020] In an embodiment, a method is provided for reducing mercury in flue gas comprising
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providing a sorbent, injecting the sorbent into a mercury-containing flue gas stream, collecting
greater than 70 wt-% 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
wt-% mercury removal 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. In a further
embodiment, 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 cleaned 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 pneumatic transport line from which
the reaction product is injected to the mercury-containing flue gas stream.

[0021] In another embodiment, the promoter is selected from the group consisting of molecular
halogens, halides, and combinations thereof. In another embodiment, the promoter is reacted in the
gas phase or as a vapor. In another embodiment, the promoter is added at from about 1 to about 30
grams per 100 grams of activated carbon.

[0022] In another embodiment, the injected sorbent is prepared in-flight by reacting an activated
carbon, a promoter, and an optional secondary component to enhance the reactivity and capacity of
the sorbent within a pneumatic transport line from which the reaction product is injected to the
mercury-containing flue gas stream.

[0023] In another embodiment, the optional secondary component is selected from the group
consisting of iodine, hydrohalides, Group V halides, Group VI halides, and combinations thereof. In
another embodiment, the optional secondary component is added at from about 1 to about 15 wt-% of
the promoter content. In another embodiment, the method further comprises adding to the sorbent a
mercury-stabilizing reagent selected from the group consisting of S, Se, H,S, SO,, H,Se, SeO,, CS,,
P,Ss, and combinations thereof.

[0024] 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 mercury and/or capturing gaseous components that might
otherwise reduce sorbent capacity. In another embodiment, the optional alkaline material may
preferably comprise calcium oxide, sodium carbonate, and the like, as are known in the art.

[0025] In another embodiment, the method further comprises using the monitored mercury content
of the cleaned flue gas to 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

pneumatic transport line from which the reaction product is injected to the mercury-containing flue
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gas stream, wherein the promoter is selected 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 1 to about 30 grams per 100 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 at least in part on the monitored mercury content of the cleaned flue gas.
[0026] 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 pm is injected into the gas stream, mercury is removed from the gas by the sorbent
particles, the sorbent particles are separated from the ash particles on the basis of size, and the
sorbent particles are re-injected to the gas stream. In another embodiment, the mercury-containing
sorbent particles are regenerated to remove some or substantially all of the mercury. In another
embodiment, an.alkaline component is co-injected into the gas stream. In another embodiment, the
sorbent may further comprise a promoter. The promoter may preferably comprise a halide, a
halogen, or both.

[0027] As will be described in more detail below, the present invention thus provides several
advantages over previously known techniques, including significantly more effective and economical
mercury sorbents for effluent gases, advantageously applicable to treating gas streams from fired
equipment and gasification systems.

[0028] 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 invention will be described hereinafter that
form the subject of the claims of the invention. It should be appreciated by those skilled in the art
that the conceptioﬁ 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.
It 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

[0029] For a more detailed description of the preferred embodiments of the present invention,
reference will now be made to the accompanying drawings.
[0030] Figure 1 schematically illustrates methods for preparation of promoted carbon sorbents in

accordance with the present invention.

6 PAC ET AL. EXHIBIT 1021
Page 241



[0031] Figure 2 illustrates a proposed mechanistic model of the chemical reactions resulting in the
oxidation and capture of mercury.
[0032] Figure 3 schematically illustrates preparation of promoted carbon sorbents and processes for
flue gas mercury reduction in flue gases and/or product gases from a gasification system in
accordance with the present invention, including in-flight preparation of promoted carbon sorbent.
[0033] Figure 4 is a diagram illustrating breakthrough curves for 5 wt/wt% brominated NORIT
Darco FGD sorbent (37 mg + 113 mg sand) in low-HCl (1 ppm) synthetic flue gas.
[0034] Figure S is a diagram illustrating breakthrough curves for non-halogenated NORIT Darco
FGD sorbent (37 mg + 113 mg sand) in low-HCI (1 ppm) synthetic flue gas.
[0035] Figure 6 is a bar chart illustrating pilot-scale mercury removal results, including large-size
sorbent results.
[0036] Figure 7 is a diagram illustrating the effects of sorbent size and injection rate on mercury
removal for ESPs and fabric filters.
[0037] Figure 8 is a diagram illustrating the breakthrough curves for a brominated NORIT Darco
FGD sorbent with inert sand.
[0038] Figure 9 is a diagram illustrating the breakthrough curves for brominated NORIT Darco FGD
sorbent with a co-injected alkali material.
[0039] Figure 10 is a plot of mercury removal vs. carbon injection rate with and without co-injection
of alkali material.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0040] Herein will be described in detail specific preferred embodiments of the present 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 different forms or order and
should not be interpreted to be limited to the specifically expressed methods or compositions
contained herein. In particular, various preferred embodiments of the present invention provide a
number of different configurations and applications of the inventive method, compositions, and their
uses.
[0041] The present invention provides a cost-effective way to capture pollutants by utilizing
exceptionally reactive halogen/halide promoted carbon sorbents using a bromide (or other
halogen/halide) treatment of the carbon, that capture mercury via mercury-sorbent surface reactions,
at very short contact times of seconds or less. The sorbent does not require in situ activation (no

induction period) in the gas stream to achieve high reactivity, as do conventional activated carbon
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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.

[0042] The treated carbons, treatment techniques, and optional additives discussed herein have
applicability to mercury control from the product or effluent gas or gases from gasification systems,
syngas generators, and other mercury-containing gas streams, in addition to 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 understood by those skilled in the art. |

[0043] Referring now to Figure 1, there is shown a block flow diagram illustrating some preferred
embodiments of the process of the present invention to prepare promoted sorbents useful for mercury
capture from flue gas and/or product gas form a gasification system streams. In a preferred
embodiment. illustrated by path 10-20, block 10 illustrates providing a base activated carbon, and
adding a halogen or halide promoter that reacts with the carbon, illustrated at block 20, to produce a
product promoted carbon sorbent. In embodiments where the halogen or halide 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 desirable to employ solvent removal as illustrated by
block 20A.

[0044] Referring still to Figure 1, another preferred embodiment of the process of the present
invention is illustrated by path 10-20-30, comprising providing a base activated carbon as shown by
block 10, adding a halogen or halide promoter that reacts with the carbon, illustrated at block 20, and
adding a secondary component illustrated at block 30 that reacts with the result of block 20 to
produce a product promoted carbon sorbent. In embodiments where both the halogen or halide
promoter and the secondary component are added, 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 illustrated by
block 30A.

[0045] Referring still to Figure 1, another preferred embodiment of the process of the present
invention is illustrated by path 10-40, comprising providing a base activated carbon as illustrated at
block 10, and adding a halogen or halide promoter and a secondary component to the activated
carbon together, with which they react as illustrated by block 40, producing a product promoted
carbon sorbent. As above, in embodiments where vapor additions are made to the activated carbon
no further steps may be desired. In embodiments where one or more components are added in

solvent, a solvent removal step may be provided as illustrated by block 40A.
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[0046] Referring still to Figure 1, also illustrated are preferred embodiments in which, as illustrated
by block 50, a flue gas stream is treated with product promoted carbon sorbent prepared as described
above.

[0047] 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, aerogel carbon film, pyrolysis char, regenerated activated carbon from
product promoted carbon sorbent, or other types as known in the art.

[0048] 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, aerogel carbon film, pyrolysis char, an activated carbon or regenerated
activated carbon with a mass mean particle size greater than fly ash in a flue gas stream to be treated.
[0049] 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, aerogel carbon film, pyrolysis char, an activated carbon or regenerated
activated carbon with a mass mean 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 to be treated, such that the activated carbon and ash can be
separated by physical means.

[0050] 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 limitation, a
molecular halogen in vapor or gaseous form, a molecular halogen in an organic solvent, a Group V or
Group VI halide, such as PBr; or SCI,, respectively, in vapor, liquid, or solution form (though not in
an aqueous solvent).

[0051] Embodiments are also provided in which the organic solvent may preferably comprise a
chlorinated hydrocarbon, such as dichloromethane, a hydrocarbon solvent, including for example,
petroleum ether, ligroin, pentane, hexane, toluene, and benzene, carbon disulfide, a waste solvent, an
ether, 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 skill in the art.
[0052] Referring now to Figure 2, there is illustrated a theory developed from scientific evidence to

explain the nature of the promoting compounds. For example, as illustrated in Figure 2, hydrogen
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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 the graphene sheet structures of the carbon.
Molecular bromine or a bromine compound reacts to form a similar structure, with a positive carbon
that is active for oxidizing the mercury with subsequent capture by the sorbent.

[0053] It has now been found that the formation of the new bromide compound with carbon
increases their reactivity toward mercury and other pollutants. Additionally, the resulting bromide
compound is uniquely suited to facilitate oxidation of the mercury. The effectiveness of the
oxidation apparently results from the promotion effect of the halide, exerted on the developing
positive charge on the mercury during the oxidation, known in the chemical art as a specific catalytic
effect. Thus, as the mercury electrons are drawn 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 energy requirement for the oxidation process. Bromide is especially
reactive, owing to the highly polarizable electrons in the outer 4p orbitals of the ion. Thus, adding
HBr or Br; to the carbon forms a similar carbon bromide, in which the positive carbon oxidizes the
mercury with the assistance of the bromide ion.

[0054] Referring now to Figure 3, a schematic flow diagram is provided of mercury control system
100 comprising preparation of promoted carbon sorbents, and flue gas mercury reduction, in
accordance with preferred embodiments of the present invention. There is provided base activated
carbon reservoir 110, an optional halogen/halide promoter reservoir 120, an optional secondary
component reservoir 130, and an optional akali component reservoir 180, each of which with
corresponding flow control device(s) 201, 202, 203, and 208/209, respectively. In conjunction with
the optional alkali component reservoir 180, optional flow control devices 208 and 209 can be used
independently, together, or not at all.

[0055] Reservoirs 110, 120, 130, and 180 connect through their respective flow control devices and
via associated piping, to transport line 115. Optional alkali component reservoir 180 may also
connect, through respective flow control devices and via associated piping, to transport line 118. A
source of air, nitrogen, or other transport gas(es) is provided by gas source 170 to transport line 115
for the purpose of entraining materials discharged from reservoirs 110, 120, 130, and 180 and
injecting such materials, via injection point 116, into contaminated flue gas stream 15. A source of
air, nitrogen, or other transport gas(es) may be provided by gas source 171 to transport line 118 for
the purpose of entraining materials discharged from reservoirs 180 and injecting such materials, via
injection point 119, into 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 lines 115 and 118 by
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gas source 170 (connection from source 170 to line 118 not shown). Although gas sources 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.

[0056] For clarity, single injection points 116 or 119 are shown in Figure 3, although one skilled 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 line 115 and/or 118 to provide
signals representative of the optical density inside transport line 115 and/or 118 as a function of time.
[0057] Downstream from injection point 116 and 119 is provided particulate separator 140. By way
of illustration and not limitation, particulate separator 140 may comprise one or more fabric filters,
one or more electrostatic 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 upstream
and/or downstream of 140 when parallel, sequential, or combinations thereof exist. Particulate
separator 140 produces at least a predominantly gaseous (“clean”) stream 142, and a stream 141
comprising separated solid materials. A sorbent/ash separator 150 separates stream 141 into a largely
ash stream 152, and a largely sorbent stream 151. Stream 151 may then preferably be passed to an
optional sorbent regenerator 160, which yields a regenerated sorbent stream 161 and a waste stream
162.

[0058] An optional Continuous Emission Monitor (hereinafter “CEM”) 205 for mercury is provided
in exhaust gas stream 35, to provide electrical signals representative of the mercury concentration in
exhaust stream 35 as a function of time. The optional mercury CEM 205 and flow controllers 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 into contaminated flue gas stream 15.

[0059] In operation, promoted carbon sorbent and/or an optional alkali component is injected into
contaminated flue gas stream 15. After contacting the injected material with the contaminated flue
gas stream 135, the injected material reduces the mercury concentration, transforming contaminated
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 gas
stream 142 is then monitored for mercury content by an optional CEM 205, which provides
corresponding signals to an optional computer/controller 206. Logic and optimization signals from

206 then adjust flow controllers 201, 202, 203, 208, 209 to maintain the mercury concentration in
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exhaust stream 35 within desired limits, according to control algorithms well known in the art. Flow
controllers 201, 202, 203, 208, 209 can also be adjusted manually or be some other automated means
to maintain the mercury concentration in exhaust stream 35 within desired limits, according to
control algorithms well known in the art.

[0060] Referring still to Figure 3, there are illustrated several preferred embodiments for preparation
and injection of promoted carbon sorbents and/or alkali components in accordance with the present
invention. Stream 111 provides for introduction of base activated carbon from reservoir 110, as
metered by flow controller 201 manually or under the direction of computer 206. 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 into transport line
115, within which it contacts and reacts with the base activated carbon prior to injection point 116.
This option is one form of what is referred to herein as “in-flight” preparation of a promoted carbon
sorbent in accordance with the invention. Further, the halogen/halide may be combined via line 121b
with base activated carbon prior to entering transport line 115. Still further, the halogen/halide may
be contacted and react with the base activated carbon by introduction via line 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 halogen/halide 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 in a solvent, as discussed previously, and solvent removal (not shown in Figure 3)
may then be provided if necessary as mentioned with respect to embodiments discussed with
reference to Figure 1.

[0061] Similarly, the optional secondary component may be contacted and react directly in transport
line 115 via line 131, or optionally as described above with reépect to the halogen/halide, via lines
131band 131c.

[0062] Similarly, the optional alkali component from 180 may either be added in transport line 115
directly, or may be injected separately by transport line 118, combining downstream in flue gas 15
for synergistic effects with base activated carbon, promoted carbon, or optional secondary
components. Being able to 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 overcome
and optimize for site-specific operating and flue gas conditions..

[0063] In some preferred embodiments wherein contacting between components and reaction is
performed in a liquid or solvent phase, stirring of such liquid and/or slurry mixtures may be

provided. In other embodiments, the halogen/halide promoter and optional secondary component(s)
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may preferably be sprayed in solution form into or on the base activated carbon. In some such
embodiments, drying, filtering, centrifugation, settling, decantation, or other solvent removal
methods as are known in the art may then be provided.

[0064] In embodiments wherein the halogen/halide promoter is in gaseous or vapor form, it may be
diluted in air, nitrogen, or other gas as appropriate. The halide/halogen gas, for example, gaseous
HBr or Bry, may be passed through an ebullated 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.

[0065] In some embodiments, the secondary component(s) may preferably comprise iodine or other
halogens, hydrohalides, including without limitation HI, HBr, HCI, a Group V or Group VI element
with a molecular halogen, such as SCl, and others. In some preferred embodiments, the promoted
carbon sorbent may comprise from about 1 to about 30 g halogen/halide per 100 g base activated
carbon. In some preferred embodiments, the promoted carbon sorbent may comprise an secondary
component in concentration of from about 1 to about 15 wt-% of the concentration of the
halogen/halide component.

[0066] In still other embodiments, the product promoted carbon sorbent may be applied to a
substrate. In other embodiments, such prepared substrate(s) may be caused to contact a contaminated
flue gas or gasification system 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
skilled in the art.

[0067] In some embodiments, a method is provided whereby a mercury stabilizing reagent is added
to a promoted carbon sorbent to produce a bifunctional sorbent. Such stabilizing reagent(s) may be
sequentially added, either before or after the addition and reaction of the halogen/halide. In some
preferred embodiments, the halogen/halide preferably comprises Br or HBr, and the mercury-
stabilizing reagent may comprise S, Se, H,S, SO,, H;Se, Se0,, CS,, P»Ss, and combinations thereof.
Halogens in Mercury Capture

[0068] Methodologies for using halogens for the treatment of flue gas have been problematic, owing
to their reactivity with other gases and metals, resulting in corrosion and health issues. A “halogen”
is defined as a member of the very active elements comprising Group VIIA (CAS nomenclature is
used throughout; Group VIIA (CAS) corresponds to Group VIIB (IUPAC)) of the periodic table. In
the molecular elemental form of the halogens, including F,, Cl, Br,, and I, the reaction with a hot
flue gas components leave little to react with elemental mercury. The atomic elemental halogen

form, which includes the fluorine, chlorine, bromine, and iodine atoms, is about a million times more
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reactive to mercury but the concentration of the atomic forms is typically extremely low. In a large
portion of electric utility coal combustion facilities, the concentrations are generally not sufficient to
oxidize a significant amount of mercury.

[0069] The term “halide™ as used herein is defined as a compound formed from the reaction of a
halogen with another element or radical. In general, halide compounds are much less reactive than
the molecular 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 mercury and capture elemental mercury.
Halogen Promoted Sorbent Characteristics

[0070] The sorbent 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 costs and lessening waste disposal problems. In addition, further disposal reductions are
obtainable by regenerating and reusing the sorbents 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 a flue gas duct, with the subsequent collection of the mercury on the sorbent
and ash is very short — less than seconds. Clearly, such collection times require the sorbent to have
both high capacity and high reactivity toward mercury. The promoted carbon sorbent can be utilized
in a very finely powdered form to minimize mass transfer limitations. However, again, the reactivity
should be very high to capture all of the mercury encountered by the fine particles. Additionally, use
of these enhancement technologies allows capture to be effective for larger sorbent particles which
also allows separation of the sorbent from the ash to enable subsequent regeneration as well as ash
utilization. One feature of this invention is the process to prepare a sorbent containing a halide
compound formed on the carbon structure that provides a sorbent that is highly active on initial
contact with the mercury contaminated gas stream, which allows for very effective capture of the
mercury.

[0071] It appears that the inventive sorbents chemically combine molecular bromine, for example,
from solution, with activated carbon (edge sites). X-ray photoelectron spectroscopy has established
that the addition of bromine, chlorine, 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) structure. In
Addition to halide ions, this phenomenon may not occur with the less reactive iodine, where an I,
molecular complex can exist on the carbon basal plane. In the case of bromine, the modified cationic

carbon has a high chemical potential for oxidation of the mercury. Thus, an entirely new model is
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presented for the reactivity of the bromine-treated 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 treatment 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-enhancing features have
been developed.

Optional Second Component

[0072] 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 a second halogen, such as HI. Thus, in addition to 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. Thus, the second component is an element
with more polarized electrons (4p and 5p).

Optional Alkali Component

[0073] It has been demonstrated that addition of an optional alkali component with a base or
promoted 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 (SO,, NOy, HCI, etc), operating temperature, mercury form, and mercury concentration
may impact the effectiveness of the alkali addition. This suggests the need to be able to adjust and
tailor the alkali-to-activated-carbon ratio onsite in order to overcome and optimize for a given set of
site conditions.

[0074] 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 (hereinafter “AC”) can be
consumed by chlorine species, sulfur species (i.e. sulfates), and other flue gas contaminants
(arsenates, selenates, etc). 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 consumed. This oxidized mercury can then react with alkali material and subsequently be
captured by particulate control devices. Consequently, the addition of the optional alkali component

acts to protect mercury binding sites and capture oxidized mercury, thereby resulting in improved
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mercury reduction at lower cost. Alkali is generally much lower in cost (~ an order of magnitude
less) than activated carbon, thus more of it can be used still resulting in overall lower costs.
“In-Flight” Sorbent Preparation

[0075] Furthermore, we have demonstrated 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 a 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 halogen/halide promoted carbon sorbent particles to the flue gas duct, or other
contaminated gas stream, from which mercury is to then be removed. There is no particular
temperature requirement for this contact. This technology is obviously very simple to implement,
and results in a great cost savings to facilities using this technology for mercury capture.

Advantages of On-Site Preparation

[0076] In-flight preparation of the halogen/halide promoted carbon sorbent on location produces
certain advantages. For example, the treatment system can be combined with the carbon injection
system 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 (or other part of the sorbent storage and injection system). This
provides the following benefits over current conventional concepts for treating sorbents off-site:

» Capital equipment costs at a treatment facility are eliminated.

» Costs to operate the treatment facility are eliminated.

+ There are no costs for transporting carbon and additive to a treatment facility.

» The inventive process uses existing hardware and operation procedures.

» The inventive technology ensures that the sorbent is always fresh, and thus, more reactive.

* No new handling concerns are introduced.

+ There are no costs for removing carbon from treatment system.

» The inventive process allows rapid on-site tailoring of additive-sorbent ratios in order to
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 are disposed.

[0077] With the foregoing and other features in view, there is provided, in accordance with the
present invention, embodiments including a process for preparing and regenerating halogen/halide
promoted carbon sorbents, whose activity for mercury capture is enhanced by the addition of halogen

(e.g. bromine) to the carbon structure.
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Sorbent Injection Location

[0078] 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 Br, or HBr plus a 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 based sorbent and any other
combinations of the sorbent technologies provided in this patent. Alternatively, embodiments include
methods wherein the sorbent is on a moving contactor consisting of particles or fibers containing one
or more of the compositions listed above.

Sorbent Regeneration

[0079] Any of the above embodiments of the halogen/halide promoted carbon sorbent can 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, triiodide, etc.) to a sorbent. The halogen/halide 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 co-pending,
commonly owned PCT patent application No. PCT/US04/12828, titled “PROCESS FOR
REGENERATING A SPENT SORBENT?”, which is hereby incorporated by reference in its entirety.
Sorbent Injection Control Schemes

[0080] Another advantage of the present invention relates to the use of a feedback system to more
efficiently utilize certain aspects of the invention. Where possible and desirable, the mercury control
technology of the present invention may preferably utilize continuous measurement of mercury
emissions as 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 ensure mercury removal
requirements are met with minimal material requirements, thus minimizing the associated costs. In
an embodiment, the mercury emissions are continuously measured downstream of the injection
location, preferably in the exhaust gas at the stack.

Promoted Carbon Sorbents

[0081] Reactions of halogens and acidic species with the basic binding sites on the activated carbon

sorbent create sites for oxidizing mercury. Other metal ions, such as boron, tin, arsenic, gallium, Sb,
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Pb, Bi, Cd, Ag, Cu, Zn, or other contaminants, will also react with the oxidation sites generated on
the carbon.

[0082] According to our model, adding the bromine from the bromine reagent or a proton from a
hydrogen halide acid to a basic carbene 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 activated carbon serves to stabilize the bromine,
yet provides a highly reactive bromine- containing reagent that can oxidize the mercury and promote
its capture on the activated carbon. The sorbent that contains bromine is expected to be more
reactive than the corresponding sorbent containing chlorine and much less expensive than the sorbent

containing iodine.

EXAMPLES
[0083] To more clearly illustrate the present invention, several examples are presented below. These
examples are intended to be illustrative and no limitations to the present invention should be drawn

or inferred from the examples presented herein.

Example 1 -Preparation and Testing of Halogenated Carbon (& Comparative Example)
Gas Phase Halogenation

[0084] 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 art),
was placed in a rotating plastic barrel with side blades (a 5 ft* (0.14 m®) cement mixer) fitted with a
tight plastic lid to prevent loss of the fine powder during the preparation. In a separate vessel, gas
phase bromine was generated by passing a nitrogen stream over a weighed amount of liquid bromine
that is warmed to 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 is
connected via a % inch (0.64 cm) plastic hose to a stationary metal tube inserted through a flange in
the center of the plastic lid and passing into the center of the barrel. The flange is not air tight to that
the excess of nitrogen is released after the bromine is transfer to the tumbling carbon. Thus, the
bromine gas stream continuously passed into the rotating barrel where it contacted the tumbling
carbon. The unit is then operated until the desired amount of bromine has combined with the carbon.

Typically, this is 0.4 to 1 kg of bromine to 20 kg of carbon (2-5 wt. %). When the reaction is
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completed, the carbon is weighed. The treated carbon is odorless and does not cause skin irritation
since the bromine has completely reacted with the carbon to produce the brominated carbon.
[0085] XPS spectra demonstrate that the brominated carbon contains both covalent carbon-bound
(organic) bromide as well as anionic bromide. The product contains the same moisture originally
present in the activated carbon (5-17 wt%), but does not require further drying for use. The moisture
is driven out at higher temperatures (>150°C), and the bromine was not released until very high
temperatures

Bench-Scale Testing of Mercury Oxidation and Capture Efficiency
[0086] A bench-scale apparatus and procedure based on the above description was used to test the
initial activities and capacities of several promoted activated carbon sorbents using powdered carbon,
including bromine-containing activated carbons prepared from a variety of carbons, including
commercially available sorbents, aerogel film sorbents, and the original precursor carbons for
comparison.
[0087] A detailed description of the apparatus and its operation is provided in Dunham, G.E.; Miller,
S.J. Chang, R.; Bergman, P. Environmental Progress 1998, 17, 203, which is incorporated herein by
reference in its entirety. The bench scale mercury sorbent tests in the flue gas compositions were
performed with finely (-400 mesh) powdered sorbents (37 mg) mixed with 113 mg sand and loaded
on a quartz filter (2.5 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 feet/hr) or 0.79 NCMH (normal cubic
meters per hour)) containing the following: O, (6%), CO, (12%), SO, (600 ppm), NO (120 ppm)
NO; (6 ppm), HCI (1 ppm), Hg® (11 pg/m®), H,O (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 in the gas streams were determined with a
continuous mercury emission monitor (Sir Galahad mercury CEM mfr. P.S. Analytical Deerfield
Beach FL USA), and a SnCl; cell was used to convert oxidized species to elemental, so that both
elemental and oxidized mercury concentration data could be obtained for both the influent and the
effluent concentrations from the sorbent bed. Mercury concentrations were calibrated for the flow
rates used. Spent sorbents were analyzed for mercury to determine the mass balance.
[0088] Referring now to Figure 4, the effluent mercury concentration data are plotted as a percent of
the influent mercury versus time. The resulting curve (breakthrough curve) for the halogenated
sorbents typically showed 0%—1% Hg in the effluent (99+% capture) at the beginning, and increasing
only after 30-60 minutes (breakthrough point), depending on the sorbent. Figure 4 illustrates the
breakthrough curves for 5 wt/wt% brominated NORIT Darco FGD sorbent (37 mg + 113 mg sand)
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with synthetic flue gas containing 1 ppm HCl. Total Hg (solid circles) and elemental Hg (solid
squares) in the effluent are presented as a per cent of the inlet Hg. “EOT” indicates the end of test
(the later data points shown are for calibration checks).

[0089] Figure 5 presents the comparative breakthrough curves for the corresponding nonhalogenated
sorbents typically initiated at 5%—50% of inlet mercury, depending on the HCI concentration in the
synthetic flue gas, thus indicating considerably lower reactivity 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 mercury.

Example 2 - Gas Phase Halogenation of Fluidized Carbon

[0090] A bed of activated carbon supported in a vertical tube by a plug of glass wool was fluidized
by a nitrogen stream. The top of the fluidized bed tube was connected to a catching trap for carbon
fines that blow out the top of the tube. 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 material in the bed and weighed. The

resulting brominated carbon exhibited properties similar to the brominated carbon of Example 1.

Example 3 - Liquid Phase (water) Halogenation

[0091] A 5% solution of bromine in water was prepared by carefully adding 50 g of bromine to
1 liter of cold water. One kg of activated carbon was added to the bromine solution in a large metal
can. The resulting slurry was stirred with a large paddle 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 slurry was then filtered using a Buchner funnel under vacuum. The moist carbon that
was collected on the filter was dried in an oven at 110°C for several hours to constant weight. As in
Example 1, some moisture remains in the carbon, however. The dried carbon was then tumbled in

the rotating barrel with metal pieces to break up and fluff the carbon.

Example 4 - Addition of the Optional Second Halide Component.

[0092] Brominated carbon was produced by solution phase bromination similar to that described
with reference to Example 3. However, before filtration, a solution of hydriodic acid (HI) was added
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.
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Example 5 - Liquid Phase Phosphohalogenation

[0093] A solution of phosphorus tribromide (500 g) in ligroin (10 liters) was stirred in a large metal
can and 10 kg of activated carbon was added. The resulting slurry was stirred with a large paddle at
ambient temperature to complete the reaction. The slurry was filtered under vacuum on a large
Buchner funnel in several batches. The wet filter cake was dried at 110°C in an oven to constant

weight. The dried product was fluffed in the rotating barrel as described in Example 3.

Example 6 - Preparation and Sorption on Larger-Particle Carbon

[0094] Tests were conducted on a pilot-scale combustor while firing a subbituminous coal, to
evaluate mercury control by injecting larger-than-normal sized treated activated carbon. Standard
AC sorbents generally are of fine size with a mean particle diameter of less than 20 micrometers,
which is also typical of the flyash that is generated from pulverized coal combustion. Consequently,
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 a scheme to recycle the injected carbon, the carbon is separated from the flyash. A separation
based on size fractionation requires a treated larger particle sorbent. To test this concept, a treated
larger sized (>60 pm) sorbent was developed, prepared, and tested.

Treatment - Gas Phase Halogenation
[0095] Granular activated carbon (Calgon F400) was ground and sieved through conventional mesh
screens. The mesh size fraction -170 to +240 (corresponding to about 60 to about 88 micrometers)
was collected and placed in a rotating vessel as described in Example 1 above. In a separate vessel,
gas phase bromine was generated by passing a nitrogen stream over a weighed amount of liquid
bromine that was warmed to about 40°-50°C, and the outlet from this gaseous bromine generator
was connected via a 1/4 inch (6.35 mm) plastic hose to a stationary metal tube inserted through a
flange in the center of the lid 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 combined with the
carbon, in this case 0.05 kg of bromine to 1 kg of carbon (5 wt. %). When the reaction was
completed, the carbon was weighed. The treated carbon was odorless as has been described above.
PTC Apparatus

[0096] The pilot-scale combustor, known as the “Particulate Test Combustor” (hereinafter “PTC”),
is a 550,000-Btwhr (about 161 kW) pulverized coal (“PC”)-fired unit, designed to generate
combustion flue gas properties and fly ash that are representative of those produced in a full-scale

utility boiler. The combustor is oriented vertically to minimize wall deposits. A refractory lining
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helps to ensure adequate flame temperature for complete combustion and prevents rapid quenching
of the coalescing or condensing fly 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 combustor, and secondary air is introduced concentrically to
the primary air with turbulent mixing. Coal is introduced to the primary air stream via a screw feeder
and eductor. An electric air preheater is used for precise control of the combustion air temperature.
Originally, the PTC used cold-water annular heat exchangers to provide flue gas temperature control
to the baghouse (also referred to as a “fabric filter”) or electrostatic precipitator (ESP). However,
analysis of ash deposits collected from the heat exchangers indicated that some mercury was
collected on the duct walls. To minimize this effect, the heat exchangers were modified to provide
for higher duct wall temperatures.
[0097] The PTC instrumentation permits system temperatures, pressures, flow rates, flue gas
constituent concentrations, and particulate control device (baghouse, Advanced Hybrid Particle
Collecto/AHPC™, and/or electrostatic precipitator/ESP) operating data to be monitored
continuously and recorded on a data logger.

PTC Procedure
[0098] Flue gas samples were taken at combinations of two of the three available system sample
points: the furnace exit, the particulate control device inlet, and the particulate control device outlet.
After passing through sample conditioners to remove moisture, the flue gas was typically analyzed
for O,, CO, CO,, SO,, and NOy. Each constituent was normally analyzed at both the furnace exit and
the outlet of the particulate control device simultaneously, using two analyzers. The concentration
values from all of the instruments were recorded continuously. In addition, data were manually
recorded at set time intervals. NO, was determined using a pair of Rosemount Analytical NOy
chemiluminescent analyzers. SO, 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 gas concentration measurements.
[0099] The baghouse vessel was a 20 inch (50.8 cm) (ID) chamber that is heat-traced and insulated,
with the flue gas introduced near the bottom. The combustor produced about 200 ACFM (actual
cubic feet per minute; about 5.7 actual m*/min) of flue gas at 300°F (about 150°C), therefore three
13-ft by 5-inch (3.96 m by 12.7 cm) bags provided an air-to-cloth ratio of 4 ft/min (1.22 m/min).

Each bag was cleaned separately in operation with its own diaphragm pulse valve. In order to
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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 initiated,
all three bags were pulsed in rapid succession on-line.
[00100] Tests were also conducted with a single-wire, tubular ESP replacing the fabric filter. The
ESP unit was designed to provide a specific collection area of 125 at 300°F (150°C). Since the flue
gas flow rate for the PTC is 130 SCFM (standard cubic feet per minute; about 3.7 NCMM (normal
m>/min)), the gas velocity through the ESP is 5 ft/min (about 1.52 m/min). The plate spacing for the
ESP unit is 11 in (27.9 cm). The ESP was designed to facilitate thorough cleaning between tests so
that all tests can begin on the same basis.

PTC Results
[00101] 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 larger-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 pilot-scale ESP, while approximately 85% of the mercury was captured when
injected ahead of the pilot-scale fabric filter (“FF”). Note that in Figure 6 (and throughout) “Macf”
(and “MACF”) indicates million actual cubic feet (1 MACF is about 0.028 million actual cubic
meters or “MACM™).
[00102] Referring now to Figure 7, it can be observed that the larger-sized treated AC when injected
ahead of the pilot-scale ESP (diamond symbol(s)) performed better than the finer standard AC
(triangles) under the same arrangement. In comparison, when injected ahead of the fabric filter (FF),
the larger-sized treated AC (square) performed similarly to slightly worse. However, for this
application, the larger-sized treated AC can be physically separated from the smaller flyash particles,
and the sorbent can then be regenerated, recycled, and reused. This will substantially improve
overall utilization and economics. These data thus show that a larger-than-normal sized sorbent can
provide effective mercury control and ease 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 successfully demonstrated, superior mercury control can be obtained with >40
um particles, which may be preferred in some applications, depending on the sorbent particle/ash
separation system used. Note that in Figure 7 (and throughout) “Macf” (and “MACF”) indicates

million actual cubic feet.
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Example 7 - Liquid Phase (Organic Solvent) Halogenation

[00103] A 5% solution of bromine in ligroin was prepared by carefully adding 50 g of bromine to 1
liter of cold ligroin. One kg of activated carbon was added to the bromine solution in a large metal
can. The slurry was stirred with a large paddle 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 slurry was filtered using a Buchner funnel under vacuum. The carbon cake that was collected on
the filter was dried in an oven at 110°C for several hours until it appeared 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 to break up and fluff the carbon.

Example 8 - Promoted Activated Carbon Sorbents

[00104] A bench-scale procedure based on the above description was used to test the initial activities
and capacities of several promoted activated carbon sorbents using powdered carbon, including the
bromine-containing activated carbons prepared from a commercially available sorbent and an aerogel
carbon film sorbent, as well as the original precursor carbons for comparison. Bromine-treated
carbons were prepared by impregnation of the powdered activated carbon precursors in a stirred
solution of bromine in carbon tetrachloride or methylene chloride, or alternatively, in an aqueous
solution of HBr, followed by drying in air at ambient temperature and drying in an oven at 100°C in
air or nitrogen. Bromine-treated carbons were also prepared by impregnating bromine from the gas
phase by passing the gas through a rotating dry bed of the activated carbon precursor. The results
indicated that adding a second component to the solution improved the capacity of the sorbent.
[00105] The carbons were initially tested in a heated bed, where a synthetic flue gas stream
containing elemental mercury (11 pg/m’) was passed through the bed. Concentrations of total and
elemental Hg in the effluent gas were determined using a Sir Galahad mercury CEM (“continuous
emission monitor”) (mfr. P S Analytical, Deerfield Beach, FL, USA). The powdered sorbent was
supported on a quartz filter during the test, and the other sorbents were tested as a triple layer. A
comparison of the original commercial-grade powdered carbon sorbent with the sorbent after it was
treated with 0.1 N HBr, and the powder was collected by centrifugation and drying, revealed that the
mercury capture activity increased from an initial capture efficiency of about 50% of the Hg in the
inlet to 100% capture. A comparison of the sorbent after subsequent regeneration with HBr indicated
that it not only captured mercury at the same level as before (100% capture) but its capacity was

prolonged by several minutes, and thus enhanced. Similar results were obtained with the carbon film
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and carbon fiber sorbents by treatment with molecular bromine in solution or in dry beds as

described above.

Example 9 - Fluidized/Ebullated Bed Preparation

[00106] An activated carbon sorbent was prepared by treating the carbon by impregnating molecular
bromine from a gas composition containing molecular bromine by flowing the gas through a liquid
bromine reservoir in series with a fluidized bed or ebullated bed of the carbon. The amount of
bromine taken up by the carbon ranges (in one example) from <1 to about 30 g per 100 g of activated

carbon, depending on the proportions used.

Example 10 - Full-Scale Testing

[00107]In this example, a baghouse (fabric filter) or ESP was used to collect particulates in the
exhaust of a full-scale commercial pulverized coal-burning facility. A scrubber and sorbent bed were
also used to remove undesired constituents from the flue gas stream, before being fed to the stack. In
this example, the halogen/halide promoted carbon sorbent was injected into the flue gas after the
boiler. In general however, the inventive sorbent can be injected where desired (e.g., before, after, or
within the boiler).

[00108]In one exemplary test conducted at a facility fired with lignite coal, the flue gas phase
mercury (elemental) concentration was between 10 and 11 pg/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
activated carbon powder (untreated) at a rate of 1.0 Ib/MACF (“MACF” and “Macf” represent one
million actual cubic feet; 1.0 Ib/MACEF is about 16 kg/MACM (million actual cubic meters)) resulted
in mercury effluent concentrations of 3.8-4.2 pg/m® (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 Ib/MACF resulted in 73%-69% removal and at 2.0
Ib/MACF gave 86%-84% removal. Thus, a significant increase in the mercury capture was exhibited

during use of the bromine promoted carbon sorbent of the present invention.

Example 11A - Addition of Optional Alkaline Component — Bench-Scale
[00109] 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
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mercury that may be released from the sorbent, or to capture some of the sulfur or selenium oxides in
the flue gas that can have a detrimental effect on the sorbent capacity.

[00110] Bench-scale testing was conducted by preparing a filter composed of 37 mg of brominated
activated carbon mixed with 113 mg of calcium oxide. The test was conducted as described in
Example 1 and compared with the same carbon sorbent but with an inert diluent. The breakthrough
curve for the mixture of brominated (2%) NORIT Darco FGD sorbent with inert sand is shown in
Figure 8, and the breakthrough curve for the mixture with CaO is shown in Figure 9. It can be seen
that the point of 50% breakthrough improves to 65 minutes with the mixture with CaO from only 48

min with the sand mixture.

Example 11B - Addition of Optional Alkaline Component — Pilot-Scale

[00111] Tests were conducted on the pilot-scale PTC combustor described above with reference to
Example 6 while firing a Texas lignite to evaluate mercury control by co-injecting a standard
activated carbon (also referred to herein as “AC”) and an alkali material upstream of a fabric filter.
Typical results are illustrated in Figure 10. As shown in Figure 10, co-injecting lime with activated
carbon vastly improved mercury removal. Mercury removals of approximately 90% were achieved
with the co-injected sorbents, whereas less than 60% removal was achieved with the use of standard
AC alone, even at much higher injection rates. Data from similar tests show that injecting similar
quantities of sodium carbonate and AC, and lime and AC, resulted in mercury removals of
approximately 80%, and 87%, respectively. These data suggest that other alkali can also be co-
injected with AC to improve mercury removal. Other data show that flue gas temperature may
impact the effectiveness of the alkali addition. Further test data indicate that flue gas contaminants,
flue gas constituents (SO,, NOy, HC], etc.), operating temperature, mercury form, and mercury
concentration may impact the effectiveness of the alkali addition. This indicates that it may be
desirable to be able to adjust and tailor, onsite, the alkali-to-AC ratio in order to optimize removal for
a given set of site conditions.

[00112] Without wishing to be bound by any particular theory, the synergy observed in the improved
performance when co-injecting 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 mercury
binding sites. Second, other work has shown that standard AC will continue to 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 control device. Thus, combining alkali with
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treated and/or non-treated AC synergistically takes advantage of these two mechanisms, resulting in

improved mercury capture at reduced costs.

Example 12- Brominated Carbon Sorbent for Gasification Fuel Gas
Preparation of 5%Br2W-AC
[00113] Using a procedure similar to Example 3, a 2.5 wt/vol% solution of bromine in water was
prepared. Granular Calgon F400 was added to the bromine solution to give a 5 wt/wt% brominated
carbon product. The bromine solution was stirred with a large paddle during and after the addition
until the red color in the water disappeafed. The suspension was filtered by vacuum on a large
Buchner funnel. The filter caké was dried in air, and then in an oven at 110°C until a stable weight
was obtained The moisture was reduced to 15%.

Preparation of 5%Br2D-AC
[00114] A brominated sorbent was prepared from Br; 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 5%PBr3-AC
[00115] A phosphohalogenated sorbent was prepared from PBr; using the method described in
Example 5, except granular Calgon F400 was used.

Testing in Hydrogen Atmosphere - Procedure
[00116] To simulate the capture of mercury from a heated fuel gas or syngas from coal gasification,
tests were conducted employing a stream comprising 10% vol/vol hydrogen in nitrogen passing
through the sorbent at 500 cc/min. The stream contained 26.9 micrograms/m® of elemental mercury
from a commercial mercury permeation source.
[00117] In the tests, the sorbent (0.5 g) was placed in a 0.39 inch (1 cm, inside diameter) glass tube
fitted with a medium frit sintered glass filter disc to hold the sorbent in the gas stream. The tube
containing the sorbent bed was connected to a gas inlet tube for introducing the gas stream
containing the mercury vapor and at the outlet to a tube connection to the detector. The detector was
a Semtech 2000 continuous mercury emission monitor. The tube was equilibrated in a nitrogen flow
(450 cc/min) for 5 minutes at ambient temperature to stabilize the system. The detector showed 0
concentration of mercury in the effluent from the sorbent bed. (The blank run with no sorbent read
26.9 micrograms/m’). The tube was then placed in an oven at the selected temperature for the test
(from 250° to 400°C). Effluent mercury concentration data from the detector were collected until the

detector showed a constant reading for 5 minutes. Hydrogen (50 cc/min) was then added to the gas
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stream and detector readings were taken every 5 min. Tests were conducted at several oven
températures for various periods of time up to 3 hours, depending on the temperature and sorbent.
The elemental mercury concentration data were plotted as a percent of inlet mercury concentration
versus time as in Example 1. All the mercury in the effluent was elemental, so a single detector was
sufficient, and no SnCl; trap was needed to convert to elemental mercury (as in Example 1). The
time for 50% breakthrough (time to reach 50% capture) was then determined from the breakthrough
curves.

Results
[00118] The results are shown in Table 1 (below) for the unbrominated sorbent (Calgon F-400), the
brominated sorbents (5%Br2W-AC and 5%BrD-AC), and the phosphobrominated sorbent (5%PBr3-
AC). The maximum mercury concentration obtained in the effluent in each run is also reported in
Table 1 for the time period indicated in the last column.
[00119] Under the reducing hydrogen conditions, the unbrominated sorbent broke through
immediately and was exhausted after only 6.5 min. This complete failure occurred because the
hydrogen reduces the captured mercury in the unbrominated sorbent at any temperature above 100°C.
Both of the brominated sorbents exhibited excellent reactivity and good capacity at all temperatures,
up to at least 400°C. The phosphobrominated sorbent exhibited superior reactivity and capacity at all
temperatures, up to at least 400°C.

Table 1

Times for 50% Breakthrough
Maximum Observed Hg Concentrations for Sorbents
(10% Hydrogen Streams)

Sorbent Temp 50% breakthrough Maximum [Hg] Time (min)
CO) (min) (ng/m’)
F-400 250 6 20.3 6.5
5%Br2W-AC 250 >150 1.4 150
5%Br2W -AC 300 >180 43 180
5%Br2W-AC 350 160 15.1 180
5%Br2W-AC 400 60 13.9 65
5%PBr3-AC 250 >140 0.4 140
5%PBr3-AC 300 >150 0.5 150
5%PBr3-AC 350 >150 1.4 150
5%Br2D-AC 350 >180 2.1 180
5%Br2D-AC 400 >180 10.9 180
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[00120] While the preferred embodiments of the invention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the spirit and
teachings of the invention. 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. Accordingly, the scope of protection is not
limited by the description set out above, but is only limited by the claims which follow, that scope
including all equivalents of the subject matter of the claims.

[00121] The examples provided in the disclosure are presented for illustration and explanation
purposes only and are not intended to limit the claims or embodiment of this invention. While the
preferred embodiments of the invention have been shown and described, modifications thereof can
be made by one skilled in the art without departing from the spirit and teachings of the invention.
Process criteria, equipment, and the like for any given implementation of the invention will be
readily ascertainable to one of skill 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 element 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.

[00122] The discussion of a 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 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 herein.

[00123] Although the invention is described herein as a 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 be 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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WE CLAIM:

1. A promoted carbon sorbent comprising a base activated 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 stream.

2. The promoted carbon sorbent of claim 1 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 40
micrometers, and combinations thereof, and the promoter is selected from the group consisting of

molecular halogens, Group V halides, Group VI halides, hydrohalides, and combinations thereof.

3. The promoted carbon sorbent of claim 2 wherein the sorbent comprises from about 1 to about

30 grams promoter per 100 grams of base activated carbon.

4, The promoted carbon sorbent of claim 3 further comprising an optional secondary component
comprising a halogen or a hydrohalide such that the reactivity and mercury capacity of the sorbent

are enhanced.

5. The promoted carbon sorbent of claim 4 further comprising an optional alkaline component
selected from the group consisting of alkali elements, alkaline earth elements, alkali salts, alkaline

earth salts, and combinations thereof.

6. 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 to about 15 wt-% of the

concentration of the promoter on the finished sorbent.

7. The promoted carbon sorbent of claim 6 wherein the optional secondary component is
selected from the group consisting of Group V halides, Group VI halides, HI, HBr, HCI, and

combinations thereof.

8. The promoted carbon sorbent of claim 7 wherein the optional secondary component is

selected from the group consisting of I, HI, and combinations thereof.

9. The promoted carbon sorbent of claim 8 wherein the promoter is substantially in vapor form

when combined with the base activated carbon.
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10.  The promoted carbon sorbent of claim 8 wherein the promoter is combined with an organic

solvent prior to reaction with the base activated carbon.

11.  The promoted carbon sorbent of claim 8 wherein the promoter and optional secondary

component are combined with the base activated carbon substantially simultaneously.

12. The promoted carbon sorbent of claim 8 further comprising a mercury-stabilizing reagent
selected from the group consisting of S, Se, H,S, SO,, H,Se, SeO,, CS,, P,Ss, and combinations

thereof.

13. The promoted carbon sorbent of claim 12 wherein the promoter is selected from the group

consisting of Br,, HBr, and combinations thereof.

14. The promoted carbon sorbent of claim 3 further comprising a mercury-stabilizing reagent
selected from the group consisting of S, Se, H,S, SO,, H,Se, SeO,, CS,, P»Ss, and combinations

thereof.

15. The promoted carbon sorbent of claim 14 further comprising an optional alkaline component
comprising an alkaline or alkaline earth element wherein the promoter is selected from the group

consisting of Br,, HBr, and combinations thereof.

16. 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 thereof,
such that the reaction product comprises a promoted carbon sorbent effective for removal of mercury

from a gas stream.

17. The method of claim 16 wherein the reaction product comprises from about 1 to about 30

grams promoter per 100 grams activated carbon.

18. The method of claim 16 wherein the reaction product has an average particle size distribution

greater than about 40 micrometers.

19.  The method of claim 16 wherein the promoter is selected from the group consisting of

molecular halogens, hydrohalides, Group V halides, Group VI halides, and combinations thereof.

20.  The method of claim 19 wherein the promoter is in the gas phase when contacting the

31 PAC ET AL. EXHIBIT 1021
Page 266



r

activated carbon.

21. The method of claim 19 wherein the promoter is in an organic solvent when contacting the

activated carbon.

22.  The method of claim 20 wherein the promoter is selected from the group consisting of Br,, a

Group V bromide, a Group VI bromide, and combinations thereof.

23. The method of claim 18 further comprising providing an optional alkaline component to

improve the effectiveness of mercury removal.

24.  The method of claim 20 further comprising reacting the granular activated carbon with an
optional secondary component comprising a halogen or a hydrohalide such that the reactivity and

mercury capacity of the sorbent are enhanced.

25.  The method of claim 24 further comprising providing an optional alkaline component to

improve the effectiveness 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 I, or HI.

28.  The method of claim 20 further comprising adding a mercury-stabilizing reagent selected
from the group consisting of S, Se, H,S, SO,, H,Se, SeO,, CS,, P,Ss, and combinations thereof.

29.  The method of claim 24 further comprising adding a mercury-stabilizing reagent selected
from the group consisting of S, Se, H,S, SO,, H,Se, SeO,, CS,, P,Ss, and combinations thereof.

30. A method for reducing mercury in flue gas comprising providing a sorbent, injecting the
sorbent into a mercury-containing flue gas stream, collecting greater than 70 wt-% 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.

31.  The method of claim 30 further comprising co-injecting an optional alkaline component into

the mercury containing flue gas stream.
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32.  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 line from which the reaction product is

injected to the mercury-containing flue gas stream.

34. The method of claim 33 wherein the promoter is selected from the group consisting of

molecular halogens, halides, and combinations thereof.

35. The method of claim 34 wherein the promoter is selected from the group consisting of Br,,

HBr, Group V bromides, Group VI bromides, and combinations thereof.
36.  The method of claim 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 to about 30 grams per

100 grams of activated carbon.

38.  The method of claim 37 wherein the injected sorbent is prepared in-flight by reacting an
activated carbon, a promoter, and an optional secondary component to enhance the reactivity and
capacity of the sorbent within a pneumatic transport line from which the reaction product is injected

to the mercury-containing flue gas stream.

39. The method of claim 38 wherein the optional secondary component is selected from the
group consisting of iodine, hydrohalides, Group V halides, Group VI halides, and combinations

thereof.

40.  The method of claim 39 further comprising co-injecting an optional alkaline component into

the mercury containing 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.

42, The method of claim 41 wherein the optional secondary component is selected from the

group consisting of I, HI, and combinations thereof.
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43,  The method of claim 42 wherein the optional secondary component is added in the gas phase

or as a vapor.

44.  The method of claim 41 further comprising adding to the sorbent a mercury-stabilizing
reagent selected from the group consisting of S, Se, H,S, SO,, H,Se, SeO,, CS,, P,Ss, and

combinations thereof.

45.  The method of claim 32 further comprising using the monitored mercury content of the

cleaned flue gas to control the composition of the sorbent.

46. The method of claim 40 further comprising monitoring the mercury content of the clean flue
gas and using the monitored mercury content to control the composition of the sorbent and the

alkaline-to-sorbent injection ratio.

47. The method of claim 45 wherein the injected sorbent is prepared in-flight by reacting an
activated carbon and a promoter within a pneumatic transport line from which the reaction product is
injected to the mercury-containing flue gas stream, wherein the promoter is selected 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 1 to about 30 grams per
100 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 at least in part on the monitored

mercury content of the cleaned flue gas.

48. A method for reducing the mercury content of a gas stream comprising the steps of injecting
a powdered activated carbon sorbent having a mass-mean particle size >40um into a gas stream
containing mercury and ash particles, capturing mercury from the gas stream on the sorbent particles,
mechanically separating the sorbent particles from the ash particles, and re-injecting the separated

sorbent particles into the gas stream.

49,  The method of claim 48 further comprising regenerating the sorbent particles to substantially

remove contaminants therefrom to recover capacity for capturing 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 salts,

alkaline earth salts, and combinations thereof.
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51.  The method of claim 48 wherein the powdered activated carbon sorbent further comprises a

promoter 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 earth salts, and combinations thereof.

53.  The method of claim 48 wherein the particulate activated carbon sorbent has a mass-mean

particle size >60pum.

54.  The method of claim 52 wherein the particulate activated carbon sorbent has a mass-mean

particle size >60pum.
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ABSTRACT

A promoted 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 containing
reactive forms of halogen and halides. Optional components may be added to increase reactivity and
mercury capacity. These may be 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, introduction, and

control of the active sorbent into the mercury contaminated gas stream are described.

157642.01/2380.00200
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Process for separating out and disposing organic pollutants, in particular
polychlorinated dibenzodioxines (PCDD) from flue gases
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Publication date: 1986-01-16
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Report a data error here

Abstract of DE3426059

The invention relates to a process for separating out and disposing organic pollutants, in particular
polyhalogenated, aromatic compounds from flue gases or other exhaust gases by thermal
decomposition of the pollutants at temperatures above 1,000 DEG C, the organic pollutants first being
removed from the flue gas absorptively, preferably by means of an activated charcoal filter, then being
desorbed at elevated temperatures and then being removed from the desorption gas, which makes up
only a fraction of the volume of the flue gas, by incineration at temperatures from 1,000 to 1,400 DEG
C. The heating of the desorption gas is carried out using external heat. Expediently, the heat content of
the hot combustion gas is utilised, for example to preheat the combustion air.
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@ Vertreter:
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DE 3426059 A1

Verfahren zur Abscheidung und Beseitigung von organischen Schadstoffen, insbesondere von polychlorierten

Dibenzodioxinen {(PCDD} aus Rauchgasen

Die Erfindung betrifft ein Verfahren zur Abscheidung und

Bessitigung von organischen Schadstoffen, insbesondere .

polyhalogenierten, aromatischen Verbindungen aus Rauch-
gasen oder sonstigen Abgasen durch thermische Zerset-
zung der Schadstoffe bei Temperaturen von dber 1000°C,
wobel die organischen Schadstoffe aus dem Rauchgas zu-
néchst adsorptiv, vorzugsweise mittels eines Aktivkohlefil-
ters, entfemt, danach bei erhdhten Temperaturen desorbiert
und sus dem Desorptionsgas, das nur einen Bruchteil des
Volumens des Rauchgases ausmacht, durch Verbrennung
bei Temperaturen von 1000 bis 1400°C entfernt werden. Die
Aufheizung des Desorptionsgases erfolgt mittels Fremd-
wirme. ZweckmaBig wird der Wérmeinhalt des heifen Ver-
brennungsgases, beispielsweise zur Vorwérmung der Ver-
brennungsluftausgenutzt.
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Patentanspriche

. Verfahren zur Abscheidung und Béseitigung von

schwer zersetzlichem organischen Schadstoffen, ins-
besondere polyhalogenierten aromatischen Verbindﬁngen
aus Rauchgasen durch Erhitzen des schadstoffhaltigen
Rauchgases auf Temperaturen von > 1000°C, dadurch
gekennzeichnet, dass die Schadstoffe aus dem Rauchgas
adsorptiv entfernt, die adsorptiv gebundenen Schad-
stoffe durch Erhitzen auf hdhere Temperaturen desor-
biert und das Desorptionsgas durch Zufihrung von
Fremdwdrme auf Temperaturen von iiber TOOO°C, vorzugs-
weise 1000 bis 1400°C bei einer zur Spaltung der Schad-
stoffe ausreichenden Verweilzeit erhitzt werden.

Verfahren nach Anspruch 1, dadurch gekennzeichnet,
dass die organischen Schadstoffe durch Adsgfption
mittels Aktivkoks oder Aktivkohle aus dem Rauchgas
entfernt werden.

. Verfahren nach einem der Anspriiche 1 oder 2, dadurch

gekennzeichnet, dass die Desorption der organischen
Schadstoffe bei Temperaturen im Bereich von 350 bis
750° zusammen mit anderen. absorbiereten Schadstoffen

vorgenommen wird.

. Verfahren nach einem der Anspriiche 1 bis 3, dadurch

gekennzeichnet, dass die thermische Spaltung der
Schadstoffe im Desorptionsgas in einér Spaltkammer er-
folgt.
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5. Verfahren nach einem der Anspriliche 1 oder 2, dadurch

.gekennzeichnet, dass die Desorption und die thermische

Zersetzung der Schadstoffe mittels des auf die Zer-
setzungstemperaturen aufgeheizten Desorptionsgases

vorgenommen wird.

Verfahren nach einem der Anspriiche 1 bis 5, dadurch
gekennzeichnet, dass das aus der thermischen Zersetz-
ung dexr Schadstoffe resultierende heife Abgas unter
Ausnutzung seines Widrmeinhalts, vbrzugsweise zur Vor-
wdrmung der Verbrennungsluft anderer Gase, oder zur
Nutzung im Wasserdampfkreislauf abgekiihlt wird.
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Al

DR.~-ING. GERALD KLOPSCH An GroB St, Martin 6
PATENTANWALT ) D 5000 KOLN 1

Telefan: (0221 238348
Telegramme: Marspatent
Telex-Nr. 8 882 336

13.Juli 1984
Kl/go

Hugo Petersen Ges. fir verfahrenstechn. Anlagenbau mbH
& Co. KG, Dantestrasse 4-6, D-6200 Wiesbaden °

Verfahren zur Abscheidung und Beseitigung von orga-
nischen Schadstoffen, insbesondere von polychlorierten
Dibenzodioxinen (PCDD)- aus-Rauchgasen

Die Erfindung betrifft ein troc?kenes Verfahren zur Ab-
scheidung von in Rauchgasen o&ér'in sonstigen Abgasen
enthaltenen organischen schwef'zerseﬁél‘mhen Schad-
stoffen, insbesondere von polychlorierl;én leenzo-
dioxinen. b .<;

Bei der Verbrennung vOn Industrie- und Hausmull in Miill-
verbrennungsanlagen entstehen verschieden% organische
Schadstoffe, vor allem aromatlscher ?atur Wle

Polyzyklische aromatlsche Kohlenwasserstoffe (PAK)

PAC ET AL. EXHIBIT 1021
Page 291



a4 3426059

polychlorierte Biphenyle (BCB)
polychlorierté pDibenzodioxine (PCDD)
polychlorierte Dibenzofurane (PCDF)

Wegen der bekannten gesundheitsschéddlichen Wirkung
ist die Beseitigung dieser Substanzen deshalb von be-
sonderem Interesse, da sie nur séhwer abbaubar sind
und deswegen die Gefahr einer mdglichen Anreicherung

in der Natur besteht.

Die Beseitigung der organischen Schadstoffe ist durch
Zerstdrung der Molekiilstrukturen bei hohen Spalttempe-~
raturen meist im Bereich von {iber 1000°C méglich. Hier-
bei spielen Spalttemperaturen und die Verweilzeit der
organischen Schadstoffe im hohen Temperaturbereich,

die meist einige Sekunden betragen soll, eine wesent-

liche Rolle.

Aus diesem Grund werden Sonderabfédlle, vor allem Ab-
fdlle aus der chemischen Produktion, vor allem in
Sondermiill-Verbrennungsanlagen;,. die mit Verbrennungs-
Reaktionstemperaturen von iiber etwa 1100°C arbeiten,
bei Verweilzeiten der Rauch-/Abgase in diesem hohen
Temperaturbereich von bis zu 6 Sekunden verbrannt.

Bau und Betrieb solcher Abfallverbrennungsanlagen siha
im Vergleich zu normalen Haus/Industrie-Miillverbren-
nungsanlagen sehr kostenaufwendig und wirtschéftlich
nur dann vertretbar, wenn diese Anlage speziell fiir
die Spaltung dieser organischen Schadstoffe eingesetzt

wird.

In normalen Haus-/Industrie-Miillverbrennungsanlagen
treten diese Schadstoffe jedoch nicht stdndig, sondern
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nur dann auf, wenn diese organischen Schadstoffe im zu
verbrennenden Abfall anfallen. Die Konzentrationen

im Rauchgas sind damit sehr unterschiedlich und k&nnen '

stark schwanken, z.B von einigen Pikogramm bis zu
mehreren Hundert Pikogramm ..

Eine generelle Auslegung, Bau und Betrleb aller Mill-
und Abfallverbrennungsanlagen bei diesen hohen Tempera-
turen fiihrt neben hohen Kosten fiir Investition und
Betrieb vor allem auch zu anderen Nachteilen, wie bei-
spielsweise hdéher NOX-Konzentrationen im -Rauchgas una
zu erhShter Korrosionsgefahr an den Verbrennungsein-
richtungen, wie beispielsweise den Rosten sowie den
Dampfkessel oder Wiarmeaustauschern,

Diese Nachteile treten dann nicht auf, wenn es gelingt,
diese organischen Schadstoffe aus den Rauchabgasen ab-
zuscheiden und dann in geeigneter Form zu beseitigen.

Gegenstand der Erfindung ist ein Verfahren zur Abschei-
dung und Beseitigung von schwer zersetzlichen, orga-
nischen Schadstoffen, insbesondere polyhalogenierten
aromatischen Verbindungen aus Rauchgasen. durch Er-
hitzen des schadstoffhaltigen Rauchgases auf Tempera-
turen von > 1000°C, dadurch gekennzeichnet, dass die
Schadstoffe aus dem Rauchgas adsorptiv entfernt, die
adsorptiv'gebundenen Schadstoffe durch Erhitzen auf

" hShere Temperatur desorbiert und das Desorptionsgaé
durch Zufilhrung von Fremdwdrme auf Temperaturen von
iiber 1000°C, vorzugsweise 1000 bis 1400°C bei einer
zur Spaltung der Schadstoffe ausreichenden Verweil-
zeit erhitzt werden.

Als Adsotptionsmittel sind besonders A~-Kohle oder A-Koks
geeignet:. Dieser A-Koks, A-Kohle oder ein anderes ge-
eignetes Adsorptionsmittel werden in an sich bekannter

Weise durch Erhitzen auf héhere Temperaturen desorbiert.
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Die Kohleschicht weist eine Dicke von z.B. 1,50 bis

2 m auf,

Da bei der Reinigung von Rauchgasen mittels eines
A-Koks (AfKohle~)Filt¢rbettes auch andere Schadstoffe
wie 802 und Schwermetalle simultan abgeschieden werden,
ist es bisher bekannt, die Desorption diéeser A-Kokse/
A-Kohle mit inerten Gasen im Temperaturbereich von etwa
350-750°C durchzufiihren. Diese Temperatur reicht damit
aber zur thermischen Spaltung der organischen Schad-
stoffe noch nicht aus.

GemdB einer Ausfiihrungsform der Erfindung wird das De-
sorptionsmittel hinter dem Desorber durch Zufiihren von
Fremdwdrme, wie beispielsweise durch Zubrennen von Erd-
gas, Heiz®l, sonstigen fossilen Brennstoffen oder auch
durch Erwdrmung mit elektrjécher Energie in einer Spalt~
kammer auf Temperaturen von iiber 1000°C bis zu etwa
1400°C erhitzt. Die Verweilzeit der Gase in der Spalt-
kammer wird so bemessen, dass geniigend Zeit zur vollst&n-
digen Spaltung der organischen Schadstoffmolekiile besteht.
Sie liegt in der GrdBenordnung von mehreren Sekunden
(z.B. 5 bis 10 Sekunden). Das heiBe Gas wird nach der
Spaltung wieder mittels eines Widrmeaustauschers abge-
kiihlt, wobei die freiwerdende Wdrme in wdrmewirtschaft-
lich sinnvoller Weise, also beispielsweise zur Vorwdrmung
der Verbrennungsluft anderer Gase, aber auch zur wirme~
wirtschaftlichen Nutzung im'Wasserdampfkreislauf einer
solchen Miillverbrennungsanlage ausgenutzt.

Gem#B einer weiteren Ausfiihrungsform der Erfindung kann
die Spaltkammer fiir die thermische Zersetzung der Schad-
stoffe in Desorptionsgas entfallen. In diesem Falle wird
die Desorption gleich mit einem heiBen Desorptionsgas
vorgenommen, das die zur thermischen Spaltung der Schad-
stoffe notwendige Wdrmeenergie enth&lt. Diese Ausfiihrungs-
weise ist moglich, da die A-Kohle des Filters hohe Tempe-
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raturen im Bereich von lOOb bis 1300 °C ohne weiteres
aushdlt. Das Desorptionsgas (iliblicherweise entweder durch
Verbrennung von Heiz6l oder Erdgas mit unterstdchome-
trischen Sauerstoffmengen erhalten) wird dann bei»den
fiir die Zersetzung erforderlichen .Temperaturen in der
Grd8enordnung von -1200°C in den Desorber geleitet.

Der Vorteil dieses Verfahrens liegt somit darin, dass
die in sehr niedrigen Konzentrationen im groSen Rauch-
gasvolumen enthalténen Schadstoffe zundichst aus diesem
herausgefiltert werden und dann lediglich in der sehr
viel geringeren Desorptionsmenge, die nun natilixlich
eine hoéhere Schadstoffkonzentration aufweist, auf die
erforderlichen Spalttemperaturén zu erhitzen, wodurch
ein wesentlich wdrmewirtschaftlicherer Betrieb erreicht
wird, da die Rauchgasmenge um ein vielfaches, teilweise
- bis zum Faktor 100-200, gréBer ist als die Desorptions-

gasmenge.

Die Erfindung wird anhand der nachfolgenden %eichnung
beispielhaft erliutert:

Das mit den organischen Schadstoffen béladene Rauchgas
(1) tritt in den Adsorber (2) ein, der mit einem geeig-
neten Adsorptionsmittel wie Aktivkoks beschickt ist und
wird dann iiber den Schornstein (3) abgefilihrt. Das mit den
Schadstoffen beladene Adsorptionsmaterial wird ﬁbgr
Leitung (4) in den Desorber (5) transportiert, dprt bei
erhdhten Temperaturen mittels einesDesorptionsgéses

der Schadstoff ausgetrieben und in eine Verbrennungs-
kammer (8) transportiert. Diese ﬁird mittels des durch
Leitung (7) zugefiihrten heiBlen Gases auf die zur Zer-
setzung der Schadstoffe erforderlichen Temperaturen von
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> 1000°C bis zu etwa 1400°C aufgeheizt. In dieser Spalt-
kammer erfolgt die thermische Zersetzung bzw. Verbrennung
der Schadstoffe. Das heiBe Gas verlisst die Spaltkammer
und gibt in einem Wdrmetauscher (9) wenigstens einen

Teil seines Wd&rmeinhalts an das zur Aufheizung der

Kammer (8) verwendete Gas ab, bevor es in ‘die Reinigungs-

anlage (10) eintritt.

Bei der weiteren Ausfiihrungsform gemdB der Erfindung
entféllt die Spaltkammer (8). Bei (6) wird in den Absor-
ber heiBes Desorptionsgas eingeleitet, das dann wieder
im Warmeaustauscher (9) wenigstens einen Teil seines
Wdrmeinhalts abgibt, vorZugsweise zum Aufheizen des
gleichzeitiyg zur Desorption und der thermischen Zersetz-
ung verwendeten in den Desorber eintre;enden Gases.
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Ltd.). Jpn. Tokkyo Koho (1974), 3 pp. CODEN: JAXXAD JP 49043197 19741119 Showa. Patent written in
Japanese. Application: JP 70-124108 19701229. CAN 82:144527 AN 1975:144527 CAPLUS (Copyright 2005 ACS

on SciFinder (R))

Patent Family Information

Patent No. Kind Date Application No. . Date
JP 49043197 B4 19741119 JP 1970-124108 19701229

Priority Application
JP  1970-124108 A 19701229

Abstract

Hg can be removed from a gas by treating with an absorbent comprising a metal (Li, Na, K, Ca, Mg, Zn, Al, Fe, Ni, Co)
jodide or a compd. of the general formula R4NI (where R = H or a C1-4 alkyl) and an inorg. reducing agent on a carrier such
as zeolite or silica gel. The reducing agent may be a hydrazonium salt, phosphorous acid salt, thiosulfuric acid, sulfurous
acid salt, or stannous compds. Hg is present in H in alkali salt electrolysis. In an example, when a gas contg. Hg
1000-40,000 +g/m3 is passed over a packed layer of the absorbent at a space velocity of 200-4000 hr-1, the amt. of Hg in

the exit gas is reduced to <10 pg/m3.
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Patent Family Information

Patent No. Kind Date Application No. Date

JP 50006438 B4 19750313 JP  1970-124107 19701229

Priority Application
JP  1970-124107 A 4 19701229

Abstract

An I-contg. compd. and/or | mixt. is adsorbed on an anion exchange resin. The resulting compd. is used to remove Hg from
a gas by contact. Thus, a 500 ml aq. soln. contg. 43 g Nal was introduced into a 20 mm-diam. glass column packed with 50
g 15-50 mesh anion exchange resin having the functional group NMe3+ Cl-. The amt. of | adsorbed on the resin was 17 wt.%.
H contg. 7500 mg Hg/m3 was passed through the column at 800 I./hr and the Hg concns. after 10, 90, and 250 hr were 2, 4,

and 10 mg Hg/m3.
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