IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: Edwin S. Olson et al.

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
Attorney Docket No.o 4820.001US 10

Customer No.: 21186

PATENT APPLICATION TRANSMITTAL

Commissicner for Patents
P.O. Box 1450
Alexandria, ¥A 22313-1450

Ve are transmitting herewith the following attached items and wformation (as indicated with an "X"):

X CONTINUATION under 37 CFR 1.83(h) of prior Patent Application No. 15/974,343 comprising:

X Application Data Sheet (8 pgs).

X  Copy of signed Declaration from prior application (3 pgs}.

X Specification {61 pgs, mechuding claims numbered 1 through 20 and a 1 page Abstract).

X Formal Drawings (11 sheets).

X Certification and Request for Prioritized Examination {Track 1) (I pg}, inclading authorization to charge
Deposit Account 19-0743 in the amount of $4000.00 for the Prioritized Examination (Track 1} filing fee as set
forth in 37 C.F.R. § 1.17(c): and Anthorization o charge Deposit Account 19-0743 for the Processing Fee
(Track 1) setforth in 37 C.F.R. § 1.17¢) in the amount of $140.00.

X Authorization to charge Deposit Account 19-0743 in the amount of $5,860.00

The filing fee has been calcolated below as follows:
No. Filed No. Extra Rate Fee
TOTAL CLAIMS 20-20 0 x $100.00 = $0.80
INDEPENDENT CLAZMS P-3 8 x $460.00 = $6.00
MULTI®LE DEPENDENT CLAIMS PRESENTED $0.80
BASIC FEE $308.00
SEARCH FEE $668.00
EXAMINATIONFEE $760.00
PRIORITIZED EXAMINATION {TRACK ) FILING FEE $4,8300.00
PROCESSING FEE (TRACK 1) $140.80
No. ef pages Extra sets of R
(75% fore-filing) 50 pages Rae
APPLICATION SIZE FEE (54 - 1003/ 30 0 $400.00 $0.80
TOTAL $5,860.00

Please charge any additional required fees or credit overpayment {6 Deposit Account No, 19-0743, If applicable,
any papers or fees supplied hevewith are counsidered to be timely filed pursuant to 37 CF.R. § 1.7(a}, the response
period falling on a Federal Holiday, Saturday or Sunday being extended to the next succeeding business day.,

SCHWEGMAN LUNDBERG & WOESSNER, P.A. Byf \N\\; l&-\émp‘( A(\N

Customer Number: 21186 Nicholas P. Lanzatclla
Reg. No. 63,803

Date of Deposit: June 4. 2018
This waper o1 fee 15 betng filed on the date indicated above using the USPTO's electronic filing system EFS-Web. and ts addressed to The Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450.
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Modified PTO/MAL4 (12-13)

Approved for use thicugh 04/39/2017. OME 38651-0032

U.8. Patent and Yrademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1888, no_persons are required to respond tc a coliection of informaticn unless it contains a valic OMB control number

o Attorney Docket Number 4820.001US10
Application Data Sheet 37 CFR 1.76
Application Number Unknown
Title of Invention SORBENTS FOR THE OXIDATION AND REMOWVAL OF MERCURY

e application data sheet is partof the provisional or nonprovisional application forwhich itis being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as cutlined in 37 CFR1.76.

This document may be completed electronically and submitted to the Officein electronic format using the Electronic Filing System (EFS) ar the
document may be printed andinciuded in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order
pursuant to 37 CFR 5.2 {Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

inventor Information:

inventor 1: Edwin S. Olson

Legal Name
Prefix Given Name Middle Name Family Name Suffix
Edwin s, Olsen

Residence information {Select One}
S Residency I Non US Residency [ Active US Military Service

Country of

. United States of America
Residence

City | Grand Ferks State/Province |ND

Mailing Address of inventor:

Address 1 223 Circle Hilis Drive

Address 2

City Grand Forks State/Province |[ND

Postal Code 58201 Country EUnited States of America

inventor 2: Michael J. Holmes

Legal Name
Prefix Given Name Middle Name Family Name Suffix
Michael i Holmes

Residence information {Select One}
B US Residency I Non US Residency ] Active US Military Service

Country of

. United States of America
Residence

City | Thompsen State/Province |ND

Mailing Address of inventor:

Address 1 614 6th Avenue Nsrtheast

Address 2

City Thompson State/Province |ND

Postal Code 582/8 Country §United States of America

Page | 1
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Modified PTO/AK4 (12-13)
Approved for use through 04/390/2317. OME 3851-0032
U.8. Patent and Trademark Office; 1J.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no_persons are required to respond tc a coliecticn of information unless it contains a valic OMB ozntrol number

o Attorney Docket Number 4820.001Us10
Application Data Sheet 37 CFR 1.76
Agplication Number Unknown
Title of Invention SORBENTS FOR THE OXiDATION AND REMOWVAL OF MERCURY

Mhe application data sheet is partof the provisional arnonprovisional application forwhich itis being submitted. The following form contains the
pibliographic data arranged ina format specified by the United States Patent and Trademark Office as ocutlined in 37 CFR1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS)or the
document may be printed andinciuded in a paper filed application.

Inventor 3: lohn H. Pavlish

Legal Name
Prefix Given Name Middle Name Family Name Suffix
iohn H. Pavlish

Residence information {Select One}
US Residency [INon US Residency ] Active US Military Service

Country of

. United States of America
Residence

City | East Grand Forks State/Province |MN

Mailing Address of Inventor:

Addrass 1 42204 210th Street SW

Addrass 2

City East Grand Ferks State/Province |MN

Postal Code 556721 Country %United States of America

Correspondence information:

£nter either Customer Number or complete the Correspendence information section below.
For further information see 37 CFR 1.33{a}.

{1 an Address is being provided for the correspondence information of this application.

Customer Rumber 21186

Email Address reguest@slwip.com

Application Information:

Title of the Invention SORBENTS FOR THE OXIDATION AND REMOWAL OF MERCURY
Attorney Docket Number |4820.001U510 éSmaii Entity Status Claimed [
Application Type Non-Provisional

Subject Matter Utility

Suggested Class {if any} ESub Class {if any} (

Suggested Technology Center {if any)

Total Number of Drawing Shaets {if any} |11 ESuggested Figure for Publication (ifany)é

Page | 2
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Under the Paperwerk Reduction Act of 1888 no

Modified PTO/MAIAME (12-13)
Approved for use through 094/30/2317. OME 1-0632

U.8. Patentand Trademark Office; LS. DEPARTMENT OF COMMERCE

persons are required to respond fc a coliection of information unless it contains a valic OMB control number

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

4820.001US10

Application Number

Unknown

Title of Invention

SORBENTS FOR THE OXIDATION AND REMOWVAL OF MERCURY

Mhe application data sheet is partof the provisional ar nonprovisional application forwhich itis being submitted. The following form contains the
biblicgraphic data arranged in a format specified by the United States Patent and Trademark Cffice as cutlined in 37 CFR1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic
document may be printed andinciuded in a paper filed application.

Filing System (EFS)ar the

Filing By Reference:

“Foreign Priority Information”}.

Only complete this section when filing an application by reference under 35 U.8.C, 11%{c) and 37 CFR 1.57{a}. Donot
complete this section if application papers including a specification and any drawings are being filed. Any domaestic benefit or foraign
priority information must be provided in the appropriate section{s} below {i.e,, “Domestic Benefit/National Stage Information” and

For the purposes of a filing date under 37 CFR 1.53(b}, the description and any drawings of the present appiication are replaced by
this reference to the previcusly filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously
filed application

Filing date {YYYY-MM-DD)

intellectual Property Authority or
Country Publication

Publication Information:

] Request Early Publication {Fee raquired at time of Request 37 CFR 1.218}

] Request Mot to Publish. | hereby request that the attached application not be published under 35 U.S.
€. 122{b} and certify that the invention disclosed in the attached application has not and will not be the subject of an
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen

manths after filing.

Representative information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of atiorney in the application {see 37 CFR 1.32}.
Entereither Customer Number or compiete the Represeniative Name section below. if bothsections are compleied the
Customer Number will be used for the Representative information during processing.

Please Select One: B¢ customer

‘ 3 s patent Practitioner 3 timited Recognition {37 CFR 11.9)

Customer Number 21186

Page | 3
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Modified PTO/AA/4 (12-13)

Approved for use through 04/39/2017. OME 1551-0032

U.8. Patentand Trademark Office; U.S. DEPARTMENTY OF CCMMERCE

Under the Paperwork Reduction Act of 18988, no_persons are required to respond tc a coliection of information uniess it coptains a validc OMB control number

L Attorngy Docket Number 4820.001US810
Application Data Sheet 37 CFR 1.76
Application Number Unknown
Title of Invention SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

The application data sheet is partof the provisional arnonprovisional spplication forwhich itis being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as ocutlined in 37 CFR1.76.

This document may be completed electronically and submitted to the Officein electronic format using the Electronic Filing System (EFS)ar the
document may be printed andincluded in a paper filed application.

Domestic Benefit/National Stage Information:

This section allows for the applicant io either claim henefit under 35 ULS.C. 118{e), 128, 121, or 365{c} or indicate
Mational Stage entry from a PCT application. Providing this information in the application daia sheet constitutes the
specific reference required by 35 U.S.C 119{e} or 120, and 37 CFR 1.78{a}{?} or CFR 1.78{a}{4}, and need not otherwise be
made part of the specification.
Prior Application Status Pending
- T . - Filing or 371{c) Date
Application Number Continuity Type Prior Application Number EYYYY-MM-DD}
This application continuation of 15/974,343 2018-05-08
Prior Application Status Pending
Application Number Continuity Type Prior Application Number ngi?‘fvﬁz{?&l“(’,lc_}[)%?te
15/974,343 continuation of 15/951,970 2018-04-12
Prior Application Status Pending
- P . S Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
15/951,970 continuatisn of 14/712,558 2015-05-14
Prior Application Status Patented
- e . . Filing or 371{c) Date
i Numb N 1 P i b
Application Number Continuity Type rior Application Number (YYYY-MM-DD}
14/712 558 continuation of 14/318,270 2014-06-27
Prior Application Status Patented
s - . . Filing or 371{c) Date
Application Number Continuity Type Prior Application Number (YY¥Y-MM-DD)
14/318,270 continuation of 13/966,768 2013-08-14
Prior Application Status Patented
Application Number Continuity Type Prior Application Number Fifi?\fvzzi?&zl\(,‘f»)D%?te
13/966,768 continuatisn of 13/4%7,665 2012-03-22
Prior Application Status Patented
Application Number Continuity Type Prior Application Number ?eia?‘f‘{gf&l&c}gz’a}te
13/427,665 continuation of 12/419,219 2009-04-06

Page | 4
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Modified PTO/MA/

(1

2-13)

Approved for use through 04/32/2017. OMB 05851-0032
U.8. Patentand Trademark Office; 1J.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1988, no_persons are required to respond tc a coliection of informaticn uniess it coptains a validc OMB control number

. Attorngy Docket Number 4820.001US510
Application Data Sheet 37 CFR 1.76
Application Number Unknown
Title of Invention SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Mhe application data sheet is partof the provisional arnonprovisional spplication forwhich itis being submitted. The following form contains the
pibliographic data arranged ina format specified by the United States Patent and Trademark Office as outlinedin 37 CFR1.76.

This document may be completed electronically and submitted to the Officein electronic format using the Electronic Filing System (EFS)ar the
document may be printed andinciuded in a paper filed application.

Prior Application Status Abandoned
- I . e Filing or 371{c} Date
T
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
12/419,219 continuation of 12/201,595 2008-08-29
Prior Application Status Patented
o - . L Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (Y¥YY-MM-DD)
12/201,595 division of 11/209,163 2005-08-22
Prior Application Status Expired
Application Number Continuity Type Prior Application Number Fm?fvzz(?&ll\(,?o%?m
11/209,163 Claims benefit of provisisnal 650/605,640 2004-08-30

Foreign Priority Information:

fi‘his section allows for the applicant to claim priority to a foreign application. Providing this information in the application data
heet constitutes the claim for priority as required by 35 U.S.C. 119{b} and 37 CFR 1.55{d}. When priority is claimed to a foreign
pplication that is eligible for retrieval under the priority document exchange program (PDX}i the information will be used by the
ffice to automatically attempt retrieval pursuant to 37 CFR 1.55(h}{1} and {2}. Under the POX program, applicant bears the
timate responsibility for ensuring that a copy of the foreign application is received by the Gffice from the participating foreign
ntellectual property office, or a certified copy of the foreign priority application is filed, within the time pericd specified in 37 LFR

1.55(g){1).

Application Number Country Barent Filing Date {YYVV-MM-DDj | Access Code {if applicable}

Page | &
AMEREN UE EXHIBIT 1027

Page 6



Modified PTO/AK4 (12-13)

Approved for use threugh 94/39/2017. OME 3851-0032

U.8. Patent and Trademark Office; 1U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no_persons are required to respond fc a coliection of information unless it contains a valid OMB ozntrol number

L Attorney Docket Number 4820.001US10
Application Data Sheet 37 CFR 1.786
Aggplication Number Unknown
Title of Invention SORBENTS FOR THE OXiDATION AND REMOWAL OF MERCURY

The application data sheet is partof the provisional ornenprovisional spplication forwhich itis being submitted. The following form contains the
kibliographic data arranged in a format specified by the United States Patent and Trademark Cffice as outlinedin 37 CFR 1.76.

[Fhis document may be completed electronically and submitted to the Officein electronic format using the Electronic Filing System (EFS)or the
document may be printed andincluded in a paper filed appilication.

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filad with the application, applicant has provided written authority to
permit a participating foreign intellectual property {iP)} office access to the instant application-as-filed {see paragraph A in
subsection 1 below} and the European Patent Office (EPO} access 1o any search results from the instant application {see
paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or bath in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application. After
the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access by a
forgign P officels). instead, Form PTO/SB/39 or PTO/SB/63 must be used as appropriate.

1. Authorization to Permit Access by a Foreign intellectual Propernty Office(s}

A. Priority Document Exchange {PDX] - Unless box A in subsection 2 {opt-out of authorization} is checked, the
undersigned hereby granis the USPTO authority 1o provide the European Patent Office {EPO}, the lapan Patent Office
{iPO}, the Korean intellectual Property Office {KiPO}, the State intellectual Property Office of the People’s Republic of
China {SiPO}, the World intellectual Property Organization {WIPO}, and any other foreign intellectual property office
participating with the USPTO in & bilateral or multilateral priority document exchange agreament in which a foreign
application claiming priority to the instant patent application is filed, access to: (1} the instant patent applicaticn-as-filed
and its related bibliographic data, {2} any foreign or domaestic application to which priority or benefit is claimed by the
insiant application and s related bibliographic data, and {3} the dale of filing of this Authorization. See 37 CFR 1.14¢{h}
{1}

B. Search Results from U.8. Application to EPO - Unless box B in subsection 2 {opt-cut of authorization] is checked,
the undersigned heraby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a Eurcpean patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14{h}{2).

The applicant is remindad that the EPO’s Rule 141{1} EPC {European Patent Convention) reguires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office{s)

A. Appilicant DOES NOT authorize the USPTO to permit a participating foreign P office access to the instant

B application-as-filed. if this box is checked, the LSPTO will not be providing a participating foreign iP office with
any documents and information identified in subsection 1A above.

D B. Applicant DOES NOT authorize the USPTO 1o transmit 1o the EPO any search results from the instant patent
application. If this box is checked, the USPTO will not be providing the £EPO with search results from the instant
application.

NOTE: Once the application has published or is stherwise publicly available, the USPTO may provide access to the
application in accordance with 37 {FR 1.14.

Page | &
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Modified PTO/AA4 (12-13)
Approved for use through 04/33/2017. OME 3551-0032
U.8. Patent and Trademark Office; IU.S. DEPARTMENT OF COMMERCE

Under the Paperwerk Reduction Act of 1985, no_persons _are required to respond fc a celiection of informaticn unless it contains a valic OMB confrol number
. Attornay Docket Number 4820.001U810
Application Data Sheet 37 (FR 1.78
Application Number Unknown
Title of Invention SORBENTS FOR THE OXIDATION AND REMOWVAL OF MERCURY

The application data sheet is partof the provisional arnonprovisional spplication forwhich itis being submitted. The following form contains the
pibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlinedin 37 CFR 1.76.

[This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS)or the
document may be printed andinciuded in a paper filed application.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any reguirement of part 3 of Title 37
of CFR to have an assignment recorded by the Office.

Applicant: Midwest Energy Emissions Corp

if the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1,45}, this section should not be
completed. The information to be provided in this section is the name and address of the legal representative whg is the
applicant under 37 CFR 1.43; or the name and addrass of the assignee, person to whom the inventor is under an obligation fo
assign the invention, or person who otherwise shows sufficient proprietary inlerest in the matter who is the applicant under 37
CFR 1.46. if the applicant is an applicant undar 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or
person who otharwise shows sufficient proprietary interest} together with one or more joint inventors, then the joint inventor
or inventors who are also the applicant should be identified in this section.

& Assignee [J Legal Representative under 35 U.5.C. 117 O iecint inventor

3 Person to whom the inventor is obligated to assign | [J Persen who shows sufficient proprietary interest
|

if applicant is the legal representative, indicate the authority to file the patent application, the inventoris:

{J Deceased [J Legally incapacitated

Name of the Deceased or Legally Incapacitated Inventor

if the Applicant is an Organization check here: &

Organization Name: Midwest Energy Emissions Corp

Prefix Given Name Middiz Name Family Nams Suffix

#Mailing Address Information:

Address 1 670 D Enterprise Dr

Address 2

City Lewis Center State/Province OH
Country United States of America Postal Code 43035

Phone Number

Email Address

Page | 7
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Modified PTO/AR4 (12-13)

Approved for use through 04/39/2317. OME 0851 - bb32

U.8. Patent and Yrademark Office; U.S. DEPARTMENY OF COMMERCE

Under the Paperwork Reduction Act of 18985, no_persons are required to respond tc a coliection of informaticn unless it contains a valic OMB control number

L Attorney Docket Number 4820.001US10
Application Data Sheet 37 CFR 1.76
Aggplication Number Unknown
Title of Invention SORBENTS FOR THE OXIDATION AND REMOWVAL OF MERCURY

Mhe application data sheet i<; partof the provisional or nonprovisional application forwhich itis being submitted. The following form contains the
pibliographic data arranged in a format specified by the United States Patent and Trademark Office as cutlinedin 37 CFR1.76.

This document may be completed electronically and submitted to the Officein electronic format using the Electronic Filing System (EFS) or the
document may be printed andinciuded in a paper filed application.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any reguirement of part 3 of Title 37
of CFR to have an assignmeant recorded by the Office.

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the
patent application publication. An assignee-applicant identified in the "Applicant information” section will appear on the
patent application publication as an applicant. For an assignee-applicant, compleie this section only if identification as an
assignee is also desired on the patent application publication.

if the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middie Name Family Name Suffix

pailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Addrass 2

City State/Province
Country Postal Code
Phone Number Fax Number

£mail Address

Signature:

MOTE: This Application Data Sheat must be signed in accordance with 37 CFR 1.33{b). Howewer, if this Application Dala Sheet is
submitted with the IRNITIAL filing of the application and sither box A or B is not checked in subsection 2 of the "Authorization or
Opt-Out of Authorization to Permit Access” section, then this form must alse be signed in accordance with 37 CFR 1.14{c}.

This Application Data Shest must be signed by a patent practitionsr if ons or maore of the applicants is a juristic entity {e.g.,
corporation or association). If the applicant is twe or mere joint inventors, this form must be signad by a patent practitioner, ali jcint
inventars who are the applicant, or one or more joint inventor-applicants who have been given power of attorney {e.g., see USPTO
Form PTO/AIA/81) on behalf of all joint inventor-applicants.

Sew 37 CFR 1.4(d} for the manner makmg signatures and certifications.

Signature / X\m L‘}ﬁx ( /&W %""’/ jl ;a::;;‘;w” 2018-06-04

. Registration )
First Name Nachoias Last Name | Lanzatells & 63,3803

Number

This coliection of information is required by 37 CFR 1.76. The information is reguired 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 US.C. 122 and 37 CFR 1.14. This collection is
astimated to take 23 minutes to compliste, including gathering, preparing, and submitting the compisted application data sheet 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.5, Patent and

Trademark Office, U.S. Department of Commerce, P.0O. Box 1450, Alsxandria, YA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SERD TO: Commissioner for Patents, P.O. Box 1450, Alexandria, YA 22313-14

Page | &
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Doc Code: TRACKL.REQ
Document Description: TrackOne Request mModified PTO/AIA/24 {04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION UNDER 37 CFR 1.102{e)}

{Page 1 of 1}

First Named Edwin S. Olsan Nonprovisional Unknown
Inventor: Application Number

{if known}:
Title of SORBENTS FOR THE OXIDATION AND Docket No.: 4820.001U510
Invention: REMOVYAL OF MERCURY

APPLICANT HEREBY (ERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR THE ABOVE-
IDENTIFIED APPLICATION.

The processing fee set forth in 37 CFR 1.17(i}{1} and the prioritized examination fee set forth in 37 CFR 1.17{c)
have been filed with the request. The publication fee requirement is mat because that fes, s&t forth in 37 CFR
1.18{d}, is currenily 50. The basic filing fee, search fee, and sxamination fee are filed with the request or have
been already been paid. | understand that any required excess claims fees or application size fee must be paid for
the application.

| understand that the application may not contain, or be amended to contain, mare than four independent claims,
mare than thirty total claims, or any multipie dependent claims, and that any request for an extension of time wili
cause an outstanding Track | request to be dismissed.

Original Application{Track One)} — Prioritized Examination under § 1.102{e}{1)}

(a) The applicaticn is an original nonprovisional utility application filed under 35 U.S.C. 111(a). This
cartification and request is being filed with the utility application via EFS-Web.

—-{IR -
{b} The application is an criginal nonprovisional plant application filed under 35 U.S.C. 111{a}. This
certification and request is being filed with the plant applicaticn in paper.
An executed inventor’s oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each inventor, gr the
application data sheet meeting the conditions specified in 37 CFR 1.53{f}{3}(i} is filed with the application.

N
Signature; i A LA %""”/ // Date: June 4, 2018
srowref W otk 1 AN
\‘ A) £t

Nams:

Practitioner:

{Print/Typed) Nicholas P. Lanzatelia Registration Number: 63,803

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d} for signature reguirements and
certifications. Submit muitipie forms if more than one signatuie s required, see below™.

“Total of

___forms are submitted.

AMEREN UE EXHIBIT 1027
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SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of U.S. Patent Application Serial No.
15/974,343, tiled May 8, 2018, which is a continuation of U.S. Patent Application
Serial No. 15/951,970, tiled April 12, 2018, which is a continuation of U.S. Patent
Application Serial No. 14/712,558, tiled May 14, 2015, which is a continuation of
US. Patent Application Serial No. 14/318,270, tiled June 27, 2014, which is a
continuation of U.S. Patent Application Serial No. 13/966,768, tiled August 14,
2013, issued as U.S. Patent No. 8,821,819, which is a continuation of U.S. Patent
Application Serial No. 13/427,665, filed March 22, 2012, issued as U.S. Patent No.
8,512,655, which is a continuation of US. Patent Application Serial No.
12/419,219, filed April 06, 2009, issued as U.S. Patent No. 8,168,147, which is a
continuation of U.S. Patent Application Serial No. 12/201,595, tiled August 29,
2008, which is a division of U.S. Patent Application Serial No. 11/209,163, tiled
August 22, 20083, issued as U.S. Patent No. 7,435,286, which application claims the
benefitunder 35 US.C. § 119 (¢} of U.S. Provisional Patent Application No.
60/605,640 filed Aug. 30, 2004, the disclosure of which is hereby incorporated by

reference in its entirety.
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This invention was made with United States Government support under
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Environmental Protection Agency and under Contract Number DE-FC26-
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BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

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.

2. Background of the Invention

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 armount 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 S 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
fimitation, 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.
Mercury Sorbent Technologies

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
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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, mjection 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 ESF to collect the carbon because the contact time of the
carbon with the gas is very short.

A major problem with existing carbon injection systems is that the sorbent is
nitially 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.

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
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.
A halogen/halide promoted activated carbon sorbent is described that is
highly eftective for the removal of mercury from flue gas streams. The sorbent
comprises a new halide-modified carbon form containing a reactive compound

produced by the reaction of bromine (or halide or other halogen) with the cartbon.
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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 strearn are
described.

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.

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, activaied cartbon 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 V1 halides,
hydrohalides, and combinations thereof. In an emnbodiment, 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 strearn {rom which
mercury is to be removed. In an embodiment, the base activated carbonn may have a
mass mean particle diameter greater than about 40 micrometers.

In another embodiment, the sorbent compsises from about 1 to about 30
grams promoter per 100 grams of base activated catbon. Another embodiment
further comprises an optional secondary component comprising a halogen or a
hvdrohalide such that the reactivity and mercury capacity of the sorbent are
enhanced.

In another embodiment, the concentration of the optional secondary
component on the finished sorbent is within the range of from about ! to about 15

wt-%6 of the concentration of the promoter on the finished sorbent.
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In another embodiment, an optional alkali cornponent may preferably be
added to provide a synergistic effect through combination of this alkali with the
primary sorbent.

In another embodiment, the optional secondary component is selected from
the group consisting of Group V halides, Group V1 halides, HI, HBr, HCI, and
combinations thereof. In another embodiment, the promoter 1s substantially in vapor
form when combined with the base 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
componernt are combined with the base activated carbon substantially
simultaneously. Another embodiment further comprises adding a mercury-
stabilizing reagent selected {rom the group consisting of' S, Se, HaS, SO, H:Se,
Se(;, CS3, P:Ss, and combinations thereof. Another embodiment further comprises
adding an optional alkali component.

In an embodiment, a method 18 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 streamn. 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.

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.
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In another embodiment, the promoter is selected from the group consisting
of Brz, a Group V bromide, a Group Vi bromide, and combinations thereof.

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 cartbon. In another embodiment the
method further comprises adding a2 mercury-stabilizing reagent selected from the
group consisting of S, Se, H;S, SOz, HzSe, Se(;, CS;, P2Ss, and combinations
thereof. In an embodiment, a method is provided for control of mercury in a flue gas
with substantially lower sortbent requirements. Through enhanced sotbent reactivity,
mercury removal per gram of sorbent is increase, thereby decreasing the capital and
operating costs by decreasing sorbent requirements.

In an embodiment, a method is provided 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-%6 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-%6 mercury removal is
desired, the required removal may preferably be attained using less than hailf 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 tlue 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 produgt is injected to the mercury-containing flue gas stream.

In another embodiment, the promoter is selected from the group consisting
of molecular halogens, halides, and combinations thereof. In another emnbodiment,
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.
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In another embodiment, the injected sorbent is prepared in-tlight 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.

In another embodiment, the optional secondary component is selected from
the group consisting of todine, hydrohahdes, 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%e 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, HzS, SO, HaSe,
Se(s, CSa, P2Ss, and combinations thereof.

In an embodiment, the method further cornprises co-injecting an optional
alkaline matertal, 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
somprise calcium oxide, sodium carbonate, and the like, as are known in the art.

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 tflue gas stream, wherein the
promoter is selected from the group consisting of molecular halogens, halides, and
combinations theresf, 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
momitored mercury content of the cleaned flue gas.

In an embodiment, a method for reducing the mercury content of a mercury
and ash containing gas stream is provided wherein particulate activated carbon

sorbent with a mass mean size greater than 40 um is injected into the gas siream,
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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 strearn. 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.

As will be described i more detail below, the present mvention thus
provides several advantages over previously known technigues, including
significantly more effective and economical mercury sorbents for effluent gases,
advantageously applicable to treating gas streams from fired equipment and
gasification systems.

The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the
mvention that follows may be better understood. Additional features and advantages
of the mvention 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 conception
and specific embodiments disclosed may be readily utilized as a basis for modifying
or designing other structures for carrying out the same purposes of the present
invention. 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 claimns.

BRIEF BESCRIPTION OF THE DRAWINGS
For a more detailed description of the preferred embodiments of the present
invention, reference will now be made to the accompanying drawings.
FIG. 1 schematically illustrates methods for preparation of promoted carbon
sorbents i accordance with the present mvention.
FIG. 2 illustrates a proposed mechanistic model of the chemical reactions

resulting in the oxidation and capture of mercury.
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FIG. 3 schematically illustrates preparation of promoted carbon soreents 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.

FIG. 4 is a diagram illustrating breakthrough curves for 5 wt/wt %
brominated NORIT Darco FGD sorbent (37 mg+113 mg sand) in low-HCI (1 ppm)
synthetic flue gas.

FIG. S 1s a diagram itlustrating breakthrough curves for non-halogenated
NORIT Darco FGD sorbent (37 mg+113 mg sand) in low-HCI (1 ppm} synthetic
flue gas.

FIG. 6 is a bar chart illustrating pilot-scale mercury removal results,
including large-size sorbent resuls.

FIG. 7 is a diagram illustrating the effects of sorbent size and injection rate
on mercury removal for ESPs and fabric filters.

FIG. 8 is a diagram illustrating the breakthrough curves tor a brominated
NORIT Darco FGD sorbent with inert sand.

FIG. 9 15 a diagram itlustrating the breakthrough curves for brominated
NORIT Barco FGD sorbent with a co-injected alkali material.

FIG. 10 is a plot of mercury removal vs. carbon injection rate with and
without co-injection of alkali material.

FIG. 11 18 a block diagram illustrating the use of the invention in a coal

fueled facility.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Herein will be described in detail specitic 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 susgeptible 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 ernbodiments of the present
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invention provide a number of different configurations and applications of the
inventive method, compositions, and their uses.

The present invention provides a cost-effective way to capture pollutants by
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 tines 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 sorbents. The
reactivity of the sorbent toward the pollutants is greatly enhanced and the sorption
capacity can be regenerated, the promoted sorbent may be regenerated, recycled
and/or reused.

The treated carbons, treatment techniques, and optional additives discussed
herein have applicability to mercury controf 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.

Referring now to FIG. 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 rermoval as itlustrated by block 20A.

Referring still to FI1G. 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
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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 itlustrated by block 30A.

Referring still to FIG. 1, another preferred embodiment of the process of the
present invention is illustrated by path 10-40, comprising providing a base activated
carbon as itlustrated 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 itlustrated by block 40A.

Referring still to FIG. 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.

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.

In some preferred embodiments the activated carbon provided may
preferably be any of several types, as understood by those skilled i 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

ireated.
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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 {ilm, pyrolysis char, an activated carbon or regenerated activated
carbon with a mass mean particie 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.

In some preferred embodiments, the halogen or halide promoter that 1s added
to, and reacts with, the base activated carbon may preferably comprise, by way of
iltustration 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 SClg, respectively, in vapor, liquid, or solution form (though not in an
aqueous solvent).

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.

Referring now to FIG. 2, there is illustrated a theory developed from
scientific evidence to explain the nature of the promoting compounds. For example,
as illustrated in FI1G. 2, hydrogen bromide reacts with the unsaturated structure of
the activated carbon. This may be, by way of illustration only, a carbene species on
the edge of the graphene sheet structures of the carbon. Molecular bromine or a
bromine compound reacts to form a simtilar structure, with a positive carbon that is
active for oxidizing the mercury with subsequent capture by the sorbent.

It has now been found that the formation of the new bromide compound witls

carbon increases their reactivity toward mercury and other poliutants. Additionally,
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the resulting bromide compound 1s uniquely sutted 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 ton. Thus, adding HBr or Brz to the carbon forms a similar carbon bromide, in
which the positive carbon oxidizes the mercury with the assistance of the bromide
on.

Referring now to FIG. 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
nvention. 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
conjunetion with the optional alkali component reservoir 180, optional flow control
devices 208 and 209 can be used independently, together, or not at all.

Reservoirs 110, 120, 130, and 180 connect through their respective flow
control devices and via associated piping, to transport hine 115, Optional alkali
component reservoir 180 may also connect, through respective flow control devices
and via associated piping, to transport hne 118, A source of air, nitrogen, or other
transport gas{es) is provided by gas source 170 to transport ling 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 strearn 15. Gas sources 170 and 171 may be the same or different, as desired.
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Alternatively, transport gas(es) may be provided to both transport lines 115 and 118
by gas source 170 (connection from source 170 to line 118 not shown). Although
gas sources 170 and 171 are shown in FIG. 3 as compressors or blowers, any source
of transpott energy known in the art may be acceptable, as will be appreciated by
those of skill in the art.

For clanty, single injection points 116 or 119 are shown in FIG. 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.

Downstream from injection point 116 and 119 is provided particulate
separator 140. By way of illustration and not lirnitation, 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”) strearn 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 102.

An optional Continuous Emission Monitor (herenafier “CEM™} 205 for
mercury is provided in exhaust gas stream 35, to provide electrical signals
representative of the mercury concentration in exhaust strearn 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 hines 207 (or wirelessly} to an optional
digital computer (or controller) 200, which receives and processes signals and
preferably controls the preparation and injection of promoted carbon sorbent into

contaminated flue gas stream 15,
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In operation, promoted carbon soreent 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 15, the injected material reduces the
mercury concentration, transforming contaminated tlue gas into reduced mercury
flue gas, 25. The injected matenial 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, 20% to maintain the mercury concentration in exhaust stream 35 within
desired limits, according to contro] 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 himits, according to control algorithms well known in the art.

Referring still to FIG. 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 1215 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
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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 i FIG. 3} may then be provided if necessary as
mentioned with respect to embodiments discussed with reference to FIG. 1.

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 1315 and 13 1c.

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,
comnbining downstream in flue gas 15 for synergistic effects with base activated
carbon, promoted carbon, or optional secondary components. Being able to vary
onsite the armmount 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.

In some preferred embodiments wherein contacting between components
and reaction is performed in a liquid or solvent phase, stirring of such liguid and/or
slurry mixtures may be provided. In other embodiments, the halogen/halide
promoter and optional secondary component(s} may preferably be sprayed in
solution form into or on the 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.

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, gasecus HBr or Br2, 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 entraimment for
injection.

In some embodiments, the secondary componeni(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 sotbent may comprise from
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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 wi-%s of the concentration
of the halogen/halide component.

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.

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, HaS, SO;, HaSe, Se(;, CS;, P2Ss, and combinations thereof.
Halogens in Mercury Capture

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 VIHA {CAS nomenclature is used throughout; Group
VA (CAS) corresponds to Group VIIB (IUPAC)) of the periodic table. In the
molecular elemental form of the halogens, cluding F», Clo, Bry, 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, chloring, bromineg, and
iodine atoms, is about a million times more 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.

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 wolecular halogens, having a low chemical potential.
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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

The sorbent described here bas a very high nitial 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
proslems. In addition, further disposal reductions are obtainable vy 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 sortbent 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 sorwent 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 sorsent 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 4 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.

It appears that the inventive sorbents chemtcally cormbime 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 carson does not represent a molecular halogen
form, but rather a new chemically modified carbon {or halocarbon) structure. This
phenomenon may not occur with the less reactive iodine, where an I molecular

complex can exist on the carbon wasal plane. In the case of bromine, modified
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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 ferm 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

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

It has been demonstrated that addition of an optional alkali component with
a base or promoted activaied 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 (SOz, NOx, HC, 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
tatlor the alkali-to-activated-carbon ratio onsite in order to overcome and optimize
for a given set of site conditions.

The synergy that can be gained when co-injecting the two materials can be
explained as follows. First, testing shows that binding sites on activated carbon
(hereinafter “AC”} can be consumed by chlorine species, sulfur species (i.e.

sulfates), and other flue gas contaminants (arsenates, selenates, etc). The addition of
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optional alkali material will interact and react with these species/contarninants thus
minimizing thetr 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 mercury reduction at lower
cost. Alkali 18 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

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 requirernent for this contact. This technology s 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

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 fer treating
sorbents off-site:

Capital equipment costs at a treatment facility are eliminated.

Costs to operate the treatment facility are eliminated.
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There are no costs for transporting carbon and additive to a treatment
facility.

The mventive 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 mventive process allows rapid on-site tailoring of additive-sorbent
ratios in order to match the reguirements of flue gas changes, such as
may be needed when changing fuels or reducing loads, thus further
optimizing the economies.

The mventive technology reduces the arount of spent sorbents that are
disposed.

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.

Sorbent Injection Location

Some of the preferred embodiments contemplate the use of a haloge
promoted sorbent in a powdered form that has been injected juto a flue gas stream
before or after ash particulates have been removed. Other embodiments of the
iventive composition of the halogen promoted carbon sorbent comprise a
powdered modified activated catbon prepared by adding Bra or HBr plus a second
optignal component. Other embodiments allow the addition of the optional alkali
compouent i 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, embodimnents include methods wherein the
sorbent is on a moving contactor consisting of particles or fibers containing one or
more of the composttions listed above.

Sorbent Regeneration
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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 mexpensive 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, tritnodide, 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 fnjection Control Schemes

Another advantage of the present invention relates to the use of a teedback
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 requirernents are met with minimal matenal requirements, thus
minimizing the associated costs. [n an embodiment, the mercury emissions are
continuously measured downstream of the injection location, preferably in the
exhaust gas at the stack.

Promoted Carbon Sorbents

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, Pb, Bi, Cd, Ag, Cu, Zn, or other contaminants,
will also react with the oxidation sites generated on the carbon.

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
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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

chiorine and much less expensive than the sorbent containing odine.

EXAMPLES
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

herem.

Example 1
Preparation and Testing of Halogenated Carbon (& Comparative Example) Gas
Phase Halogenation
Finely powdered activated carbon (such as NORIT Darco FGI, NORIT

Americas, Inc., Marshall, Tex. (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 ¥ (0.14 m*) cement mixer) fitted with a tight plastic lid to prevent
loss of the fine powder during the preparation. it a separate vessel, gas phase
bromine was generated by passing a nitrogen stream over a weighed amount of
liguid bromine that s warmed to about 40°-50° C. The vapor pressure of the
bromine was such that a dark red gas 1s generated and passed out of the generator.
The outlet from the gaseous bromine generator is connected via a 1/4 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 so 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 brormine has cormnbined with the carbon. Typically, this is 0.4 to 1 kg of
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bromine to 20 kg of carbon (2-5 wt. %). When the reaction s 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.

XPS spectra dermonstrate 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

Abench-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 precusrsor carbons for comparison.

A detailed description of the apparatus and its operation is provided in
Dunham, G.E.; Miller, S. J. Chang, R.; Bergman, P. fnvironmenicl Progress 1993,
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 (.35 cm}). The loaded filter and holder were heated in an
oven (123° 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: Oz (6%4),
CO:2{12%}, SOz {600 ppro}, NO (120 ppm} NO2 (6 ppm), HCI (1 ppm), Hg" (11
pg/m?), HoO (15%), and N» (balance). Elemental mercury was provided by a
standard permeation tube source placed in a double jacketed glass condenser, and
heated to the desired temperature. Mercury concentrations in the gas streams were
determined with a continuous mercury erission monitor (Str Galahad mercury
CEM mir. P.S. Analytical Deerfield Beach Fla. 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
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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.

Referring now to FIG. 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. FIG. 4 illustrates the breakthrough
curves for S wt/wt % brominated NORIT Darco FGD sorbent (37 mg+113 mg sand)
with synthetic flue gas containing 1 ppm HCI. 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).

FIG. 5 presents the comparative breakthrough curves for the corresponding
nonhalogenated sorbents typically initiated at 5%-50%s of inlet mercury, depending
on the HCI concentration in the synthetic flue gas, thus mdicating considerably
fower 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

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 bremine 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
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Liquid Phase {Water} Halogenation

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
paddie during the addition and for a short time afterwards until all the bromine had
reacted with the carbon, as indicated by the disappearance of the red color. The
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 flutf the carbon.

Example 4
Addition of the Optional Second Halide Component
Brorinated carbon was produced by solution phase bromination similar to
that described with reference to Example 3. However, betore 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.

Example 5
Liquid Phase Phosphohalogenation
A solution of phosphorus tribromide (500 g} in ligroin {10 liters) was stirred
i 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
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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 sirnilar, 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
requites a treated larger particle sorbent. To test this concept, a treated larger sized
(>60 um}) sorbent was developed, prepared, and tested.

Treatment—Gas Phase Halogenation

Granular activated carbon {Calgon F400} was ground and sieved through
conventional mesh screens. The mesh size fraction —170 to +240 {corresponding to
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 siream over a weighed amount of liquid bromine
that was warmed to about 40°-30° C., and the outlet from this gaseous bromine
generator was connected via a ¥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

The pilot-scale combustor, known as the “Particulate Test Combustor”
{hereinafter “PTC”}, is a 550,000-Btu/hr {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
orignted vertically to minimize wall deposits. A refractory lining helps to ensure

adequate flame temperature for complete combustion and prevents rapid quenching
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of the coalescing or condensing tly ash. Based on the superficial gas velocity, the
mean residence time of a particle in the combustor is approximately 3 seconds. The
coal nozzle of the PTC fires axially upward from the bottom of the combustor, and
secondary air is introduced concentrically to the primary air with turbulent mixing,
Coal 1s mtroduced to the primary air stream via a screw feeder and eductor. An
electric air preheater 1s used for precise control of the combustion air temperature.
Originally, the PTC used cold-water annular heat exchangers to provide flue gas
ternperature control to the baghouse (also referred to as a “fabric filter”) or
electrostatic precipitator (ESP). However, analysis of ash deposits collected trom
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 ternperatures.

The PTC instrumentation permits system temperatures, pressures, flow rates,
flue gas constituent concentrations, and particulate control device (baghouse,
Advanced Hybnd Particle Collector/AHPC™, and/or electrostatic precipitatot/ESP)
operating data to be monitored continuously and recorded on a data logger.

PTC Procedure

Flue gas samples were taken at combinations of two of the three available
system sample points: the furnace exit, the particulate control device mlet, and the
particulate control device outlet. After passing through sample conditioners to
remove moisture, the flue gas was typically analyzed for O, CO, CO2, SO3, and
NO«. 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. NOx 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 Rosermount Analytical multi-gas
continuous emissions monitors. Each of these analyzers was regularly calibrated and

maintained to provide accurate flue gas concentration measurements.
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The baghouse vessel was a 20 inch (50.8 ¢} (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 rm’/min)
of flue gas at 300° F. {about 150° C.}, therefore three 13-ft by 5-inch (3.96 m by
12.7 ¢y 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
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-}ine.

Tests were also conducted with a single-wire, tubular ESP replacing the
fabric filter. The ESP unit was designed to provide a specitfic 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 ESPunitis 11 1n
(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

Results are illustrated in FIG. 6. As can be observed in FIG. 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 FIG. 6 {and
throughout) “Macf” (and “MACF”} indicates million actual cubic feet (1 MACF is
about 0.028 miilion actual cubic meters or “MACM”}.

Referring now to FIG. 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)
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perforimed 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 um 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 FIG. 7 (and throughout) “Mact”

{and “MACF”} indicates miflion actual cubic feet.

Example 7
Liquid Phase {Organic Solvent) Halogenation

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 [arge 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 fluft the carbon.

Example 8
Promoted Activated Carbon Sorbents
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
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as the origmal precursor carbons for cornparison. Bromine-treated carbouns were
prepared by impregnation of the powdered activated carbon precursors in a stirred
solution of bromine in carbon tetrachlonde 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.

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 wercury CEM (“continuous emission monitor”) (mfr. P S Analytical,
Deerfield Beach, Fla., USA). The powdered sorbent was supported on a quartz tilter
during the test, and the other sorbents were tested as a triple layer. A comparison of
the original cornmercial-grade powdered carbon sorbent with the sortbent 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
efticiency 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 #s capacity was prolonged
by several minutes, and thus enhanced. Similar results were obtained with the
carbon film and carbon fiber sorbents by treatment with molecular bromine in

solution or in dry beds as described above.

Example @
Fluidized/Ebullated Bed Preparation
An activated carbon sorbent was prepared by treating the carbon by
impregnating molecular bromine from a gas composition contaning 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
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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

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
botiler. In general however, the inventive sorbent can be injected where desired {e.g.,
before, after, or within the boiler}.

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 mjected 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 “Maef” represent one million actual cubic feet;
1.0 Ib/MACF is about 16 kg/MACM (million actual cubic meters}} resulted in
mercury effluent concentrations of 3.8-4.2 pg/m’ {representing 62%-38% removal
of'the mercury from the gas, respectively), and at 2.0 Ib/MACF {(about 32
kg/MACM}, gave 74%-71%%6 rernoval lnjection 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 Afkaline Component—Bench-Scale
The efficiency of the activated carbons fer 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
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capture some of the sulfur or selenium oxides in the flue gas that can have a
detrimental effect on the sorbent capacity.

Bench-scale testing was conducted by preparing a filter composed of 37 mg
of brominated activated carbon mixed with 113 mg of 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 fer the mixture of bromnated
(2%} NORIT Darco FGD sorbent with inert sand is shown i FIG. 8, and the
breakthrough curve fer the mixture with CaO is shown in FIG. 9. [t 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 mixiure.
y

Example 11B
Addition of Optional Alkaline Component—Pilot-Scale

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 upstreamn of a fabric filter. Typical results are illustrated in FIG. 10.
As shown in FIG. 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 gquantities 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 (SO2, NOy, HCY, 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.
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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 subseguently be captured by the particulate control device.
Thus, combining alkali with 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

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
disappeared. The suspension was filtered by vacuum on a large Buchner funnel. The
filter cake was dried in air, and then in an oven at 110° C. untif a stable weight was
obtained The moisture was reduced to 15%.

Preparation of 5% Br2D-AC

A brominated sorbent was prepared from Brz addition in solvent as described
in Example 7, except that dichforomethane was used as the sofvent instead of
higroin, and granular Calgon: F400 was used.

Preparation of 5% PBr3-AC

A phosphohalogenated sorbent was prepared from PBrs using the method
described in Example 5, except granular Calgon F400 was used.

Testing in Hydrogen Atmosphere—FProcedure
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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
perrpeation source.

In the tests, the sorbent (0.5 g) was placed i a2 0.39 inch (1 ¢m, 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 c¢/min) for S minutes at ambient temperature to stabilize the system. The
detector showed O 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 temnperature 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 S minutes. Hydrogen (50 ¢ce/min} was then added to
the gas stream and detector readings were taken every 5 min. Tests were conducted
at several oven temperatures fer 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%6 breakthrough (time to reach 50% capiure} was then determined from the
breakthrough curves.

Results

The results are shown in Table 1 (below) tor the unbrominated sorbent
{Calgon F-400), the brominated sorbents (5% Br2W-AC and 3% BiD-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.
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Under the reducing hydrogen conditions, the unbrominated sorbent broke
through immediately and was exhausted aftter only 6.5 min. This complete failure
occuired 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.

Times for 50% Breakthrough Maximum
Observed Hg Concentrations for Sorbents
{10% Hydrogen Streams)

: >0% Maximum  Time
Sorbent Temp (° C.) breakt}}rough (Ha] (ug/m®) (min)
{roin) STed S :
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
3% PBr3-AC 250 >140 0.4 140
5% PBr3-AC 300 >150 0.5 150
3% PBr3-AC 350 >150 1.4 150
3% Br2D-AC 350 >180 2.1 180
5% Br2D-AC 400 >180 10.9 180

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 lirniting. 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.

The examples provided in the disclosure are presented for tllustration and
explanation purposes only and are not intended to limit the claims or embodiment of
this invention. While the preferred embodirments of the invention have been shown
and described, modifications thereof can be made by one skilled in the art without
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departing from the spirit and teachings of the juvention. 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 vanations 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, 1s not required. Both alternatives are intended to be
within the scope of the invention.

The discussion of a reference in the Background is not an adrmission that it is
prior art to the present invention, especially any reference that may have a
publication date atter 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.

Although the invention is described herein as a sorbent maternial and
associated processes for its preparation and use, it is nevertheless not intended to se
limited to the details described, since various modifications and structural changes
may be made therein without departing from the spitit of the invention and within

the scope and range of equivalents of the claims.

PROVISIONAL APPLICATION

A reactive sorbent material is deseribed for capture of mercury i a vapor
stream. The vapor stream mcludes flue gas from coal combustion or mcineration,
synthests gas from gasification, as well as offgases from mineral processing, metal
refining, retorting, cement manufacturing, chloralkal plants, dental facilities, and
crematories. The sorbent is especially sutted to, but not limited to, use in low-
chlorine flue or exhaust gases where the wercury 18 mainly elernental. The sorbent
comprises a bromide-modified carbon form containing a reactive compound
produced by the reaction of bromine with the carbon. Other additional promoting

substances can be added 10 smaller amounts to increase the reactivity with and
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sorption of elemental mercury. This cornbination results in a carbon bromide
structure in the carbon lattice that can oxidize the mercury to a species that is
strongly bonded to the carbon structure and, therefore, easily retained on the sorbent
at higher temperatures in the presence of flue gas constituents. In some examples,
the sorbent consists of a fine or coarse powdered material for injection into the gas
stream or a granular or fibrous material for use in a fixed or moving bed. In some
examples, the sorbent does not require in situ activation {an induction period)in a
flue gas stream as do conventional activated carbon sorbents. Other additives of
base chemistry {Ca, Na, and others} may be added to flue gas as a sorbent mixture,
or co-injected to selectively sorb acid gases or other flue gas constituents to keep
available reactive sites for mercury oxidation and subsequent capture. The sorbent
can be regenerated by washing off contaminating components derived from flue gas
that poison the spent sorbent. Novel methods for introduction of the sorbent
dispersion into the mercury contaminated gas stream are described.

Following is an outline of examples of the mvention. The mvention may also

take on various other examples or embodiments, as a person skilled in the art would

understand.
1. A moditied carbon sorbent was prepared by reacting the carbon with

molecular bromine by applying a solution of molecular bromine i an organic
solvent to the carbon, followed by removal of the modified carbon from the bulk of
solvent and further removal of solvent from the pores by drying the carbon in air or
nitrogen. The solution may also contain an additional promoting substance i smail
amounts. In one example, the amount of bromine taken up by the carbon ranges
from <1 to about 30g per 100g of activated carbon, depending on the proportions

used.

1A. (Dependent}
Same as 1, carbon is powdered activated carbon.
Carbon 1s granular activated carbon.
Carbon 1s very fine carbon black.

Carbon is very fine carbon fiber.
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Carbon is aerogel carbon film.

Carbon is char recovered from pyrolysis process.

Carbou is powdered activated carbon of size distribution larger than fly ash
size distribution, so that it can be physically separated from the ash and regenerated
for reuse.

Carbon is regenerated from previous usage cycle and recycled.

Other desired types of carbon may also be used.

1B. (Dependent)

Same as 1, Solvent is chlorinated hydrocarbon such as dichloromethane.

Same as |, Solvent is hydrocarbon solvent such as petroleum ether or ligroin
ot pentane ot hexane or toluene or benzene.

Same as 1, Solvent is water.

Same as 1, Solvent is carbon disulfide.

Same as 1, Solvent is a waste solvent.

Same as 1, Solvent is an ether.

Same as 1, Solvent is recycled from previous batch.

Same as 1, Solvent is supercritical solvent such as COa.

Other desired types of Solvents may also be used.

1C. (DBependent)

Same as 1, solution of bromine is applied by stirring the carbou in the
bromine solution.

Sarne as [, solution of bromine is applied by spraying a solution of molecular
bromine in an organic solvent, followed by removal of solvent from the pores by
drying the carbon in air or nitrogen.

The bromine may also be applied using other desired techniques.

1D. (Dependent)
Same as 1, removal of solvent is by filtration, centrifugation, settling, and

decantation and drymg jn vacuum, air, or other gas.
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Same as 1, when sprayed or minimal volume, removal of solvent is by
drying in air, vacuum, or other gas.

The solvent may also be removed using other desired technigues.

1E. (Dependent)

Same as 1, additional substance is iodine, at 1%-10% of the bromine
concentration added.

Same as 1, additional substance is hydrohalide (HI, HBr, HC1), eic:, 1%-10
% of bromine.

Samne as 1, additional substance 1s a compound comprised of a Group V or
Vi element or combination of Group V or Vi with Group VII element, such as SClz,
1-10 wt % of bromine.

2. A moditied carbon sorbent was prepared by reacting the carbon with
molecular bromine by contacting the carbon with a gas containing molecular
bromine. In one example, the amount of bromine taken up by the carbon ranges
from <1 to about 30 g per 100g of activated carbon, depending on the proportions
used.

Contacting is by passing the Br gas through a bed of the carbon.

Bed is ebullated or fluidized.
Bed is moving bed of granules or fibers.

Contacting 1s by admitting Br; gas to a duct through which the carbon is
transported from a reservoir to the flue gas duct via an air-driven entrainment
method, thus promoting the activity of the carbon in-tlight.

Same additives as 1E, except these are added in the gas phase, and added in-
flight as i 2 above.

3. A medified activated carben sorbent was prepared by reacting the carben

with hydrogen bromide (HBr} by stirring the carbon in a solution of HBr in an

organic solvent or in water, followed by removal of the modified carbon from the

bulk of solvent and further removal of solvent from the pores by diying the carbon
40
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in air or nitrogen. In one example, the amount of bromine taken up by the carbon
ranges from <1 to about 30 g per 100g of activated carbon, depending on the
proportions used.

Same dependent clauses as in 1A with regard to carbon forms. Same
solutions and treatment as 1B,1C, 183,

Same additives as 1E, added into the solution phase or later in the gas phase,

and added in-flight as in 2 above.

4. An activated carbon sorbent was prepared by impregnating hydrogen
bromide by passing a gas composition containing hydrogen bromide diluted with
nitrogen or air through a fluidized bed or ebulflated bed of the carbon. In one
example, the amount of' bromine taken up by the carbon ranges from <1 to about 30
g per 100g of activated carbon, depending on the proportions used.

Same dependent clauses as in 1A with regard to carbon forms.

Contacting options are simtlar to 2.

5 Sequential treatment of activated carbon with bromine or HBr, followed by
another mercury stabilizing reagent to generate a highly reactive bifunctional
sotbent, the reagent to include sulfur and selenium species, such as HaS, SOz, HaSe,

Se, Se0z, CSz, P»Ss.

6. Sequential treatrment of activated carbon with mercury stabilizing reagent,
tollowed by bromine or HBr to generate a highly reactive bifunctional sorbent, the
reagent to include sulfur and selenium species, such as HzS, SO2, H;Se, Se, SeOa,

CS», P2Ss.

7. Treatment of a carbon with a Group V or VI element combined with Group
VI element, such as PBr: or SClz. In one example, the amount of Group V or VI
halide is 1-30 wt % of the carbon. The compound is added in vapor phase or in
solution (solvent is hydrocarbon, chlorinated hydrocarbon, or other solvent as

described in 1B, but not water, since the compound is destroyed in water solution).
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3. The process for preparing the bromine-containing activated carbon sorbent
as described in Examples 1-6 and coupled with the injection of the bromine-
containing fine-particle sorbent into the contaminated gas stream and subseguent
removal of the fine particles of sorbent from the gas stream in a collection device,

such as bag filtration of electrostatic precipitator {(ESP).

9. The process of using additives {1-8) in conjunction with sorbents to capture
acid gases and other flue gas constituents that block oxidation reactions or consume
sorbent sites that would otherwise capture mercury. The additive is a compound
comprised of Group 1 or I elements, such as Ca, Na, and others. These additives of
base chemistry may be added to flue gas as a sorbent mixture or co-injected to
selectively sorb acid gases or other gas constituents that compete for mercury
reactive/sorption sites, thereby improving the effectiveness of activated carbon to
capture mercury. In addition, the base additives can augment the treated activated
carbon by helping to capture oxidized mercury forms in the tlue gas, such as
mercuric chloride, or that are produced on the carbon sorbent, such as mercuric
bromide, but are released to the gas phase as the sorbent becomes satrated or

capacity hmited.

10. The process of preparing a larger-than-normal (>40 pm) sorbent particle
size, promoting with the halogen treatroent as described in 1-8, using the treated
sorbent for capture of mercury by injecting in the flue gas, and finally separating

ger sorbent size thus will

O

and recovering the sorbent from the ash particles. The lar
allow easy mechanical/physical separation so that sorbent can be regenerated,
recycled, and reused, and the ash can be sold as a low-carbon cementatious
byproduct for concrete. The separation can be effected by various methods, such as

density {gravity}, floatation, or sieving methods.

11 The process tor preparing the bromine-containing activated carbon sorbent

as described in Example 1-10, coupled with the direct injection of the slurry of the
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prepared fine-particle sorbent in the solvent or agueous phase, so that the aerosol
particles of the slurry achieve a high degree of dispersion in the gas stream and
evaporation of the solvent in the hot gas occurs rapidly. The amount of slurry added
is flow-controlled, and the concentration of particles in the slurry is monttored by

optical density measurernents prior to injection. Collection of particles is performed.

12. The process for preparing the bromine-containing activated carbon sorbent,
as described in Examples 2 and 4, coupled where the fine-particle dispersion of
brominated sorbent in the gas stream at the top of the ebullated bed is led to the flue
gas or offgas duct where the said dispersion is contacted with mercury-contaminated
flue gas or offgas stream. The amount of aerosol dispersion added is controlled by
the gas flow to the ebullated bed, and the concentration of particles in the dispersion
can be monitored by optical density measurements prior to injection. Collection of

articles 1s performed by the existing particulate-collection equipment.
J o

13. The process for preparing the bromine-containing activated carbon sorbent
bed, coupled with contacting the bed with the mercury-contaminated flue gas or

offgas.

14. The process for preparing the bromine-containing activated carbonBsorbent,
as described in Examples 2 and 4, or untreated activated carbon, coated on a
substrate or as activated carbon material. This material is placed in a woving system
that geometrically allows for control of rate of exposure, sorption, and exchange of

material 11 a continuous or sernicontinuous manner.

15, In the sorbent and mercury removal process outlined in paragraphs above,
the bromine reagents promote metal oxidation activity by creating cationic or
radical character on the carbon edge structure that attracts mercury atoms and
extracts electrons tfrom said mercury atoms, resulting in oxidized mercury, which is
more easily captured on a sorbent. A similar mechanism applies to oxidation and

capture of reduced arsenic and other pollutant species.
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The invention relates to the process for the removal of mercury and other
pollutant species from gas streams generated during the burning of fessil fuels, such
as in a coal-tired utility or synthesis gas from gasification facilities. This removal
process would utilize a sorbent and/or a2 combmnation of additives to remove
pollutants from the gas stream, which are at the same time juteracting with other gas
components that result in poisoning or deactivating the sorbent and reducing s
sapacity or reaction rates with the targeted pollutant species. The present invention
provides a cost-effective way to capture the pollutants by utilizing exceptionally
active carbon sorbents and promoting mercury sortbent surface reactions, containing
a bromide form of the carbon, that capture mercury with high kinetic chemisorption
{oxidation) activity, so that capture can occur during contact times of seconds or
less. The sorbent does not require in situ activation (induction peried) in the gas
stream to achieve high activity as do conventional activated carbon sorbents. The
reactivity of the sotbent toward the pollutants and the sorption capacity can be
regenerated, recycled, and reused.

Burning fossil fuels generates a flue gas that contains mercury {and other
trace elements) that was in the coal, plus oxides of sulfur and nitrogen (acid gas
emissions) and particulates whose release to the environment must be controlled by
use of sorbents, scrubbers, filters, precipitators, and other removal technologies.
While control of other elements and/or flue gas pollutants may apply, the discussion
provided 1s fecused on mercury. futially, mercury is released in the elemental form
during combustion/gasification, but downstream of the boiler, in the ducts and stack
of the combustion system, part of the elemental mercury 1s oxidized. The amount
oxidized depends on the amount of acid gases present in the flue gas and other
factors. Amounts of mercury vary with the coal, but a typical concentration of
mercury in the stream of combustion gas is about 5 parts per billion (ppb}. A pound

of mercury or more per day may be emitted in some utilities.

Discussion of Sorbent Technologies
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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 (for example, see
U.S. Patent 6,214,304), and basic silicate or oxide sorbents (for example, see the
Ghonshi reference (Ghorishi B, Gullet, B K. Waste Manage Res. 1993, 16, 582).
and Lancia references). When particle injection is employed, the mercury
chemisorbed to the sorbent particle is removed from the gas stream in a bag house
or ESP and collected along with ash particulates (for example, see U.S. Patents
4,889,698, 4,956,162, 5,672,323, 5,827,352, 6,027,551, and 5,505,766} 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 successtul in removing mercury, especially elemental mercury,
where effective removal of approximately 60% was attained with a baghouse to
collect carbon and ash. Even lower removal rates have been observed when using an
ESP to collect the carbon, since the contact time of the carbon with the gas is very
short.

A major problers with existing carbon injection systerns is that the sorbent is
initially unreactive, and only after exposure to the flue gas for about 20 minutes
does the seasoned sotbent become effective and provide capture of 60% of the
mercury in the gas. Consequently, these sorbents must be used in large amounts
{high sorbent-to-mercury ratios} to effectively capture the mercury. These sorbents
can be relatively expensive and cannot be easily separated from the ash, regenerated
and reused. The collection of carbon in the ash also creates solid waste disposal
problems, and the spent sorbent may contaminate the collected ash for use in

various applications.

Jse of Halogens in Mercury Capture
Methodologies for using halogens for the treatment of flue gas have not

previously been effective. Halogen is defined as a member of the very active
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elements comprising Group VII-A of the periodic table. In the molecular elemental
halogen form, including ¥z, Clz, Br, and Iy, the reaction with elemental mercury is
not fast enough to result in the formation of oxidized mercury in a coal cormnbustion
flue gas with conventional ash control technology. The atomic elemental halogen
form, which includes ¥ atom, Cl atom, Br atom, and I atom, is about a2 million times
more reactive to mercury, but the concentrations of these forms are extremely low,
and also, therefore, cannot result in oxidation of mercury in 2 utility flue gas.

A halide is a compound formed from reaction of a halogen with another
element or radical. In general, the halide compounds are normally very much less
reactive than the molecular halogens, having expended their high chemical potential
in forming the low energy halide. The halide is considered a reduced form and
cannot therefore oxidize anything by itself. It is for this reason that it is not obvious
that a halide-halogen treated activated carbon would be eftective at oxidizing
elemental mercury and provide effective capture of elemental mercury. In fact, for
tests with salts, analytical data show the addition of bromine to an activated carbon
or carbon black or soot does form a compound by reacting with the unsaturated
groups on the carbon. By applying x-ray photoelectron spectroscopy, it has been
determined that bromine or HBr added to carbon black forms chemical compounds
within a carbon structure.

A body of'theory has been developed from scientific evidence to explain the
nature of the promotion effect of the bromine compounds. This principle is
illustrated m FI1G. 2, which in step 1 shows the reaction of the hydrogen bromide
with the unsaturated structure of the activated carbon. This may be a carbene species
on the edge of the graphene sheets 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.

We now teach that the formation of the new bromide compound with carbon
ncreases the reactivity of the carbon forms toward mercury and other pollutants.
The resulting bromide compound is uniguely sutted to facilitate oxidation of the
mercury. The effectiveness of the oxidation results from the promotion effect of the

halide exerted on the developing positive charge on the mercury during the
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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, which stabilizes the positive charge developing
on the mercury and lowers 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 Br2 to the carbon forms a similar carbon
bromide, in which the positive carbon oxidizes the mercury with the assistance of

the bromide ion.

Prior Ast Publications

The earliest patents that relate to mercury capture on a sorbent are actually
not for flue gas mercury control but for capture of mercury from air or other gas
mixtures on a carbon or other sorbent. These patents were based on a model that
recognized the atfinity of halogens for mercury, rather than the formation of a
reactive carbon. These patents are discussed below according to the type of halogen
used for impregnation.

One patent that teaches a halogen impregnation {Stock, U.S. Patent
1,984,164, issued in 1934) describes the use of activated carbon or other solid
impregnated with a halogen for removing Hg from air. The impregnation method is
not specified. This seems to be the most general claim with respect to halogen
impregnation. All the staterments and claims appear to refer to halogen or iodine, but
the patent does not appear to address bromides or other halides or bromide
compounds or even specifically iodide or an iodine compound. The only example in
the description is jodine impregnation. The patent also is restricted to air systems
and did not pertain to flue gas systems with reactive acid gases. The description did
not assume that the jodine formed a reactive carbon species.

Japanese Patent JP 49-43197 describes the treatment of Hg-contaminated
electrolysis cell gas using a metal iodide salt on a support. A similar treatment using
a resin impregnated with a metal iodide is described in JP 50-6438. These patents do
not appear to represent a carbon bromide compound as specified in this patent

application.
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Another early patent (Hilgen, U.S. Patent 3,849,267, issued in 1974}
describes a method for Hg removal from a gas which claims mixing molecular
chlorine {Clz) with the gas to be cleaned and passing it through a nonporous sorbent
such as glass wool and NaCl {(not carbon). This was evidently not an obvious
extension of the Stock patent, since a halogen was introduced as part of the gas
phase being cleaned.

A later patent (dejong, et al., U.S. Patent 4,196,173, issued in 1980)
describes a method for Hg removal in air which claims using a bed of activated
carbon impregnated with halogen-only Cls is specified in the other claims and
examples, and it is prepared by flowing the Cl; stream through a carbon bed.

An improved sorbent for mercury in air was patented by Revoir and Jones
(U.S. Patent 3062523, issued in 1972), in which ICI and ICls vapors were
impregnated into the activated carbon. No explanation of the increased activity was
provided. Since these compounds are interhalogen compounds, the patent did not
infringe Stock.

U.S. Patent 5,891,324 describes an activated carbon containing an acid {HC,
H>S04, or H3P(y) for the removal of mercury contained in a liquid phase, such as
would occurin a process steam in the oil industry. In this case, the model presented
was that mercury is adsorbed from the hquid into the solid carbon phase at relatively
fow temperatures.

In U.S. Patent Application 2004/00037 16, a method is described for
removing mercury from a combustion gas. This method employs an exposure of a
finely powdered activated carbon to a molecular bromine gas at an elevated
temperature or to HBr to produce a sorbent with good mercury removal ability when
injected into the flue gas duct. The model for the efticacy of the Nelson sorbent is
not clearly stated, so it can be presumed that the reasoning for using bromine is the
stmple premise that some bromine form will help capture the mercury, as does
iodine and chlorine. The methods for incorporation of the bromine in the Nelson
application are not the same as with the present invention, and the Nelson method
will not produce the identical carbon bromide species that are obtained in the art

described in this application. The Nelson method lacks many of the features
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described in this application that impart exceptional activity to the sorbentin a
convenient way, for example, the addition of smaller amount of a second more
powerful promoting agent, the use of facile solvent systems, mcluding aqueous
bromine, and the use of in-flight bromine treatment. Additionally, the patent
application does not mention regeneration, recycling, or reuse, or the use of moving

contactors or larger particle size to facilitate sorbent-ash separation.

Embodiments of the Invention.

A sorbent that is initially very reactive in oxidizing mercury can be used in
very small amounts to achieve high capture efficiencies, thus lowering operation
costs and lessening the disposal problem. In addition, further disposal reduction is
made possible by recycling and reusing the sorbent that is produced using this
technology. The time interval for the mercury and sorbent to interact in a flue gas
duct and the subsequent collection of the mercury on the sorbent and ash may be
very short- only seconds. This requires the sorbent to have high capacity and be
very reactive toward mercury. A sorbent can be utilized in a very finely powdered
form {e.g., 1-10 wm) to minimize mass transfer limitations. But, again, the reactivity
should be very high to capture all of the mercury encountered by the fine particles.
One feature of this invention is the process to prepare a sorbent containing a
bromide compound formed on the carbon structure that provides a sorbent that is
highly active on 1nitial contact with the mercury contarmmnated gas stream, which
allows for effective capture of the mercury.

One possible way to do this is to chemically combine molecular bromine
from solution with activated carbon {edge sites). X-ray photoelectron spectroscopy
established that the addition of bromine formed a chemical compound in the carbon
structure. Thus, the sorbent does not represent a molecular bromine halogen form
but a new chemically modified carbon structure. This may not occur with the [ess
reactive jodine, where an [;- molecular complex can exist on the carbon basal plane.
In the bromine case, it is actually the carbon that oxidizes the mercury. Thus, an
entirely new model is presented for the reactivity of the bromine-treated carbon with

mercury. The reactive carbon form can be generated by the addition of bromine,
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hydrogen bromide, or combinations of bromine and other elements as described
herein. Chlorine treatment resulted in fower-activity carbons because the chloride
anion was less 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.

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,
exceeding that of both the untreated carbon and the brominated carbon. The second
compound comprises either a second halogen or a compound from a second
halogen, such as HBr. 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).

Furthermore, we demonstrated that the sorbent can be readily treated with
any combination of bromine and the second component in-flight using vapors of
these cormponents contacting the very fine carbon particles dispersed in air or other
gas stream that conveys the particles to the flue gas duct. There is no particular
temperature requirernent for this contact. This technology is very simple to
implement, so it will result in a great cost savings to the utility using this technology
for mercury capture.

A unigue, nonobvious technique for preparation of the treated carbon is
through combining the treatment system with the carbon injection system at the end-
use site. With this technique, the halogen is introduced to the carbon-air mixture in
the transport line {(or other part of the sorbent storage and injection system). Benefits
over current concepts to treat sorbents off-site include the following:

e Capital equipment costs at a treatment facility are eliminated.

e (Costs to operate the treatroent facility are eliminated.

s There are no costs for transporting carbon and additive to a treatment
facility.

s This process uses existing hardware and operation procedures.
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e This technology ensures that the sorbent is always fresh, and thus, more
reactive.

e No new handling concerns are introduced.

e There are no costs for removing carbon from treatment system.

e This process allows rapid on-site tailoring of additive-sorbent ratios in order
to match the requirements of tlue gas changes, such as needed when
changing fuels or reducing loads, thus further optimizing the economics.

e This technology reduces the amount of spent sorbents that are disposed.
With the foregoing and other features in view, there is provided, i

accordance with the invention, a process for preparing and regenerating carbon
sorbents whaose activity for mercury capture is promoted by the addition of bromine
to the carbon structure.

The invention applies to use of a sorbent in a powdered form that has been
injected into a flue gas stream befere or after ash particulates have been removed.
Examples of the composition of the sorbent are a powdered modified activated
carbon prepared by adding Brz or HBr plus a second optional component.
Alternatively, the sorbent is on a moving contactor consisting of particles or fibers
containing the compositions histed in the previous sentence. Either type can be
regenerated; the poisoning contaminants from the flue gas are 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 art of adding a reagent {such as peroxide, gold, triiodide, etc.} to the
sorbent. The activated carbon sorbent treated with bromine and/or the other
components is NONCOrTosive.

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 incorporated
by reterence herein.

Although the invention is described herein as a sorbent matenal, 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
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the spirit of the mvention and within the scope and range of equivalents of the
claims.

The construction and method of operation of the invention, however,
together with additional objects and advantages thereof will be best understood from
the tollowing description of specific exemplary embodiments.

FIG. 11 is a block diagram illustrating the use of the mvention in a coal
fueled facility. Of course, the invention can also be used in any other desired type of
facility. FIG. 11 shows aboiler for burning pulverized coal. The facility utilizes
various devices to clean the exhaust of the boiler. In this example, a baghouse or
ESP 15 used to collect particulates in the exhaust. A scrubber and sorbent bed are
also used to remove undesired constituents from the flue gas stream, before being
fed to the stack. In the example shown, the sorbent is injected into the flue gas after
the boiler. The additive can be injected where desired {(e.g., before, after, or within
the boiler).

Another advantage of the present invention relates to the use of a feedback
system to more efficiently utilize the invention. Where possible, the mercury control
technology of the present invention will utilize measurement of mercury emissions
as teedback to assist in control of the sorbent injection rate. Tighter control on the
sorbent levels in this way will ensure mercury removal requirements are met with
the minimal sorbent requirements and therefore the associated costs will be

minimized. In one example, the emissions are measured at the stack.

Carbon Sorbent

Reactions of halogens and acidic species with the wasic binding sites on the
activated carbon sorbent create sites for oxidizing mercury. Other metal ions, such
as boron, tin, arsenic, galium, Sh, Pb, By, Cd, Ag, Cu, Zn, or other contarminants,
will also react with the oxidation sites generated on the carbon.

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 accept electrons from the neutral mercury atom

forming the oxidized mercury species that is sound to the sorbent surface. The
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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
chiorine and much less expensive than the sorbent containing iodine.

A bench-scale procedure based on the above description was used to test the
initial activities and capacities of several powdered carbon sorbents, including the
bromine-containing activated carbons prepared from a commercially available
sorbent and an acrogel 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 througl a rotating dry bed of the
activated carbon precursor. Adding a second component to the solution was
demonstrated to improve the capacity of the sorbent.

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. 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 has been treated with 0.1 N HBr¥, collecting the powder by
centrifugation and drying, revealed that the mercury capture activity is 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
indicates that it not only captures mercury at the same level as before (100%6

capture) but is enhanced such that its capacity is prolonged by several minutes.
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Similar results were obtained with the carbon film and carbon fiber sorbents by
treatment with molecular bromine in solution or in dry beds as described above.

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 of 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.

In one exemplary test conducted at a facility fired with lignite coal, the flue
gas phase mercury (elemental) concentration was between 10 and 11 pug/m®. The ash
and injected carbons were collected in the baghouse at 350F to 375EF. Injection of
commergcial-grade activated carbon powder (untreated) at a rate of 1.0 [b/Macf
resulted in mercury effluent concentrations of 3.8-4.2 pg/m? {representing 62%5-58%
removal of the mercury from the gas}, and at 2.0 Ib/Macf, gave 74%-71% removal.
Injection of the bromine-treated carbon at 1.0 Ib/Mact resulted i 73°%6-69% removal
and at 2.0 [b/Macf gave 86%0-84% removal. Thus, a significant increase in the

mercury capture was exhibited during use of the bromine-treated carbon.

Addendum: Other References to Hg Sorption
Sorbent Beds with Particulate Removal

Carbon beds have also been utilized for mercury capture in flue gas. The
German Patent 34 26 059 describes the use of a very thick carbon bed for treatment
of tlue gases containing polyhalogenated compounds. Although the system
employed at Dusseldort would also have the potential for Hg removal (for example,
see the Streng reference), it is not very practical to use such a thick bed. Spent
sorbent is burned and not regenerated. The carbons are not pretreated.

The GE-Mitsui-BF system {Tsuji, K; Shiraishi, ; Dague, R F. Proceedings,
Sixth International Symposium, Air & Water Management Assoc., New Orleans,
LA, March 10-12, 1993) employs a recirculating carbon bed, where mercury is
removed along with acid gases {as ammonium salts} and the carbon is regenerated at

high temperatures where ammonium sulfate is decomposed to SOz and N» and
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mercury is converted to the elemental form, which desorbs from the sorbent.
Attrition of the sorbent results in a significant sorbent cost. The carbons are not

pretreated.

Sorbernt lnjection Afier Particulate Removal
A process of njecting manganese oxide sorbent particles is deseribed i U.S.
Patent Application 2002/0150516. Regeneration is claimed by removal of spent

oxide particles from the reaction zone and rinsing with dilute agueous acid.

Sorbert Beds Afier Particulate Removal

Of particular interest in designing a mercury control process is to use the
sorbent downstream of a particulate control device so the sorbent 18 not highly
diluted with the ash particles. The sorbent could then be more easily regenerated and
recycled. The prior art teaches several examples of this type of configuration and
sorbent processing.

U.S. Patent 5,607,496 teaches the oxidation of mercury on a metal oxide
sorbent bed and subsequent absorption to sorbent. The sorbent bed follows the
particulate-removal equipment and, thus, the gas still contains the SOx and NOx,
which react with the metal oxide sorbent to form the metal sulfates, which poison
the bed. High temperatures are proposed to regenerate the bed. However, Hg is only
partially removed from the sorbent at ternperatures up to 500°C. The sorbents do not
work effectively after regeneration using this technique; the problem may be that
manganese sulfate formed during the sorption cycle does not completely decompose
back to an active manganese oxide form.

U.S. Patent 6,383,981 describes a fixed MnO: or Fe:0z bed for removal of
Hg from a hydrocarbon stream. No regeneration method appears to be included.

A recent U.S. Patent application (2001/0003116) describes the regeneration
of a plate or honeycormb material composed of transition metal oxides that was used
for sorption of mercury in tlue gas. The claimed process involves heating the
sorbent in a reducing gas stream to remove poisons, tollowed by impregnation with

a polyfunctional complex-forming reagent containing the catalyst active component
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to restore mercury capture capacity. The first of these steps can remove the mercury,
but it is unclear whether it actually removes the sulfate poison. The second of these
steps 18 rather expensive, because one is actually reconstifuting the reagent on the
sorbent

Porous beds containing a mercury oxidizing reagent on a solid support are
described in several patents for removal of mercury from gas streams. These include
peroxomonosulfate (for example, see U.S. Patent 4,7806,483), triiodide or other
mixed halogens (for example, see U.S. Patents 3,194,629, 3,662,523), or sulfur (for
example, see 1J.S. Patents 3,194,629, 4,101,631, 4,708,853, 6,258,334}. The reagent
material 1s destroyed either by reaction with the tlue gas during sorption or by
attempts to regenerate the sorbent; there is no way to regenerate these sorbents,
except by reimpregnation of the expensive reagent.

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

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

Hg Sorbents for Air or Natural Gas Treatment

Melkersson (U.S Patent 3786619} described a Hg sorbent comprising Se(3;
or SeS: for air treatment. This method did not appear to employ a carbon support or
halide.

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

Attia (U.S. Patenit 65080281} described a sorbent for mercury and a variety
of other contaminants comprising an inorganic aerogef composition. This method

did not appear to employ a carbon support or halide.

Lollowing is a List of Various Background References:

Lancia, A.; Musmarra, D3 .; Pepe, F.; Volpicelli, G. Combust. Sci. & Technol
1993, 93, 277.
Streng, S.; Kassebohm, B. Fuel Proc. Technol 1994, 39,431
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LS.
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U.S.
U.S.
Us.
US.
U.S.
U.S.
Us.
Us.
USs.
U.S.
U.S.
UsS.
USs.

Patent 6,214,304 Rosenthal
Patent 4,889,698 Moller

Patent 4,956,162 Smith

Patent 5,672,323 Bhat.

Patent 5,827,352 Altman

Patent 6,027,551 Hwang

Patent 5,505,766 Chang

Patent 5,607,496 Brooks

Patent 6,383,981 Blankenship
Patent 4,786,483 Audeh

Patent 3,194,629 Dreibelbis, et al
Patent 4,101,631 Ambrsini, et al
Patent 3,662,523 Revoir

Patent 4,708,853 Matviva

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

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

1. A method for reducing mercury in a mercury-~contamning gas, the method
comprising:

injecting a sorbent mto the mercury-containing gas;

collecting mercury in the mercury-containing gas on the sorbent to produce a
cleaned gas, wherein the sorbent is a promoted activated carbon that is promoted in-
flight with at least one promoter that is Bro, HBr, Br’, or a combination thereof,
wherein the mercury-containing gas is a coal-combustion gas.
2. The method ot claim 1, wherein the coal that is combusted comprises the
promoter or a precursor thereof.
3. The method of claim 2, further comprising combusting the coal that

comprises the promoter or the precursor thereof.

4. The method of claim 1, wherein the promoted activated carbon is promoted

with the promoter while the promoter is in the gas phase or is a vapor.

5. The method of claim 1, further comprising promoting the activated carbon

in-fhight.

6. The method of claim 1, wherein the promoted activated carbon comprises

active sites, comprising halide anions bound to the activated carbon.

7. The method of claim 1, wherein the promoted activated cartbon comprises

active sites comprising carbocations bound to halide anions.

8. The method of claim 1, wherein collecting the mercury comprises
chemically reacting carbene species edge sites in the activated carbon with the

mercury.
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9. The method of claim 1, further comprising injecting an alkaline sorbent into

the mercury-containing gas stream.

10. The method of claim 9, wherein the alkaline sorbent is selected from the
group consisting of alkali elements, alkaline earth elements, allkali salis, alkaline

earth salts, and combinations thereof.

11 The method of ¢claim 9, wherein the alkaline sorbent is selected from the
group consisting of sodium carbonate, calcium oxide, lime, and combinations

thersof

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

aerogel carbon, pyrolysis char, and combinations thereof.

13. The method of claim 1, wherein the promoter is HBr or Br™.
14. The method of claim 1, wherein the mercury-containing gas is a flue gas

siream dowmnstrearn of a botiler fumace.

15, The method of claim 1, wherein monitoring the mercury content of the

cleaned gas is performed substantially continuously.

16. The method of claim 1, wherein the sorbent has a composition comprising

from about 1 to about 30 grams of promoter per 100 grains of activated carbon.

17. The method of claim 1, further comprising injecting sorbent into the

mercury-containing gas stream to form the promoted activated carbon.

18. The method of claim 1, comprising collecting greater than 70 wt%s of the

mercury i the mercury-contaming gas.
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19. The method of claim 1, comprising collecting greater than 70 wt%o of the
mercury in the mercury-~-containing gas on the sorbent,
20. The method of claim 1, wherein the method is a method for reducing
mercury in the mercury-containing gas to a desired level, the method further
comprising:

monitoring the mercury content of the cleaned gas; and

controlling, in respouse to the monitored mercury content of the cleaned gas,
an injection rate of injecting the sorbent into the mercury-containing gas, the sorbent
composition, or a combination thereof, so that the mercury content of the cleaned

gas is maintained at or below the desired level.
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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 ferm 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.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

First Named Inventor/Applicant Name:

Edwin S. Olson

Filer:

John |. Fischer/Allison Johnson

Attorney Docket Number:

4820.001US10

Filed as Large Entity

Filing Fees for Track I Prioritized Examination - Nonprovisional Application under 35 USC 111(a)

Description Fee Code Quantity Amount Sul:j—;l’;(tsa)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 300 300
UTILITY SEARCH FEE 1M 1 660 660
UTILITYEXAMINATION FEE 1311 1 760 760
REQUEST FOR PRIORITIZED EXAMINATION 1817 1 4000 4000
Pages:
Claims:
Miscellaneous-Filing:
PROCESSING FEE, EXCEPT PROV. APPLS. 1830 1 140 140
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Description Fee Code Quantity Amount Sul:j;l’;(t :)I in
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 5860
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Electronic Acknowledgement Receipt

EFS ID: 32797267
Application Number: 15997091
International Application Number:
Confirmation Number: 5161
Title of Invention: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
First Named Inventor/Applicant Name: Edwin S.Olson
Customer Number: 21186
Filer: John |. Fischer/Allison Johnson
Filer Authorized By: John I. Fischer
Attorney Docket Number: 4820.001US10
Receipt Date: 04-JUN-2018
Filing Date:
Time Stamp: 15:40:52
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $5860
RAM confirmation Number 060518INTEFSW00002452190743
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Transmittal of New Application 1 1
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new applicationis 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 PATENT AND TRADEMARK OFFIGE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
15/997,091 06/04/2018 1736 1720 4820.0010US10 20 1
CONFIRMATION NO. 5161
21186 FILING RECEIPT
SCHWEGMAN LUNDBERG & WOESSNER, P.A.
P.0. BOX 2938 OO AL JRR O

MINNEAPOLIS, MN 55402
Date Mailed: 06/26/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Edwin S. Olson, Grand Forks, ND;

Michael J. Holmes, Thompson, ND;

John H. Pavlish, East Grand Forks, MN;
Applicant(s)

Midwest Energy Emissions Corp, Lewis Center, OH;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This applicationis a CON of 15/974,343 05/08/2018
which is a CON of 15/951,970 04/12/2018
which is a CON of 14/712,558 05/14/2015
which is a CON of 14/318,270 06/27/2014 PAT 9757689
which is a CON of 13/966,768 08/14/2013 PAT 8821819
which is a CON of 13/427,665 03/22/2012 PAT 8512655
which is a CON of 12/419,219 04/06/2009 PAT 8168147
which is a CON of 12/201,595 08/29/2008 ABN
which is a CON of 11/209,163 08/22/2005 PAT 7435286
which claims benefit of 60/605,640 08/30/2004

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 06/21/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/997,091

Projected Publication Date: 10/04/2018
Non-Publication Request: No

Early Publication Request: No
Title

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
Preliminary Class
423
Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.qov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 15/997,091
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), 5}, or (©) N/A N/A N/A N/A 300
SEARCH FEE
@7 CFR 1.16(. (), o (m) N/A N/A N/A N/A 660
EXAMINATION FEE
XN oM FEE N/A N/A N/A N/A 760
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= OR [|x 100 0.00
INDEPENDENT CLAIMS ) *
(37 CFR 1.16(h)) 1 minus 3 = x 460 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1720
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY | EXTRA RATE(S) FEE(S) RATE®) FEE($)
E AMENDMENT PAID FOR
L Total * * =
s (37 CFg ?.ls(.)) Minue X OR |«
=] Independent * Minus | ** =
5 (37 CFR 1.16(h)) X OR X
<§c Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
o AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = X
= (a7 CF;? 16(i)) OR |«
% Independent * Minus R = . OR .
w (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20"
*** |f 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 found in the appropriate box in column 1
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SRR 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. |
15/997,091 06/04/2018 Edwin S. Olson 4820.001US 10 5161
21186 7590 07/12/2018 | EXAMINER |
SCHWEGMAN LUNDBERG & WOESSNER, P.A.
P.O. BOX 2938 ORLANDO, AMBER ROSE

MINNEAPOLIS, MN 55402
UNITED STATES OF AMERICA

| ART UNIT | PAPER NUMBER |
1776
| NOTIFICATION DATE I DELIVERY MODE |
07/12/2018 ELECTRONIC

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

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

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

uspto@slwip.com
SLW @blackhillsip.com

PTOL-90A (Rev. 04/07)
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'—"w:\\ UNITED STATES PATENT AND TRADEMARK OFFICE

5 ‘;/« Commissioner for Patents
\' :j’ United States Patent and Trademark Office
\\\l?.:‘ﬁfg P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

Doc Code:
TRACK1.GRANT

Decision Granting Request for
Prioritized Examination Application No.:15/997,091
(Track | or After RCE)
THE REQUEST FILED June 4, 2018 IS GRANTED.

The above-identified application has met the requirements for prioritized examination
A. X foran original nonprovisional application (Track ).
B. [ foran application undergoing continued examination (RCE).

The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:
A. filing a petition for extension of time to extend the time period for filing a reply;
B. filing an amendment to amend the application to contain more than four independent
claims, more than thirty total claims, or a multiple dependent claim;

filing a request for continued examination;
filing a notice of appeal;

filing a request for suspension of action;
mailing of a notice of allowance;
mailing of a final Office action;

I o mmo o

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to Kimberly Inabinet at 571-272-4618.

/Kimberly Inabinet/ Paralegal Specialist, Office of Petitions

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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Office of Petitions: Routing Sheet

4

700
Application No. | 15997091

This application is being forwarded to your office for
further processing. A decision has been rendered on a
petition filed in this application, as indicated below.
For details of this decision, please see the document
PET.OP.DEC filed on the same date as this document.

X GRANTED
 DISMISSED
 DENIED
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Office of Petitions: Decision Count Sheet

Application No. 15997091

For US serial numbers: enter number only, no slashes or commas. Ex: 10123456
For PCT: enter "51+single digit of year of filing+last 5 numbers", Ex. for PCT/US05/12345, enter 51512345

Mailing Month 7

59970091

* 1 *

Deciding Official:

Kimberly Inabinet

Count (1) - Palm Credit 15997091

Decision: | GRANT

i
}

FINANCE WORK NEEDED —— ‘

] Select Check Box for YES *x G

*

R ANT

Decision Type: { 643 - Track One request H“Hl |HH I‘“I HH ’“’
¥ * 6 4 3 %
Notes:
Count (2)
o ' FINANCE WORK NEEDED —
Decision: { n/a v\ 1
; {] Select Check Box for YES
Decision Type: { NONE vi
Notes:
Count (3)
) FINANCE WORK NEEDED ——
Decision: } ,
 va Pt {7] Select Check Box for YES
Decision Type: { NONE M
Notes
“““““““““““““““““ " . L ) If more than 3 decisions, attach
) =y
Initials of Approving Official (if required) ond count sheet & mark this box
Printed on: 7/9/2018

Office of Petitions Internal Document - Ver. 5.0
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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.@. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
15/997,091 06/04/2018 Edwin S. Olson 4820.001US10 5161
21186 7590 07/27/2018 | EXAMINER |
SCHWEGMAN LUNDBERG & WOESSNER, P.A.
P.O. BOX 2938 ORLANDO, AMBER ROSE
MINNEAPOLIS, MINNESOTA 55402
UNITED STATES OF AMERICA | ART UNIT | eaperNUMBER |

1776
| NOTIFICATION DATE | DELIVERY MODE |
07/27/2018 ELECTRONIC

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

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

SLW @blackhillsip.com
uspto@slwip.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

15/997,091 Olson et al.
Office Action Summary Examiner Art Unit AlA Status
AMBER R ORLANDO 1776 No

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS 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 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) Responsive to communication(s) filed on 06/04/2018.
(J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)(J This action is FINAL. 2b) ¥ This action is non-final.

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

4)[J 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*
5) Claim(s)  1-20 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.
6) (J Claim(s) ___ is/are allowed.
7) Claim(s) 1-20 is/are rejected.
8) (O Claim(s) _____is/are objected to.
9) (J Claim(s) ____ are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11)M The drawing(s) filed on 06/04/2018 is/are: a)l¥] 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).

Priority under 35 U.S.C. § 119
12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)(J All b)(J Some** ¢)(J None of the:
1.(J Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.00 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) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)

Paper No(s)/Mail Date
4) [J Other:

2) [J Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20180723
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present application is being examined under the pre-AlAfirst to invent provisions.
Claim Rejections - 35 USC § 102
In the event the determination of the status of the application as subject to AIA35 U.S.C. 102
and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and
the rationale supporting the rejection, would be the same under either status.
The following is a quotation of the appropriate paragraphsof pre-AlA35 U.S.C. 102 that form
the basis for the rejections under this section made in this Office action:

A personshall be entitled to a patentunless —

(e) the invention wasdescribedin (1) an application for patent, publishedundersection 122(b), by
anotherfiledinthe UnitedStates before the invention by the applicantfor patentor(2) a patent
grantedonan applicationforpatent by another filed in the United States before the i nvention by the
applicantforpatent, exceptthatan international a pplication filed under the treaty definedin section
351(a) shall have the effects for purposes of thissubsection ofan application filed in the United States
onlyiftheinternational application designated the United Statesand was published under Article
21(2) of such treatyinthe English language.

Claim(s) 1, 4-14 and 16-19 is/are rejected under pre-AlA 35 U.S.C. 102(e) as being anticipated by
Nelson US 2004/0003716.

For claim 1, the Nelson reference discloses a method for reducing mercuryin a mercury-
containing gas, the method comprising: injecting a sorbent into the mercury-containing gas(paragraph
[0060]); collecting mercury in the mercury-containing gason the sorbent to produce a cleaned gas
(paragraph[0060]), wherein the sorbent is a promoted activated carbonthat is promoted inflight with at

least one promoter that is Br,, HBr, Br-, or acombination thereof, wherein the mercury-containing gas is

a coal-combustion gas (paragraphs [0048]-[0051]).
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For claim 4, the Nelson reference discloses the promoted activated carbon is promoted with the
promoter while the promoter is in the gas phase or is a vapor (paragraphs[0050] and [0051]).

For claim 5, the Nelson reference discloses promoting the activatedcarbon in-flight (paragraphs
[0048]-[0051]).

For claim 6, the promoted sorbent as disclosed by Nelson above would include activesites,
comprising halide anions bound to the activated carbon.

For claim 7, the promoted sorbent as disclosed by Nelson above would include active sites
comprising carbocations bound to halide anions.

For claim 8, tha sorbent being promotad and then contacted with the mercury containing gas
and removed thereafter as disciossd by Nelson above is chamically and physically eqguivalent to the
claimad collecting the mercury comprises chemically reacting carbene species edgesites in the activated
carbon with the mercury.

For claim 9, the Nelson reference irjacting an alkaiing sorbent into the mercury-containing gas
stream {paragraph {0064]}

For ciaim 10, the Nelson reference discloses alkaling sorbent is seiected frorm the group
consisting of alkali elements, alkaling eartheizments, alkali saits, alkaline sarthsalts, and combinations
therecf {paragraph [Q0G4]).

For ciaim 11, the Nelson reference discinsas the alkaline sorbent is selectaed from the group
consisting of sodium carbonate, calcium oxide, lime, and combinations thereof (paragraph [0064]).

For ciaim 12, the Nelson reference discioses the activated carbon is chosan from powderad
activated carbon, granular activatad carbon, carbon black, carbon fiber, aerogaelcarbon, pyroehysis char,
and combinations thereof (paragraph [0040]).

For ciaim 13, the Nelson reference discloses the promoter is HBror Br(paragraphs [0048]-

[0051]).
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For ciaim 14, the Nelson reference discioses the mercury-containing gasis a fiue gas stream
downstream of a boiler furnace {fig. 2-6 and paragrash [0058]).

For claim 16, the Nelson reference discloses the sorbent rnaterial has a composition comprising
from about 1 to about 30 grams of additive per 100 grams of activated carbon {paragrash {0054}).

For claim 17, the Nelson reference discloses injecting sorbent into the mercury-containing gas
streamto form the promoted activated carbon (paragraphs [0048]-[0051]).

For ciaims 18 ard 18, the Neison reference discloses collecting greaterthan 70 wit% of
) g8

the mercury in the mercury-containing gas{paragraph {33847}

Claim Rejections - 35 USC § 103
In the event the determination of the status of the application as subject to AIA35 U.S.C. 102
and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior artrelied upon, and
the rationale supporting the rejection, would be the same under either status.
The following is a quotation of pre-AlA35 U.S.C. 103(a) which forms the basis for all obviousness

rejections set forth in this Office action:

(a) Apatentmaynot be obtained though theinvention is not identicallydisclosed or described as set
forth in section 102, if the differences betweenthe subject matter soughtto be patentedandthe
priorartaresuchthatthe subject matter as a wholewouldhave beenobvious at the time the
invention wasmadeto a person havingordinaryskill in the art to which said subject matter pertains.
Patentability shall not be negatived by the mannerin which the inventionwas made.

The factual inquiries set forth in Graham v. John Deere Co.,383U.5. 1, 148 USPQ 459 (1966),
that are applied for establishing a background for determining obviousness under pre-AlA35 U.S.C.
103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

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

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.

This application currentlynames joint inventors. In considering patentability of the claims under
pre-AlA 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 not commonly owned at the time a laterinvention was made in
order for the examiner to consider the applicability of pre-AlA 35 U.S.C. 103(c) and potential pre-AlA 35
U.S.C. 102(e), (f) or (g) prior artunder pre-AlA 35 U.S.C. 103(a).

Claim 2-3 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Nelson US
2004/0003716 as applied in claim 1 and further in view of Comrie US 2007/0168213.

For claim 2 the Nelson reference does not disclose the coal thatis combusted comprises
the promoter or a precursor thereof.

The Comrie reference discloses that the sorbent compositions can be added arywhere within
the coal burning process, befare, during or after {paragragh {0005]). This would inciude the gromoter or
a precurser there of,

It would have been obvious 1o ore having ordinary skiil in the art before the invention was made
1o have modified the Nelson referencetoinciude either rearranging steps, or repeat steps to have the
combusting coal in the presence of the additive and activated carbon and comprising mixing the additive
ard# the coal before combusting the coal so as to entrapthe contaminants in the mercury containing gas
rather than release them to the atmosphere which would include the promoter or a precursor there of

Neison {Camrie paragraph i00061). Further the courts have held that selection of any order of
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performing process steps is prima facie obvious in the absence of new or unexpected results); Inre
Gibson, 39 F.2d 975, 5 USPQ 230.

For claim 3, the combination of Nelson and Comrie would include combusting the coal
that comprises the promoter or the precursor thereof as both Nelson and Comrie disclose combusting
the coal.

Claims 15 and 20 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over

Nelson US 2004/0003716 as applied in claim 1 and further in view of Vosteen et al. US 6,878,358.

Far ciaim 15, the Nelson reference doas not disclose maonitoring the mercury content of
the cleaned gasis performed substantialiy continuousiy.

The Vosteen reference discloses monitoring the mercury content of the cleanad gasis
performead substantialiy continuously {column 9, lines 47-63).

itwould have been obvicus 1o one having ordinary skill in the art before the invention was made
to have modified the Neison reference to inciude monitoring the mearcury content of the cleanad gas is
performad substantially continuousiy {(Vosteen column 5, lines 47-63) so as to allow for the maximum
arount of mercury o be removed from the waste gas stream,.

For claim 283, the Nelson reference discloses the method is a rnethod for reducing mercury in the
mercury-containing gasto a desirad levei {as shown above).

The Nelson refererce does not disclaose monitoring the mercury content of the cleaned gas; and
controlling, in response to the monitored mercury content of the ciraned gas, an injection rate of
injecting the sorbent into the mercury-containing gas, the sorbert composition, or a combination
thereot, so that the mercury content of the cleaned gasis maintained at or baiow the desired igvel.

The Vosteen reference discloses monitoring the mercury content of the cleaned gas; and

controlling, in response to the monitored mercury content of the cleaned gas, an injection rate of
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injecting the sorbent into the mercury-containing gas, the sorbent compasition, or a combination
thereof, so thatthe mercury content of the cleaned gasis maintainad at or beiow the desirad levai
{columrn 5, lings 47-63)

Itwould have been obvious 10 ong having ordinary skill in the art before the invention was made
to have modified the Nelson referencetoinciude monitoring the mercury content of the cleaned gas;
and controliing, in responsa 6 the monitored mercury contant of the cleaned gas, an injection rateof
injecting the sorbent into the mercury-containing gas, the sorsent compaosition, or & combination
thereot, so that the mercury content of the cleaned gasis maintainad at or baiow the desirad ieval
{Yosteen column 5, lines 47-63) 50 as toallow for the maximum amount of mercury to e removed from
the wasie gas stream.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded
in public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise
extension of the “right to exclude” granted by a patent and to prevent possible harassment by multiple
assignees. A nonstatutory double patenting rejection is appropriate where the conflicting claims are not
identical, but at least one examined application claim is not patentablydistinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have been obvious
over, the reference claim(s). See, e.g., Inre Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); Inre
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); Inre Longi, 759 F.2d 887, 225 USPQ 645 (Fed.
Cir. 1985); Inre Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164
USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may be used to
overcome an actual or provisional rejection based on nonstatutory double patenting provided the

reference application or patent eitheris shown to be commonly owned with the examined application,
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or claims an invention made as a result of activities undertaken within the scope of a joint research
agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file
provisions of the AlA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for
applications not subject to examination under the first inventor to file provisions of the AlA. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit
www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed
determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A
web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal
Disclaimerthat meetsall requirements is auto-processed and approved immediately upon submission.
For more information about eTerminal Disclaimers, referto
www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

Claims 1- rejected on the ground of nonstatutory double patenting as being unpatentable over
claims 1-3, 13,22 and 26 of U.S. Patent No. 7,435,286 (‘286).

Claim 1 of the current application corresponds toclaim claims 1 of ‘286.

Claim 4 of the current application corresponds toclaim claims 1 and 13 of ‘286.

Claim 5 of the current application corresponds toclaim claims 1 and 13 of ‘286.

Claims 6-8 of the current application corresponds to claim claims 1 of ‘286.

Claim 9-11 of the current application corresponds to claimclaims 1-3 of ‘286.

Claim 13 of the current application corresponds to claim claims 1 and 23 of ‘286.

Claim 14 of the current application corresponds to claim claims 1 of ‘286.

Claim 15 of the current application corresponds to claim claims 1 and 22 of ‘286.

Claim 16 of the current application corresponds to claim claims 1 and 26 of ‘286.

Claim 17 of the current application corresponds to claim claims 1 of ‘286.
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Claims 18 and 19 of the current application corresponds to claim claims 1 of ‘286.

Claim 20 of the current application corresponds to claim claims 1 and 22 of ‘286.

Claims 2 and 3 arerejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1 of U.S. Patent No. 7,435,286 (‘286) in view of Comrie US 2007/0168213.

The Comrie reference discioses that the sorhent compasitions ¢an be added arywhere within
the coal burring process, before, during or after {paragraph [0006]). This would inciuda the promoter or
a precursay there of,

trwould have been obvious 1o one having ordinary skiil in the art before the invaniion was made
ta have modified the ‘286 reference to include either rearranging steps, or repeat steps to have the
combusting coal in the presence of the additive and activated carbor and comprising mixing the additive
and the coal before combusting the<oal 5o asio entrapthe contaminants in the mercury containing gas
rather than release them to the atrnosphere which would include the promoter or a precursoer there of
Melsar {Cornrie paragraph [00061). Further the courts have held that selection of any order of
performing process steps is prima facie obvious in the absence of new or unexpected results); Inre
Gibson, 39 F.2d 975, 5 USPQ 230.

Claims 12 are rejected on the ground of nonstatutory double patenting as being unpatentable
over claims 1 of U.S. Patent No. 7,435,286 (286) in view of Nelson US 2004/0003716.

Claim 12 of the current application correspond to claim 1 of ‘286 except for ‘286 does not
disclose the activatedcarbonis chosen from powdered activatedcarbon, granularactivatedcarbon
black, carbon fiber, aerogel carbon, pyrolysis charand combinations thereof.

The Nelson referencediscloses theactivatedcarbon is chosen from powdered activatedcarbon,
granularactivatedcarbon black, carbon fiber, aerogel carbon, pyrolysis char and combinations thereof

(paragraph[0040]).
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It would have been obvious to one having ordinary skill in the art before the claimed invention
to have modified the ‘286 reference to include the activated carbon is chosen from powdered activated
carbon, granular activated carbon black, carbon fiber, aerogel carbon, pyrolysis charand combinations
thereof (Nelson paragraph [0040]) as the courts have held that since it has been held to be within the
general skill of aworker in the art to select a known materialon the basis of its suitability for the
intended use as a matter of obvious design choice. Inre Leshin, 125 USPQ 416.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directedto AMBER ROSE ORLANDO whose telephone number is (571)270-3149. The
examiner can normally be reached on Monday-Thursday 7:00-5:30.

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

If attemptsto reachthe examiner by telephone are unsuccessful, the examiner’s supervisor,
Duane Smith can be reachedon (571)272-1166. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regardingthe status of anapplication 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 (toll-free). If you would like assistance from a USPTO Customer
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Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR

CANADA) or 571-272-1000.

AMBER ROSE. ORLANDO
Primary Examiner
ArtUnit 1776

JAMBERR ORLANDO/
Primary Examiner, Art Unit 1776
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USPAT 09:13 .
S21 69 (95/134.ccls. or 95/142.ccls. or US-PGPUB; §ADJ ON 2016/06/07
110/345.ccls. or 423/210.ccls.) and USPAT 09:06
activated carbon and promoter
S22 {181 i(B01D53/64, B01D2257/602, US-PGPUB; §ADJ ON 2016/06/07
B01D2253/104, B01D2253/10, USPAT 09:06
B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent
S25 {28 "5266280" US-PGPUB; §{ADJ ON 2016/06/07
USPAT 13:41
S26 {281 sorbent with mercury and (diameter or US-PGPUB; {{ADJ ON 2016/09/29
size) with ("30" or "40" or "50" or "60" or {USPAT; 15:01
"70") with (sorbent or carbon) USOCR;
FPRS;
EPO; JPO;
DERWENT;
BUTOB ol
S27 {148 ysorbent with mercury and (diameter or US-PGPUB; {ADJ ON 2016/09/29
size) with ("30" or "40" or "50" or "60" or {USPAT; 15:02
"70") with (sorbent or carbon) and USOCR;
halogen FPRS;
EPO; JPO;
DERWENT;
1BM_TDB
S28 {159 (sorbent with mercury and (diameter or US-PGPUB; {ADJ ON 2016/09/29
size) with ("30" or "40" or "50" or "60" or {USPAT; 16:18
"70") with (sorbent or carbon) and USOCR;
halogen$4 FPRS;
EPO; JPO;
DERWENT;

AMEREN UE EXHIBIT 1027

Page 115



EAST Search History

[

1

jiBM_TDB

S29

11206

(sorbent or activated carbon) with
mercury and (diameter or size) with ("30"
or "40" or "50" or "60" or "70") with
(sorbent or carbon) and halogen$4 and
activated carbon

liBv_TDB

:

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;

ADJ

ON

16:22

2016/09/29

(B01D53/64, B01D2257/602,

'‘B01D2253/104, B01D2253/10,

B01D53/10).cpc. and (halogen or halide of
HBr)‘with‘sorbent

US-PGPUB;
USPAT

ADJ

[oN

2016/09/30
13:48

S33

"20040003719"

US-PGPUB;
USPAT;
USOCR,;
FPRS;
#EPO; JPO;

DERWENT; |

ADJ

ON

2016/11/16
10:56

S34

49

"2004003716"

USPAT;
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2016/11/16

10:57

S35

81

"6848374"

US-PGPUB;
USPAT;
USOCR;
FPRS;
HEPO; JPO;
DERWENT;

iiBM_TDB

ADJ

ON

2016/11/16
10:58

S36

56

"7435286"

US-PGPUB;
USPAT;
{JUSOCR;
\|FPRS;
HEPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2016/11/16
11:02

S37

olson.in. and ("40" microns).cim.

US-PGPUB;
USPAT;
JUSOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

ADJ

ON

2016/11/16
11:04

S38

("40" microns and halocarbon
sorbent).clm.

\{US-PGPUB;
USPAT;
lUSOCR;
\FPRS:;
\EPO; JPO;
DERWENT;

Al BI\/I_TDBN_

ADJ

ON

2016/11/16
11:05

S39

(halocarbon sorbent).clm. and "40"

microns and olson.in.

US-PGPUB;
USPAT;
USOCR;
FPRS:

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2016/11/16

11:05
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540

65

"40" microns and olson.in.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
1BM_TDB

ADJ

ON

2016/11/16
11:06

3907

("40" microns).clm.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

2016/11/16
11:06

$42

29

("40" microns and sorbent).clm.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

2016/11/16
11:06

543

(halocarbon sorbent).cim. and olson.in.

US-PGPUB;
USPAT,;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

2016/11/16
11:08

S44

36

(sorbent).clm. and olson.in.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2016/11/16
11:08

545

(sorbent).clm. and olson.in. and "40"
micron

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2016/11/16
11:08

546

17

"11209163"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT:;
IBM_TDB

ADJ

ON

2016/11/16
11:09

"20110233133"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT:
IBM_TDB

ADJ

ON

2016/11/16
11:27

548

file:///C/Users/amillerharris/Documents/e-Red %20Folder/ 1599709 1/EASTSearchHistory. 15997091 _Accessible Version.htm[7/23/2018 2:56:52 PM]
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DERWENT;
IBM_TDB

$49

15

"2004025274"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

2016/11/16
11:32

S50

11

"20040025274"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;

ADJ

ON

2016/11/16
11:32

S51

15

"2004025274"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2016/11/16
11:33

S52

40

"6312489"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|BM_TDB

ADJ

ON

S63

30

("20030024872" | "20050045553" |

"20050144916" | "4008060" | "4640779" |

"4655921" | "4673503" | "4738778" |
"4746432" | "4799944" | "5043000" |
"5051118" | "5120296" | "5174896" |
"5320657" | "5512075" | "5674302" |
"6152979" | "6312489" | "6315130" |
"6336946" | "6398836" | "6585793" |
"6598749" | "7648546").PN. OR
("7931723").URPN.

US-PGPUB;
USPAT;
USOCR

ADJ

ON

2016/11/16
11:33

2016/11/16
11:36

S54

33

("4200444" | "4640779" | "5968215" |
"6059851").PN. OR ("6312489").URPN.

US-PGPUB;
USPAT;
USOCR

ADJ

ON

2016/11/16
11:40

555

"8518142"

US-PGPUB;
USPAT,;
USOCR

ADJ

ON

2016/11/16
11:54

S66

"8747505"

US-PGPUB;
USPAT,;
USOCR

ADJ

ON

S57

"14318270"

US-PGPUB;
USPAT,;
USOCR

ADJ

ON

558

#pac with size with sorbent

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2016/11/16
11:57

2016/11/16
12:06

2016/11/16
12:13

Essg
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B01D2253/104, B01D2253/10, USPAT 15:23
B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent
S60 {0 (B01D53/64, B01D2257/602, US-PGPUB; {ADJ ON 2016/11/17
B01D2253/104, B01D2253/10, USPAT 12:39
B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent "4198388"
S61 {10 "4198388" US-PGPUB; §ADJ ON 2016/11/17
USPAT 12:39
S62 {0 "2010083696" US-PGPUB; {ADJ ON 2016/11/17
USPAT 13
S63 {2 "20100083696" US-PGPUB; {ADJ ON 2016/11/17
USPAT 13:32
S64 {2 absorp$5 with mea with methanol with US-PGPUB; {ADJ ON 2016/11/17
acid USPAT 13:36
S65 2 "20070283813" US-PGPUB; {ADJ ON 2016/11/17
USPAT 13:39
S66 21 "4469596" US-PGPUB; {ADJ ON 2016/11/21
USPAT 08:29
S67 {4 "2003229245" US-PGPUB; §ADJ ON 2017/05/10
USPAT; 10:36
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S68 {2 "20030229245" US-PGPUB; {ADJ ON 2017/05/10
USPAT; 10:36
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S69 {45 "5,338,458" US-PGPUB; §ADJ ON 2017/05/10
USPAT; 10:38
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
S70 {45 "5338458" US-PGPUB; §ADJ ON 2017/05/10
USPAT; 10:38
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
S71 {213 {(B01D53/64, B01D2257/602, US-PGPUB; {ADJ ON 2017/05/10
B01D2253/104, B01D2253/10, USPAT 11:02
B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent
S72 {64 ("1786483" | "1984164" | "2317857" | US-PGPUB; {ADJ ON 2017/05/10
"20010002387" | "20010003116" | USPAT 11:20
"20020134242" | "20020150516" |
"20030136509" | "20040003716" |
"20040013589" | "20050019240" |
"20060048646" | "20060191835" |
"20090062119" | "20100047146" |
"20120183458" | "20140056787" |
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"3194629" | "3662523" | "3786619" |
"3826618" | "3849267" | "4196173" |
"4500327" | "4814152" | "4820318" |
"4889698" | "4959162" | "5300137" |
"5409522" | "5462908" | "5505766" |
"5575982" | "5607496" | "5672323" |
"5695726" | "5827352" | "5891324" |
"6027551" | "6080281" | "6136072" |
"6136749" | "6214304" | "6258334" |
"6372187" | "6375909" | "6383981" |
"6471936" | "6528030" | "6818043" |
"6848374" | "6878358" | "6942840" |
"6953494" | "7101631" | "7435286" |
"7479263" | "7514052" | "7563311" |
"7611564" | "8007749" | "8168147" |
"8168149" | "8512655").PN.
S73 {3 ("20090235848" | "20110076210" | US-PGPUB;|ADJ ON 2017/05/10
"20150246315").PN. USPAT 11:31
S79 {3 ("20090235848" | "20110076210" | US-PGPUB; {|ADJ ON 2017/06/27
"20140224121").PN. USPAT 09:36
S80 |96 ("1984164" | "2317857" | "20010002387" {jUS-PGPUB; {ADJ ON 2017/06/27
| "20010003116" | "20020043496" | USPAT 09:41
"20020134242" | "20020150516" |
"20030104937" | "20030136509" |
"20040003716" | "20040013589" |
"20040076570" | "20050019240" |
"20060048646" | "20060191835" |
"20080182747" | "20080292512" |
"20090062119" | "20090136401" |
"20090320678" | "20100047146" |
"20110168018" | "20120183458" |
"20130280156" | "20140056787" |
"20140255279" | "20140308188" |
"20150098878" | "3194629" | "3662523" |
"3786619" | "3826618" | "3849267" |
"3876393" | "4094777" | "4101631" |
"4196173" | "4338896" | "4500327" |
"4708853" | "4786483" | "4814152" |
"4820318" | "4889698" | "4956162" |
"5300137" | "5336835" | "5409522" |
"5462908" | "55605766" | "56575982" |
"5607496" | "5672323" | "5695726" |
"5827352" | "56891324" | "6027551" |
"6080281" | "6136072" | "6136749" |
"6214304" | "6258334" | "6372187" |
"6375909" | "6383981" | "6471936" |
"6528030" | "6638485" | "6808692" |
"6818043" | "6848374" | "6878358" |
"6942840" | "6953494" | "6960329" |
"7081434" | "7211707" | "7435286" |
"7479263" | "7514052" | "7521032" |
"7544338" | "7563311" | "7611564" |
"7622092" | "7722843" | "7767174" |
"7780765" | "8007749" | "8168147" |
"8168149" | "8216535" | "8512655" |
"8652235" | "8821819" | "9011805").PN.
S81 {593 {honeycomb with plug$4 and plug$4 with {{US-PGPUB;}|ADJ ON 2017/06/27
length USPAT 14:45
S82 |0 honeycomb with plug$4 and plug$4 with | US-PGPUB;;|ADJ ON 2017/06/27
] length with less than with "5" — lUSPAT l14:45
S83 {0 honeycomb with plug$4 and plug$4 with {§US-PGPUB;i{(ADJ ON 2017/06/27
\\\\\\\ length with less than USPAT 14:45
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S84 {127 {honeycomb with plug$4 and plug$4 with {{US-PGPUB; {ADJ ON 2017/06/27
length with "5" USPAT 14:46

S85 241 ihoneycomb with plug$4 and plug$4 with {{US-PGPUB;{ADJ ON 2017/06/27
length with mm USPAT 14:47

S86 {41 honeycomb with plug$4 and plug$4 with {{US-PGPUB; {ADJ ON 2017/06/27
length with "3 mm " USPAT 14:49

S87 428 honeycomb with plug$4 and plug$4 with {{US-PGPUB; {{ADJ ON 2017/06/27
length with "3 mm " and plug$4 with USPAT 14:52

{iporosity

S88 1128 honeycomb and plug$4 with length with  {{US-PGPUB; {ADJ ON 2017/06/27
"3 mm " and plug$4 with porosity USPAT 14:53

S89 43 honeycomb and plug$4 with porosity with {{US-PGPUB; {ADJ ON 2017/06/27
"100" USPAT 15:06

S90 §{20 honeycomb and plug$4 with pore (size or {{US-PGPUB; {ADJ ON 2017/06/27
diameter) with "100" USPAT 15:07

S91 48 saw with honeycomb with filter US-PGPUB; $ADJ ON 2017/06/29
USPAT 13:31

S92 230 {(B01D53/64, B01D2257/602, US-PGPUB; §ADJ ON 2017/12/01
B01D2253/104, B01D2253/10, USPAT 14:36

B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent

S93 #2 "20060260468" US-PGPUB; {{ADJ ON 2018/07/03
USPAT 10:34
S94 19 engine with air with inlet with filter$4 with {jUS-PGPUB; §ADJ ON 2018/07/03
cone USPAT 15:26
S95 436 engine with air with inlet with filter$4 with {US-PGPUB; {ADJ ON 2018/07/03
(cone or conical or (diameter with USPAT 15:27
(increas$4 or decreas$4)))
S96 {24 ("3771638" | "3870495" | "3872012" | US-PGPUB; {{ADJ ON 2018/07/03
"4157902" | "4702754" | "5125940" | USPAT; 15:31

"5522909" | "56549724" | "5632793").PN. {USOCR
OR ("5888260").URPN.

597 {41 ("0153535" | "0439091" | "1398685" | US-PGPUB; §ADJ ON 2018/07/03
"1530163" | "1887052" | "2087688" | USPAT; 15:31
"4003836" | "4018580" | "4032455" | USOCR

"4039308" | "4065276" | "4261710" |
"4410341" | "4414110" | "4699715" |
"5106397" | "5178656" | "56522909" |
"5549722" | "56549724" | "5888260" |
"6397842" | "6508052" | "D401597" |
"D401942" | "D403414" | "D403416").PN.
OR ("6808552").URPN.

S98 {15 ("D403416").URPN. USPAT ADJ ON 2018/07/03
15:33
S99 {0 "20030089233" USPAT ADJ ON 2018/07/04
12:29
S100 §3 "20030089233" US-PGPUB; §{ADJ ON 2018/07/04
USPAT; 12:29
USOCR;
FPRS;
EPO; JPO
S101 26 "6833023" US-PGPUB; {iADJ ON 2018/07/04
USPAT; 12:29
USOCR;
FPRS;
EPO; JPO

S§102 §2 "20070168213" US-PGPUB; ;ADJ ;ON 2018/07/09
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USPAT; 13:08
USOCR;
FPRS;
EPO; JPO
S103 {14 carbocations with sorbent with bromine US-PGPUB; {{ADJ ON 2018/07/09
USPAT; 13:14
USOCR;
FPRS;
EPO; JPO
S104 0 a side forming a cross sectional shape of {US-PGPUB; {ADJ ON 2018/07/09
each of the first USPAT; 13:47
USOCR;
FPRS;
EPO; JPO
S$105 §0 non of side forming US-PGPUB; §ADJ ON 2018/07/09
USPAT; 13:56
USOCR;
FPRS;
EPO; JPO
S106 0 none of side forming US-PGPUB; {{ADJ ON 2018/07/09
USPAT; 13:56
USOCR;
FPRS;
EPO; JPO
S$107 §0 none of sides forming US-PGPUB; {{ADJ ON 2018/07/09
USPAT; 13:56
USOCR;
FPRS;
EPO; JPO
S109 §13 olson.in. and (alkali and promoter and US-PGPUB; {{ADJ ON 2018/07/17
earth).clm. USPAT 16:22
S110 §0 olson.in. and (alkali and promoter and US-PGPUB; {ADJ ON 2018/07/17
earth with vapor).clm. USPAT 16:22
S111 §10 olson.in. and (alkali and promoter with US-PGPUB; {ADJ ON 2018/07/17
vapor).clm. USPAT 16:22
S112 {0 "2015008283" US-PGPUB; §ADJ ON 2018/07/23
USPAT 06:26
S113 §2 "20150082833" US-PGPUB; §ADJ ON 2018/07/23
USPAT 06:26
S114 {24 olson.in. and liquid.clm. and promoted US-PGPUB; §ADJ ON 2018/07/23
USPAT; 07:50
USOCR;
FPRS;
EPO; JPO
S$115 {75 remov$4 with mercury and (br or US-PGPUB; {ADJ ON 2018/07/23
ibromine) with liquid with carbon USPAT; 07:54
USOCR;
FPRS;
EPO; JPO i M
S116 30 separating greater than "70" wt% of the {US-PGPUB;{{ADJ ON 2018/07/23
mercury USPAT; 09:17
USOCR;
FPRS;
EPO; JPO
S117 {0 ((separating greater) with (of the US-PGPUB; {{ADJ ON 2018/07/23
mercury)).clm. USPAT; 09:17
USOCR;
FPRS;
EPO; JPO
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[S118 120 1"11209163" JUS-PGPUB; [ADJ ON 2018/07/23
! {USPAT; 09:43

! §USOCR;

! {IFPRS;

EPO; JPO

7/23/2018 2:56:48 PM
C:\ Users\ amillerharris\ Documents\ EAST\ Workspaces\ 12429058.wsp

file:///C/Users/amillerharris/Documents/e-Red %20Folder/ 1599709 1/EASTSearchHistory.15997091_AccessibleVersion.htm[7/23/2018 2:56:52 PM]
AMEREN UE EXHIBIT 1027
Page 123



Bibliographic Data

Application No: 15/997 ,09 1

Foreign Priority claimed: O Yes ®nNo
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MERCURY
FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
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AMENBMENT ARD RESPONSE UNDER 37 C.E.R. § 1111 Page s
Application Number: 15/997.091 Dkt 4820001010
Filing Date: June 4, 20318

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

REMARKS
This responds to the Non-Final Otfice Action dated fuly 27, 2018.
No claims are presently amended. No claims are presently canceled, and no claims were
canceled previously. No new claims are presently added. As aresult, claims 1-20 are now pending

in this application.

The Rejection of Claims Under 5102
L The Office Action rejected claims 1, 4-14, and 16-19 under 35 U.S.C. § 102{e) over U.S.
patent publication no. 2004/0003716 {“Nelson™}.

This rejection is respecttully traversed.

Independent claim 1 recites in-flight promotion with a promoter that is Bry, HBr, Br, or a
combination thereof.

The Office Action states at page 2 that Nelson describes a promoted activated carbon that is
promoted in-flight with at least one promoter that is Brz, HBr, Br’, or a combination thereof, citing
to paragraphs [0048]-[0051] of Nelson. Paragraphs [0049]-[0051] describe treating activated
carbon with bromine in a gaseous state or with a bromine-containing gas.

As explained in the present application, such as at page 20 at lines 11-17 and 22-28, “in-
flight” promotion means that at the time of promotion the sorbent particles are dispersed in a steam
of transport air or other gas that conveys the sorbent particles from one location to another in a
mercury-removal system. The term “in-flight” promotion refers to the sorbent being promoted in-
flight while being conveyed from one location to another in the mercury-removal system. However,
the Office Action fails to show in Nelson, and Applicant cannot find in Nelson, a description or
suggestion of the claimed feature of in-tlight promotion of activated carbon sorbent, wherein at the
time of promotion the sorbent is dispersed in a steam of transport air or other gas that conveys the
sorbent particles from one location to another in a mercury-removal system. Accordingly, ctaim | is
patentable over Nelson.

Dependent claims 4-14 and 16-19 are directly or indirectly dependent on independent claim
. As such, claims 4-14 and 16-19 incorporate all the teatures of claim 1. Accordingly, dependent
claims 4-14 and 16-19 are patentable for at least the same reasons given herein for patentability of

independent claim 1.
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Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claims 1, 4-14, and 16-19 under 35 U.S.C. § 102(e} over Nelson.

The Rejection of Claiasix Under $103

i, The Office Action rejected claims 2-3 under 35 U.S.C. & 103{a) over U.S. patent publication

no. 2004/0003716 (“Nelson”} in view of U.S. patent publication no. 2007/0168213 {“Comrie”}.

This rejection is respectfully traversed.

Independent claim I recites in-flight promotion with a promoter that is Brz, HBr, Br’, or a
combination thereof. Claims 2 and 3 recite that the coal that is combusted comprises the promoter
or a precursor thereof.

As explained herein at {f{A}, Comrie is not prior art. As explained herein at §1i{B}, Nelson
cannot be used to achieve the presently claimed invention. As explained herein at Ef{{’}, the
presently claimed invention has advantages that could not be predicted by a person of ordinary skill
in the art before the invention was made. Further, as explained herein at ¥i{B}, the next Office

Action cannot be properly made final.

11{A). Comrie is not prior art.

Comrie was published fuly 19, 2007, and the earliest priority is to a provisional application
tiled January 19, 2006. In contrast, the present application is a continuation that derives priority
from a provisional application filed August 30, 2004 and converted to a U.S. Utility application on
August 22, 2005. The present application has priority that is one year and five months prior to
Comrie’s earliest priority date; even if only the first U.S. Utility application is considered for
support, Comrie’s earfiest priority date is still about five months later. Comrie is not prior art and
could not be considered by a person of ordinary skill in the art prior to the time the present invention

was made and the present application filed.

[3{B). Nelson cannot be used achieve the presently claimed invention.

Nelson mentions promoting activated carbon outside of tlue gas, and then adding the

activated carbon to flue gas.
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No cited reference that is available as prior art to the present application describes or
suggests combusting coal that includes Br», HBr, Br™ or a precursor thereof. Therefore, dependent

claims 2-3 are patentable.

(). The presentlv claimed invention has advantages that could not be predicted by a person of

ordinary skill in the art before the invention was made.

The inventors of the present application have discovered that by combusting coal that
includes Brz, HBr, Bt~ or a precursor thereof, and by placing a sorbent in the mercury-containing
gas, as presently claimed, the sorbent can be bromide-promoted in-flight in the mercury-containing
gas. Promotion of the sorbent in the mercury-containing gas has certain advantages that would be
impossible for a person of ordinary skill in the art hypothetically having the cited prior art
references in-hand.

Applicant’s continuation-in-part U.S. application no. 15/853,029, published as U S, patent
publication no. 2018/0133646, includes experimental data in Part II of the Examples that compares
the performance of activated sorbents added to the flue gas and promoted in-flight in the mercury-
containing gas by bromide promoters that are added to the combustor to the performance of
activated sorbents that are promoted outside of the tlue gas and then added to the flue gas. As
shown in Table 1 and as explained in paragraphs [0116]-[0117], promotion of the activated carbon
in-flight in the mercury containing gas yielded significantly improved mercury capture compared to
the activated carbon that was promoted before adding to the mercury-containing gas.

The M.P.EP at the beginning of § 2143.02 states {emphasis added} “{a] rationale to support
a conclusion that a claim would have been obvious is that all the claimed elements were known in
the prior art and one skilled in the art could have combined the elements as claimed by known
methods with no change in their respective functions, and the combination would have vielded
nothing moxe than predictable vesults to one of ordinary skill in the art.” The only cited reference
available as prior art is Nelson; there is no way to predict from Nelson the superior mercury capture
discovered by the present inventors that occurs when activated carbon 1s promoted in-flight in the
mercury-containing gas, as occurs when following claims 2-3. The presently claimed invention

therefore has advantages that could not be predicted from the cited references by a person of
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ordinary skill in the art before the invention was made; accordingly, independent claim 1 is

patentable over the cited references.

Dependent claims 2-3 are directly or indirectly dependent on independent claim 1. As such,
these claims incorporate all the features of claim 1. Accordingly, dependent claims 2-3 are
patentable for at least the reasons given herein for patentability of independent claim 1.

Applicant therefore respecttully requests reconsideration and withdrawal of the rejection of

claims 2-3 under 35 U.S.C. § 103{a) over Nelson in view of Comrie.

(). The next Office Action cannot be made final.

As explained herein in section i, claims 2-3 are patentable over the cited references.
Applicant has not amended the claims and, as such, has not introduced any new features or
limitations which would suffice under MPEP §706.07(a} to render any subsequent action on the
merits final. If the PTO wishes to issue a further action in response to the remarks presented herein,

Applicant respectfully submits that such action should be non-final.

FEE R The Office Action rejected claims 1S and 20 under 35 U.S.C. § 103(a) over U.S. patent

publication no. 2004/0003716 {“Nelson™} in view of 1J.§. patent no. 6,878,358 (“Vosteen™).

This rejection is respectfully traversed.

As explained herein at II{A}-1KC), claim 1 is patentable over Nelson. Vosteen fails to
remedy the defects of Nelson; therefore, claim 1 is patentable over this combination of references.

Dependent claims 15 and 20 are dependent on independent claimy 1. As such, these claims
incorporate all the features of claim 1. Accordingly, dependent claims 15 and 20 are patentable for
at least the reasons given herein for patentability of independent claim 1.

Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claims 15 and 20 under 35 U.S.C. § 103{a} over Nelson in view of Vosteen.

Double Patenting Rejection

Iv. The Oftice Action rejected claims 1. 4-11. and 13-20 for nonstatutorv double patenting over

claims 1-3. 13. 22 _and 26 of U.S. patent no. 7.435.286 (*284).
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Applicant does not admit that claims 1, 4-11, and 13-20 are obvious in view of claims 1-3,
13,22, and 26 of the “286.
As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of allowable claims.

Y. The Office Action rejected claims 2 and 3 for nonstatutory double patenting over claim | of

U.S. patent no. 7.435.286 {286} in view of U.S. patent publication no. 2007/0168213 (“Comrie™).

This rejection is respecttully traversed. Applicant does not admit that claims 2 and 3 are
obvious in view of the ‘286 in view of Comrie.

In the rejection, the Office Action derives the feature of combusting coal in the presence of a
promoter from Comrie. However, as explained herein at Ff{4}, Comrie is not prior art, because the
present application has priority that is one year and tive months prior to Comrie’s earliest priority
date.

Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of

claims 2 and 3 for nonstatutory double patenting over claim 1 of the ‘286 in view of Comrie.

VI The Office Action rejected claim 12 for nonstatutory double patenting over claim 1 of U.S.

patent no. 7.435.286 {286} in view of U.S. patent publication no. 2004/0003716 {“Nelson™).

Applicant does not admit that claim 12 is obvious in view of the ‘286 in view of Nelson.

As the current pending claims stand rejected on other grounds and are still subject to
amendment, Applicant takes note of these rejections but do not take further action at this time
inasmuch as no pending claim has yet to be allowed. Applicant will re-evaluate this rejection, upon

an indication of aflowable claims.
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CONCLUSION

It is respectfully submitted that the claims are in condition for allowance, and notification to
that effect is earnestly requested. The Examiner is invited to telephone the undersigned at (612}
349-9380 to facilitate prosecution of this application.

If necessary, please charge any additional fees or deficiencies, or credit any overpayments to

Deposit Account No. 19-0743.

Respectfully submitted,

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

Minneapolis, MN 55402-0938

{612} 373-6900

Date _August 14,2018 B/ \*\\‘E& lL@LM,Pé( A"KJ:(&( i/,{/*f"’"//

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

Blease amend the claims as follows:
(Original} A method for reducing mercury in a mercury-containing gas, the method

L.

comprising:
injecting a sorbent into the mercury-containing gas;

collecting mercury in the mercury-containing gas on the sorbent to produce a cleaned gas,

wherein the sorbent is a promoted activated carbon that is promoted in-flight with at least one

promoter that is Brz, HBr, Br", or a combination thereof, wherein the mercury-containing gas is a

coal-combustion gas.
(Original) The method of claim 1, wherein the coal that is combusted comprises the

~
L,

promoter or a precursor thereof.

~
J.

{Original) The method of claim 2, further comprising combusting the coal that comprises
the promoter or the precursor thereof.

(Original} The method of claim I, wherein the promoted activated carbon is promoted with

4.
the promoter white the promoter is in the gas phase or is a vapor.

(Original) The method of claim 1, further comprising promoting the activated carbon in-

-

3

flight.
{Original) The method of claim 1, wherein the promoted activated carbon comprises active

6.
sites, comprising halide anions bound to the activated carbon.

(Original} The method of claim I, wherein the promoted activated carbon comprises active

7.
sites comprising carbocations bound to halide anions.

8. (Original) The method of claim 1, wherein collecting the mercury comprises chemically
reacting carbene species edge sites in the activated carbon with the mercury.
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9. (Original) The method of claim 1, further comprising injecting an alkaline sorbent into the

mercury-containing gas stream.

10. (Original}) The method of claim 9, wherein the alkaline sorbent is selected from the group
consisting of alkali elements, alkaline earth elements, alkali salts, alkaline earth salts, and

combinations thereof.

It {(Original} The method of claim 9, wherein the alkaline sorbent is sefected from the group

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

12. (Original) The method of claim 1, wherein the activated carbon is chosen from powdered
activated carbon, granular activated carbon, carbon black, carbon fiber, aerogel carbon, pyrolysis
char, and combinations thereof.

13, (Original) The method of claim 1, wherein the promoter is HBr or Br".

14, (Original} The method of claim 1, wherein the mercury-containing gas is a flue gas stream

downstream of a botiler furnace.

15. (Original) The method of claim 1, wherein monitoring the mercury content of the cleaned

gas is performed substantially continuously.

16.  (Original) The method of claim I, wherein the sorbent has a composition comprising from

about 1 to about 30 grams of promoter per 160 grains of activated carbon.

17. (Original} The method of claim 1, further comprising injecting sorbent into the mercury-

containing gas stream to form the promoted activated carbon.
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I8. (Original} The method of claim 1, comprising collecting greater than 70 wt%q of the mercury

in the mercury-containing gas.

9. (Original} The method of claim 1, comprising coliecting greater than 70 wi% of the mercury

in the mercury-containing gas on the sorbent.

20 (Original} The method of claim 1, wherein the method is a method for reducing mercury in
the mercury-containing gas to a desired level, the method further comprising:

monitoring the mercury content of the cleaned gas; and

controlling, in response to the monitored mercury content of the cleaned gas, an injection
rate of injecting the sorbent into the mercury-containing gas, the sorbent composition, or a

combination thereof, so that the mercury content of the cleaned gas is maintained at or below the

desired jevel.
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S/N 15/997.891 PATENT

INTHE UNITED STATES PATENTAND TRADEMARK OFFICE

Inventor(s}: Edwin S. Olson et al. Examiner: AMBER ROSE ORLANDO
Application No.: 15/997 091 Group Art Unit: 1776

Filed: June 4, 2018 Bocket No.: 4820.0011J10
Confirmation No.: 5161

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

AMENDMENT & RESPONSE UNBER 37 C.ER. § 1.111

Mail Stop Amendment
Commissioner for Paients
P.O. Box 1450

Alexandria, VA 22313-1450

Applicant has received the Non-Final Office Action dated July 27, 2018. Please enter the

following,
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

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

Docket No.: 4820.001U10 Serial No.: 15/997.091
Filed: June 4, 2018 Due Date: October 27, 2018
Examiner: Amber Orlando Group Art Unit: 776

Customer No.: 21186 Confirmation No.: 5161

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

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

X Amendment and Response under 37 CFR. § 1.111 {1 pgs.)

¥ not provided for in a separate paper filed herewith, please vonsider this a PETITION FOR EXTENSION OF TIME for
sufficient number of months to enter these papers and please charge any additional fees or credit overpayment to Beposit
Acvount No. 15-8743. ¥f applivable, any papers or fees supplied herewith are considered te be timely filed pursuant to 37
CF.R. § 1.7(a), the response period falling on a Federal Holiday, Saturday or Sunsay being extended to the next succeeding
husiness day.

\ . 7] 7 / e
SCHWEGMAN LUNDBERG & WOESSNER. P.A. By: / \\%MJQQL}({P‘(/F E“}\t\z@{u&”’/ /

Customer No.: 21186 Nicholas P. Lanzatella
Reg No. 63,803
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[ APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT |  ATTY.DOCKETNO/IITLE |
15/997,091 06/04/2018 Edwin S. Olson 4820.001US10
CONFIRMATION NO. 5161
21186 PUBLICATION NOTICE
SCHWEGMAN LUNDBERG & WOESSNER, P.A.
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MINNEAPOLIS, MN 55402

Title:SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

Publication No.US-2018-0280870-A1
Publication Date:10/04/2018

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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15/997,091 06/04/2018 Edwin S. Olson 4820.001US10 5161
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SCHWEGMAN LUNDBERG & WOESSNER, P.A.
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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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Office Action Summary Examiner Art Unit AlA Status
AMBER R ORLANDO 1776 No

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS 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 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) Responsive to communication(s) filed on 08/14/2018.
(J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)(J This action is FINAL. 2b) M This action is non-final.

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

4)(J 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 £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-20 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.
6) (J Claim(s) ___ is/are allowed.
7) Claim(s) 1-20 is/are rejected.
8) ([J Claim(s) _____is/are objected to.
9) (O Claim(s) _____ are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11)J The drawing(s) filedon _____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).

Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)(J Some**  ¢)J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified 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.
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1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
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PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20181024
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present application is being examined under the pre-AlAfirst to invent provisions.
Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The s pedfication shallcond ude withone or more claims particularly pointing out

and distinctly claimingthe subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification s hall conclude with one or more claims particularly pointingout and distinctly
claimingthe subject matter which the applicant regards as hisinvention.

Claims 2-6,12, 15 and 20 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject matter
which the inventor or a joint inventor, or for pre-AlA the applicant regards as the invention.

Claim 2 recites the limitation "the coal" in line 1. There is insufficient antecedent basis for this
limitationin the claim.

Claim 3 recites the limitation "the coal" in line 1. There is insufficient antecedent basis for this
limitationin the claim.

Claim 3 recites the limitation "the precursor" in line 2. There is insufficient antecedent basis for
this limitation in the claim.

Claim 4 recites the limitation "the gas phase" in line 2. There is insufficient antecedent basis for
this limitation in the claim.

Claim 5 recites the limitation "the activated carbon" in line 1. There s insufficient antecedent
basis for this limitation in the claim.

Claim 6 recites the limitation "the activated carbon" in line 2. There s insufficient antecedent

basis for this limitation in the claim.
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Claim 12 recites the limitation "theactivated carbon" in line 1. Thereis insufficient antecedent
basis for this limitation in the claim.

Claim 15 recites the limitation "the mercury content" in line 1. There s insufficient antecedent
basis for this limitation in the claim.

Claim 15 recites the limitation "the cleaned gas" in lines 1-2. There is insufficient antecedent
basis for this limitation in the claim.

Claim 20 recites the limitation "the mercury content" in lines 3 and 6. There is insufficient
antecedent basis for this limitation in the claim.

Claim 20 recites the limitation "the cleaned gas" in lines 3, 4 and 6. Thereis insufficient
antecedent basis for this limitation in the claim.

Claim 20 recites the limitation "the sorbent composition" in line 5. There s insufficient
antecedent basis for this limitation in the claim.

Claim Rejections - 35 USC § 102

In the event the determination of the status of the application as subject to AIA35 U.S.C. 102
and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and
the rationale supporting the rejection, would be the same under either status.

The following is a quotation of the appropriate paragraphs of pre-AlA35 U.S.C. 102 that form
the basis for the rejections under this section made in this Office action:

A personshall be entitled to a patent unless —

(e) the invention wasdescribedin (1) an application for patent, published undersection 122(b), by
anotherfiledinthe UnitedStates before the invention by the applicant for patent or(2) a patent
grantedonan applicationfor patent by another filed inthe United States before the invention by the
applicantforpatent, except that an international a pplication filed under the treaty defined in section
351(a) shall have the effects for purposes of thissubsection ofan application filedin the United States
onlyiftheinternational applicationdesignated the United States and was published under Article
21(2) of such treatyinthe English language.
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Claim(s) 1, 4-14 and 16-19 is/are rejected under pre-AlA 35 U.S.C. 102(e) as being anticipated by
Nelson US 2004/0003716.

For claim 1, the Nelson reference discloses a method for reducing mercuryin a mercury-
containing gas, the method comprising: injecting a sorbent into the mercury-containing gas (paragraph
[0060]); collecting mercury in the mercury-containing gason the sorbent to produce a cleaned gas
(paragraph([0060]), wherein the sorbent is a promoted activatedcarbonthat is promoted inflight with at
least one promoter thatis Br,, HBr, Br-, ora combination thereof, wherein the mercury-containing gas is
a coal-combustion gas (paragraphs [0048]-[0051]).

For claim 4, the Nelson reference discloses the promoted activated carbon is promoted with the
promoter while the promoter is in the gas phase or is a vapor (paragraphs [0050] and [0051]).

For claim 5, the Nelson reference discloses promoting the activated carbon in-flight (paragraphs
[0048]-[0051]). The examiner interprets the (rotating drum, vertically-moving bed, fluidized-bed and
transport reaction of Nelson providing the conditions of “in-flight” reactions of activatedcarbon and the
promoter.

For claim 6, the promoted sorbent as disclosed by Nelson above would include active sites,
comprising halide anions bound to the activated carbon.

For claim 7, the promoted sorbent as disclosed by Nelson above would include activesites
comprising carbocations bound to halide anions.

For claim 8, the sorbent being promoted and then contacted with the mercury containing gas
and removed thereafter as disclosed iy Melson above is chemically and physicaily equivaient to the
clairned collecting the mercury comprises chemically reacting carbene species edge sites in the activated
carbon with the mercury.

For claim 9, the Nelson reference injecting an alialine sorbent into the mercury-containing gas

stream {paragraph {30641}
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For ciaim 18, the Nelson reference discioses alkaling sorbant is selectad frorm the group
consisting of alkali elemants, alkaling earth aizments, alkali salts, alkaling earth salts, and combinations
thereof (paragraph [Q0G4]).

For ciaim 11, the Nelson reference discinsas the alkasling sorsent is selected from the group
consisting of sodium carbonate, caicium oxide, lime, and combirations thereof (paragraph [0084]).

For claim 12, the Nelson reference disciosas the activatedcarbon is chosan from powsdarad
activated carbon, granularactivatadcarbon, carbon black, carbon fiber, aerogel carbon, myrolysis char,
and combinations thereof {paragraph [0040]).

For ciaim 13, the Nelson reference disciosas the promoter is HBror Br-(paragraphs [0048]-
[0051]).

For ciaim 14, the Nelson reference disciosas the mercury-comaining gasis a fius gas stream
downstrearn of a boiler furnace {fig. 2-6 and paragraph [B060].

For ciaim 16, the Nelson reference discloses the sorbart material has a composition comprising
from about 1 1o about 30 grams of additive per 100 grams of activated carbon {paragraph [005%4]).

For claim 17, the Nelson reference discloses injecting sorbent into the marcury-containing gas
streamto form the promoted activated carbon (paragraphs [0048]-[0051]).

For ciaims 18 and 19, the Nelson reference discloses collecting greater than 70wt of

the mercury in the mercury-containing gasi{paragraph {D0&41.

Claim Rejections - 35 USC § 103
In the eventthe determination of the status of the application as subject to AIA35 U.S.C. 102
and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and

the rationale supporting the rejection, would be the same under either status.
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The following is a quotation of pre-AlA35 U.S.C. 103(a) which forms the basis for all obviousness

rejections set forth in this Office action:

(a) Apatentmaynot be obtained though theinventionis notidenticallydisclosed or described as set
forth in section102, if the differences betweenthe subjectmatter sought to be patentedand the
priorartaresuchthatthe subject matter as a whole would have been obvious at the time the
invention wasmade to a person having ordinary skill in the art to which said subject matter pertains.
Pate ntability shall not be negatived bythe mannerin which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co.,383U.S. 1, 148 USPQ 459 (1966),
that are applied for establishing a background for determining obviousness under pre-AlA35 U.S.C.
103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims atissue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.

This application currently names joint inventors. In considering patentability of the claims under
pre-AlA 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 not commonly owned at the time a laterinvention was made in
order for the examiner to consider the applicability of pre-AlA 35 U.S.C. 103(c) and potential pre-AlA 35
U.S.C. 102(e), (f) or (g) prior art under pre-AlA 35 U.S.C. 103(a).

Claim 2-3, 5, 15 and 20 is/are rejected under pre-AlA35 U.S.C. 103(a) as being unpatentable
over Nelson US 2004/0003716 as applied in claim 1 and further in view of Felsvang et al. US 5,435,980.

For claim 2 the Nelson reference does not disclose the coal thatis combusted comprises

the promoter or a precursor thereof.
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The Felsvanrg et al. reference discloses the coal that is combusted comprises the promoter or a
precursor thereof {column 4, lines 39-46}.

fowould have seen obvicus 1o ong having ordinary skiil in tha art ksfore the invention was mads
to have modified the Melson referencetninclude eitherrearranging stegs, or repast stens to have the
coal that is combusted comprises the promoter or a precursor thereof {Falsvang @t al. celumn 4, linas
39-46] so as to increase the removal of mercury inthe mercury containing gasratherthan release
mercury to the atmosphars. Further the courts have held that selection of any order of performing
process steps is prima facie obvious in the absence of new or unexpected results; In re Gibson, 39 F.2d
975, 5 USPQ 230.

For claim 3, the combination of Nelson and Felsvang et al. would include combusting the coal
that comprises the promoter or the precursor thereof as both Nelson and Felsvang et al. disclose
combusting the coal.

For claim 5, even if the Nelson reference does not disclose promoting the activated carbon in-
flight, the Felsvang et al. reference does disclose this limitation (column 4, lines 39-46 and column 6,
lines 6-21)

Itwould have been obvious to one having ordinary skiil in the art before the invention was made
to have modified the Nelson reference toinciude eitherrearranging steps, or repeat steps to have
promoting the activated carbon in-flight {Felsvang &t al. column 4, iines 39-46} so a5 to increasa the
ramoval of marcury in the mercury containing gas rather thanraiaase marcury to the atmaosphars,
Further the courts have heid that selection of any order of performing process steps is prima facie
obvious in the absence of new or unexpected results; In re Gibson, 39 F.2d 975, 5 USPQ 230.

For ciaim 15, the Nelson reference does not disclose monitoring the mercury contant of

the cleaned gasis performed substantialiy continuoushy,
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The Felsvang reference discioses ronitoring the mercury content of the cleanad gasis
performad substantialiy continuously {column 6 iines 43-46}.

ttwould have been obvicus 1o one having ordinary skill in the art hefore the invention was made
to have modified the Nelson reference to inciude monitoring the mercury content of the cleaned gasis
performed substantialiy continuously {Feisvang a1 al. promoting the activated carbon in-flight} so as to
atlow for the maximum amount of mercury tobe removed from the wasta gas stream.

For claim 28, the Nelson referernce discioses the method is a2 methed for reducing mercury in the
rercury-containing gasto a desired leval {as shown above).

The Nelson raference does not disclose monitoring the mercury content of the cleaned gas; and
controfling, in response to the monitored mercury content of the cleaned gas, an injection rate of
injecting the sorbent intothe mercury-containing gas, the sorbent composition, or a combination
thereof, 5o that the mercury content of the cleaned gasic maintained at or below the desired level,

The Felsvang et al, reference discloses ronitoring the mercury content of the ciraned gas; and
controfling, in response 1o the monitored mercury content of the cleaned gas, an injection rate of
injecting the sorbent into the mercury-containing gas, the sorhent composition, or a combination
thereof, so that the mercury content of the cleanad gasis maintained at o below the desirad leval
{promoting the activated carbon in-flight}.

it would have been obvious 1o one having ordinary skiil in the art before the invention was made
to have medified the Nelson reference te include ronitoring the mercurycontent of the cleaned gas;
ard controlling, in responsa to the monitored mercury contant of the cleaned gas, an injection rateof
injecting the sorbant intothe mercury-containing gas, the sorbent composition, or a combination
thereof, so that the marcury content of the cleaned gasis maintained at or haiow the desired leval
{Feisvang et ai. promoting the activatedcarbon in-flight} so as t@ aliow for the maximum amount of

rnercury to be removed from the waste gasstream,
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Claim 1-20 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Felsvang et
al. US 5,435,980 in view of Nelson US 2004/0003716.

For claim 1, the Felsvang et al. reference discloses a method for reducing mercury in a mercury-
containing gas, the method comprising: injecting a sorbent into the mercury-containing gas (figure,
objects 14 and 4, and column 4, lines 5-11); collecting mercury in the mercury-containing gason the
sorbent to produce a cleaned gas (column 5, lines 41-65), wherein the sorbent is a promoted activated
carbon that is promoted in-flight with at least one promoter (column 4, line 63 —column 5, line 2 and
column 6, lines 29-42) wherein the mercury-containing gas is a coal-combustion gas (abstract). The
reference does not disclose the promoter is Br,, HBr, Br-ora combination thereof.

The Nelson reference discloses the promoter is Br,, HBr, Br- or a combination thereof
(paragraphs[0017] and [0041]).

It would have been obvious to one having ordinary skill in the art at the time the invention was
made to have modified the Felsvang et al. reference to either replace the Cl with or include in addition
tothe Cl, Br,, HBr, Br-ora combination thereof (Nelson paragraphs[0017] and [0041]) so as to provide
an effective carbon sorbent for mercury.

For claim 2, the Felsvang et al. reference discloses the coal that is combusted comprises
the promoter or a precursor thereof (column 4, lines 39-46).

For claim 3, the Felsvang et al. reference discloses combusting the coal that comprises the
promoter or the precursor thereof (column 4, lines 39-46).

For claim 4, the Felsvang et al. reference discloses the promoted activated carbon is promoted
with the promoter while the promoter is in the gas phase or is a vapor (column 4, lines 39-50).

For claim 5, the Felsvang et al. reference discloses promoting the activated carboninflight

(column 4, lines 39-50, 5-15 and column 6, lines 12-31).
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For claims 6 and 7 as detailed above each of the claimed steps are disclosed by the combination
of Felsvang and Nelson reference and therefore the result of performing the steps would inherently be
the same and would result in the promoted activated carbon comprises active sites, comprising halide
anions bound to the activated carbon and the promoted activated carbon comprises active sites
comprising carbocations bound to halide anions.

For claim 8 the promoted sorbent is disclosed by the combination of Felsvang and Nelson.
Further each of the steps as claimed above are also shown by Felsvang and Nelson and would inherently
have the same results when the method is performed and would result in collecting the mercury
comprises chemically reacting carbene species edge sites in the activated carbon with the mercury.

For claims 9 and 10, the Felsvang et al. reference discloses injecting an alkaline sorbent into
the mercury-containing gas stream, wherein the alkaline sorbent is selected from the group consisting of
alkali elements, alkaline earth elements, alkali salts, alkaline earthsalts, and combinations thereof
(column 4, lines 23-28, column 5, lines 26-40 and clam 3).

For claim 11, the Felsvang et al. reference discloses the alkaline sorbent is selected from the
group consisting of sodium carbonate, calcium oxide, lime, and combinations thereof (column 4, lines
27-32).

For claim 12, the Felsvang et al. reference discloses the activated carbon is chosen from
powdered activated carbon, granularactivatedcarbon, carbon black, carbon fiber, aerogel carbon,
pyrolysis char, and combinations thereof (column 3, lines 5-17).

For claim 13, the Nelson reference discloses the promoteris HBr or Br-(paragraphs[0017] and
[0041)).

For claim 14, the Felsvang et al. reference discloses the mercury-containing gas is a flue gas

stream downstream of a boiler furnace (column 5, lines 23-26, abstractandcolumn 3, lines 4-55).
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For claim 15, the Felsvang et al. reference discloses monitoring the mercury content of the
cleaned gasis performed substantially continuously (column 6, lines 42-47).

For claim 16, the Felsvang et al. reference does not explicitly state the sorbent has a
composition comprising from about 1 to about 30 grams of promoter per 100 grains of activated carbon.
The reference does disclose optimizing the amount of Cl and activated carbon introduced (column 6,
lines 42-47).

Further the Nelson reference also discloses optimizing of the promoter so as to obtain a desired
mercury reactivity (paragraph [0054]).

It would have been obvious to one having ordinary skill in the art before the invention was made
to have modified the Felsvang et al. reference to include the sorbent has acomposition comprising
from about 1 to about 30 grams of promoter per 100 grains of activated carbon (Felsvang et al. column
6, lines 42-46 and Nelson paragraph[0054]) so as to adjust the among of halogen introduced based on
the Hg content and to ensure optimum reaction between the halogen and the activated carbon. Further
the courts have held that that where the general conditions of a claim are disclosed in the prior art,
discovering the optimum or workable ranges involves only routine skill in the art. Inre Aller, 105 USPQ
233.

For claim 17, the Felsvang et al. reference discloses injecting sorbent into the mercury-
containing gas stream to form the promoted activated carbon (column 4, lines 39-46 and column 6, lines
6-11).

For claims 18 and 19, the Felsvang et al. reference discloses collecting greater than 70 wt% of
the mercury in the mercury-containing gasand collecting greaterthan 70 wt% of the mercury in the
mercury-containing gason the sorbent (examples 1, 3 and 4). Further the examiner asserts that these
limiations are the results of the method. As the method is disclosed by Felsvang et al. and Nelson as

shown above, the result of such a combination would occur, i.e. the degree of separation of mercury.
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For claim 20, the Felsvang et al. reference discloses the method is a method for reducing
mercury in the mercury-containing gasto a desired level, the method further comprising: monitoring
the mercury content of the cleaned gas; and controlling, in response to the monitored mercury content
of the cleaned gas, an injection rate of injecting the sorbent into the mercury-containing gas, the
sorbent composition, or a combination thereof, so that the mercury content of the cleaned gas is

maintained at or below the desired level (column 6, lines 42-47).

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded
in public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise
extension of the “right to exclude” granted by a patent and to prevent possible harassment by multiple
assignees. A nonstatutory double patenting rejection is appropriate where the conflicting claims are not
identical, but at least one examined application claim is not patentably distinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have been obvious
over, the reference claim(s). See, e.g., Inre Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); Inre
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); Inre Longi, 759 F.2d 887, 225 USPQ 645 (Fed.
Cir. 1985); Inre Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164
USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may be used to
overcome an actual or provisional rejection based on nonstatutory double patenting provided the
reference application or patent eitheris shown to be commonly owned with the examined application,
or claims an invention made as a result of activities undertaken within the scope of a joint research

agreement. See MPEP § 717.02 for applications subject to examination under the first inventor to file
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provisions of the AlA as explained in MPEP § 2159. See MPEP §§ 706.02(l)(1) - 706.02(1)(3) for
applications not subject to examination under the first inventor to file provisions of the AIA. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used. Please visit
www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed
determineswhatform (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A
web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal
Disclaimer that meetsall requirements is auto-processed and approved immediately upon submission.
For more information about eTerminal Disclaimers, refer to
www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp.

Claims 1 and 4-20 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. US 7,435,286 (‘286)

Although the claims atissue are not identical, they are not patentably distinct from each other
because while the current claimset includes different wording, the limitations correspond to ‘286.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 2 and 3 arerejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. US 7,435,286 (‘286) in view of Felsvang etal. US
5,435,980.

286 discloses the claimed invention except for the limitations of claims 2 and 3

Felsvang et al. and disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the art to have modified the ‘286

reference to include the limitations of claims 2 and 3 {Feisvang =t al. column 5, 63-65 and column 4,
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lines 42-45) so a5 to supplement the halogen content of the system 50 asto increase the mercury
sorption cags ity

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1 and 4-20 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-25 of U.S. Patent No. US 8,168,147 (‘147).

Although the claims atissue are not identical, they are not patentablydistinct from eachother
because while the current claim set includes different wording, the limitations correspond to ‘147.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 2 and 3 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-25 of U.S. Patent No. US 8,168,147 (‘147) in view of Felsvang etal. US
5,435,980.

‘286 discloses the claimed invention except for the limitations of claims 2 and 3

Felsvang et al. and disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the art to have modified the ‘147
reference to include the limitations of claims 2 and 3 {Faisvang et al. column 5, £3-65 and column 4,
lines 42-45) so as to supplement the halogencontent of the system so as te increase the mearcury
sorption capa bility,

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1 and 4-20 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-60 of U.S. Patent No. US 8,512,655 (‘655) in view of Felsvang etal. US

5,435,980.
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Although the claims at issue are not identical, they are not patentably distinct from eachother
because while the current claimset includes different wording, the limitations correspond to ‘655.

This is a provisional nonstatutory double patentingrejectionbecause the patentably indistinct
claims have not in fact been patented.

Claims 2 and 3 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. US 8,512,655 (‘655) in view of Felsvang etal. US
5,435,980.

‘655 discloses the claimed invention except for the limitations of claims 2 and 3

Felsvang et al. and disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the art to have modified the ‘655
reference to include the limitations of claims 2 and 3 {Falsvang =i al. column 5, 63-65 and column 4,
fines 42-45%) so a3 to supplement the halogencortaent of the system 3o asto incraase the mercury
sarption capa bility,

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1 and 4-20 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-60 of U.S. Patent No. US 8,821,819(‘819).

Although the claims atissue are not identical, they are not patentably distinct from eachother
because while the current claimset includes different wording, the limitations correspond to ‘819.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 2 and 3 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. US 8,521,819 (‘819) in view of Felsvang et al. US

5,435,980.
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‘819 discloses the claimed invention except for the limitations of claims 2 and 3

Felsvang et al. and disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the art to have modified the ‘819
reference to include the limitations of claims 2 and 3 {Falsvang et al. column 5, 63-65 and column 4,
fines 42-45%) so a5 to supplement the halogencontent of the systam 50 asto increase the mercury
sorption capaility,

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1 and 4-20 are rejected on the ground of nonstatutory double patentingas being
unpatentable over claims 1-33 of U.S. Patent No. US 9,757,689 (‘689).

Although the claims at issue are not identical, they are not patentably distinct from each other
because while the current claim set includes different wording, the limitations correspond to ‘689.

This is a provisional nonstatutory double patentingrejectionbecause the patentably indistinct
claims have not in fact been patented.

Claims 2 and 3 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. US 9,757,689 (‘689) in view of Felsvang et al. US
5,435,980.

‘689discloses the claimed invention except for the limitations of claims 2 and 3

Felsvang et al. and disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the art to have modified the ‘689
reference to include the limitations of claims 2 and 3 {Felsvang et al. column 5, £8-6% and column 4,
fines 42-45) so as 1o supplemeant the halogencontant of the systam 50 astoincraase the mercury

sorption canpa nility.
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This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1 and 4-20 are rejected on the ground of nonstatutory double patentingas being
unpatentable over claims 1-20 of U.S. Patent No. US 9,468,886 (‘886).

Although the claims at issue are not identical, they are not patentably distinct from each other
because while the current claimset includes different wording, the limitations correspond to ‘886.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 2 and 3 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. US 9,468,886 (‘886) in view of Felsvang et al. US
5,435,980.

‘886discloses the claimed invention except for the limitations of claims2 and 3

Felsvang et al. and disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the art to have modified the ‘886
reference to include the limitations of claims 2 and 3 {Falsvang &t al. column 5, 63-65 and column 4,
lines 42-45} so a5 to supplement the halogencontent of the system so as to increase the mercury
sarption capa bility,

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1 and 4-20 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. 8,652,235 (‘235).

Although the claims atissue are not identical, they are not patentably distinct from each other

because while the current claimset includes different wording, the limitations correspond to ‘235.
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This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 2 and 3 arerejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. US8,652,235(‘235)in view of Felsvang etal. US
5,435,980.

‘235discloses the claimed invention except for the limitations of claims 2 and 3

Felsvang et al. and disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the art to have modified the ‘235
reference to include the limitations of claims 2 and 3 {Falsvang =t al. column 5, 63-65 and column 4,
fines 42-45%) so a3 to supplement the halogancontant of the system so as to incraase the mercury
sorption capa ity

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1 and 4-20 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-16 of copending Application No. 15/295594 (‘594).

Although the claims at issue are not identical, they are not patentablydistinct from each other
because while the current claim set includes different wording, the limitations correspond to ‘594.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 2 and 3 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-16 of copending Application No. 15/295594 (‘594)in view of Felsvang
et al. US5,435,980.

‘594 discloses the claimed invention except for the limitations of claims 2 and 3

Felsvang et al. and disclose this limitation as shown above.
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It would have been obvious to one having ordinary skill in the art to have modified the ‘594
reference to include the limitations of claims 2 and 3 {Faisvang =t al. column 5, 63-65 and column 4,
fines 42-4%) so a3 to supplement the halogencontant of the system 3o as toincraase the mercury
soration capaiiity.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patentingas being
unpatentable over claims 8-20 of copending Application No. 15/589359 (‘359).

Although the claims at issue are not identical, they are not patentably distinct from each other
because while the current claimset includes different wording it the limitations correspond to ‘359.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1 and 4-20 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-20 of copending Application No. 15/853029 (‘029) in view of Felsvang
et al. US5,435,980.

Although the claims atissue are not identical, they are not patentably distinct from eachother
because while the current claimset includes different wording, the limitations correspond to ‘029.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 2 and 3 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-16 of copending Application No. 15/853029 (‘029) in view of Felsvang
et al. US5,435,980.

‘029 discloses the claimed invention except for the limitations of claims 2 and 3

Felsvang et al. and disclose this limitation as shown above.
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It would have been obvious to one having ordinary skill in the art to have modified the ‘029
reference toinclude the limitations of claims 2 and 3 {Faisvang =i al. column §, 63-65 and column 4,
fines 42-4%) so as to supplement the halogencontent of the system 30 8s 1o increase the mercury
sorption capa ity

This is a provisional nonstatutory double patenting rejectionbecause the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-20 of copending Application No. 14/712558 (‘558) Although the claims at
issue are not identical, they are not patentably distinct from each other because while the current claim
set includes different wording it the limitations correspond to ‘558.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-20 of copending Application No. 15/951970 (‘970). Although the claims at
issue are not identical, they are not patentably distinct from each other because while the current claim
set includes different wording, the limitations correspond to ‘970.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being
unpatentable over 1-20 of copending Application No. 15/382114 (‘114).

Although the claims atissue are not identical, they are not patentably distinct from eachother
because while the current claimset includes different wording, the limitations correspond to ‘114.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct

claims have not in fact been patented.

AMEREN UE EXHIBIT 1027
Page 161



Application/Control Number: 15/997,091 Page 21
Art Unit: 1776

Claims 2 and 3 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-16 of copending Application No. 15/382114 (‘114)in view of Felsvang
et al. US5,435,980.

‘114 discloses the claimed invention except for the limitations of claims 2 and 3

Felsvang et al. and disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the art to have modified the ‘114
referenceto include the limitations of claims 2 and 3 {Felsvang et al. coiumn 5, 66-65 and column 4,
lines 43-45) so as to supplement the halogencontent of the system 50 astoincrease the mercury
sorption capa lity.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1 and 4-20 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over 1-20 of copending Application No. 15/853029 (‘029).

Although the claims atissue are not identical, they are not patentably distinct from eachother
because while the current claimset includes different wording, the limitations correspond to ‘029.

This is a provisional nonstatutory double patentingrejectionbecause the patentably indistinct
claims have not in fact been patented.

Claims 2 and 3 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-16 of copending Application No. 15/853029 (‘029)in view of Felsvang
et al. US5,435,980.

‘029discloses the claimed invention except for the limitations of claims 2 and 3

Felsvang et al. and disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the art to have modified the ‘029

reference to include the limitations of claims 2 and 3 {Falsvang et al. column 5, £3-65 and column 4,
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lines 42-45) so a5 to supplement the halogencorntent of the system 50 astoincrease the mercury
soription capaiiity.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1 and 4-20 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over 1-20 of copending Application No. 15/978,760 (‘760).

Although the claims atissue are not identical, they are not patentablydistinct from eachother
because while the current claimset includes different wording, the limitations correspond to ‘760.

This is a provisional nonstatutory double patentingrejectionbecause the patentably indistinct
claims have not in fact been patented.

Claims 2 and 3 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-16 of copending Application No. 15/978,760 (‘594) in view of Felsvang
et al. US 5,435,980.

‘760 discloses the claimed invention except for the limitations of claims 2 and 3

Felsvang et al. and disclose this limitation as shown above.

It would have been obvious to one having ordinary skill in the art to have modified the ‘760
reference to include the limitations of claims 2 and 3 {Felsvang et al. column 5, £3-65 and column 4,
lines 42-45) so a5 1o supplement the halogencontent of the system so as to increase the mercury
sorption capa bility,

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being

unpatentable over 1-10, 14 and 21-25 of copending Application No. 15/974,343 (‘343).
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Although the claims atissue are not identical, they are not patentablydistinct from eachother
because while the current claimset includes different wording, the limitations correspond to ‘760.

This is a provisional nonstatutory double patenting rejection because the patentably indistinct
claims have not in fact been patented.

Response to Arguments

Applicant’s arguments with respect to claims 1-20 have been considered but are moot because

the argumentsdo not apply to any of the references being used in the current rejection.
Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to AMBER ROSE ORLANDO whose telephone number is (571)270-3149. The
examiner can normally be reached on Monday-Thursday 7:00-5:30.

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

If attemptsto reachthe examiner by telephone are unsuccessful, the examiner’s supervisor,
Duane Smith can be reachedon (571)272-1166. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent Application
Information Retrieval (PAIR) system. Status information for published applications may be obtained
from either Private PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see 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 Customer
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Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR

CANADA) or 571-272-1000.

AMBER ROSE. ORLANDO
Primary Examiner
ArtUnit 1776

JAMBERR ORLANDO/
Primary Examiner, Art Unit 1776
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USPAT 13:41
S26 {281 sorbent with mercury and (diameter or US-PGPUB; {{ADJ ON 2016/09/29
size) with ("30" or "40" or "50" or "60" or {USPAT; 15:01
"70") with (sorbent or carbon) USOCR;
FPRS;
EPO; JPO;
DERWENT;
BUTOB ol
S27 {148 ysorbent with mercury and (diameter or US-PGPUB; {ADJ ON 2016/09/29
size) with ("30" or "40" or "50" or "60" or {USPAT; 15:02
"70") with (sorbent or carbon) and USOCR;
halogen FPRS;
EPO; JPO;
DERWENT;
1BM_TDB
S28 {159 (sorbent with mercury and (diameter or US-PGPUB; {ADJ ON 2016/09/29
size) with ("30" or "40" or "50" or "60" or {USPAT; 16:18
"70") with (sorbent or carbon) and USOCR;
halogen$4 FPRS;
EPO; JPO;
DERWENT;
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Ll |iBv_TD8 |

S29 1206 {i(sorbent or activated carbon) with US-PGPUB; {ADJ ON 2016/09/29
mercury and (diameter or size) with ("30" {{USPAT; 16:22
or "40" or "50" or "60" or "70") with USOCR;
(sorbent or carbon) and halogen$4 and FPRS;
activated carbon EPO; JPO;
DERWENT;
{ilBM_TDB

S30 }|195" {(B01D53/64, B01D2257/602, US-PGPUB; i{ADJ ON 2016/09/30
'‘B01D2253/104, B01D2253/10, USPAT 13:48

{B01D53/10).cpc. and (halogen or halide of
“““““ HBr) with sorbent

S33 {6 "20040003719" US-PGPUB; {{ADJ ON 2016/11/16
USPAT; 10:56
USOCR;
FPRS;
#EPO; JPO;
DERWENT; |

S34 {49 "2004003716" US-PGPUB; {jADJ ON 2016/11/16
USPAT; 10:57
USOCR;
FPRS;
#EPO; JPO;
DERWENT;
IBM_TDB

S35 {81 "6848374" US-PGPUB; {ADJ ON 2016/11/16
USPAT; 10:58
USOCR;
FPRS;
HEPO; JPO;
DERWENT;
_{/BM_TDB

S36 {56 "7435286" US-PGPUB; {{ADJ ON 2016/11/16
USPAT; 11:02
JUSOCR;
\IFPRS;
HEPO; JPO;
DERWENT;
IBM_TDB

S37 7 olson.in. and ("40" microns).cim. US-PGPUB; {ADJ ON 2016/11/16
USPAT; 11:04
#USOCR;
\FPRS;
YEPO; JPO:
DERWENT;
IBM_TDB

S38 {0 ("40" microns and halocarbon US-PGPUB:; {ADJ ON 2016/11/16
sorbent).clm. USPAT; 11:05
$#USOCR;
YFPRS:
MEPO; JPO;
DERWENT;
MIBM_TDB

S39 {0 (halocarbon sorbent).clm. and "40" US-PGPUB; §ADJ ON 2016/11/16
microns and olson.in. USPAT; 11:05
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
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540

65

"40" microns and olson.in.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
1BM_TDB

ADJ

ON

2016/11/16
11:06

3907

("40" microns).clm.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

2016/11/16
11:06

$42

29

("40" microns and sorbent).clm.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

2016/11/16
11:06

543

(halocarbon sorbent).cim. and olson.in.

US-PGPUB;
USPAT,;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

2016/11/16
11:08

S44

36

(sorbent).clm. and olson.in.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2016/11/16
11:08

545

(sorbent).clm. and olson.in. and "40"
micron

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2016/11/16
11:08

546

17

"11209163"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT:;
IBM_TDB

ADJ

ON

2016/11/16
11:09

"20110233133"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT:
IBM_TDB

ADJ

ON

2016/11/16
11:27

548

"20110023427"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;

ADJ

ON

2016/11/16
11:28
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DERWENT;
IBM_TDB

$49

15

"2004025274"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

ADJ

ON

2016/11/16
11:32

S50

11

"20040025274"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;

ADJ

ON

2016/11/16
11:32

S51

15

"2004025274"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2016/11/16
11:33

S52

40

"6312489"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
|BM_TDB

ADJ

ON

S63

30

("20030024872" | "20050045553" |

"20050144916" | "4008060" | "4640779" |

"4655921" | "4673503" | "4738778" |
"4746432" | "4799944" | "5043000" |
"5051118" | "5120296" | "5174896" |
"5320657" | "5512075" | "5674302" |
"6152979" | "6312489" | "6315130" |
"6336946" | "6398836" | "6585793" |
"6598749" | "7648546").PN. OR
("7931723").URPN.

US-PGPUB;
USPAT;
USOCR

ADJ

ON

2016/11/16
11:33

2016/11/16
11:36

S54

33

("4200444" | "4640779" | "5968215" |
"6059851").PN. OR ("6312489").URPN.

US-PGPUB;
USPAT;
USOCR

ADJ

ON

2016/11/16
11:40

555

"8518142"

US-PGPUB;
USPAT,;
USOCR

ADJ

ON

2016/11/16
11:54

S66

"8747505"

US-PGPUB;
USPAT,;
USOCR

ADJ

ON

S57

"14318270"

US-PGPUB;
USPAT,;
USOCR

ADJ

ON

558

#pac with size with sorbent

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

ADJ

ON

2016/11/16
11:57

2016/11/16
12:06

2016/11/16
12:13

Essg

§1197 gE(Bo1D53/64, B01D2257/602,

US-PGPUB;

JADJ

Z

[2016/11/16;
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B01D2253/104, B01D2253/10, USPAT 15:23
B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent
S60 {0 (B01D53/64, B01D2257/602, US-PGPUB; {ADJ ON 2016/11/17
B01D2253/104, B01D2253/10, USPAT 12:39
B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent "4198388"
S61 {10 "4198388" US-PGPUB; §ADJ ON 2016/11/17
USPAT 12:39
S62 {0 "2010083696" US-PGPUB; {ADJ ON 2016/11/17
USPAT 13
S63 {2 "20100083696" US-PGPUB; {ADJ ON 2016/11/17
USPAT 13:32
S64 {2 absorp$5 with mea with methanol with US-PGPUB; {ADJ ON 2016/11/17
acid USPAT 13:36
S65 2 "20070283813" US-PGPUB; {ADJ ON 2016/11/17
USPAT 13:39
S66 21 "4469596" US-PGPUB; {ADJ ON 2016/11/21
USPAT 08:29
S67 {4 "2003229245" US-PGPUB; §ADJ ON 2017/05/10
USPAT; 10:36
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S68 {2 "20030229245" US-PGPUB; {ADJ ON 2017/05/10
USPAT; 10:36
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S69 {45 "5,338,458" US-PGPUB; §ADJ ON 2017/05/10
USPAT; 10:38
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
S70 {45 "5338458" US-PGPUB; §ADJ ON 2017/05/10
USPAT; 10:38
USOCR;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
S71 {213 {(B01D53/64, B01D2257/602, US-PGPUB; {ADJ ON 2017/05/10
B01D2253/104, B01D2253/10, USPAT 11:02
B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent
S72 {64 ("1786483" | "1984164" | "2317857" | US-PGPUB; {ADJ ON 2017/05/10
"20010002387" | "20010003116" | USPAT 11:20
"20020134242" | "20020150516" |
"20030136509" | "20040003716" |
"20040013589" | "20050019240" |
"20060048646" | "20060191835" |
"20090062119" | "20100047146" |
"20120183458" | "20140056787" |
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"3194629" | "3662523" | "3786619" |
"3826618" | "3849267" | "4196173" |
"4500327" | "4814152" | "4820318" |
"4889698" | "4959162" | "5300137" |
"5409522" | "5462908" | "5505766" |
"5575982" | "5607496" | "5672323" |
"5695726" | "5827352" | "5891324" |
"6027551" | "6080281" | "6136072" |
"6136749" | "6214304" | "6258334" |
"6372187" | "6375909" | "6383981" |
"6471936" | "6528030" | "6818043" |
"6848374" | "6878358" | "6942840" |
"6953494" | "7101631" | "7435286" |
"7479263" | "7514052" | "7563311" |
"7611564" | "8007749" | "8168147" |
"8168149" | "8512655").PN.
S73 {3 ("20090235848" | "20110076210" | US-PGPUB;|ADJ ON 2017/05/10
"20150246315").PN. USPAT 11:31
S79 {3 ("20090235848" | "20110076210" | US-PGPUB; {|ADJ ON 2017/06/27
"20140224121").PN. USPAT 09:36
S80 |96 ("1984164" | "2317857" | "20010002387" {jUS-PGPUB; {ADJ ON 2017/06/27
| "20010003116" | "20020043496" | USPAT 09:41
"20020134242" | "20020150516" |
"20030104937" | "20030136509" |
"20040003716" | "20040013589" |
"20040076570" | "20050019240" |
"20060048646" | "20060191835" |
"20080182747" | "20080292512" |
"20090062119" | "20090136401" |
"20090320678" | "20100047146" |
"20110168018" | "20120183458" |
"20130280156" | "20140056787" |
"20140255279" | "20140308188" |
"20150098878" | "3194629" | "3662523" |
"3786619" | "3826618" | "3849267" |
"3876393" | "4094777" | "4101631" |
"4196173" | "4338896" | "4500327" |
"4708853" | "4786483" | "4814152" |
"4820318" | "4889698" | "4956162" |
"5300137" | "5336835" | "5409522" |
"5462908" | "55605766" | "56575982" |
"5607496" | "5672323" | "5695726" |
"5827352" | "56891324" | "6027551" |
"6080281" | "6136072" | "6136749" |
"6214304" | "6258334" | "6372187" |
"6375909" | "6383981" | "6471936" |
"6528030" | "6638485" | "6808692" |
"6818043" | "6848374" | "6878358" |
"6942840" | "6953494" | "6960329" |
"7081434" | "7211707" | "7435286" |
"7479263" | "7514052" | "7521032" |
"7544338" | "7563311" | "7611564" |
"7622092" | "7722843" | "7767174" |
"7780765" | "8007749" | "8168147" |
"8168149" | "8216535" | "8512655" |
"8652235" | "8821819" | "9011805").PN.
S81 {593 {honeycomb with plug$4 and plug$4 with {{US-PGPUB;}|ADJ ON 2017/06/27
length USPAT 14:45
S82 |0 honeycomb with plug$4 and plug$4 with | US-PGPUB;;|ADJ ON 2017/06/27
] length with less than with "5" — lUSPAT l14:45
S83 {0 honeycomb with plug$4 and plug$4 with {§US-PGPUB;i{(ADJ ON 2017/06/27
\\\\\\\ length with less than USPAT 14:45
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S84 {127 {honeycomb with plug$4 and plug$4 with {{US-PGPUB; {ADJ ON 2017/06/27
length with "5" USPAT 14:46
S85 241 {honeycomb with plug$4 and plug$4 with {{US-PGPUB; {ADJ ON 2017/06/27
length with mm USPAT 14:47
S86 {41 honeycomb with plug$4 and plug$4 with {{US-PGPUB; {ADJ ON 2017/06/27
length with "3 mm " USPAT 14:49
S87 {28 honeycomb with plug$4 and plug$4 with {{US-PGPUB; {ADJ ON 2017/06/27
length with "3 mm " and plug$4 with USPAT 14:52
{iporosity
S88 1128 honeycomb and plug$4 with length with  {{US-PGPUB; {ADJ ON 2017/06/27
"3 mm " and plug$4 with porosity USPAT 14:53
S89 43 honeycomb and plug$4 with porosity with {{US-PGPUB; {ADJ ON 2017/06/27
"100" USPAT 15:06
S90 §{20 honeycomb and plug$4 with pore (size or {{US-PGPUB; {ADJ ON 2017/06/27
diameter) with "100" USPAT 15:07
S91 48 saw with honeycomb with filter US-PGPUB; $ADJ ON 2017/06/29
USPAT 13:31
S92 230 {(B01D53/64, B01D2257/602, US-PGPUB; §ADJ ON 2017/12/01
B01D2253/104, B01D2253/10, USPAT 14:36
B01D53/10).cpc. and (halogen or halide of
HBr) with sorbent
S93 #2 "20060260468" US-PGPUB; §ADJ ON 2018/07/03
USPAT 10:34
S94 19 engine with air with inlet with filter$4 with {jUS-PGPUB; §ADJ ON 2018/07/03
cone USPAT 15:26
S95 {36 engine with air with inlet with filter$4 with jUS-PGPUB; §ADJ ON 2018/07/03
(cone or conical or (diameter with USPAT 15:27
(increas$4 or decreas$4)))
S96 {24 ("3771638" | "3870495" | "3872012" | US-PGPUB; §ADJ ON 2018/07/03
"4157902" | "4702754" | "5125940" | USPAT; 15:31
"5522909" | "5549724" | "5632793").PN. {USOCR
OR ("5888260").URPN.
S97 {41 ("0153535" | "0439091" | "1398685" | US-PGPUB; §ADJ ON 2018/07/03
"1530163" | "1887052" | "2087688" | USPAT; 15:31
"4003836" | "4018580" | "4032455" | USOCR
"4039308" | "4065276" | "4261710" |
"4410341" | "4414110" | "4699715" |
"5106397" | "5178656" | "5522909" |
"5549722" | "5549724" | "5888260" |
"6397842" | "6508052" | "D401597" |
"D401942" | "D403414" | "D403416").PN.
OR ("6808552").URPN.
S98 {15 ("D403416").URPN. USPAT ADJ ON 2018/07/03
15:33
S99 0 "20030089233" USPAT ADJ ON 2018/07/04
12:29
S$100 §3 "20030089233" US-PGPUB; §ADJ ON 2018/07/04
USPAT; 12:29
USOCR;
FPRS;
EPO; JPO
S101 {26 "6833023" US-PGPUB; §{ADJ ON 2018/07/04
USPAT; 12:29
USOCR;
FPRS;
EPO; JPO
S102 §2 "20070168213" US-PGPUB; ;ADJ iON 2018/07/09
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USPAT; 13:08
USOCR;
FPRS;
EPO; JPO
S103 {14 carbocations with sorbent with bromine US-PGPUB; {{ADJ ON 2018/07/09
USPAT; 13:14
USOCR;
FPRS;
EPO; JPO
S104 0 a side forming a cross sectional shape of {US-PGPUB; {ADJ ON 2018/07/09
each of the first USPAT; 13:47
USOCR;
FPRS;
EPO; JPO
S$105 §0 non of side forming US-PGPUB; §ADJ ON 2018/07/09
USPAT; 13:56
USOCR;
FPRS;
EPO; JPO
S106 0 none of side forming US-PGPUB; {{ADJ ON 2018/07/09
USPAT; 13:56
USOCR;
FPRS;
EPO; JPO
S$107 §0 none of sides forming US-PGPUB; {{ADJ ON 2018/07/09
USPAT; 13:56
USOCR;
FPRS;
EPO; JPO
S109 §13 olson.in. and (alkali and promoter and US-PGPUB; {{ADJ ON 2018/07/17
earth).clm. USPAT 16:22
S110 §0 olson.in. and (alkali and promoter and US-PGPUB; {ADJ ON 2018/07/17
earth with vapor).clm. USPAT 16:22
S111 §10 olson.in. and (alkali and promoter with US-PGPUB; {ADJ ON 2018/07/17
vapor).clm. USPAT 16:22
S112 {0 "2015008283" US-PGPUB; §ADJ ON 2018/07/23
USPAT 06:26
S113 §2 "20150082833" US-PGPUB; §ADJ ON 2018/07/23
USPAT 06:26
S114 {24 olson.in. and liquid.clm. and promoted US-PGPUB; §ADJ ON 2018/07/23
USPAT; 07:50
USOCR;
FPRS;
EPO; JPO
S$115 {75 remov$4 with mercury and (br or US-PGPUB; {ADJ ON 2018/07/23
ibromine) with liquid with carbon USPAT; 07:54
USOCR;
FPRS;
EPO; JPO i M
S116 30 separating greater than "70" wt% of the {US-PGPUB;{{ADJ ON 2018/07/23
mercury USPAT; 09:17
USOCR;
FPRS;
EPO; JPO
S117 {0 ((separating greater) with (of the US-PGPUB; {{ADJ ON 2018/07/23
mercury)).clm. USPAT; 09:17
USOCR;
FPRS;
EPO; JPO
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S118

20

"11209163"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO;“JPO““

ADJ

{on

2018/07/23
09:43

S119

40

(during with after with mercury with

sorbent)

US-PGPUB;
USPAT;
USOCR
FPRS
EPO; JPO

ADJ

ON

2018/10/01
17:38

S120

304

\isorbent with mercury and sorbent with
\iboiler

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO

ADJ

ON

2018/10/01
17:39

"20070168213"

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO

ADJ

{ON

2018/10/01
17:41

S122

before with burn$4 with coal with sorbent

US-PGPUEB;
USPAT;
USOCR;
FPRS
EPO; JPO

ADJ

ON

2018/10/01
17:42

S123

204

("0174348" | "0202092" | "0208011" |
"0224649" | "0229159" | "0298727" |
"0346765" | "0347078" | "0367014" |
"0537926" | "0537998" | "0541025" |
"0625754" | "0647622" | "0685719" |
"0688782" | "0700888" | "0744908" |
"0846338" | "0894110" | "0896876" |
"0911960" | "0945331" | "0945846" |
"1112547" | "1167471" | "1167472" |
"1183445" | "1788466" | "1984164" |
"20020065581" | "20020114749" |

"20020184817" | "20030088370" |

"20030103882" | "20040003716" |

"20040013589" | "20040086439" |

"20040219083" | "20050039598" |

"20060047526" | "20060210463" |

"2016821" | "2059388" | "2089599" |
"2511288" | "3194629" | "3288576" |
"3437476" | "3599610" | "3662523" |
"3725530" | "3764496" | "3823676" |
"3838190" | "3849267" | "3849537" |
"3956458" | "3961020" | "3974254" |
"4040802" | "4075282" | "4094777" |
"4101631" | "4115518" | "4148613" |
"4174373" | "4196173" | "4226601" |
"4233274" | "4272250" | "4280817" |
"4305726" | "4322218" | "4377599" |
"4387653" | "4394354" | "4440100" |
"4472278" | "4474896" | "4519807" |
"4519995" | "4555392" | "4582936" |
"4602918" | "4629721" | "4693731" |
"4716137" | "4741278" | "4758418" |
"4764219" | "4786483" | "4804521" |
"4807542" | "4824441" | "4830829" |
"4873930" | "4886519" | "4892567" |
"4915818" | "4933158" | "4936047" |
"4964889" | "5013358" | "5024171" |

US-PGPUB;
USPAT;
USOCR

ADJ

ON

2018/10/01
17:42
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A/N 15/997.091 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s}: Edwin S. Olson et al. Examiner: AMBER ROSE ORLANDO
Application No.: 15/997,091 Group Art Unit: 1776

Filed: June 4, 2018 Docket No.: 4820.001U10
Confirmation No.: 5161

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

AMENDMENT & RESPONSE UNDER37C.ER. § 1,111

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Applicant has received the Non-Final Office Action dated November 2, 2018. Please enter

the following.
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AMERDMENT AND RESPONSE UNDER 37 C.ER. § 1,111 Page 2
Application Number: 15/9%7,091 Dkt: 4820.001U10
Filing Date: June 4, 2018

Titie: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

IN THE CLAIMS

Blease amend the claims as follows:
1. (Currently Amended} A method for reducing mercury in a mercury-containing gas, the
method comprising:

ijecting-a-sorbent-inte-the-mereury-contathtng-gas:

combusting coal that comprises an additive comprising Bry. HBr, Br’, or a combination

thereof. to form the mercurv-containing gas. wherein the combusting of the coal is performed at a

coal combustion facilitv site:

collecting mercury in the mercury-containing gas on [{the]]a sorbent to produce a cleaned
gas, wherein the sorbent {[is]icomprises a promoted activated carbon that is promoted in-tlight in a_

oas stream at the coal combustion facility site comprising contacting activated carbon dispersed in

the gas stream with at least one promoter that-iscomprising [[Br:, [|JHBr, Br, or a combination

therentvhesem-thererens v conisiresas-is-a-eofh-combustion s

2-3.  (Canceled)

4. (Currently Amended) The method of claim 1, wherein the-prometedan activated carbon is

promoted with the promoter while the promoter is in {{the]]a gas phase or is a vapor.

i

(Canceled)

b. (Original) The method of claim 1, wherein the promoted activated carbon comprises active

sites, comprising halide anions bound to the activated carbon.

7. (Originaly The method of claim 1, wherein the promoted activated carbon comprises active

sites comprising carbocations bound to halide anions.

8. (Currently Amended} The method of claim 1, wherein collecting the mercury comprises
chemieally-reacting carbene species edge sites in the activated carbon with the mercury.
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Titie: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

9. (Original) The method of claim 1, further comprising injecting an alkaline sorbent into the

mercury-containing gas stream.

10. {Original) The method of claim 9, wherein the alkaline sorbent is selected from the group
consisting of alkali elements, alkaline earth elements, alkali salts, alkaline earth salts, and

combinations thereof.

11. {Original) The method of claim 9, wherein the alkaline sorbent is selected from the group

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

12, {Original) The method of claim 1, wherein the activated carbon is chosen {rom powdered
activated carbon, granular activated carbon, carbon black, carbon fiber, aerogel carbon, pyrolysis

char, and combinations thereof.

13. (Original) The method of claim 1, wherein the promoter is HBr or Br",
14. {Original) The method of claim 1, wherein the mercury-containing gas is a flue gas stream

downstream of a boiler furnace.

15. (Currently Amended) The method of claim 1, wherein monitoring [{the }jmercury content of

the cleaned gas is performed substantially continuously.

16. (Currently Amended) The method of claim 1, wherein the sorbent has a composition

comprising from about | to about 30 grams of promoter per 100 grainsgrams of activated carbon.

17. {(Currently Amended) The method of claim 1, further comprising injecting a sorbent_

comprising activated carbon into the mercury-containing gas stream to form the promoted activated

carbon.
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- SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

18, (Original) The method of claim {, comprising collecting greater than 70 wt%s of the mercury

in the mercury-containing gas.

19. {Original) The method of claim 1, comprising collecting greater than 70 wt% of the mercury

in the mercury-containing gas on the sorbent.

20, (Currently Amended) The method of c¢laim 1, wherein the method is a method for reducing
mercury in the mercury-containing gas to a desired level, the method further comprising:
monitoring {{the ]jmercury content of the cleaned gas; and

controlling, in response to the monitored mercury content of the cleaned gas, an injection

rate at which the promoter is added to the sorbent comprising activated carbonthe-serbent-

eowmposition, or a combination thereof, so that the mercury content of the cieaned gas is maintained

at or below the desired level.
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AMERNDMENT AND RESPOXRSE UNDRER 37 C.ER, § 1,111 Page 8
Application Number: 15/997,091 Dkt: 4820.001U10
Filing Date: Jus
Titie: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

REMARKS
This responds to the Non-Final Otfice Action dated November 2, 2018,
Claims 1, 4, 8, 15, 16, 17, and 20 are presently amended. Claims 2-3 and 5 are presently
canceied, and no claims were canceled previously. No new claims are presently added. As a result,
claims 1, 4, and 6-20 are now pending in this application.

Independent claim 1 is amended to recite “...combusting coal that comprises an additive

comprising Br;. HBr, Br. or a combination thereof, to form the mercurv-containing gas, wherein the

combusting of the coal is performed at a coal combustion facilitv site....” Support can be found in

the present published application at paragraphs {0042] {promoter can be bromide, Br7), [0054] and
[0072] (bromine, bromide, or HBr can be promoter}, paragraphs [0077]-[0086] (“additive” can
mean promoter}), and FIG. 11 {the additive can be added to the coal).

Independent claim 1 is amended to recite ... wherein the sorbent [[is]jcomprises a promoted

activated carbon that is promoted in-flight in a gas stream at the coal combustion facility site

comprising contacting activated carbon dispersed in the gas stream with at least one promoter that-
scomprising [[Bry, ]JHBr, Br', or a combination thereof;-wherein-the-mescury-conteiag -gas1s-a-
coal-combustion-gas. ...~ Support can be found in the present published application at paragraph
[0076]-{0086].

Claim 20 is amended to recite “.. controlling, in response to the monitored mercury content

of the cleaned gas, an injection rate of injecting a [{the {}sorbent comprising activated carbon into

oas, a rate at which the promoter is added to the sorbent comprising

O

the mercury-containing

activated carbontke-serbent-compeosition, or a comnbination thereot, so that the mercury content of

the cleaned gas is maintained at or below the desired level.” Support can be found in the present
published application at paragraph [0025].

No new matter is added via the amendments herein.

The Rejection of Claims Under $112

L The Office Action rejected claims 2-6, 12, 15 and 20 under 35 U.S.C. § 112(b}or 35 U.S.C.

$ 112 {(pre-AlA}. second paragraph, as allegedly being indefinite.

This rejection is respectfully traversed.
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The Office Action states that claim 2 recites “the coal” in line 1, which is lacking sutficient
antecedent basis.

Claim 2 is presently canceled.

The Office Action states that claim 3 recites the limitation “the coal” in line T, which is
lacking sufficient antecedent basis.

Claim 3 is presently canceled.

The Office Action states that claim 3 recites the limitation “the precursor” in line 2, which is
lacking sufficient antecedent basis.

Claim 3 is presently canceled.

The Office Action states that clairn 4 recites the limitation “the gas phase” in line 2, which is
facking sufficient antecedent basis.
Claim 4 is presently amended to recite ... wherein the-premetedan activated carbon is

promoted with the promoter while the promoter is in {{the]]a gas phase or is a vapor.”

The Office Action states that claim 3 recites the limitation “the activated carbon” in [ine 1,
which is lacking sufficient antecedent basis.

Claim 1 is presently amended to recite ... wherein the sorbent {[is]jcomprises a promoted
activated carbon that is promoted in-flight in a gas strean at the coal combustion facilitv site_

comprising contacting activated carbon dispersed in the gas stream with at least one promoter....”

In view of the amendments to claim 1, claim 5’s recitation of “the activated carbon” has antecedent

basis in claim 1 from which it depends.

The Office Action states that claim 6 recites the limitation “the activated carbon” in line 2,
which is lacking sufficient antecedent basis.
In view of the amendments to claim 1, claim &’s recitation of “the activated carbon” has

antecedent basis iny claim 1 from which it depends.
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The Office Action states that claim 12 recites the limitation “the activated carbon™ in line 1,
which is lacking sufficient antecedent basis.
In view of the amendments to claim 1, claim 12’s recitation of “the activated carbon’ has

antecedent basis in claim | from which it depends.

The Office Action states that claim 15 recites the limitation “the mercury content” in line 1,
which is lacking sufficient antecedent basis.
Claim 15 is presently amended to recite “. .. wherein monitoring [[the }]mercury content of

the cleaned gas is performed substantially continuously.”

The Office Action states that claim 15 recites the limitation “the cleaned gas” in lines 1-2,
which is lacking sufficient antecedent basis.

Claim 1 recites “...collecting mercury in the mercury-containing gas on f{the}}a sorbent to
produce a cleaned gas....” Claim 15’s recitation of “the cleaned gas” has antecedent basis in claim

I from which i1t depends.

The Office Action states that claim 20 recites the limitation “the mercury content” in lines 3
Claim 20 1s presently amended to recite “...monitoring [[the }Jmercury content of the

cleaned gas.. "

The Office Action states that clairm 20 recites the limitation “the cleaned gas™ in lines 3, 4
and 6, which is lacking sufficient antecedent basis.
Claim 15’s recitation of “the cleaned gas” has antecedent basis in claim 1 from which it

depends.

The Office Action states that claim 20 recites the limitation “the sorbent composition” in line
5, which 1s lacking sufficient antecedent basis.

Claim 20 1s presently amended to recite “...a rate at which the promoter is added to the

sorbent comprising activated carbonthe-serbent-compesition....”
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Applicant therefore respectfully requests reconsideration and withdrawal of the rejection of
claims 2-6, 12, 15 and 20 under 35 U.S.C. § 112(b) or 35 U.S.C. § 112 {pre-AlA), second

paragraph.

The Rejection of Claims Under §102
iL The Office Action reiected claims 1. 4-14. and 16-19 under 35 UJ.S.C. § 102{e} over LJ.S.

patent publication no. 2004/0003716 (“Nelson™).

This rejection is respectfully traversed.

Independent claim 1 is amended to recite “...combusting coal that comprises an additive

comprising Brs. HBr, Br'. or a combination thereof, to form the mercury-containing gas, wherein the

combusting of the coal is performed at a coal combustion facility site....”

Nelson fails to describe or suggest combusting coal that includes an additive that includes
Br;, HBr, Br’, or a combination thereof. Nelson fails to describe or suggest all the features of
independent claim 1; therefore, this claim cannot be anticipated by Nelson.

Dependent claims 4-14 and 16-19 are directly or indirectly dependent on independent claim
1. As such, these dependent claims incorporate all the features of claim 1. Accordingly, dependent
claims 4-14 and 16-19 are patentable for at least the reasons given herein for patentability of
independent claim 1.

Applicant therefore respectfully requests reconstderation and withdrawal of the rejection of

claims 1, 4-14, and 16-19 under 35 U.S.C. § 102(e} over Nelson.

The Rejection of Claims Under $103

1L The Office Action rejected claims 2-3, 3. 15, and 20 under 35 U.8.C. § 103{a) over U S.

patent publicaiion no. 2004/0003716 (“Nelson™) in view of U.&S. patent no. 5,435,980 {“Felsvang™).

This rejection is respectfully traversed.
As explained herein at 1V, independent claim 1 is patentable over Nelson in view of

Felsvang.
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Dependent claims 2-3, 5, 15, and 20 are dependent on independent claim {. As such, these
dependent claims incorporate all the features of claimt 1. Accordingly, dependent claims 2-3, 5, 15,
and 20 are patentable for at least the reasons given herein for patentability of independent claim 1.

Applicant therefore respectfully requests reconsideration and withdrawal ot the rejection of

claims 2-3, 5, 15, and 20 under 35 U.S.C. § 103{a} over Nelson in view of Felsvang.

1V, The Oifice Action rejected claims 1-20 under 35 U.S.C. § 103{a) over U.S. patent

publication no. 2004/000371& (“Nelson™) in view of U.S. patent no. 5.435.980 {“Felsvang”}.

This rejection is respectfully traversed.

Independent claim 1 is amended to recite “...combusting coal that comprises an additive

comprising Br;, HBr, Br. or a combination thereof] to form the mercury-containing gas, wherein the

combusting of' the coal is performed at a coal combustion facility site; collecting mercury in the

mercury-containing gas on f{thejja sorbent to produce a cleaned gas, wherein the sorbent

[lis]]comprises a promoted activated carbon that s promoted in-flight_in a gas stream at the coal

combustion facility site comprising contacting activated carbon dispersed in the gas stream with at

least one promoter ghatiscomprising [[Bra, [|HBr, Br', or a combination thereof;-wherein-the-

As amended, any process encompassed by independent claim 1 includes in-tlight promotion
of activated carbon in the flue gas. Whether the activated carbon is untreated at the time of addition
to the mercury-containing gas or the activated carbon is treated with an additive prior to addition to
the mercury containing gas, the injected activated carbon encounters promoters in the flue gas
formed from the combustion of the coal comprising the additive including Br,, HBr, Br’, or a
combination thereof, and is thereby promoted in-flight inn the flue gas.

As explained herein at I¥(A), there would be no motivation for a person of ordinary skill in
the art to use Nelson’s bromide additives in Felsvang’s process. As explained herein at f¥V(B)1),
in-flight promotion with bromide promoters is more effective for mercury removal than treating the
sorbent with bromide or bromine additives outside the mercury-containing gas, and as explained
herein at ¥ (B}{(2}, there would be no way for a person of ordinary skill in the art to predict this
advantage from the cited references. As explained herein at V(' }(1), in-flight promotion with

bromide promoters is more effective for mercury removal than in-flight promotion with chioride-
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promoters, and as explained herein at I¥{{}{2}), there would be no way for a person of ordinary skill
in the art to predict this advantage from the cited references. As explained herein at 1V{I}), even if a
person of ordinary skill in the art compared the mercury removal of Felsvang’s activated carbons
promoted with chloride in the flue gas to activated carbons treated with HCl outside of the flue gas,
they would not determine that in-flight promotion provides the same or better mercury removal
properties. As explained heremn at IV{E)}{1), activated carbon treated with bromide additives outside
the flue gas and subsequently injected into the flue gas containing bromide promoters for in-flight
promotion results in greater mercury removal than using activated carbon only treated with bromide
additives outside the flue gas or activated carbon only treated with bromide promoters in-flight in
the flue gas, and as explained herein at ¥¥{E}{2}, there would be no way for a person of ordinary

skill in the art to predict this advantage from the cited references.

IV{A)}. There would be no motivation for a person of ordinary skill in the art to use Nelson’s

bromide additives in Felsvang’s process.

Independent claim 1 is amended to recite ... combusting coal that comprises an additive

comprising Brs. HBr, Br'. or a combination thereof] to form the mercury-containing gas. wherein the

combusting of the coal is werformed at a coal combustion facility site; collecting mercury in the

mercury-containing gas on {fthe}ja sorbent to produce a cleaned gas, wherein the sorbent

[is]lcomprises a promoted activated carbon that is promoted in-flight in a gas stream at the coal

combustion facility site comprising contacting activated carbon dispersed in the gas stream with at
least one promoter shatdscomprising [[Br, [JHBr, Br’, or a combination thereof;-wheresn-the-
FACFOUFY-COMaRIRG-2a5-15-2-eoat-combustiongas.”

The Office Action admits that Felsvang fails to describe or suggest a halogen or halide
promoter that is Brz, HBr, or Br". Nelson fails to describe or suggest in-flight promotion of
activated carbon with a halide in the flue gas. The Office Action alleges that one of ordinary skill in
the art would combine Nelson’s additive with Felsvang’s method to accomplish the presently
claimed method, stating that such a modification of Felsvang would be made “.. to promote
activated carbon {Nelson paragraphs [0017] and [004 1]} so as to provide an effective carbon sorbent

for mercury.” ({Mfice Action, page 9, last sentence of fourth fuslf paragraph}. Applicant respectfistly
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disagrees. As explained below, a person of ordinary skill in the art would not be motivated to use
Nelson’s bromide additives in Felsvang’s process.

Felsvang 1s directed to adding chlorine (Cly} or chloride {C1"y materials to the coal or
combustion products. Felsvang makes clear that addition of chlorine or chloride material increases
the amount of chloride supplied to the flue gas, or to the drying-absorption zone, see, Abstract and
col. 3, lines 40-44. When Felsvang mentions activated carbon, the interaction between activated
carbon and chloride is the focus: “[ijt has been experienced that the increase of the Hg-removing
effect of chloride addition to the drying-absorption zone in a process treating flue gases of low
chloride content is especially remarkable when activated carbon is present....” Col. 3, line 67
bridging to col. 4, line 4. For a person of ordinary skill in the art to be motivated to replace
Felsvang’s chloride-treatment with treatment by another material to provide an effective carbon
sorbent for mercury, that person would need to think that the material they are using to replace the
chloride would result in the same or better mercury-removal efficiency. However, not only does
Felsvang fail to describe or suggest that in-flight promotion of activated carbon with chloride
provides better mercury removal than treatment of activated carbon outside the flue gas with
chloride; further, as shown herein at ¥¥V{I}}, treatment of activated carbon outside the flue gas with
chloride actually provides better mercury removal than in-tlight promotion of activated carbon with
chloride, which would lead one of ordinary skill in the art away from using in-flight promotion.

Nelson’s Background paragraph [0017] states that “[tThe particular advantages of using
bromine rather than iodine or iodides, or chlorine or chlorides, with activated carbons for mercury
control have not been previously appreciated.” The paragraph then goes on to describe various
accomplishments in the prior art, stating that prior art processes fail to use bromine as a
seqquestration agent on carbon, and concludes with “{rjather, it serves as a catalyst, taking part in a
repeated series of desired chemical reactions, but not becoming permanently consumed by any of
them. Berhaps it is understandable that the tenacity of carbon-bromine-mercury complexes could be
overlooked.” Importantly, paragraph [0017] states that bromine {Br} is superior to I» or I, or Cl; or
Cl, with activated carbons for sequestration, and never states that the claimed promoters HBr or Br
are more etfective with activated carbons than chlorides.

Nelson’s paragraph {004 1] states:
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FO841] 1 hove discovered that the simple act of exposing =
carbonaceous materiad, preforably powdered activated cars
bon (PAC), t© paseous hromine, Brio) or o gaseous
Bydrogen bromide, HBe{gh, significantly inoroases the oars
bonaceous walorial’s abllly 12 [emOve WMeICHry spooios
wihsny ugectd fite bigh-omperature coal-fired  fuc-gas
compositions. Surprisiogly, gascous bromine produces 3
much wore effective and appropriais carbon sorbent for
mercwry it ot covabustion gases than do ndine or fodids
spevies, or Chlorine or chloride species, wy vontrast o what
has been taught i the prior ant

Paragraph [0041] begins by stating that bromine, defined as Br», or hydrogen bromide, defined as
HBr, increases the mercury absorption capacity of activated carbon. Then, paragraph [0041] states
specifically that bromine (Brz) produces a more effective mercury-absorbing carbon sorbent than
iodine (1), or iodide (I}, or chlorine (Cl:), or chloride (C17). With the precise definitions given for
bromine and hydrogen bromide, and then reference only to bromine, Nelson makes clear that the
comparison of efficacy is only with respect to bromine and not hydrogen bromide. Like paragraph
[0017], paragraph [0041] also fails to state that HBr or Br™ are more effective with activated carbons
than chlorides.

The majority of Nelson’s Examples (1-4 and 8) focus only on Br:. Nelson’s Examples 5-7
demonstrate the use of HBr-treated sorbent; however, none of these Examples or any other parts of
Nelson compare the mercury-absorption performance of HBr-treated activated carbon to chloride-
treated activated carbon such as HCl-treated activated carbon. Although figures 14 and 13 illustrate
HBr-treated activated carbon and Cly-treated activated carbon, Cla-treated activated carbon is not
chloride-treated carbon and these figures fail to show any examples of chloride-treated activated
carbon.

Nelson’s paragraph [0049] states:

(08487 A critical element io the process is that a bromine~
centaining gas 3 15 used {0 treat the carbonaceous substrate.
Proforably this gas comprises elemantal bromine, Beg.
altongh othey bromine-containing gases, such a3 hydrogen
bromade, HBr wall also have the advartageous effect of the
mveion.

Paragraph [0049] says that using Br: is a critical element of the process. It states that HBr can also

have the “advantageous effect of the invention”; however, it is not clear what advantage this 1s
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referring to. The very next paragraph, {00501, states “{i}n the liquid form at ambient temperatures,
elemental bromine is dense and compact, with advantages in transport and storage.” These
statements also hold true for HBr in the form of a gas. No Example is given in Nelson comparing
the mercury-absorption performance of activated carbons treated with bromides such as HBr to the
mercury-absorption performance of chlorides such as HCl. In every statement comparing to other
halogens or halides, Nelson states with great particularity, even giving the chemical formula, that
bromine {B1) has advantageous effects over other halogens and halides but fails to mention
bromides in these statements. One of ordinary skill in the art would not interpret paragraph [004%]
or any other part of Nelson as describing or suggesting that bromides even have the same
effectiveness for mercury sequestration when used to treat activated carbons as chlorides, let alone
that bromides are more effective for mercury sequestration when used to treat activated carbons than
chlorides or chlorine.

Nelson fails to describe or suggest that treatment of activated carbon with bromides such as
HBr could provide any mercury-removal improvement, or even the same mercury-removal activity,
compared to activated carbons treated with chlorides. Not only does Felsvang fail to describe or
suggest that in-flight promotion of activated carbon with chloride provides better mercury removal
than treatment of activated carbon outside the flue gas with chloride; further, as shown herein at
IV{D), treatment of activated carbon outside the flue gas with chloride actually provides better
mercury removal than in-tlight promotion of activated carbon with chloride, which would lead one
of ordinary skill in the art away from using in-flight promotion. A person of ordinary skill in the art
would have no reason to modify Felsvang’s chloride process with a different promoter to form an
effective carbon sorbent for mercury if the resulting mercury-removal efficiency could not be
reasonably predicted to be the same or greater as that of Felsvang’s original process. Therefore, a
person ot ordinary skill in the art would not be motivated to combine Nefson’s bromide additive

with Felsvang’s chloride method. Independent claim 1 is patentable for at least this reason.

IViBH 1. In-flight promotion with bromide promoters is more effective for mercury removal

than treating the sorbent with bromide or bromine additives outside the mercury-containing eas.

The inventors of the present application have discovered that by combusting coal in the

presence ot a bromide promoter, and by placing an activated carbon sorbent in the mercury-
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containing gas, as presently claimed, the activated carbon can be promoted by the promoter in-tlight
in the mercury-containing gas, and firrther, that in-flight bromide promotion of the activated carbon
1s more effective for mercury removal than use of an activated carbon that is treated with bromides
or bromine outside the flue gas.

As explained in the 37 CFR § 1.132 declaration by John Pavtish filed with the Non-Final
Office Action Response for Application No. 15/978,760 on December 3, 2018 (“first 132
Declaration™), pilot-scale testing was performed with activated carbon alone (untreated} injected
into the flue gas, the activated carbon treated with Brz outside the flue gas as per the Nelson
procedure (see, first 132 Declaration at item 6), and with NaBr added to coal prior to introduction to
the furnace with injection of untreated activated carbon into the flue gas. The same activated carbon
was used for each sample. See, the first 132 Declaration at items §-11. The plot given in the first

132 Declaration at item 11 is reproduced below.
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The data in the plot above from item 11 of'the first 132 Declaration show that the NaBr
added to coal prior to introduction to the furnace with injection of untreated activated carbon into
the flue gas (in-flight promotion with Br’) provided a higher percent of mercury removal at all tested
sorbent injection rates as compared to the activated carbon alone {untreated} and compared to the
activated carbon treated with Br; outside the flue gas described herein at item 6 as per the Nelson
procedure. With NaBr added to the coal and activated carbon injected into the flue gas, there was a
significant reduction in the amount of sorbent required to acheive similar mercury removal
compared to the activated carbon treated with Br; outside the flue gas. For example, to acheive
70% mercury removal, 2.5 Ib/MMacf of Br;-treated carbon was required, as compared to 1.6
Ib/MMact with NaBr added to the coal and activated carbon injected into the flue gas; an additional
(2.5-1.6/1.6)*100% or 56% treated sorbent was required to achieve the same leval of mercury
removal. See, first 132 Declaration at items 2-5 and 12.

The percent mercury removal per 1 wt%s HBr versus the sorbent injection rate was compared
with NaBr added to coal prior to introduction to the furnace with injection of untreated activated
carbon into the flue gas using the pilot-scale plant, and with Nelson’s activated carbon treated with
HBr outside the flue gas. The data for Nelson’s activated carbon treated with HBr outside the flue
gas was taken directly from Nefson. The first plot given in the first 132 Declaration at iteny 13 1s

reproduced below, but only showing the bromide data.
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The data in the plot above, derived from the first plot at item 13 of the first 132 Declaration,

show that the NaBr added to coal prior to introduction to the fiirnace with injection of untreated
activated carbon into the flue gas provided a significantly higher {about 2x} percent mercury
removal per | wt% HBr at all tested sorbent injection rates as compared to Nelson’s activated
carbon treated with HBr outside the flue gas. See, first 132 Beclaration at item 14.

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

132 Declaration at item 13 is reproduced below.
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