
IN THE UNITED STATES PATENT AND TRADEMARK O:FF'ICE 

Inventors: F.:clwin S. Olson et al. 
Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY 
Attorney Docket No.: 4820.001 US 10 
Customer No.: 21186 

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

PATENT APPLICATION TRANSMITTAL 

We are transmitting herewith the following attached items and infom1ation (as indicated with an "X"): 

X CONTINUATION under 37 CFR 1.53(b) 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, including claims numbered 1 through 20 and a 1 page Abstract). 
X Formal Drawings (11 sheets) 
X Certification and Request for Prioritized Examination (Track l) ( l pg), including authorization to charge 

Deposit Account 19-0743 in the amount of $4000. 00 for the Prioritized Examination (Track l) filing fee as set 
forth in 37 C.F.R. § l .  l 7(c): and Authorization to charge Deposit Account 19-0743 for the Processing Fee 
(Track 1) set forth in 37 CF.R § l 17(i) in the amount of$140.00. 

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

The filing foe has been calculated below as follows: 
No. Filed No. l:xtra Rate 

TOTAL CLAIMS 20 -20 0 X $100.00 = 

INTIEPENDENT CLA1-'1.1S l - 3 0 X $460.0() = 

[]MULTIPLE DEPENDENT CLAIMS PRESENTED 

BASIC FEE 

SEARCH FEE 

EXAMINATION FEE 

PRIORITIZED EXAMINATION (TRACK i) FILING FEE 

PROCESSiNG FEE (TRACK l) 

No. of 1mges 
(75%. fore-,fiiing) 

APPLICATION SIZE FEE (54 - 100) / 50 

TOTAL 

Extra sets of 

50 pages 

0 

Rate 

$400.00 

Fee 

$0.00 

$0.00 

$0.00 

$300.00 

$660.00 

$760.00 

$4,000.00 

$140.00 

$0.00 

$5,860.00 

Please charge any additiona l required fees or credit overpayment to Deposit Account No. 19-0743. If applicable, 

any papers or fees supplied herewith are considered to be timely filed pursuant to 37 C.l<'.R. § l.7(a), the response 
period falling on a .Federal Holiday, Saturday or Sunday being extended to the next succeeding business day. 

SCHWEGiV1A.N LUNDBERG & WOESSNER. P.A. 
Customer Number: 21186 

Date of Deposit June 4. 2018 

B/ �r J�!:KlR •LA�-; 
�cholas P. Lanz.atella 
Reg. No. 63,803 

This paper or foe is being filed on the date indicated above usrng the USPTO's electronic filing system EFS-Web. and is addressed to The Commissioner for Patents, 
P.O. Box 1450, Alexandria. VA 22313-1450. 
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Modified PTO/AiA/14 (12-13) 
Approved for use througl1 04i30i2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no oersons are recIuired to resoond to a collection of info rmation unless it contains a valid 0MB control number - -

Attorney Docket Number 4820.00lUSlO 
Application Data Sheet 37 CFR 1.76 

Application Number Unknown 

Title of Invention SORBENTS FOR THE OXIDi\TION AND REl'v10W\L OF MERCURY 

:fhe application data sheet ls part of the provisiona! ornonprovisional app!!cation for which ltls being submitted. The foiiowing form contains the 

bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 

!fhls document may be completed electronically and submitted to the Office in electronic format uslng the Electronic FiiingSystem {EFS) or the

document may be printed andinciuded in a paper filed app!lcation.

Secrecy Order 37 CFR 5.2: 

D Portions or an of the application associated with this Application Data Sheet may tan 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. Olson 

Residence Information (Select One) 

!8'J US Residency D Non US Residency D Active US Military Service 

City Grand Forks State/Province ND 
Country of United States of America 
Residence 

Mailing Address of Inventor: 

Address 1 223 Circle Hills Drive 

Address 2 

City Grand Forks State/Province IND 

Postal Code ! 58201
: 

Country I United States of America 

Inventor 2: Michael J. Holmes 

Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Michael J. Holmes 

Residence Information (Select One) 

!8'J US Residency D Non US Residency D Active US Military Service 

City Thompson State/Province ND 
Country of United States of America 
Residence 

Mailing Address of Inventor: 

Address 1 614 6th Avenue Northeast 

Address 2 

City Thompson State/Province IND 

Postal Code !58278
: 

Country I United States of America 
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Modified PTO/AiA/14 (12-13) 
Approved for use througl1 04i30i2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no oersons are recIuired to resoond to a collection of info rmation unless it contains a valid 0MB control number - -

Attorney Docket Number 4820.00lUSlO 
Application Data Sheet 37 CFR 1.76 

Application Number Unknown 

Title of Invention SORBENTS FOR THE OXIDi\TION AND REl'v10W\L OF MERCURY 

:fhe application data sheet ls part of the provisiona! ornonprovisional app!!cation for which ltls being submitted. The foiiowing form contains the 

bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 

!fhls document may be completed electronically and submitted to the Office in electronic format uslng the Electronic FiiingSystem {EFS) or the

document may be printed andinciuded in a paper filed app!lcation.

Inventor 3: John H. Pavlish 

Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

John H. Pavlish 

Residence Information {Select One) 
181 US Residency D Non US Residency D Active US Military Service 

City East Grand Forks State/Province MN Country of United States of America Residence 

Mailing Address of Inventor: 

Address 1 42204 210th Street SW 
Address 2 

City East Grand Forks State/Province IMN 

Postal Code 156721 Country I United States of P1merica 

Correspondence Information: 

l:nter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information o f  this application. 

Customer Number 2.1186 

Email Address request@slwip.com 

Application Information: 

Title of the Invention SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY 

Attorney Docket Number 482.0.001US10 I Small Entity Status Claimed □

Application Type Non-Provisional 

Subject Matter Utility 

Suggested Class {if any) I Sub Class (if any) I 

Suggested Technology Center (if any) 

Total Number of Drawing Sheets (if any) 11 !suggested Figure for Publication {if any) I
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Modified PTO/AiA/14 (12-13) 
Approved for use througl1 04i30i2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no oersons are recIuired to resoond to a collection of info rmation unless it contains a valid 0MB control number - -

Attorney Docket Number 4820.00lUSlO 
Application Data Sheet 37 CFR 1.76 

Application Number Unknown 

Title of Invention SORBENTS FOR THE OXIDi\TION AND REl'v10W\L OF MERCURY 

:fhe application data sheet ls part of the provisiona! ornonprovisional app!!cation for which ltls being submitted. The foiiowing form contains the 

bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 

!fhls document may be completed electronically and submitted to the Office in electronic format uslng the Electronic FiiingSystem {EFS) or the

document may be printed andinciuded in a paper filed app!lcation.

Filing By Reference: 

!Only complete this section when filing an application by reference under 35 U.S.C. 111{c) and 37 CFR 1.57{a), Do not
!complete this section if application papers including a specification and any drawings are being filed. Any domestic benefit or foreign
priority information must be provided in the appropriate section(s) below (i.e., ;;Domestic Benefit/National Stage Information" and
"Foreign Priority Information").

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by
this reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.S7(a).

!Application number of the previously Filing date (YYYY-MM-DD) lnteiiectual Property Authority or 

filed application Country Publication 

Publication Information: 

D Request Early Publication {Fee required at time of Request 37 CFR. 1.219} 

D Request Not to Publish. I hereby request that the attached application not be published under 35 U.S. 
C. 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
months after filing.

Representative Information: 

Representative information should be provided for al! practitioners having a power of attorney ln the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32}. 
Entereither Customer Number or complete the Representative Name section below. if both sections are completed the 
Customer Number will be used for the Representative Information during processing. 

Please Select One: 181 Customer I □ US Patent Practitioner I □ Limited Recognition {37 CFR 11.9) 

Customer Number 21186 
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Modified PTO/AiA/14 (12-13) 
Approved for use througl1 04i30i2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no oersons are recIuired to resoond to a collection of info rmation unless it contains a valid 0MB control number - -

Attorney Docket Number 4820.00lUSlO 
Application Data Sheet 37 CFR 1.76 

Application Number Unknown 

Title of Invention SORBENTS FOR THE OXIDi\TION AND REl'v10W\L OF MERCURY 

:fhe application data sheet ls part of the provisiona! ornonprovisional app!!cation for which ltls being submitted. The foiiowing form contains the 

bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 

!fhls document may be completed electronically and submitted to the Office in electronic format uslng the Electronic FiiingSystem {EFS) or the

document may be printed andinciuded in a paper filed app!lcation.

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119{e}, 120, 121, or 365{c} or indicate 

National Stage entry f rom a PCT application. Providing this information in the appl ication data sheet constitutes the 

specific reference required by 35 U.S.C. 119{e} or 120, and 37 CFR 1.78{a}(2} or CFR 1.78(a}{4}, and need not otherwise be 

made part of the spec ification. 

Prior Application Status Pending 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

This application continuation of 15/974,343 2.018-05-08 

Prior App licat ion Status Pending 

Application Number Continuity Type Prior Application Number 
Filing or 371{c) Date 

(YYYY-MM-DD) 

15/974,343 continuation of 15/951,970 2018-04-12 

Prior Application Status Pending 

Application Number Continui ty Type Pri or Application Number 
Filing or 371{c) Date 

(YYYY-MM-DD) 

15/951,970 continuation of 14/712,558 2015--05-14 

Prior Application Status Patented 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

14/712,558 continuation of 14/318,270 2.014-06-2.7 

Prior App licat ion Status Patented 

Application Number Continuity Type Prior Application Number 
Fiilng or 371{c) Date 

(YYYY-MM-DD) 

14/318,270 continuation of 13/966,768 2013-08-14 

Prior Application Status Patented 

Application Number Continui ty Type Pri or Application Number 
Filing or 371{c) Date 

(YYYY-MM-DD) 

13/966,768 continuation of 13/427,665 2012--03-22 

Prior Application Status Patented 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

13/427,665 continuation of 12./419,219 2.009-04-06 
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Modified PTO/AiA/14 (12-13) 
Approved for use througl1 04i30i2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no oersons are recIuired to resoond to a collection of info rmation unless it contains a valid 0MB control number - -

Attorney Docket Number 4820.00lUSlO 
Application Data Sheet 37 CFR 1.76 

Application Number Unknown 

Title of Invention SORBENTS FOR THE OXIDi\TION AND REl'v10W\L OF MERCURY 

:fhe application data sheet ls part of the provisiona! ornonprovisional app!!cation for which ltls being submitted. The foiiowing form contains the 

bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 

!fhls document may be completed electronically and submitted to the Office in electronic format uslng the Electronic FiiingSystem {EFS) or the

document may be printed andinciuded in a paper filed app!lcation.

Prior Application Status Abandoned 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

12/419,219 continuation of 12./201,.59.5 2008-08-29 

Prior Application Status Patented 

Application Number Continuity Type Prior Application Number 
Filing or 371{c) Date 

{YYYY-MM-DD) 

12/2.01,.59.5 division of 11/209,163 200.5-08-22 

Prior Application Status Expired 

Application Number Continuity Type Prior Application Number 
Filing or 371{c) Date 

(YYYY-MM-DD) 

11/209,163 Claims benefit of provisional 60/605,640 2004--08-30 

Foreign Priority Information: 
!fhls section allows for the applicant to daim priority to a foreign application. Providing this information in the application data

sheet constitutes the daim for priority as required by 35 U.S.C. 119{b} and 37 CFR 1.55(d). When priority ls claimed to a foreign

�ppllcatlon that ls eligible for retrieval under the priority document exchange program {PDX}l the information wm be used by the

Office to automatically attempt retrieval pursuant to 37 CFR 1.55{h}{1} and {2}. Under the POX program, applicant bears the

ultimate responsibility for ensuring that a copy of the foreign application ls received by the Office from the participating foreign

nteilectual property office, or a certified copy of the foreign priority application ls flied, within the time period specified in 37 CFR

1.55{g}{1}.

Application Number Country Parent Filing Date {YYYY-MM-DD) Access Code {if applicable) 
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Modified PTO/AiA/14 (12-13) 
Approved for use througl1 04i30i2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no oersons are recIuired to resoond to a collection of info rmation unless it contains a valid 0MB control number - -

Attorney Docket Number 4820.00lUSlO 
Application Data Sheet 37 CFR 1.76 

Application Number Unknown 

Title of Invention SORBENTS FOR THE OXIDi\TION AND REl'v10W\L OF MERCURY 

:fhe application data sheet ls part of the provisiona! ornonprovisional app!!cation for which ltls being submitted. The foiiowing form contains the 

bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 

!fhls document may be completed electronically and submitted to the Office in electronic format uslng the Electronic FiiingSystem {EFS) or the

document may be printed andinciuded in a paper filed app!lcation.

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed 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 to 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 both 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 

foreign IP office(s}. Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Offlce(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 {opt-out of authorization} ls checked, the

undersigned hereby grants the USPTO authority to provide the European Patent Office {EPO}, the Japan Patent Office

(JPO), the Korean Intellectual Property Office (K!PO}, 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 a bilateral or multilateral priority document exchange agreement in which a foreign

application claiming priority to the instant patent application is filed, access to: {1) the instant patent application-as-flied

and its related bibliographic data, {2) any foreign or domestic application to which priority or benefit is claimed by the

instant application and its related bibliographic data, and {3} the date of filing of this Authorization. See 37 CFR 1.14(11}

{1}.

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 {opt-out of authorization} ls checked,

the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search

results from the instant patent application when a European patent application claiming priority to the instant patent

application is filed. See 37 CFR 1.14(h){2).

The applicant ls reminded that the EPO's Rule 141{1} EPC (European Patent Convention} requires applicants to submit a 

copy of search results from the instant application without delay ln a European patent application that dalms priority to 

the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign intellectual Property Offlce(s}

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant

D application-as-flied. if this box is checked, the USPTO 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 to transmit to the EPO any search results from the instant patent

application. If this box ls checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or ls otherwise publicly available, the USPTO may provide access to the 

application in accordance with 37 CFR 1.14. 
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Modified PTO/AiA/14 (12-13) 
Approved for use througl1 04i30i2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no oersons are recIuired to resoond to a collection of info rmation unless it contains a valid 0MB control number - -

Attorney Docket Number 4820.00lUSlO 
Application Data Sheet 37 CFR 1.76 

Application Number Unknown 

Title of Invention SORBENTS FOR THE OXIDi\TION AND REl'v10W\L OF MERCURY 

:fhe application data sheet ls part of the provisiona! ornonprovisional app!!cation for which ltls being submitted. The foiiowing form contains the 

bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 

!fhls document may be completed electronically and submitted to the Office in electronic format uslng the Electronic FiiingSystem {EFS) or the

document may be printed andinciuded in a paper filed app!lcation.

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 

of CFR to have an assignment recorded by the Office. 

Applicant: l'v1 idwest Energy Emissions Corp 

If the a��licant ls 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 who is the 

applicant under 37 CFR 1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to 

assign the invention, or person who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 

CFR 1.46. !fthe applicant is an applicant under 37 CFR 1.46 {assignee, person to whom the inventor ls obligated to assign, or 

person who otherwise 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 □ legal Representative under 35 U.S.C. 117 I D Joint Inventor 

□ Person to whom the inventor is obligated to assign I D Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

□ Deceased
1

□ legally incapacitated

Name of the Deceased or legally Incapacitated Inventor : 

If the Applicant is an Organization check here: 181 

Organization Name: Midwest Energy Emissions Corp 

Prefix Given Name Middle Name Family Name 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 I 7 

AMEREN UE EXHIBIT 1027 
Page 8



Modified PTO/AiA/14 (12-13) 
Approved for use througl1 04i30i2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no oersons are recIuired to resoond to a collection of info rmation unless it contains a valid 0MB control number - -

Attorney Docket Number 4820.00lUSlO 
Application Data Sheet 37 CFR 1.76 

Application Number Unknown 

Title of Invention SORBENTS FOR THE OXIDi\TION AND REl'v10W\L OF MERCURY 

:fhe application data sheet ls part of the provisiona! ornonprovisional app!!cation for which ltls being submitted. The foiiowing form contains the 

bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 

!fhls document may be completed electronically and submitted to the Office in electronic format uslng the Electronic FiiingSystem {EFS) or the

document may be printed andinciuded in a paper filed app!lcation.

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 

of CFR to have an assignment recorded by the Office. 

Complete this section lf assignee information, including non-applicant assignee information, ls desired to be included on the 
patent application publication. An assignee-applicant identified in the "Applicant Information" section wm appear on the 
patent application publication as an applicant. For an assignee-applicant, complete 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 Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City State/Province 

Country Postal Code 

Phone Number Fax Number 

Email Address 

Signature: 

NOTE: This Application Data Sheet must be signed in accordance with 37 GR 1.33(b). However, if this Application Data Sheet is 

submitted with the INITIAL filing of the application and either 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 also be signed ln accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e.g., 

corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner, all joint 

inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g., see US PTO 

Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 GR 1.4(d) for the manner 

Signature I 
First Name 

Date {YYYY­

MM-DD) 

Registration 

Number 

2018-06-04 

63,803 

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which is 

to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is 

estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data sheet form 

to the US PTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this 

form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 

Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 

FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-14 
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SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY 

CROSS-REFERENCE TO RELAIBD APPUCA TIONS 

This application is a continuation of US. Patent Application Serial No. 

5 15/974,343, filed l\fay 8, 2018, which is a continuation of U.S. Patent Application 

Serial No. 15/951,970, filed April 12, 2018, which is a continuation of U.S. Patent 

Application Serial No. 14/712,558, filed May 14, 2015, which is a continuation of 

U.S. Patent Application Serial No. 14/318,270, filed June 27, 2014, which is a 

continuation ofl.JS. Patent Application Serial No. 13/966,768, filed August 14, 

10 2013, issued as U.S. Patent No. 8,821,819, wfoch is a continuation of U.S. Patent 

Application Serial No. 13/427,665, filed March 22, 2012, issued as l.JS. 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, filed August 29, 

15 2008, which is a division of U.S Patent Application Serial No. 11/209, 163, filed 

Au!:,:rust 22, 2005, issued as U.S. Patent No. 7,435,286, which application claims the 

benefit under 35 U.S.C. § 119 (e) 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. 

20 

STATEMENT REGARDING FEDERALLY SPONSORED 

RESEARCH OR DEVELOPMENT 

This invention was made with United States Government support under 

25 Grant Numbers R 827649-01 and CR 830929-01 awarded by the United States 

Environmental Protection Agency and under Contract Number DE-FC26-

98FT40320 a\varded by the United States Department ofEner,t;,ry. 111e United States 

Government has certain rights in this invention. 
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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, 

5 mercury is removed from gas streams generated during the burning or gasification 

of fossil fuels by highly reactive regenerab le 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 foel. The 

10 release of the mercmy (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. l11e amount that is 

15 oxidized depends on the amount of acid gases present in the flue gas and other 

factors. Amounts of mercury vary with the foel, but concentrations of mercury in 

the stream of flue gas from coal combustion are typically less than 5 parts per 

billion (ppb ). Large coal combustion facilities such as electric utilities may emit a 

pound of mercury, or more, per day. Mercury removal applications include, without 

20 !imitation, 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. 

25 

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. \Vhen particle injection is employed, the mercury captured on the 

30 sorbent particles is removed from the gas stream in a bag house or electrostatic 

precipitator (ESP) and collected along \vith ash particulate. 111e sulfide and basic 

4820.001US10 
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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, injection of fine carbon particles into the flue gas stream has been only 

partially successful in removing mercury, especially elemental mercury, where 

5 effective removal of only about 60�-"o is attained for some applications with a FF 

(fabric filter) to collect carbon and ash. Even lower removal rates have been 

observed when using an ESP to collect the carbon because the contact time of the 

carbon \vith the gas is very short. 

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

10 initially unreactive, and only after extended exposure to the flue gas does the 

sorbent become effectively seasoned and provide increased reactivity with the 

mercury in the gas. Consequently, these sorbents must be used in large amounts, at 

high sorbent-to-mercury ratios, to effectively capture the mercury. l11ese sorbents 

tend to be relatively expensive and cannot be easily separated from the ash for 

15 regeneration and reuse. 111e collection of carbon in the ash also creates solid \vaste 

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. TI1is invention provides for cost-effective removal of 

20 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. 

25 

SUMMARY OF TIIE 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 effective for the removal of mercury from flue gas streams. The sorbent 

30 comprises a new halide-modified carbon form containing a reactive compound 

produced by the reaction of bromine (or halide or other halogen) \vith the carbon. 
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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 \vith added benefits such as reduced costs. Optionally, 

the sorbent can be regenerated and reused. Sorbent treatment and/or preparation 

5 methods are also described. New methods for in-flight preparation, introduction, 

and control of the active sorbent into the mercmy contaminated gas stream 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 

10 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 

15 char, activated carbon with an average particle size greater than that of flyash 

produced such that it is physically separable therefrom, and combinations thereof, 

and the promoter is selected from the group consisting of molecular halogens, 

Group V (CAS nomenclature is used throughout) halides, Group VI halides, 

hydrohalides, and combinations thereof. In an embodiment, the base activated 

20 carbon may have an mass mean particle diameter such that it can be substantially 

separated by physical means from entrained ash in the gas stream from wfoch 

mercury is to be removed. In an embodiment, the base activated carbon may have a 

mass mean particle diameter greater than about 40 micrometers. 

In another embodiment, the sorbent comprises from about l to about 30 

25 grams promoter per 100 grams of base activated carbon. Another embodiment 

further comprises an optional secondary component comprising a halogen or a 

hydrohalide such that the reactivity and mercury capacity of the sorbent are 

enhanced. 

In another embodiment, the concentration of the optional secondary 

30 component on the finished sorbent is within the range of from about 1 to about 15 

wt-<;,o of the concentration of the promoter on the finished sorbent. 
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In another embodiment, an optional alkali component may preferably be 

added to provide a synergistic effect through combination of this alkali with the 

primary sorbent. 

In another embodiment, the optional secondary component is selected from 

5 the group consisting of Group V halides, Group VI halides, HI, HBr, HCl, and 

combinations thereof. In another embodiment, the promoter is substantially in vapor 

form when combined with the base activated carbon. In another embodiment, the 

promoter is combined with an organic solvent prior to reaction with the base 

activated carbon. In another embodiment, the promoter and optional secondary 

10 component are combined with the base activated carbon substantially 

simultaneously. Another embodiment further comprises adding a mercury­

stabilizing reagent selected from the group consisting of S, Se, H2S, SO2, l-hSe, 

SeO2, CS2, P2Ss, and combinations thereof Another embodiment farther comprises 

adding an optional alkali component. 

15 In an embodiment, a method is provided comprising providing a granular 

activated carbon; reacting the activated carbon with a promoter selected from the 

group consisting of halogens, halides, and combinations thereof, such that the 

reaction product comprises a promoted carbon sorbent effective for removal of 

mercury from a gas stream. In a further embodiment, the reaction product comprises 

20 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 

25 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 

30 contacting the activated carbon. In another embodiment, the promoter is in an 

organic solvent \vhen contacting the activated carbon. 
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In another embodiment, the promoter is selected from the group consisting 

of Bn, 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 

5 hydrohalide such that the reactivity and mercury capacity of the sorbent are 

enhanced. In another embodiment, the promoter and optional secondary component 

are contacted simultaneously with the activated carbon. In another embodiment the 

method further comprises adding a mercury-stabilizing reagent selected from the 

group consisting of S, Se, H2S, SO2, H2Se, SeO2, CS2, P2Ss, and combinations 

10 thereof In an embodiment, a method is provided for control of mercury in a flue gas 

with substantially lower sorbent requirements. Through enhanced sorbent reactivity, 

mercury removal per gram of sorbent is increase, thereby decreasing the capital and 

operating costs by decreasing sorbent requirements. 

In an embodiment, a method is provided for reducing mercury in flue gas 

15 comprising providing a sorbent, injecting the sorbent into a mercmy-containing flue 

gas stream, collecting greater than 70 wi-�o of the mercury in the flue gas on the 

sorbent to produce a cleaned flue gas, and substantially recovering the sorbent from 

the cleaned flue gas. In embodiments where less than 70 wi-% mercury removal is 

desired, the required removal may preferably be attained using less than half as 

20 much carbon as would be required with standard (non-enhanced) carbon. In a 

further embodiment, the method further comprises monitoring the mercmy content 

of the clean flue gas, regenerating the recovered sorbent, and using the monitored 

mercury content of the cleaned flue gas to control the rate of injection of the 

sorbent. In another embodiment the injected sorbent is prepared in-flight by reacting 

25 an activated carbon and a promoter within a pneumatic transport line from which 

the reaction product is injected to the mercmy-containing flue gas stream. 

In another embodiment, the promoter is selected from the group consisting 

of molecular halogens, halides, and combinations thereof In another embodiment, 

the promoter is reacted in the gas phase or as a vapor. In another embodiment, the 

30 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-flight by reacting 

an activated carbon, a promoter, and an optional secondary component to enhance 

the reactivity and capacity of the sorbent within a pneumatic transport line from 

which the reaction product is injected to the mercury-containing flue gas stream. 

5 In another embodiment, the optional secondary component is selected from 

the group consisting of iodine, hydrohalides, Group V halides, Group VI halides, 

and combinations thereof. In another embodiment, the optional secondary 

component is added at from about l to about 15 wt<;,o of the promoter content. In 

another embodiment, the method further comprises adding to the sorbent a mercury-

10 stabilizing reagent selected from the group consisting of S, Se, l-hS, SO2, H2Se, 

SeO2, CS2, P2Ss, and combinations thereof. 

In an embodiment, the method further comprises co-injecting an optional 

alkaline material, including without limitation alkaline and alkaline earth 

components, to improve the efficiency of mercury capture by capturing oxidized 

15 mercury and/or capturing gaseous components that might othenvise reduce sorbent 

capacity. In another embodiment, the optional alkaline material may preferably 

comprise calcium oxide, sodium carbonate, and the like, as are known in the art. 

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 

20 another embodiment, the injected sorbent is prepared in-flight by reacting an 

activated carbon and a promoter within a pneumatic transport line from which the 

reaction product is injected to the mercury-containing flue gas stream, \vherein the 

promoter is selected from the group consisting of molecular halogens, halides, and 

combinations thereat: wherein the promoter is reacted in the gas phase or as a vapor, 

25 wherein the promoter is added at from about 1 to about 30 grams per 100 grams of 

activated carbon, wherein the rate at which the promoter is added and the rate of 

sorbent injection are determined by a digital computer based at least in part on the 

monitored mercury content of the deaned flue gas. 

In an embodiment, a method for reducing the mercury content of a mercury 

30 and ash containing gas stream is provided wherein particulate activated carbon 

sorbent with a mass mean size greater than 40 pm is injected into the gas stream, 
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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 stream. In another embodiment, the mercury-containing sorbent 

particles are regenerated to remove some or substantially all of the mercury. In 

5 another embodiment, an alkaline component is co-injected into the gas stream. In 

another embodiment, the sorbent may further comprise a promoter. 111e promoter 

may preferably comprise a halide, a halogen, or both. 

As will be described in more detail below, the present invention thus 

provides several advantages over previously known techniques, including 

10 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 

15 invention that follows may be better understood. Additional features and advantages 

of the invention will be described hereinafter that fom1 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 canying out the same purposes of the present 

20 invention. It should also be realized by those skilled in the art that such equivalent 

constructions do not depart from the spirit and scope of the invention as set forth in 

the appended claims. 

25 

BRIEF DESCRIPTION OF TIIE DR.A \VINGS 

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 in accordance with the present invention. 

FIG. 2 illustrates a proposed mechanistic model of the chemical reactions 

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

processes for flue gas mercury reduction in flue gases and/or product gases from a 

gasification system in accordance \vith the present invention, including in-flight 

preparation of promoted carbon sorbent. 

5 FIG. 4 is a diagram illustrating breakthrough curves for 5 wt/wt% 

brominated NORITDarco FGD sorbent (37 mg+l 13 mg sand) in low-HCl (l ppm) 

synthetic flue gas. 

FIG. 5 is a diagram illustrating breakthrough curves for non-halogenated 

NORIT Darco FGD sorbent (37 mg+l 13 mg sand) in low-HCl (1 ppm) synthetic 

10 flue gas. 

FIG. 6 is a bar chart illustrating pilot-scale mercury removal results, 

including large-size sorbent results. 

FIG. 7 is a diagram illustrating the effects of sorbent size and injection rate 

on mercury removal for ESPs and fabric f ilters. 

15 FIG. 8 is a diagram illustrating the breakthrough curves for a brominated 

NOR.IT Darco FGD sorbent with inert sand. 

FIG. 9 is a diagram illustrating the breakthrough curves for brominated 

NORIT Darco FGD sorbent with a co-injected alkali material. 

FIG. 10 is a plot ofmercmy removal vs. carbon injection rate with and 

20 without co-injection of alkali material. 

25 

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

fueled facility. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODil\/1:ENTS 

Herein will be described in detail specific preferred embodiments of the 

present invention, with the understanding that the present disclosure is to be 

considered an exemplification of the principles of the invention, and is not intended 

to limit the invention to that illustrated and described herein. The present invention 

is susceptible to preferred embodiments of different forms or order and should not 

30 be interpreted to be limited to the specifically expressed methods or compositions 

contained herein. In particular, various preferred embodiments 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 

5 bromide (or other halogen/halide) treatment of the carbon, that capture mercury via 

mercury-sorbent surface reactions, at very short contact times of seconds or less. 

l11e sorbent does not require in situ activation (no induction period) in the gas 

stream to achieve high reactivity, as do conventional activated carbon sorbents. TI1e 

reactivity of the sorbent toward the pollutants is greatly enhanced and the sorption 

10 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 control from the product or et11uent gas or 

gases from gasification systems, syngas generators, and other mercury-containing 

15 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 \vill 

be understood by those skilled in the art. 

Refen-ing now to FIG. 1, there is shown a block flow diagram illustrating 

20 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 prefen-ed embodiment illustrated by path 10-20, 

block 10 illustrates providing a base activated carbon, and adding a halogen or 

halide promoter that reacts \vith the carbon, illustrated at block 20, to produce a 

25 product promoted carbon sorbent. In embodiments where the halogen or halide is 

added, for example, as a vapor, no further steps may be necessary. In embodiments 

where the halogen or halide is added in, for example, a solvent, it may be desirable 

to employ solvent removal as illustrated by block 20A. 

Referring still to FIG. 1, another preferred embodiment of the process of the 

30 present invention is illustrated by path 10-20-30, comprising providing a base 

activated carbon as shovv11 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 smbent. In embodiments \vhere both the halogen or halide 

promoter and the secondary component are added, for example, as a vapor, no 

5 further steps may be necessary. In embodiments where the halogen or halide 

promoter and/or secondary component are added in, for example, a solvent, it may 

be desirable to employ solvent removal as illustrated by block 30A. 

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 

10 carbon as illustrated at block 10, and adding a halogen or halide promoter and a 

secondary component to the activated carbon together, with which they react as 

illustrated by block 40, producing a product promoted carbon sorbent. As above, in 

embodiments where vapor additions are made to the activated carbon no further 

steps may be desired. In embodiments where one or more components are added in 

15 solvent, a solvent removal step may be provided as illustrated 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 \vith product promoted carbon 

sorbent prepared as described above. 

In some prefeITed embodiments the activated carbon provided may 

20 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 knovv11 in the art. 

25 In some preferred embodiments the activated carbon provided may 

preferably be any of several types, as understood by those skilled in the art. For 

example, the activated carbon may include powdered activated carbon, granular 

activated carbon, carbon black, carbon fiber, carbon honeycomb or plate structure, 

aerogel carbon film, pyrolysis char, an activated carbon or regenerated activated 

30 carbon with a mass mean particle size greater than fly ash in a flue gas stream to be 

treated. 
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In some prefoITed 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, 

5 aerogel carbon film, pyrolysis char, an activated carbon or regenerated activated 

carbon with a mass mean particle diameter preferably greater than 40 micrometers, 

more preferably greater than 60 micrometers, or a particle size distribution greater 

than that of the fly ash or entrained ash in a flue gas stream to be treated, such that 

the activated carbon and ash can be separated by physical means. 

10 In some prefoITed embodiments, the halogen or halide promoter that is added 

to, and reacts with, the base activated carbon may preferably comprise, by way of 

illustration and not limitation, a molecular halogen in vapor or gaseous form, a 

molecular halogen in an organic solvent, a Group V or Group VI halide, such as 

PBn or SCh, respectively, in vapor, liquid, or solution form (though not in an 

15 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 

20 supercritical solvent, such as supercritical CO2, water (though not in the case of a 

Group V or Group VI halide), and others as \Vill 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, 

25 as illustrated in FIG. 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 similar structure, with a positive carbon that is 

active for oxidizing the mercury with subsequent capture by the sorbent. 

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

carbon increases their reactivity toward mercury and other pollutants. Additionally, 
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the resulting bromide compound is uniquely suited to facilitate oxidation of the 

mercury. l11e 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 

5 mercury electrons are drawn toward the positive carbon, the halide anion electrons 

are pushing in from the other side, stabilizing the positive charge developing on the 

mercury and lowering the energy requirement for the oxidation process. Bromide is 

especially reactive, owing to the highly polarizable electrons in the outer 4p orbitals 

of the ion. Thus, adding HBr or Bn to the carbon fom1s a similar carbon bromide, in 

10 which the positive carbon oxidizes the mercury with the assistance of the bromide 

10n. 

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 

15 invention. 111ere is provided base activated carbon reservoir 110, an optional 

halogen/halide promoter reservoir 120, an optional secondary component reservoir 

130, and an optional akali component reservoir 180, each of which with 

corresponding flow control device(s) 201, 202, 203, and 208/209, respectively. In 

conjunction \vith the optional alkali component reservoir 180, optional flow control 

20 devices 208 and 209 can be used independently, together, or not at all. 

Reservoirs 110, 120, 130, and 180 connect through their respective flmv 

control devices and via associated piping, to transport line 115. Optional alkali 

component reservoir 180 may also connect, through respective flow control devices 

and via associated piping, to transport line 118. A source of air, nitrogen, or other 

25 transport gas(es) is provided by gas source 170 to transport line 115 for the purpose 

of entraining materials discharged from reservoirs 110, 120, 130, and 180 and 

injecting such materials, via injection point 116, into contaminated flue gas stream 

15. A source of air, nitrogen, or other transport gas(es) may be provided by gas

source 171 to transport line 118 for the purpose of entraining materials discharged 

30 from reservoirs 180 and injecting such materials, via injection point 119, into flue 

gas stream 15. Gas sources 170 and 171 may be the same or different, as desired. 
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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 shmvn). Although 

gas sources 170 and 171 are sho\vn in FIG. 3 as compressors or blowers, any source 

of transport energy known in the art may be acceptable, as will be appreciated by 

5 those of skill in the art. 

For clarity, 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 

10 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 \Vay of illustration and not limitation, particulate separator 140 

may comprise one or more fabric f ilters, one or more electrostatic precipitators 

(hereinafter" ESP"), or other particulate removal devices as are known in the art. It 

15 should be further noted that more than one particulate separator 140 may exist, 

sequentially or in parallel, and that injection point 116 and 119 may be at a location 

upstream and/or downstream of 140 when parallel, sequential, or combinations 

thereof exist. Particulate separator 140 produces at least a predominantly gaseous 

("clean") stream 142 , and a stream 141 comprising separated solid materials. A 

20 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 \vaste 

stream 162. 

An optional Continuous Emission :Monitor (hereinafter "CEM") 205 for

25 mercury is provided in exhaust gas stream 35, to provide electrical signals 

representative of the mercury concentration in exhaust stream 35 as a function of 

time. The optional mercury CEM 205 and flow controllers 201, 202,203,208, and 

209 are electrically connected via optional lines 207 (or wirelessly) to an optional 

digital computer (or controller) 206, which receives and processes signals and 

30 preferably controls the preparation and injection of promoted carbon sorbent into 

contaminated flue gas stream 15. 

14 
4820.001US10 

AMEREN UE EXHIBIT 1027 
Page 27



In operation, promoted carbon sorbent and/or an optional alkali component 

is injected into contaminated flue gas stream 15. After contacting the injected 

material \vith the contaminated flue gas stream 15, the injected material reduces the 

mercury concentration, transforming contaminated flue gas into reduced mercury 

5 flue gas, 25. The injected material is removed from the flue gas 25, by separator 

140, disposed of or further separated by optional separator 150, and disposed of or 

regenerated by an optional regenerator 160, respectively. l11e 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 

10 206. Logic and optimization signals from 206 then adjust flow controllers 201, 202, 

203, 208, 209 to maintain the mercury concentration in exhaust stream 35 within 

desired limits, according to control algorithms well known in the art. Flmv 

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 

15 desired limits, according to control algorithms \vell 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 20 l 

20 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. 111e 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 ohvhat is 

25 referred to herein as "in-flight" preparation of a promoted carbon sorbent in 

accordance \vith the invention. Further, the halogen/halide may be combined via 

line 121 b with base activated carbon prior to entering transport line 115. Still 

further, the halogen/halide may be contacted and react \vith the base activated 

carbon by introduction via line 121c into reservoir 110. l11is option is preferably 

30 employed when, for example, reservoir 110 comprises an ebul!ated or fluidized bed 

of base activated carbon, through which halogen/halide flmvs in gaseous form or as 
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a vapor Of course, the halogen/halide may also preferably be contacted \vith the 

base activated carbon in liquid fom1 or in a solvent, as discussed previously, and 

solvent removal (not shown in FIG. 3) may then be provided if necessary as 

mentioned with respect to embodiments discussed with reference to FIG. 1. 

5 Similarly, the optional secondary component may be contacted and react 

directly in transport line 115 via line 131, or optionally as described above with 

respect to the halogen/halide, via lines 131 b and 131 c.

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, 

10 combining downstream in flue gas 15 for synergistic effects \vith base activated 

carbon, promoted carbon, or optional secondary components. Being able to vary 

onsite the amount of the optional alkali component relative to base activated carbon, 

promoted carbon, or optional secondary components is a key feature to overcome 

and optimize for site-specific operating and flue gas conditions. 

15 In some prefeITed embodiments \vherein contacting between components 

and reaction is pe1fom1ed in a liquid or solvent phase, stirring of such liquid and/or 

slurry mixtures may be provided. In other embodiments, the halogen/halide 

promoter and optional secondary component(s) may preferably be sprayed in 

solution form into or on the base activated carbon. In some such embodiments, 

20 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. l11e 

halide/halogen gas, for example, gaseous HBr or Brz, may be passed through an 

25 ebullated or fluidized bed of granular or fibrous activated carbon, with the promoted 

carbon sorbent so produced removed from the top of the bed via gas entrainment for 

injection. 

In some embodiments, the secondary component(s) may preferably comprise 

iodine or other halogens, hydrohalides, including without !imitation HI, HBr, HCl, a 

30 Group V or Group VI element with a molecular halogen, such as SCh and others. In 

some prefeITed embodiments, the promoted carbon sorbent may comprise from 

16 
4820.001US10 

AMEREN UE EXHIBIT 1027 
Page 29



about l to about 30 g halogen/halide per 100 g base activated carbon. In some 

preferred embodiments, the promoted carbon sorbent may comprise an secondary 

component in concentration of from about 1 to about 15 wt-% of the concentration 

of the halogen/halide component. 

5 In still other embodiments, the product promoted carbon sorbent may be 

10 

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 \vhereby a mercmy stabilizing 

reagent is added to a promoted carbon sorbent to produce a bifonctional 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 

15 may comprise S, Se, H2S, SO2, EbSe, SeO2, CS2, 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 

20 elements comprising Group VIIA (CAS nomenclature is used throughout; Group 

VIIA (CAS) corresponds to Group VIIB (IlJPA(:)) of the periodic table. In the 

molecular elemental form of the halogens, including F2, Ch, Bn, and h, the reaction 

with a hot flue gas components leave little to react with elemental mercury. The 

atomic elemental halogen form, which includes the fluorine, chlorine, bromine, and 

25 iodine atoms, is about a million times more reactive to mercury but the 

concentration of the atomic forms is typically extremely lmv. 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 fom1ed from the 

30 reaction of a halogen with another element or radical. In general, halide compounds 

are much less reactive than the molecular halogens, having a low chemical potential. 
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5 

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 

111e sorbent described here has a very high initial reactivity for oxidizing 

mercury and therefore can be used in very small amounts to achieve very high 

capture efficiencies, thus lowering operation costs and lessening waste disposal 

problems. In addition, further disposal reductions are obtainable by regenerating and 

reusing the sorbents produced using the inventive technology. l11e time interval 

10 required for the mercury and the promoted carbon sorbents of the present invention 

to successfully interact in a flue gas duct, with the subsequent co!lection of the 

mercury on the sorbent and ash is very short-less than seconds. Clearly, such 

col!ection times require the sorbent to have both high capacity and high reactivity 

toward mercury. The promoted carbon sorbent can be utilized in a very finely 

15 powdered fom1 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 allmNs capture to be effective 

for larger sorbent particles which also allows separation of the sorbent from the ash 

to enable subsequent regeneration as \vell as ash utilization. One feature of this 

20 invention is the process to prepare a sorbent containing a halide compound fom1ed 

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 chemically combine molecular 

25 bromine, for example, from solution, with activated carbon ( edge sites). X-ray 

photoelectron spectroscopy has established that the addition of bromine, chlorine, 

HBr, or HCl formed a chemical compound in the carbon structure. Thus, the sorbent 

produced from halogen and activated carbon does not represent a molecular halogen 

form, but rather a new chemically modified carbon ( or halocarbon) structure. This

30 phenomenon may not occur with the less reactive iodine, where an h molecular

complex can exist on the carbon basal 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. TI1e reactive carbon form can preferably be generated by the addition of 

bromine, hydrogen bromide, or combinations of bromine and other elements, as 

5 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. 

10 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 

15 from a second halogen, such as HI. Tims, 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 ). 

20 

Optional Alkali Component 

It has been demonstrated that addition of an optional alkali component with 

a base or promoted activated carbon results in improved mercury capture, typically 

exceeding that of both the untreated carbon and the promoted carbon. Test data 

indicate that flue gas contaminants, flue gas constituents (SO2, NOx, HCl, etc), 

operating temperature, mercury form, and mercury concentration may impact the 

25 effectiveness of the alkali addition. This suggests the need to be able to adjust and 

tailor the alkali-to-activated-carbon ratio onsite in order to overcome and optimize 

for a given set of site conditions. 

111e synergy that can be gained \vhen co-injecting the two materials can be 

explained as follows. First, testing shows that binding sites on activated carbon 

30 (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 \vill interact and react \vith these species/contaminants thus 

minimizing their consumption of AC mercury binding sites. Second, testing also 

shows that standard AC will continue to oxidize mercury, even though the binding 

sites are folly consumed. This oxidized mercury can then react with alkali material 

5 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 is generally much lmver in cost (~an order of magnitude less) than 

activated carbon, thus more of it can be used still resulting in overall lower costs. 

10 "In-Flight" Sorbent Preparation 

Furthermore, we have demonstrated that the halogen promoted carbon 

sorbent can be readily produced "in-flight". l11is 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. l11e particles may be dispersed 

15 in a stream of transport air ( or other gas), which also conveys the halogen/halide 

promoted carbon smbent particles to the flue gas duct, or other contaminated gas 

stream, from which mercury is to then be removed. There is no particular 

temperature requirement for this contact. This technology is obviously very simple 

to implement, and results in a great cost savings to facilities using this technology 

20 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, 

25 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). l11is 

provides the following benefits over current conventional concepts for treating 

sorbents off-site: 

Capital equipment costs at a treatment facility are eliminated. 

30 Costs to operate the treatment facility are eliminated. 
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10 

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

facility. 

111e inventive process uses existing hardware and operation procedures. 

The inventive technology ensures that the sorbent is always fresh, and 

thus, more reactive. 

No new handling concerns are introduced. 

There are no costs for removing carbon from treatment system. 

111e inventive process allows rapid on-site tailoring of additive-sorbent 

ratios in order to match the requirements of flue gas changes, such as 

may be needed when changing fuels or reducing loads, thus further 

optimizing the economics. 

111e inventive technology reduces the amount of spent sorbents that are 

disposed. 

With the foregoing and other features in view, there is provided, in 

15 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 

20 Some of the preferred embodiments contemplate the use of a halogen 

promoted sorbent in a pmNdered form that has been injected into a flue gas stream 

before or after ash particulates have been removed. Other embodiments of the 

inventive composition of the halogen promoted carbon sorbent comprise a 

powdered modified activated carbon prepared by adding Bn or HBr plus a second 

25 optional component. Other embodiments allow the addition of the optional alkali 

component in conjunction with a base activated carbon and/or \vith the use of a 

halogen based sorbent and any other combinations of the sorbent technologies 

provided in this patent. Alternatively, embodiments include methods wherein the 

sorbent is on a moving contactor consisting of particles or fibers containing one or 

30 more of the compositions 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 inexpensive promoting agent added, to restore mercury 

sorption activity. This process of promoting the activity of the carbon itself contrasts 

5 with the earlier, more expensive, conventional methods of adding a reagent (such as 

peroxide, gold, triiodide, etc.) to a sorbent. TI1e 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/lJS04/12828, 

10 titled "PROCESS FOR REGENERATING A SPENT SORBENT", wfoch is hereby 

incorporated by reference in its entirety. 

Sorbent Injection Control Schemes 

Another advantage of the present invention relates to the use of a feedback 

system to more efficiently utilize certain aspects of the invention. \Vhere possible 

15 and desirable, the mercury control technology of the present invention may 

preferably utilize continuous measurement of mercury emissions as feedback to 

assist in control of the sorbent injection rate. Tighter control on the sorbent and 

optional component(s) levels can be achieved in this way, which will ensure 

mercury removal requirements are met with minimal material requirements, thus 

20 minimizing the associated costs. In an embodiment, the mercury emissions are 

continuously measured downstream of the injection location, preferably in the 

exhaust gas at the stack. 

Promoted Carbon Sorbents 

Reactions of halogens and acidic species with the basic binding sites on the 

25 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 

30 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 

5 bromine is expected to be more reactive than the corresponding sorbent containing 

chlorine and much less expensive than the sorbent containing iodine. 

EXAJV[PLES 

To more dearly illustrate the present invention, several examples are 

10 presented below. These examples are intended to be illustrative and no limitations to 

the present invention should be drawn or inferred from the examples presented 

herein. 

Example 1 

15 Preparation and Testing of Halogenated Carbon (& Comparative Example) Gas 

Phase Halogenation 

Finely powdered activated carbon (such as NOR.IT Darco FGD, 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 

20 side blades (a 5 ft' (0.14 m3) cement mixer) fitted with a tight plastic lid to prevent 

loss of the fine pow·der during the preparation. In a separate vessel, gas phase 

bromine was generated by passing a nitrogen stream over a weighed amount of 

liquid bromine that is warmed to about 40°-50° C. The vapor pressure of the 

bromine was such that a dark red gas is generated and passed out of the generator. 

25 l11e 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 transfoITed to the tumbling 

carbon. Thus, the bromine gas stream continuously passed into the rotating barrel 

30 where it contacted the tumbling carbon. l11e unit is then operated until the desired 

amount of bromine has combined \vith the carbon. Typically, this is 0.4 to 1 kg of 
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10 

bromine to 20 kg of carbon (2-5 wt. %) ). When the reaction is completed, the carbon 

is weighed. l11e 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 demonstrate that the brominated carbon contains both covalent 

carbon-bound (organic) bromide as well as anionic bromide. The product contains 

the same moisture originally present in the activated carbon (5-17 wi %), 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 

A bench-scale apparatus and procedure based on the above description was 

used to test the initial activities and capacities of several promoted activated carbon 

sorbents using powdered carbon, including bromine-containing activated carbons 

prepared from a variety of carbons, including commercially available sorbents, 

15 aerogel film sorbents, and the original precursor carbons for comparison. 

A detailed description of the apparatus and its operation is provided in 

Dunham, G.E.; Miller, S. l Chang, R.; Bergman, P. E'rtvironmentalProgress 1998, 

17, 203, which is incorporated herein by reference in its entirety. l11e bench scale 

mercury sorbent tests in the flue gas compositions were perfonned with finely 

20 (--400 mesh) powdered sorbents (37 mg) mixed with 113 mg sand and loaded on a 

quartz filter (2.5 inch (6.35 cm)). 111e loaded filter and holder were heated in an 

oven (125° C.) in the simulated flue gas stream (30 SCFH (standard cubic feet/hr) or 

0.79 NCwrH (normal cubic meters per hour)) containing the following: 02 (6�o ), 

CO2 (12%), SO2 (600 ppm), NO (120 ppm) NO2 (6 ppm), HCl (l ppm), Hg0 (11 

25 µg/m3), H2O (15%), and N2 (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 mercmy emission monitor (Sir Galahad mercury 

CEM mfr. P.S. Analytical Deerfield Beach Fla. USA), and a SnCh cell was used to 

30 convert oxidized species to elemental, so that both elemental and oxidized mercury 

concentration data could be obtained for both the influent and the eflluent 
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concentrations from the sorbent bed. :Mercmy concentrations \Vere 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 

5 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 5 wi/wi % brominated NORIT Darco FGD sorbent (3 7 mg+l 13 mg sand) 

10 with synthetic flue gas containing l ppm HCl. Total Hg (solid circles) and elemental 

Hg (solid squares) in the effluent are presented as a per cent of the inlet Hg. "EOT" 

indicates the end of test (the later data points shown are for calibration checks). 

FIG. 5 presents the comparative breakthrough curves for the corresponding 

nonhalogenated sorbents typically initiated at 5%-50�0 of inlet mercury, depending 

15 on the HCl concentration in the synthetic flue gas, thus indicating considerably 

lower reactivity for oxidation and capture of the mercury for the nonhalogenated 

sorbents. After breakthrough of either halogenated or nonhalogenated sorbent, most 

of the mercury in the et11uent was oxidized mercury. 

20 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. l11e top of the fluidized bed tube was 

connected to a catching trap for carbon fines that blow out the top of the tube. The 

25 bromine gas generator as described in Example 1 was attached to the fluidized 

30 

carbon bed and the desired amount of gaseous bromine was passed into the bed. The 

contents of the trap were then mixed with the material in the bed and weighed. The 

resulting brominated carbon exhibited properties similar to the brominated carbon of 

Example 1. 

Example 3 
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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 l 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 

5 paddle during the addition and for a short time aflenvards until all the bromine had 

reacted with the carbon, as indicated by the disappearance of the red color. TI1e 

slurry was then filtered using a Buchner funnel under vacuum. l11e moist carbon 

that was collected on the filter \Vas dried in an oven at 110° C for several hours to 

constant weight. As in Example 1, some moisture remains in the carbon, however. 

10 The dried carbon \Vas then tumbled in the rotating barrel with metal pieces to break 

up and fluff the carbon. 

Example 4 

Addition of the Optional Second Halide Component 

15 Brominated carbon was produced by solution phase bromination similar to 

20 

that described with reference to Example 3. However, before filtration, a solution of 

hydriodic acid (HI) was added to the sluny in an amount equal to 10�-""o of the 

bromine amount. l11e 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 

in a large metal can and 10 kg of activated carbon \Vas added. 111e resulting sluny 

25 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. 111e 

wet f ilter cake was dried at 110° C. in an oven to constant weight. l11e dried product 

was fluffed in the rotating ban-el as described in Example 3. 

30 Example 6 

Preparation and SoqJtion on Larger-Particle Carbon 
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Tests \Vere conducted on a pilot-scale corn bustor wfole 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 \vith 

a mean particle diameter of less than 20 micrometers, which is also typical of the 

5 flyash that is generated from pulverized coal combustion. Consequently, because the 

sizes of standard AC and fly ash are similar, separation of the two is difficult. 

Injection of larger sized AC is generally not considered because the sorbent 

effectiveness decreases with size. In a scheme to recycle the injected carbon, the 

carbon is separated from the flyash. A separation based on size fractionation 

10 requires a treated larger particle sorbent. To test this concept, a treated larger sized 

(>60 µm) 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 

15 about 60 to about 88 micrometers) was collected and placed in a rotating vessel as 

described in Example 1 above. In a separate vessel, gas phase bromine was 

generated by passing a nitrogen stream over a \veighed amount ofliquid bromine 

that was wam1ed to about 40°-50° C., and the outlet from this gaseous bromine 

generator was connected via a�;,, inch (6.35 mm) plastic hose to a stationary metal 

20 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. TI1e 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 wi. �o). \Vhen the reaction was completed, the carbon 

was \veighed. 111e treated carbon was odorless as has been described above. 

25 PTC Apparatus 

The pilot-scale cornbustor, knmvn as the "Particulate Test Combustor" 

(hereinafter "PTC"), is a 550,000-Btu/hr (about 161 kW) pulverized coal ("PC")­

fired unit, designed to generate corn bustion flue gas properties and fly ash that are 

representative of those produced in a full-scale utility boiler. The combustor is 

30 oriented vertically to minimize wail 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 fly ash. Based on the superficial gas velocity, the 

mean residence time of a particle in the combustor is approximately 3 seconds. l11e 

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. 

5 Coal is introduced to the primary air stream via a scre\v feeder and eductor. An 

electric air preheater is used for precise control of the combustion air temperature. 

Originally, the PTC used cold-water annular heat exchangers to provide flue gas 

temperature control to the baghouse (also refon-ed to as a "fabric fi lter") or 

electrostatic precipitator (ESP). However, analysis of ash deposits collected from 

10 the heat exchangers indicated that some mercury was collected on the duct \Valls. To 

minimize this effect, the heat exchangers were modified to provide for higher duct 

wall temperatures. 

The PTC instrumentation permits system temperatures, pressures, flow rates, 

flue gas constituent concentrations, and particulate control device (baghouse,

15 Advanced Hybrid Particle Collector/AHPCTJ\\ and/or electrostatic precipitator/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 inlet, and the 

20 particulate control device outlet. After passing through sample conditioners to 

remove moisture, the flue gas was typically analyzed for 02, CO, CO2, SO2, and 

NOx Each constituent was nonnally 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 

25 addition, data were manually recorded at set time intervals. NOx was determined 

using a pair of Rosemount Analytical NOx chemiluminescent analyzers. SO2 was 

measured using a pair of Ametek Instruments photometric gas analyzers. The 

remaining gases were measured by a pair of Rosemount Analytical multi-gas 

continuous emissions monitors. Each of these analyzers was regularly calibrated and 

30 maintained to provide accurate flue gas concentration measurements. 
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111e baghouse vessel was a 20 inch (50.8 cm) (ID) chamber that is heat­

traced and insulated, with the flue gas introduced near the bottom. l11e combustor 

produced about 200 ACFM (actual cubic feet per minute; about 5.7 actual m3/min) 

offiue gas at 300° F. (about 150° C.), therefore three 13-ft by 5-inch (3.96 m by 

5 12. 7 cm) bags provided an air-to-cloth ratio of 4 ft/min (1.22 m/min). Each bag was

cleaned separately in operation with its O\vn 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 

10 on-line. 

Tests were also conducted with a single-wire, tubular ESP replacing the 

fabric filter The ESP unit was designed to provide a specific collection area of 125 

at 300° F. (150° C.). Since the flue gas flow rate for the PTC is 130 SCFM (standard 

cubic feet per minute; about 3.7 NCM�I (normal m3/min)), the gas velocity through 

15 the ESP is 5 ft/min (about 152 m/min). TI1e plate spacing for the ESP unit is 11 in 

(27.9 cm). The ESP was designed to facilitate thorough deaning 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 

20 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<;,o of the 

mercury was captured when the larger-sized treated AC was injected ahead of the 

pilot-scale ESP, wfole approximately 85% of the mercury was captured when 

25 injected ahead of the pilot-scale fabric f ilter (''FF"). Note that in FIG. 6 (and 

throughout) "Macf' (and "MACF") indicates million actual cubic feet (1 MACF is 

about 0.028 million actual cubic meters or "MACM"). 

Refen-ing 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 

30 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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performed similarly to slightly worse. However, for this application, the larger-sized 

treated AC can be physically separated from the smaller flyash particles, and the 

sorbent can then be regenerated, recycled, and reused. This will substantially 

improve overall utilization and economics. These data thus show that a larger-than-

5 nonnal sized sorbent can provide effective mercmy control and ease flyash and AC 

separation, thereby also preserving the characteristics of the fly ash for sale and 

beneficial use. Accordingly, because >60 µm sorbent particles have been 

successfully demonstrated, superior mercury control can be obtained with >40 pm 

particles, which may be preferred in some applications, depending on the sorbent 

10 particle/ash separation system used. Note that in FIG. 7 (and throughout) "Macf' 

(and ''MACF") indicates million actual cubic feet. 

15 

Example 7 

Liquid Phase (Organic Solvent) Halogenation 

A 5<;,o solution of bromine in ligroin was prepared by carefully adding 50 g 

of bromine to I liter of cold ligroin. One kg of activated carbon was added to the 

bromine solution in a large metal can. 111e sluny was stiffed with a large paddle 

during the addition and for a short time afterwards until ail the bromine had reacted 

with the carbon as indicated by the disappearance of the red color. The slurry was 

20 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 

25 

and a constant weight \Vas obtained. As in Example 1, some moisture was left in the 

carbon, however. The dried carbon was then tumbled in the rotating barrel with 

metal pieces to break up and fluff the carbon. 

Example 8 

Promoted Activated Carbon Sorbents 

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 

30 powdered carbon, including the bromine-containing activated carbons prepared 

from a commercially available sorbent and an aerogel carbon film sorbent, as well 

30 
4820.001US10 

AMEREN UE EXHIBIT 1027 
Page 43



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 

5 drying in an oven at 100° C. in air or nitrogen. Bromine-treated carbons \Vere also 

prepared by impregnating bromine from the gas phase by passing the gas through a 

rotating dry bed of the activated carbon precursor. l11e 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 

10 stream containing elemental mercmy (11 µgim3) was passed through the bed. 

Concentrations of total and elemental Hg in the effluent gas were detem1ined using 

a Sir Galahad mercury CEM ("continuous emission monitor") (mfr P S Analytical,

Deerfield Beach, Fla., USA). The powdered sorbent was supported on a quartz filter 

during the test, and the other sorbents were tested as a triple layer. A comparison of 

15 the original commercial-grade powdered carbon sorbent \vith the sorbent after it was 

treated with 0.1 N HBr, and the powder was collected by centrifugation and drying, 

revealed that the mercury capture activity increased from an initial capture 

etTiciency of about 50% of the Hg in the in let to 100% capture. A comparison of the 

sorbent after subsequent regeneration with HBr indicated that it not only captured 

20 mercury at the same level as before (100% capture) but its capacity was prolonged 

by several minutes, and thus enhanced. Similar results were obtained with the 

carbon film and carbon fiber sorbents by treatment \vith molecular bromine in 

solution or in dry beds as described above. 

25 Example 9 

Fluidized/Ebullated Bed Preparation 

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 ser ies with a 

30 fluidized bed or ebul!ated bed of the carbon. The amount of bromine taken up by the 
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5 

carbon ranges (in one example) from <l to about 30 g per 100 g of activated carbon, 

depending on the proportions used. 

Example lO 

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, 

10 the halogen/halide promoted carbon sorbent was injected into the flue gas after the 

boiler. In general however, the inventive sorbent can be injected where desired (e.g., 

before, after, or within the boiler). 

In one exemplary test conducted at a facility fired with lignite coal, the flue 

gas phase mercury (elemental) concentration was between 10 and 11 µg/m3
. The ash 

15 and injected carbon were collected in the baghouse at 350° F. to 375° F. (about 175-

190° C.). Injection of commercial-grade activated carbon powder (untreated) at a 

rate of 1.0 lb/MACF ("l\{ACF" and "Macf' represent one million actual cubic feet; 

1.0 lb/MACF is about 16 kg/MACM (million actual cubic meters)) resulted in 

mercury effluent concentrations of 3.8-4.2 µg/m3 (representing 62%-58<;,o removal 

20 of the mercury from the gas, respectively), and at 2.0 lb/MACF (about 32 

kg/MACM), gave 74%-71�-'o removal. Injection of the bromine-treated carbon at 1.0 

lb/MACF resulted in 73%-69% removal and at 2.0 lb/MACF gave 86%)-84% 

removal. l1ms, a significant increase in the mercury capture was exhibited during 

use of the bromine promoted carbon sorbent of the present invention. 

25 

Example llA 

Addition of Optional Alkaline Component------Bench-Scale 

111e efficiency of the activated carbons for mercury capture can be improved 

considerably by employing a basic material co-injected with the activated carbon, in 

30 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 \Vas conducted by preparing a filter composed of 37 mg 

ofbrominated activated carbon mixed with 113 mg of calcium oxide. The test was 

5 conducted as described in Example l and compared with the same carbon sorbent 

but with an inert diluent. The breakthrough curve for the mixture of brominated 

(2�o) NORIT Darco FGD sorbent with inert sand is shown in FIG. 8, and the 

breakthrough curve for the mixture with CaO is shown in FIG. 9. It can be seen that 

the point of 50% breakthrough improves to 65 minutes with the mixture with CaO 

10 from only 48 min \vith the sand mixture. 

Example llB 

Addition of Optional Alkaline Component------Pilot-Scale 

Tests were conducted on the pilot-scale PTC combustor described above 

15 with reference to Example 6 w-hile firing a Texas lignite to evaluate mercury control 

by co-injecting a standard activated carbon (also referred to herein as "AC") and an 

alkali material upstream of a fabric filter. Typical results are illustrated in FIG. l 0. 

As shmvn in FIG. 10, co-injecting lime with activated carbon vastly improved 

mercury removal. Mercury removals of approximately 90%) were achieved \vith the 

20 co-injected sorbents, whereas less than 60%) removal was achieved with the use of 

standard AC alone, even at much higher injection rates. Data from similar tests 

show that injecting similar quantities of sodium carbonate and AC, and lime and 

AC, resulted in mercury removals of approximately 80%, and 87%, respectively. 

These data suggest that other alkali can also be co-injected \vith AC to improve 

25 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, NOx, HCl, 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, 

30 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 syner,t;,ry 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 

5 species thus minimizing their consumption of AC mercury binding sites. Second, 

other work has shovvn that standard AC will continue to oxidize mercury even 

though the binding sites are fully consumed. This oxidized mercury can then react 

with alkali material and subsequently be captured by the particulate control device. 

Thus, combining alkali with treated and/or non-treated AC synergistically takes 

10 advantage of these two mechanisms, resulting in improved mercury capture at 

reduced costs. 

15 

Example 12 

Brominated Carbon Smbent for Gasification Fuel Gas 

Preparation of 5<;,o Br2\V-AC 

Using a procedure similar to Example 3, a 2. 5 v,rt/vol % solution of bromine 

in water \Vas prepared. Granular Calgon F400 \Vas added to the bromine solution to 

give a 5 \Vthvt % brominated carbon product. The bromine solution was stirred with 

a large paddle during and after the addition until the red color in the water 

20 disappeared. l11e suspension was filtered by vacuum on a large Buchner tunnel. The 

filter cake was dried in air, and then in an oven at 110° C. until a stable weight \Vas 

obtained 111e moisture \Vas reduced to 15�--o. 

Preparation of 5% Br2D-AC 

A brominated sorbent was prepared from Brz addition in solvent as described 

25 in Example 7, except that dichloromethane was used as the solvent instead of 

ligroin, and granular Calgon F400 was used. 

30 

Preparation of 5% PBr3-AC 

A phosphohalogenated sorbent was prepared from PBn using the method 

described in Example 5, except granular Calgon F400 was used. 

Testing in Hydrogen Atmosphere------Procedure 
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To simulate the capture of mercmy 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/m3 of elemental mercury from a commercial mercury 

5 permeation source. 

In the tests, the sorbent (0.5 g) \Vas placed in a 0.39 inch (1 cm, inside 

diameter) glass tube fitted with a medium frit sintered glass filter disc to hold the 

sorbent in the gas stream. 111e tube containing the sorbent bed \Vas connected to a 

gas inlet tube for introducing the gas stream containing the mercury vapor and at the 

10 outlet to a tube connection to the detector. 111e detector was a Semtech 2000 

continuous mercury emission monitor. The tube was equilibrated in a nitrogen flow 

(450 cc/min) for 5 minutes at ambient temperature to stabilize the system. 111e 

detector showed 0 concentration of mercury in the effluent from the sorbent bed. 

(The blank run with no sorbent read 26.9 micrograms/m3). The tube was then placed 

15 in an oven at the selected temperature for the test (from 250° to 400° C .). Effluent 

mercury concentration data from the detector were collected until the detector 

showed a constant reading for 5 minutes. Hydrogen (50 cc/min) was then added to 

the gas stream and detector readings were taken every 5 min. Tests were conducted 

at several oven temperatures for various periods of time up to 3 hours, depending on 

20 the temperature and sorbent. The elemental mercury concentration data were plotted 

as a percent of inlet mercmy concentration versus time as in Example 1. All the 

mercury in the effluent was elemental, so a single detector was sufficient, and no 

Sn Ch trap was needed to convert to elemental mercury (as in Example 1 ). The time 

for 50<;,o breakthrough (time to reach 50%) capture) was then determined from the 

25 breakthrough curves. 

Results 

The results are shown in Table 1 (below) for the unbrominated sorbent 

(Calgon F-400), the brominated sorbents (5% Br2W-AC and 5�--o BrD-A(:), and the 

phosphobrominated sorbent (5% PBr3-AC). l11e maximum mercury concentration 

30 obtained in the effluent in each run is also reported in Tab le 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 after only 6.5 min. This complete failure 

occmTed because the hydrogen reduces the captured mercmy in the unbrominated 

sorbent at any temperature above 100° C. Both of the brominated sorbents exhibited 

5 excellent reactivity and good capacity at all temperatures, up to at least 400° C 111e 

phosphobrominated sorbent exhibited superior reactivity and capacity at all 

temperatures, up to at least 400° C. 

Sorbent 

F-400 

5�o Br2W-AC 

5%Br2W-AC 

5%Br2W-AC 

5%Br2W-AC 

5%} PBr3-AC 

5%} PBr3-AC 

5%} PBr3-AC 

5%} Br2D-AC 

5%} Br2D-AC 

Times for 50%) Breakthrough Maximum 
Observed Hg Concentrations for Sorbents 

(10% Hydrogen Streams) 

50% 
Maximum 

Temp(° C.) breakthrough 
[Hg] (�Lg/m3) 

(min) 

250 6 20.3 

250 >150 l .4

300 >180 4.3

350 160 15.1

400 60 13.9

250 >140 0.4

300 >150 0.5

350 >150 1.4

350 >180 2.1

400 >180 10.9

Time 
(min) 

6.5 

150 

180 

180 

65 

140 

150 

150 

180 

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 limiting. Many variations and 

modifications of the invention disclosed herein are possible and are within the scope 

15 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. 

111e examples provided in the disclosure are presented for illustration and 

explanation purposes only and are not intended to limit the claims or embodiment of 

20 this invention. While the preferred embodiments of the invention have been shown 

and described, modifications thereof can be made by one skilled in the art without 
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departing from the spirit and teachings of the invention. Process criteria, equipment, 

and the like for any given implementation of the invention will be readily 

ascertainable to one of skill in the art based upon the disclosure herein. The 

embodiments described herein are exemplary only, and are not intended to be 

5 limiting. Many variations and modifications of the invention disclosed herein are 

possible and are within the scope of the invention. Use of the term "optionally" with 

respect to any element of the invention is intended to mean that the subject element 

is required, or alternatively, is not required. Both alternatives are intended to be 

within the scope of the invention. 

10 111e discussion of a reference in the Background is not an admission that it is 

prior art to the present invention, especially any reference that may have a 

publication date after the priority date of this application. The disclosures of all 

patents, patent applications, and publications cited herein are hereby incorporated 

herein by reference in their entirety, to the extent that they provide exemplary, 

15 procedural, or other details supplementary to those set forth herein. 

Although the invention is described herein as a sorbent material and 

associated processes for its preparation and use, it is nevertheless not intended to be 

limited to the details described, since various modifications and structural changes 

may be made therein without departing from the spirit of the invention and within 

20 the scope and range of equivalents of the claims. 

PROVISIONAL APPUCA TION 

A reactive sorbent material is described for capture of mercury in a vapor 

stream. 111e vapor stream includes flue gas from coal combustion or incineration, 

25 synthesis gas from gasification, as well as ot1�gases from mineral processing, metal 

refining, retorting, cement manufacturing, chloralkali plants, dental facilities, and 

crematories. The sorbent is especially suited to, but not limited to, use in low­

chlorine flue or exhaust gases where the mercury is mainly elemental. TI1e sorbent 

comprises a bromide-modified carbon form containing a reactive compound 

30 produced by the reaction of bromine with the carbon. Other additional promoting 

substances can be added in smaller amounts to increase the reactivity with and 
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sorption of elemental mercury. 111is corn bi nation 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, 

5 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, 

l 0 or co-injected to selectively sorb acid gases or other flue gas constituents to keep 

available reactive sites for mercury oxidation and subsequent capture. l11e 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. 

15 Following is an outline of examples of the invention. 111e invention may also 

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

understand. 

1. A modified carbon sorbent was prepared by reacting the carbon with

molecular bromine by applying a solution of molecular bromine in an organic 

20 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. TI1e solution may also contain an additional promoting substance in small 

amounts. In one example, the amount of bromine taken up by the carbon ranges 

from <1 to about 30g per 1 00g of activated carbon, depending on the proportions 

25 used. 

lA. (Dependent) 

30 

Sarne as 1, carbon is powdered activated carbon. 

Carbon is granular activated carbon. 

Carbon is 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. 

Carbon 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 

5 for reuse. 

10 

15 

20 

Carbon is regenerated from previous usage cycle and recycled. 

Other desired types of carbon may also be used. 

lB. (Dependent) 

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

Same as I, Solvent is hydrocarbon solvent such as petroleum ether or ligroin 

or pentane or hexane or toluene or benzene. 

Same as 1, Solvent is water. 

Same as 1, Solvent is carbon disulfide. 

Sarne as 1, Solvent is a waste solvent. 

Same as 1, Solvent is an ether. 

Same as l, Solvent is recycled from previous batch. 

Same as 1, Solvent is supercritical solvent such as CO2. 

Other desired types of Solvents may also be used. 

lC. (Dependent) 

Same as l, solution of bromine is applied by stirring the carbon in the 

bromine solution. 

Sarne as l, solution of bromine is applied by spraying a solution of molecular 

25 bromine in an organic solvent, followed by removal of solvent from the pores by 

drying the carbon in air or nitrogen. 

30 

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 drying in vacuum, air, or other gas. 
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Sarne 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 techniques. 

5 IE. (Dependent) 

10 

Sarne as 1, additional substance is iodine, at 1%)-10<;,o of the bromine 

concentration added. 

Same as l, additional substance is hydrohalide (HI, HBr, HCl), etc., 1%-10 

% of bromine. 

Sarne as 1, additional substance is a compound comprised of a Group V or 

VI element or combination of Group V or VI with Group VII element, such as SCh, 

1-10 w't %) of bromine.

2. A modified carbon sorbent was prepared by reacting the carbon with

15 molecular bromine by contacting the carbon \vith a gas containing molecular 

bromine. In one example, the amount of bromine taken up by the carbon ranges 

from <l to about 30 g per 1 00g of activated carbon, depending on the proportions 

used. 

20 

25 

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

Bed is ebu!lated or fluidized. 

Bed is rn oving bed of granules or fibers. 

Contacting is by admitting Bn 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-flight. 

Same additives as lE, except these are added in the gas phase, and added in­

flight as in 2 above. 

3. A n:1odlfied activated carbor1 sorbel1t was prepared by reactln_g tl1e carbor1

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

30 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 drying the carbon 
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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 1 00g of activated carbon, depending on the 

proportions used. 

Same dependent clauses as in lA with regard to carbon forms. Same 

5 solutions and treatment as lB, lC, lD 

Sarne additives as IE, 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

10 bromide by passing a gas composition containing hydrogen bromide diluted with 

nitrogen or air through a fluidized bed or ebu!lated bed of the carbon. In one 

example, the amount of bromine taken up by the carbon ranges from <1 to about 30 

g per 1 00g of activated carbon, depending on the proportions used. 

15 

Same dependent clauses as in lA with regard to carbon forms. 

Contacting options are similar to 2. 

5. Sequential treatment of activated carbon with bromine or HBr, follmNed by

another mercury stabilizing reagent to generate a highly reactive bifunctional 

sorbent, the reagent to include sulfur and selenium species, such as EbS, SO2, 1-hSe, 

20 Se, SeO2, CS2, P2Ss. 

6. Sequential treatment of activated carbon with mercury stabilizing reagent,

followed by bromine or HBr to generate a highly reactive bifunctional sorbent, the 

reagent to include sulfur and selenium species, such as H2S, SO2, l-hSe, Se, SeO2, 

25 CS2, P2Ss. 

7. Treatment of a carbon with a Group V or VI element combined with Group

VII element, such as PBn or SCh 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 

30 solution (solvent is hydrocarbon, chlorinated hydrocarbon, or other solvent as 

described in 1 B, but not water, since the compound is destroyed in water solution). 
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8. The process for preparing the bromine-containing activated carbon sorbent

as described in Examples 1-6 and coupled \vith the injection of the bromine­

containing fine-particle sorbent into the contaminated gas stream and subsequent 

5 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 (l-8) in conjunction with sorbents to capture

acid gases and other flue gas constituents that block oxidation reactions or consume 

10 sorbent sites that would otherwise capture mercury. 111e additive is a compound 

comprised of Group I or II 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 

15 capture mercury. In addition, the base additives can augment the treated activated 

carbon by helping to capture oxidized mercury forms in the flue 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 saturated or 

capacity limited. 

20 

10. The process of preparing a larger-than-nonnal (>40 �tm) sorbent particle

size, promoting with the halogen treatment as described in 1-8, using the treated 

sorbent for capture of mercury by injecting in the flue gas, and finally separating 

and recovering the sorbent from the ash particles. The larger sorbent size thus will 

25 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. 

30 11. The process for preparing the bromine-containing activated carbon sorbent

as described in Example 1-10, coupled with the direct injection of the sluny of the 
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prepared fine-particle sorbent in the solvent or aqueous 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 monitored by 

5 optical density measurements prior to injection. Collection of particles is perfonned. 

12. The process for preparing the bromine-containing activated carbon sorbent,

as described in Examples 2 and 4, coupled \vhere the fine-particle dispersion of 

brominated sorbent in the gas stream at the top of the ebullated bed is led to the flue 

10 gas or offgas duct where the said dispersion is contacted \vith mercmy-contaminated 

flue gas or offgas stream. l11e 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 

particles is pe1fom1ed by the existing particulate-collection equipment. 

15 

20 

25 

13. The process for preparing the bromine-containing activated carbon sorbent

bed, coupled with contacting the bed with the mercmy-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 moving system 

that geometrically allows for control of rate of exposure, sorption, and exchange of 

material in a continuous or semicontinuous 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 from said mercury atoms, resulting in oxidized mercury, which is 

30 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 fossil fuels, such 

as in a coal-fired utility or synthesis gas from gasification facilities. This removal 

5 process would utilize a sorbent and/or a combination of additives to remove 

pollutants from the gas stream, which are at the same time interacting \vith other gas 

components that result in poisoning or deactivating the sorbent and reducing its 

capacity or reaction rates with the targeted pollutant species. The present invention 

provides a cost-effective way to capture the pollutants by utilizing exceptionally 

10 active carbon sorbents and promoting mercury sorbent surface reactions, containing 

a bromide fom1 of the carbon, that capture mercury with high kinetic chemisorption 

(oxidation) activity, so that capture can occur during contact times of seconds or 

less. l11e sorbent does not require in situ activation (induction period) in the gas 

stream to achieve high activity as do conventional activated carbon sorbents. l11e 

15 reactivity of the sorbent tmvard 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 sulfor and nitrogen (acid gas 

emissions) and particulates whose release to the environment must be controlled by 

20 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 is focused on mercury. Initially, 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 is oxidized. The amount 

25 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 mercmy or more per day may be emitted in some utilities. 

30 Discussion cif Sorbent Technolo1:,ries 
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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 

5 U.S. Patent 6,214,304), and basic silicate or oxide sorbents (for example, see the 

Ghorishi 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 

10 4,889,698, 4,956,162, 5,672,323, 5,827,352, 6,027,551, and 5,505,766). TI1e sulfide 

and basic silicate and oxide particles are effective only for the oxidized mercury, 

and the metal oxide sorbents exhibit slower capture kinetics than the carbon 

particles. Additionally, injection of fine carbon particles into the flue gas stream has 

been only partially successful in removing mercury, especially elemental mercury, 

15 where effective removal of approximately 60<;,o was attained \vith a baghouse to 

co!lect 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 \vith the gas is very 

short. 

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

20 initially unreactive, and only after exposure to the flue gas for about 20 minutes 

does the seasoned sorbent 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 

25 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. 

30 

Use ofHalogens in A1ercury 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 F2, Ch, Br2, and b, the reaction with elemental mercury is 

not fast enough to result in the formation of oxidized mercury in a coal combustion 

flue gas with conventional ash control technology. The atomic elemental halogen 

5 form, wfoch includes F atom, Cl atom, Br atom, and I atom, is about a 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 a utility flue gas. 

A halide is a compound fom1ed from reaction of a halogen with another 

element or radical. In general, the halide compounds are nomrnlly very much less 

10 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 effective at oxidizing 

elemental mercury and provide effective capture of elemental mercury. In fact, for 

15 tests with salts, analytical data shmN 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 

detem1ined that bromine or HBr added to carbon black forms chemical compounds 

within a carbon structure. 

20 A body of theory has been developed from scientific evidence to explain the 

nature of the promotion effect of the bromine compounds. TI1is principle is 

illustrated in FIG. 2, which in step l sho\vs 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 

25 bromine compound reacts to form a similar structure, with a positive carbon that is 

active for oxidizing the mercury. 

We now teach that the fomrntion of the new bromide compound with carbon 

increases the reactivity of the carbon forms toward mercury and other pollutants. 

l11e resulting bromide compound is uniquely suited to facilitate oxidation of the 

30 mercury. l11e 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, kno\vn in the chemical art as a specific catalytic effect. Tims, 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 ener!:,:ry requirement for the oxidation process. 

5 Bromide is especially reactive, owing to the highly polarizable electrons in the outer 

4p orbitals of the ion. 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 ion. 

10 Prior Art Publications 

The earliest patents that relate to mercury capture on a sorbent are actually 

not for flue gas mercmy control but for capture of mercmy from air or other gas 

mixtures on a carbon or other smbent. These patents were based on a model that 

recognized the affinity of halogens for mercury, rather than the fomrntion of a 

15 reactive carbon. TI1ese 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 

20 not specified. This seems to be the most general claim with respect to halogen 

impregnation. All the statements 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 iodine impregnation. The patent also is restricted to air systems 

25 and did not pertain to flue gas systems with reactive acid gases. The description did 

not assume that the iodine 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 

30 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 (Ch) 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 

5 extension of the Stock patent, since a halogen was introduced as part of the gas 

phase being deaned. 

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 Ch is specified in the other claims and 

10 examples, and it is prepared by flmNing the Ch stream through a carbon bed. 

An improved sorbent for mercury in air was patented by Revoir and Jones 

(U.S. Patent 3662523, issued in 1972), in which IC] and ICh 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 

15 infringe Stock. 

U.S. Patent 5,891,324 describes an activated carbon containing an acid (HCl, 

H2SO4, or ff,PQ4) for the removal of mercury contained in a liquid phase, such as 

would occur in a process steam in the oil industry. In this case, the model presented 

was that mercury is adsorbed from the liquid into the solid carbon phase at relatively 

20 low temperatures. 

In U.S Patent Application 2004/0003716, a method is described for 

removing mercmy from a combustion gas. 111is 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 

25 injected into the flue gas duct. l11e model for the efficacy of the Nelson sorbent is 

not dearly stated, so it can be presumed that the reasoning for using bromine is the 

simple premise that some bromine form will help capture the mercury, as does 

iodine and chlorine. TI1e methods for incorporation of the bromine in the Nelson 

application are not the same as with the present invention, and the Nelson method 

30 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 sorbent in a 

convenient way, for example, the addition of smaller amount of a second more 

powerful promoting agent, the use of facile solvent systems, including aqueous 

bromine, and the use of in-flight bromine treatment. Additionally, the patent 

5 application does not mention regeneration, recycling, or reuse, or the use of moving 

contactors or larger partic le size to facilitate sorbent-ash separation. 

Embodiments of the Invention. 

A sorbent that is initially very reactive in oxidizing mercury can be used in 

10 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 

15 very short- only seconds. TI1is 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 µm) 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 

20 bromide compound formed on the carbon structure that provides a sorbent that is 

highly active on initial contact with the mercmy contaminated gas stream, wfoch 

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 

25 established that the addition of bromine fom1ed a chemical compound in the carbon 

structure. Tims, the sorbent does not represent a molecular bromine halogen form 

but a new chemically modified carbon structure. This may not occur with the less 

reactive iodine, where an h- molecular complex can exist on the carbon basal plane.

In the bromine case, it is actually the carbon that oxidizes the mercury. Thus, an 

30 entirely new model is presented for the reactivity of the bromine-treated carbon with 

mercury. TI1e 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 lower-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 

5 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 

10 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 Sp). 

15 Furthermore, \Ve demonstrated that the sorbent can be readily treated \vith 

any combination of bromine and the second component in-flight using vapors of 

these components 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 requirement for this contact. This technology is very simple to 

20 implement, so it will result in a great cost savings to the utility using this technology 

for mercury capture. 

A unique, nonobvious technique for preparation of the treated carbon is 

through combining the treatment system with the carbon injection system at the end­

use site. \.Vith this technique, the halogen is introduced to the carbon-air mixture in 

25 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: 

• Capital equipment costs at a treatment facility are eliminated.

• Costs to operate the treatment facility are eliminated.

• There are no costs for transporting carbon and additive to a treatment

30 facility.

• This process uses existing hardware and operation procedures.
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• This 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.

5 • 111is process allows rapid on-site tailoring of additive-sorbent ratios in order

to match the requirements of flue gas changes, such as needed when

changing fuels or reducing loads, thus further optimizing the economics.

• This technology reduces the amount of spent sorbents that are disposed.

With the foregoing and other features in view, there is provided, in

10 accordance with the invention, a process for preparing and regenerating carbon 

sorbents whose activity for mercmy 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 before or after ash particulates have been removed. 

15 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 listed in the previous sentence. Either type can be 

regenerated; the poisoning contaminants from the flue gas are removed and an 

20 inexpensive promoting agent added to restore mercmy 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 noncorrosive. 

25 Detailed examples of sorbent regeneration techniques are described in co-

pending, commonly-mvned PCT patent application No. PCT/US04/l 2828, titled 

"PROCESS FOR REGENERATING A SPENT SORBENT", which is incorporated 

by reference herein. 

Although the invention is described herein as a sorbent material, it is 

30 nevertheless not intended to be limited to the details described, since various 

modifications and structural changes may be made therein without departing from 

51 
4820.001US10 

AMEREN UE EXHIBIT 1027 
Page 64



the spirit of the invention 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 

5 the following description of specific exemplary embodiments. 

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

fueled facility. Of course, the invention can also be used in any other desired type of 

facility. FIG. 11 shows a boiler for burning pulverized coal. TI1e facility utilizes 

various devices to dean the exhaust of the boiler. In this example, a baghouse or 

10 ESP is 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 sho\vn, 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). 

15 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 

technolo,t;,ry of the present invention will utilize measurement of mercmy emissions 

as feedback 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 

20 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 basic binding sites on the 

25 activated carbon sorbent create sites for oxidizing mercury. Other metal ions, such 

as boron, tin, arsenic, galium, 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 

30 structure forms a carbocation that accept 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 

5 bromine is expected to be more reactive than the corresponding sorbent containing 

chlorine 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 

10 sorbent and an aerogel carbon film sorbent, as well as the original precursor carbons 

for comparison. Bromine-treated carbons were prepared by impregnation of the 

powdered activated carbon precursors in a stin-ed 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 

15 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. Adding a second component to the solution \Vas 

demonstrated to improve the capacity of the sorbent. 

111e carbons \Vere initially tested in a heated bed, where a synthetic flue gas 

20 stream containing elemental mercury (11 µg/m3) was passed through the bed. 

Concentrations of total and elemental Hg in the effluent gas \Vere 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 

25 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 \vith HBr 

indicates that it not only captures mercury at the same level as before (100%) 

30 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 \Vas prepared by treating the carbon by 

impregnating molecular bromine from a gas composition containing molecular 

5 bromine by flmving the gas through a liquid bromine reservoir in series with a 

fluidized bed of ebullated bed of the carbon. TI1e amount of bromine taken up by the 

carbon ranges (in one example) from <l 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 

10 gas phase mercmy (elemental) concentration was between 10 and 11 �tg/m3
. The ash 

and injected carbons were collected in the baghouse at 350E to 375EF. Injection of 

commercial-grade activated carbon powder (untreated) at a rate of l O lb/Macf 

resulted in mercury et11uent concentrations of 3.8-4.2 µg/m3 (representing 62�o-58% 

removal of the mercury from the gas), and at 2.0 lb/Macf, gave 74%J-7l% removal. 

15 Injection of the bromine-treated carbon at 1.0 lb/J\,facf resulted in 73�--o-69%) removal 

and at 2.0 lb/Macf gave 86%J-84% removal. l1ms, a significant increase in the 

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

Addendum. Other References to Hg SoqJtion 

20 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 flue gases containing polyhalogenated compounds. Although the system 

employed at Dusseldorhvould also have the potential for Hg removal (for example, 

25 see the Streng reference), it is not very practical to use such a thick bed. Spent 

sorbent is burned and not regenerated. TI1e carbons are not pretreated. 

The GE-Mitsui-BF system (Tsuji, K.; Shiraishi, I.; Dague, R.F. Proceedings, 

Sixth International Symposium, Air & Water :Management Assoc., New Orleans,

LA, March !0-12, I993) employs a recirculating carbon bed, where mercury is 

30 removed along with acid gases (as ammonium salts) and the carbon is regenerated at 

high temperatures where ammonium sulfate is decomposed to SO2 and N2 and 

54 
4820.001US10 

AMEREN UE EXHIBIT 1027 
Page 67



mercury is converted to the elemental form, which desorbs from the sorbent. 

Attrition of the sorbent results in a significant sorbent cost. l11e carbons are not 

pretreated. 

5 Sor bent 1 njection After Particulate Removal 

A process of injecting manganese oxide sorbent particles is described in U.S. 

Patent Application 2002/0150516. Regeneration is claimed by removal of spent 

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

10 Sorbent Beds After Particulate Removal 

Of particular interest in designing a mercury control process is to use the 

sorbent dovv11stream of a particulate control device so the sorbent is 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 

15 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 \vith the metal oxide sorbent to form the metal sulfates, which poison 

20 the bed. High temperatures are proposed to regenerate the bed. However, Hg is only 

partially removed from the sorbent at temperatures up to 500°C. TI1e 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. 

25 U.S. Patent 6,383,981 describes a fixed MnO2 or Fe2O3 bed for removal of 

Hg from a hydrocarbon stream. No regeneration method appears to be included. 

A recent l.J S. Patent application (2001/0003116) describes the regeneration 

of a plate or honeycomb material composed of transition metal oxides that was used 

for sorption of mercury in flue gas. The claimed process involves heating the 

30 sorbent in a reducing gas stream to remove poisons, followed 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 is rather expensive, because one is actually reconstituting the reagent on the 

sorbent 

Porous beds containing a mercmy oxidizing reagent on a solid support are 

described in several patents for removal of mercury from gas streams. TI1ese include 

peroxomonosulfate (for example, see U.S. Patent 4,786,483), triiodide or other 

mixed halogens (for example, see US. Patents 3,194,629; 3,662,523), or sulfur (for 

example, see l.J.S. Patents 3,194,629, 4,101,631, 4,708,853, 6,258,334). The reagent 

10 material is destroyed either by reaction with the flue gas during sorption or by 

attempts to regenerate the sorbent; there is no way to regenerate these sorbents, 

except by reimpregnation of the expensive reagent. 

Amalgamating noble metals (gold, silver) on a suitable support can be 

regenerated by microwave heating (for example, see U.S. Patent 6,136,072), but 

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

Hg Sorbentsfor Air or Natural Gas Treatment 

Melkersson (lJ. S Patent 3 786619) described a Hg sorbent comprising SeO2 

or SeS2 for air treatment. This method did not appear to employ a carbon support or 

20 halide. 

Yan (U.S. Patent 4814152) described a Hg sorbent comprising elemental 

sulfur and a metal catalyst on a carbon support. This method did not appear to 

employ a halide. 

Attia (U.S. Patent 65080281) described a sorbent for mercury and a variety 

25 of other contaminants comprising an inorganic aeroge! composition. This method 

did not appear to employ a carbon support or halide. 

Following is a List of Various Background References: 

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

30 1993,93, 277. 

Streng, S.; Kassebohm, B. htel Proc. Technol. 1994, 39,431. 
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U.S. Patent 6,214,304 Rosenthal 

U.S. Patent 4,889,698 Moller 

US. Patent 4,956,162 Smith 

l.JS. Patent 5,672,323 Bhat. 

5 U.S. Patent 5,827,352 Altman 

U.S. Patent 6,027,551 Hwang 

U.S. Patent 5,505,766 Chang 

US. Patent 5,607,496 Brooks 

U.S. Patent 6,383,981 Blankenship 

10 U.S. Patent 4,786,483 Audeh 

U.S. Patent 3,194,629 Dreibelbis, et al 

US. Patent4,101,631 Ambrsini, eta] 

U.S. Patent 3,662,523 Revoir 

U.S. Patent 4,708,853 Matviya 

15 U.S. Patent 6,258,334 Gadkaree 

U.S. Patent 6,136,072 Sjostrom 

US. Patent Application 2002/0150516 

U.S. Patent Application 2001/0003116 Neufert 
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CLAI:MS 

1. A method for reducing mercury in a mercury-containing gas, the method

compnsmg: 

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 Br2, HBr, Br-, or a combination thereof, 

wherein the mercury-containing gas is a coal-combustion gas. 

2. The method of 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 

15 comprises the promoter or the precursor thereof. 

4. 111e method of claim l, wherein the promoted activated carbon is promoted

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

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

in-flight 

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

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

25 

7. 111e method of claim l, wherein the promoted activated carbon comprises

active sites comprising carbocations bound to halide anions. 

8. The method of claim 1, wherein collecting the mercury comprises

30 chemically reacting carbene species edge sites in the activated carbon with the 

mercury. 
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q 111e method of claim l, 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

5 group consisting of alkali elements, alkaline earth elements, alkali salts, 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 

10 thereof 

15 

20 

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

stream dovvnstream of a boiler furnace. 

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

cleaned gas is performed substantially continuously. 

16. 111e method of claim l, wherein the sorbent has a composition comprising

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

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

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

30 18. The method of claim 1, comprising collecting greater than 70 \Vt%) of the

mercury in the mercury-containing gas. 
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5 

19. The method of claim 1, comprising collecting greater than 70 \Vt%) of the

mercury in the mercury-containing gas on the sorbent. 

20. 111e method of claim l, wherein the method is a method for reducing

mercury in the mercury-containing gas to a desired level, the method further 

compnsmg: 

monitoring the mercury content of the deaned gas; and 

controlling, in response to the monitored mercury content of the cleaned gas, 

10 an injection rate of injecting the sorbent into the mercmy-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. l11e sorbent comprises a new 

5 modified carbon form containing reactive forms of halogen and halides. Optional 

components may be added to increase reactivity and mercury capacity. 111ese 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. l11e sorbent can be regenerated and reused. Sorbent treatment and 

10 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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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). 

Select USA 

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.gov 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 I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 300 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 (37 CFR 1.16(i)) 
minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 
1 minus 3 = X 460 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($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 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1720 

APPLICATION AS AMENDED - PART II 

OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT RATE($) ADDITIONAL RATE($) ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR 
z 
w Total Minus 

.. = 
OR � (37 CFR 1.16(i)) 

X = X = 

0 
Independent ... = 

z Minus 
X = OR X = 

w (37CFR 1.16(h)) 

� 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 RATE($) ADDITIONAL RATE($) ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR 
z 
w Total Minus 

.. = 
X = OR 

� (37 CFR 1.16(i)) 
X = 

0 Independent Minus 
... = 

z X = OR X = 
w (37CFR 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 "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Commissioner for Patents 

United States Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 
www.uspto.gov 

Doc Code: 
TRACK1 .GRANT 

Decision Granting Request for 
Prioritized Examination 

(Track I or After RCE) 
Application No.:15/997,091 

1. THE REQUEST FILED June 4, 2018 IS GRANTED.

The above-identified application has met the requirements for prioritized examination
A. � for an original nonprovisional application (Track I).
B. D for an application undergoing continued examination (RCE).

2. 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;

C. filing a request for continued examination;

D. filing a notice of appeal;

E. filing a request for suspension of action;

F. mailing of a notice of allowance;

G. mailing of a final Office action;

H. completion of examination as defined in 37 CFR 41.102; or

I. abandonment of the application.

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

I Kimberly Inabinet! 

U.S. Patent and Trademark Office 
PTO-2298 (Rev. 02-2012) 

Paralegal Specialist, Office of Petitions 

AMEREN UE EXHIBIT 1027 
Page 97



Office of Petitions: Routing Sheet 

11111 
4 7 0 0 

:,. ............................................................................................................................................................................ . 

Application No. l 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. 

IX GRANTED 
' 

, ...................... , 

I DISMISSED 

I DENIED 
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Office of Petitions: Decision Count Sheet Mailing Month I 7 

Application No. 15997091 I llllll lllll lllll lllll lllll lllll 11111 11111 1111 1111 
* 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 

Deciding Official: I Kimberly Inabinet 
Count (1) - Palm Credit 15997091 

� .-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.�-

Decision:\ GRANT
� 

Ir FINANCE WORK NEEDED -

I [] Select Check Box for YES 
1 1111111 111111 1111 IIIIII IIIII II IIII 

* ............................................................................................................................................................................................................................................................................................. .. 

Decision Type: j 643 - Track One request
) 

Notes: 

Count (2) 

Decision: i n/a .... l� .......... J 

Decision Type: j NONE .... � 
� .-.-.-.-.-.❖ 

Notes: 

Count (3) 

............................................................................................. , ....... . 

Decision: l n/a ..-l � .......... J 

I, FINANCE WORK NEEDED -

!.� ... Select.Check Box for.YES 

Decision Type: j NONE ":;'] :,; .-.-.-.-.-.-., 

Notes: 

* G R A N T *

1 111111 11111 11111 IIII IIII 
* 6 4 3 *

Initials of Approving Official (if required) 

7/9/2018 

If more than 3 decisions, attach '"""
2nd count sheet & mark this box LJ 

Printed on: 
Office of Petitions Internal Document - Ver. 5.0 
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Office Action Summary 

Application No. 

15/997,091 

Examiner 

AMBER R ORLANDO 

Applicant(s) 

Olson et al. 

Art Unit 

1776 
AIA Status 

No 

-- The MAILING DA TE 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. 
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on . 

2a)O This action is FINAL. 2b) � This action is non-final. 

3)0 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)0 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) O Claim(s) __ is/are allowed.

7) � Claim(s) 1-20 is/are rejected.

8) O 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)0 The specification is objected to by the Examiner.

11 )� The drawing(s) filed on 06/04/2018 is/are: a)� accepted or b)O 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)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)O All

1.0

2.0

3.0

b)O Some** c)O None of the:

Certified copies of the priority documents have been received. 

Certified copies of the priority documents have been received in Application No. __ . 

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)

2) O 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 

3) O Interview Summary (PTO-413)

Paper No(s)/Mail Date __ . 
4) O Other: __ .

Part of Paper No./Mail Date 20180723 
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Application/ Control Number: 15/997,091 

Art Unit: 1776 

DETAILED ACTION 

Notice of Pre-A/A or AJA Status 

The present application is being examined under the pre-Al A first to invent provisions. 

Claim Rejections - 35 USC§ 102 

Page 2 

In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102 

and 103 (or as subject to pre-Al A 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-AIA 35 U.S.C.102 that form 

the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under section 122(b), by

an other filed in the United States before the invention by the applicant for patent or (2) a patent 

granted on an application for patent by another filed in the United States before the invention by the 

applicant for patent, except that an international application filed under the treaty defined in section 

35l(a) shall have the effects for purposes of th is subsection ofa n application filed in the United States 

on I y if the international application designated the United States and was p ublished under Article 

21(2) of such treaty in the English language. 

Claim(s) 1, 4-14 and 16-19 is/are rejected under pre-AIA 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 mercury in a mercury-

containing gas, the method comprising: injecting a sorbent into the mercury-containing gas (paragraph 

[0060]); collecting mercury in the mercury-containing gas on the sorbent to produce a cleaned gas 

(paragraph [0060]), wherein the sorbent is a promoted activated carbon that is promoted inflight with at 

least one promoter that is Br2, HBr, Br-, or a combination thereof, wherein the mercury-containing gas is 

a coal-combustion gas (paragraphs [0048]-[0051]). 
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Art Unit: 1776 

Page3 

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]). 

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 active sites 

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 disc!osed by �✓eison above is chemically and physical!y equivalent to the 

claimed collecting the mercury comprises chemically reacting ca rbene species edge sites in the activated 

carbon with the mercury. 

For claim 9, the Nelson reference injecting an alka!ine sorbent into the mercury-containing gas 

stream (paragraph [0064]). 

For ciaim 10, the !\Jelson reference discloses alkaline sorbent is se!ected from the group 

consisting of alkali e!ements, alkaline earth e!ements, alkali sa!ts .. alkaline earth salts, and combinations 

thereof (pa1·agraph [0064]), 

For c!aim 11 .. t!1e Nelson reference disc!oses the alkaline sorbent is selected from t!1e group 

consisting of sodiurn carbonate, ca lciurn oxide, lirne, and corn bi nations thereof (paragraph [0064]), 

For c!aim 12 .. t!1e Nelson reference disc!oses the activated carbon is chosen from powdered 

activated carbon, gra nu la r activated carbon, carbon black, carbon fiber, aerogel carbon, pyrolysis char, 

and combinations thereof (paragraph [0040]), 

For c!aim 13 .. t!1e Nelson reference discloses the promoter is HBror Br-(paragraphs [0048]-

[0051]). 
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Art Unit: 1776 

Page 4 

For claim 14, the !\Jelson reference discloses the mercury-containing gas is a flue gas stream 

downstream of a boHer furnace (fig. 2-6 and paragraph [00601). 

For clairn 16, the Nelson reference discloses the sorbent rnaler-lal has a composition cornprislng 

from about 1 to about 30 grams of additive per 100 grams of activated carbon (paragraph [00541). 

For claim 17, the Nelson reference discloses injecting sorbent into the mercury-containing gas 

stream to fom1 the pmmoted activated carbon (paragraphs [0048]-[0051]), 

For claims 18 and 19, the Nelson reference dlscloses collecting greater than 70 wt% of 

the mercury in the niercury-containing gas (paragraph [0084]). 

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-Al A 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 pre-AIA35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A pa tent may not be ob tained though the invention is not identically disclosed or described as set

forth in section 102, if the differences between the subject matter sought to be patented and the 

prior a rt are s uch that the subject matter as a whole would have been obvious at the time the 

invention was made to a person having ordinary skil l  in the art to which said subject matter pertains. 

Pate ntability shall not be negatived byth e manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 (1966), 

that a re a pp lied for establishing a background for determining obviousness under pre-A IA 35 U.S. C. 

103(a) are summarized as follows: 

1. Determining the scope and contents of the prior a rt.

2. Ascertaining the differences between the prior a rt and the claims at issue.
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Application/Control Number: 15/997,091 

Art Unit: 1776 

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

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

nonobviousness. 

Pages 

This application currently names joint inventors. In considering patenta bility of the claims under 

pre-Al A 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 1.56to point out the inventor and 

invention dates of each claim that was not commonly owned at the time a later invention was made in 

order for the examiner to consider the applicability of pre-AIA 35 U.S.C. 103(c) and potential pre-AIA35 

U.S.C. 102(e), (f) or (g) prior art under pre-AIA 35 U.S.C. 103(a). 

Claim 2-3 is/are rejected under pre-AIA35 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 that is combusted comprises 

the promoter or a precursor thereof. 

The Comrie reference discloses that the sorbent compositions can be added anywhei-ewithtn 

t!1e coal burning pmcess, before, during or after (paragraph [00061). Thts wou!d inc!ude the promoter or 

a precursor there of. 

It would have been obvious to one having ordinary ski!I in the art before the tnvention was made 

to have modified the Nelson reference to include either rearra ng1ng steps, or f'epeat steps to have the 

com busting coal in t!1e presence of the additive and activated carbon and compristng mixing t!1e additive 

and the coal before com busting the ma! so as to entra p the con la rninants tn the mercury containing gas 

rather than release them to the atmosphere which would tr.elude the promoter ma precursor there of 

Nelson (Con1rie paragraph !_00051). Further t!1e 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); In re 

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 com busting 

the coal. 

Claims 15 and 20 is/are rejected under pre-AIA 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. 

For ciaim 15 .. ti1e Nelson reference does not disclose monitoring the n1e,cury content of 

the cleaned gas is performed substantialiy continuousiy. 

The Vosteen reference discloses n1onitoring the mercury content of the cleaned gas is 

performed substantially conUnuousiy (coiurnn 5, lines 47-63). 

It would have been obvious to one having ordinary skiil in the art before the invention was ma de 

to have modified the f\leison reference to include monitm·ing the mercury content of the cleaned gas is 

performed substantialiy rnntinuousiy (Vosteen column 5., lines 47-63) so as to allow for the maximum 

amount of mercury to be removed from the waste gas strean1. 

For ciaim 20., the !\Jelson 1·eference discloses the method is a method fm ,educing mercury in the 

mercury-containing gas to a desired !eve! (as shm,vn above). 

The Nelson reference does not disclose rnonitoring the mercury content of the cleaned gas; and 

controlling, in response to ti1e monitored mercury content of the cieaned gas, an injection rate of 

injecting the smbent into the mercury-containing gas, the sorbent corn position, or a combination 

thereof, so that the niercu,y content of the cleaned gas is maintained at or beiow the desired ievei. 

The Vosteen reference discloses n1onitoring the mercury content of the cleaned gas; and 

controlling, in 1·esponse to the monitored mercury content of the cleaned gas, an injection rate of 
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injecting the smbent into the mercury-containing gas, the sorbent mm position, or a combination 

t!1ereof, so that the mercury content of the cleaned gas is maintained at or be!ow the desired !eve! 

(coiurnn 5, lines 47-63). 

Page 7 

It would have been obvious to one having ordinary ski!I in the art before the invention was ma de 

to have modified the f\Je!son reference to inciude monitoring the mercury content of the cleaned gas; 

and controlling, in 1·esponse to the monitored mercury content of the cleaned gas, an injection rate of 

injecting the sorbent into the me,-cury--containtng gas, the sorbent cmnposttion, or a combination 

thereof, so that the niercury content of the cleaned gas is maintained at or beiow the desired !evei 

(Vosteen column 5, lines 47-63) so as to allrn,v for the maximum amount of mercury to be removed fron1 

the waste gas slrea rn. 

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 

identica I, but at least one examined application claim is not patenta bly 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., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. 

Cir. 1985); In re 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 either is 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 AIA 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 AIA. A terminal 

disclaimer must be signed in compliance with 37 CFR 1.321(b). 

The USPTO Internet website contains termina I disclaimer forms which may be used. Please visit 

www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed 

determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/ AIA/26) should be used. A 

web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal 

Disclaimer that meets all requirements is auto-processed and approved immediately upon submission. 

For more information about eTerminal Disclaimers, refer to 

www.uspto.gov/patents/process/file/efs/guida nce/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 to claim claims 1 of '286. 

Claim 4 of the current application corresponds to claim claims 1 and 13 of '286. 

Claim 5 of the current application corresponds to claim 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 claim claims 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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Claim 20 of the current application corresponds to claim claims 1 and 22 of '286. 

Claims 2 and 3 a re rejected on the ground of nonstatutory double patenting as being 

Page 9 

unpatentable over claims 1 of U.S. Patent No. 7,435,286 ('286) in view of Comrie US 2007/0168213. 

The Comrie reference discloses thalthe sorbent cornpositions can be added anyv,1herewithin 

the coal burning process, before, during or after (paragraph [0006]). This wouid include the promoter m 

a precursm· there of. 

It would have been obvious to one having ordinary skill in the art before the invention was made 

to have modified the '286 reference to include elther rearranging steps, or repeat steps to have the 

cornbusting coal in the presence of the additive and activated carbon and comprising rnixing the additive 

and t!1e coal before con1busting the ma i so as to entrap the contaminants tr. the n1ercury containing gas 

rather than release them to the atmosphere 1Nhich 11,muld include the promoter or· a precursor there of 

f\Jelson (Comrie paragraph [00051). 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. 

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 activated carbon is chosen from powdered activated carbon, gra nu la r activated carbon 

black, carbon fiber, aerogel carbon, pyrolysis char and combinations thereof. 

The Nelson reference discloses the activated carbon is chosen from powdered activated carbon, 

granular activated carbon 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, gra nu la r activated carbon black, carbon fiber, aerogel carbon, pyrolysis char and combinations 

thereof (Nelson paragraph [0040]) as the courts have held that since it has been held to be within the 

general skill of a worker in the art to select a known material on the basis of its suitability for the 

intended use as a matter of obvious design choice. In re Leshin, 125 USPQ 416. 

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 a re 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 (Al R) at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone a re unsuccessful, the examiner's supervisor, 

Duane Smith can be reached on (571)272-1166. The fax phone number for the organization where this 

application or proceeding is assigned is 571-273-8300. 

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 

AMEREN UE EXHIBIT 1027 
Page 110



Application/Control Number: 15/997,091 

Art Unit: 1776 

Page 11 

Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR 

CANADA) or 571-272-1000. 

/AMBER R ORLANDO/ 

PrimaryExaminer, Art Unit 1776 

AMBER ROSE. ORLANDO 

Primary Examiner 

Art Unit 1776 

AMEREN UE EXHIBIT 1027 
Page 111



Application/Control No. Applicant(s)/Patent Under 
15/997,091 Reexamination 

Notice of References Cited 
Olson et al. 

Examiner Art Unit 
AMBER R ORLANDO 1776 Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

Name CPC Classification US Classification 
Country Code-Number-Kind Code MM-YYYY

* A US-5569436-A 10-1996 Lerner; Bernard J. B01 D53/64 110/235 

* B US-6136749-A 10-2000 Gadkaree; Kishor P. BO 1 D53/8665 502/180 

* C US-20040003716-A 1 01-2004 Nelson, Sidney G. JR. B01 D53/02 95/134 

* D U S-6818043-B 1 11-2004 Chang; Ramsay B01 D53/64 423/213.2 

* E U S-68483 7 4-B2 02-2005 Srinivasachar; Srivats B01 D53/10 110/165R 

* F US-7 435286-B2 10-2008 Olson; Edwin S. B01 D53/10 95/142 

* 
G US-7514052-B2 04-2009 Lissianski; Vitali Victor B01 D53/56 423/210 

* H US-20090320678-A 1 12-2009 Chang; Ramsay B01 D46/002 95/92 

* I US-7780765-B2 08-2010 Srinivasachar; Srivats B01 D53/10 110/203 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Name CPC Classification 
Country Code-Number-Kind Code MM-YYYY

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20180723 

AMEREN UE EXHIBIT 1027 
Page 112



Search Notes 

I 
CPC - Searched" 
Symbol 

Application/Control No. 

15/997,091 

Examiner 

AMBER R ORLANDO 

CPC Combination Sets - Searched* 
Symbol 

US Classification - Searched* 
Class Subclass 

Applicant(s)/Patent Under Reexamination 

Olson et al. 

Art Unit 

1776 

I 
Date 

I 
Examiner 

Date Examiner 

Date Examiner 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the
search.

Search Notes 
Search Notes Date Examiner 
Text Search (See east search history) 07/23/2018 AO 

Inventor Search (DAV) 07/23/2018 AO 

Interference Search 
US Class/CPC US Subclass/CPC Group Date Examiner Symbol 

/AMBER R ORLANDO/ 
Primary Examiner, Art Unit 1776 

U.S. Patent and Trademark Office 
Page 1 of 1 

Part of Paper No.: 20180723 

AMEREN UE EXHIBIT 1027 
Page 113



EAST Search History 

EAST Search History 

EAST Search History (Prior Art} 

ftJFl[S
earch

_ Qu
ery 

............................................................ llD
Bs 

.............. Jlg�����r. IE ����p ......... 1 03 !

D

o !

1

"7435286" !us-PGPUB;!□oJ !□N 12018101123! 
! I lusPAT· ! ! 1 14-41 ! 
! ! ! USOCR· ! ! ! • ! 
! ! ! FPRS· , ! ! ! ! 
! ! ! EPO· ,JPO ! ! ! ! :E .............................................................................................................................................. J ................ ' .......................................... : ........................................................................ : ..................................... J ............... ...................................................... : LJD5 I (95/1 34.ccls. or 95/1 42.ccls. or I US-PGPUB;!

LJ
DJ !

LJ
N ! 2013/09/09!

I 110/345.ccls. or 423/21 0.ccls.) and I USPAT ! ! 109: 1 9 !
I I ' ' , ' 

.......... J activated _carbon .. and_promoter ........................ j ...................... J ...................... J ................. j ....................... J

DD
! (95/1 34.ccls. or 95/1 42.ccls. or ! US-PGPUB;!□DJ !□N ! 2013/09/09!
! 110/345.ccls. or 423/21 0.ccls.) and ! USPAT ! ! ! 09: 1 9 ! 
! sorben and promoter and activated ! ! ! ! ! 
I I ' ' , ' 

........... ..1 carbond .and .. mercurY .............................................. j ....................... ..! ....................... ..! ................. ! ........................ ..!

DD
! (95/1 34.ccls. or 95/1 42.ccls. or ! US-PGPUB;!□DJ !□N ! 2013/09/09!
! 110/345.ccls. or 423/21 0.ccls.) and ! USPAT ! ! ! 09:20 ! 
! sorbent and promoter and activated ! ! ! ! ! 
\ \ : : : : 

......... 1carbond_and_mercurY .............................................. I ........................ J ...................... ..J ................. ! ........................ j
,.............---,,.............---, 
S7 !73 !("2002015051 6" 1 "4786483" I "5409522" !US-PGPUB;!ADJ !ON !2015/03/17!

I "5505766" I "6383981 " I "6878358" I ! USPAT ! 12:25 !
"20020033097" I "4530765" I "5346674" 1 I 
"6080281 " I "4708853" I "6027551" I ! 
"61 36072" I "6258334" I "6818043" I ! 
"20060057044" I "20080207443" I ! 
"20010002387" I "3826618" I "4814152" I!
"4820318" I "4889698" I "5891 324" I ! "6528030" I "20050227146" I "5419834" I! 
"7942566" I "20080134888" I "3662523" I!
"3849267" I "4196173" I "4500327" I ! 
"6942840" I "20020134242" I ! 
"20030136509" I "20050147549" I ! 
"2006011 2823" I "20080134888" I ! 
"64 71936" I "20010003116" I ! "2005001 9240" I "20060048646" I ! 
"4956162" I "5575982" I "6372187" I ! 
"6375909" I "7435286" I "7514052" I ! 
"20050074380" I "20090081092" I ! 
"5288306" I "1984164" I "4101 631" I ! 
"5695726" I "6080281" I "6848374" I ! 
"20050000197" I "5300137" I "5607496" I!
"5672323" I "621 4304" I "6953494" I ! 
"5245120" I "20070168213" I "7938571" I!
"20040003716" I "20040013589" I ! 
"31 94629" I "3786619" I "5827352" I ! 
"20040109800" I "20070295347" I ! 
"5435980" I "6136749" I ! "20030206846").PN ................................................. j.====;;;;,

................. ,

rJF]r:
11

_
2091

-
63

·· ................................................................... l �����-::.11�-�-� ................ 11�� .......... J

"'

t

=

t
1

=

.;

=

�-�

= 

.. �

=

-� .. 

=

�-�

;;;,

..1
1 

rJLlr:
11

.
2091

.
63"

.
and _n

on _
carbon ............................... j �����-::J�JI�� .......... j {�:���-�-�� .. �-�J 

r
s10 

1[
161 

W
B01 053/64, B01 02257/602, IIUS-PGPUB;IIADJ IION 112015/03/17

1 

file:/ //C/U sers/amillerharris/Documents/e-Red%20Folder/ 15997091/EASTSearchHistory.1599709 l_Accessible Version.htm[7 /23/2018 2:56:52 PM] 

AMEREN UE EXHIBIT 1027 
Page 114



EAST Search History 

file:/ //C/U sers/amillerharris/Documents/e-Red%20Folder/ 15997091/EASTSearchHistory.1599709 l_Accessible Version.htm[7 /23/2018 2:56:52 PM] 

AMEREN UE EXHIBIT 1027 
Page 115



EAST Search History 

ll !l ![ !11 BM TDB !l !l H ! � ������������� 

����������· ' ���������������������������������������������������������������������������������������������· ' 
�������� - �������������� 

������������������������� �������������������-
��������������������������� 

I S29 I 206 I (sorbent or activated carbon) with I US-PGPUB; I ADJ I ON I 2016/09/291 \ ' I 
I ' ' , ' I I I mercury and ( diameter or size) with ("30" I USPAT; I I I 16:22 I ! I I or "40" or "50" or "60" or "70") with I USOCR; I I ! I

I I I (sorbent or carbon) and halogen$4 and I FPRS; I I 1 I I I I activated carbon I EPO; JPO; I I I I I I I I DERWENT• 
I I I I 

1 ............. 1 ........... .J ............................................................................................ 11 BM_ TDB . .'.1 ......................... 1 ................. 1 .......................... 1

r

30 

1

95 liB01□53/64, B0102257/602, I U&PGPUB;l□DJ !□N ! 2016/09/30!I I IB0102253/104,B0102253/10, IUSPAT I I !13:48 I ! ! ! B01053/1 0).cpc. and (halogen or halide ot! ! ! ! ! I : i i : : : : 
! ........... ..1 .........1 HBr). with. sorbent ...................................................... 1 ........................ j ...................... ..1 ................. � ........................ jI S33 I 6 I "20040003719" I US-PGPUB; I ADJ I ON j 2016/ 11 / 161 I I I I USPAT· I I I 10·56 I ! ! ! ! USOCR· ! ! ! • ! I I I I FPRS· , I I I I ! ! ! ! EPO· ,JPO· ! ! ! ! ! ! ! ! DERWENT·! ! ! ! 
I ........... J ........... J ............................................................................................ l 1BM_TDB .. 'J ....................... J ................. j ........................ J
1S34 149 !"2004003716" !us-PGPUB;IADJ ION !20161111161I I 1 1 USPAT· I I 110·57 I ! ! ! ! USOCR· ! ! ! • ! ! ! ! ! FPRS· , ! ! ! ! ! ! ! ! EPO· ,JPO· ! ! ! ! I I I I DERWENT· I I I I 
I I I I I BM_ TDB , I I I I \ 

�������������• 
�������������\ ������������������������������������������������������������������������������������������������\ 

��������������������������• �������������������������• 
�������������������• ���������������������������•

!S35 181 1"6848374" IUS-PGPUB;IADJ ION 12016/11/161 I I 1 1 USPAT· I I I 10·58 I ! ! ! ! USOCR· ! ! ! • ! ! ! ! ! FPRS· , ! ! ! ! ! ! ! ! EPO· ,JPO· ! ! ! ! ! ! ! ! DERWENT·! ! ! ! 
I ........... J ........1 ............................................................................................ 11 BM_ TDB .. 'J ...................... J ................ 1 ........................ J
!S36 156 1"7435286" lus-PGPUB;IADJ loN 120161111161 I I I lusPAT· I I 111·02 I ! ! ! ! USOCR· ! ! ! • ! I I I I FPRS· , I I I I ! ! ! ! EPO· ,JPO· ! ! ! ! ! ! ! ! DERWENT·! ! ! ! I I I I I BM_ TDB , I I I I \ �������������- �������������, ������������������������������������������������������������������������������������������������, �������������������������- �������������������������- �������������������� ��������������������������-
! S37 17 I olson.in. and ("40" microns).clm. I US-PGPUB; I ADJ I ON I 2016/11/161 I I I lusPAT· I I 111·04 I ! ! ! ! USOCR· ! ! ! • ! ! ! ! ! FPRS· , ! ! ! ! ! ! ! ! EPO· ,JPO· ! ! ! ! ! ! ! ! DERWENT·! ! ! ! I I I I I BM TDB , I I I I 
1S38 lo 1("40" microns and halocarbon IUS-�GPUB;IADJ ION !2016/11/161! ! ! sorbent).clm. ! USPAT; ! ! I 11 :05 ! I I I I USOCR· I I I I ! ! ! ! FPRS· , ! ! ! ! ! ! ! ! EPO· ,JPO· ! ! ! ! ! ! ! ! DERWENT·! ! ! ! 
I ........... ..I ........ j ............................................................................................ j I BM_ TDB .. 'J ...................... J ................ 1 ........................ ..1
1S39 !o !(halocarbon sorbent).clm. and "40" !US-PGPUB;!ADJ !ON !2016/11/16!1 1 1 • d I • 1 USPA T 1 1 1 11 05 1 I I 1m1crons an o son.in. I ; I I j : I I I I I USOCR· I I I I ! ! ! ! FPRS· , ! ! ! ! I I I I EPO· ,JPO· I I I I ! ! ! ! DERWENT·! ! ! ! I I I I I BM_ TDB , I I I II �������������, �������������, ������������������������������������������������������������������������������������������������, �������������������������, �������������������������, �������������������� ��������������������������, 

file:/ //C/U sers/amillerharris/Documents/e-Red%20Folder/ 15997091/EASTSearchHistory.1599709 l_Accessible Version.htm[7 /23/2018 2:56:52 PM] 

AMEREN UE EXHIBIT 1027 
Page 116



EAST Search History 

file:/ //C/U sers/amillerharris/Documents/e-Red%20Folder/ 15997091/EASTSearchHistory.1599709 l_Accessible Version.htm[7 /23/2018 2:56:52 PM] 

AMEREN UE EXHIBIT 1027 
Page 117



EAST Search History 

file:/ //C/U sers/amillerharris/Documents/e-Red%20Folder/ 15997091/EASTSearchHistory.1599709 l_Accessible Version.htm[7 /23/2018 2:56:52 PM] 

AMEREN UE EXHIBIT 1027 
Page 118



EAST Search History 

file:/ //C/U sers/amillerharris/Documents/e-Red%20Folder/ 15997091/EASTSearchHistory.1599709 l_Accessible Version.htm[7 /23/2018 2:56:52 PM] 

AMEREN UE EXHIBIT 1027 
Page 119



EAST Search History 

I "3194629" "3662523" "3786619"
I "3826618" "3849267" "4196173" 
1 "4500327" "4814152" "4820318" 
I "4889698" "4959162" "5300137" 
I "5409522" "5462908" "5505766" 
I "5575982" "5607496" "5672323"
I "5695726" "5827352" "5891324"
I "6027551" "6080281" "6136072" 
I "6136749" "6214304" "6258334" 
I "6372187" "6375909" "6383981"1
"6471936" "6528030" "6818043"
I "6848374" "6878358" "6942840"
I "6953494" "7101631" "7435286"
1"7479263" "7514052" "7563311" 

• I "7611564" "8007749" "8168147" , • • I 
............ 1 .......... .J "81681.49" ..... "851.2655").PN . .............................. .J ......................... 1 ........................ 1 ................. !

El□ �;������������. ���·�·�·�·�.���.�.� .. �:� .. '. ............... I �����.��.1[��� ................ ll�.� ........... 1

,-;.;.;

�

=

�.�

=

;

=

{�

= 

.. 
�
=

:
.

=

�
.
�
"'

J
I 

El□ �;������������. ���·�·�·�·�.���.�.� .. �:� .. '. ............... I �����.��. l�r:=l ���;��.�:.�.�I
S80 ! 96 ! (" 1984164" I "2317857" I "20010002387" ! US-PGPUB ; 

! ADJ ! ON 2017/06/27! 
I "20010003116" I "20020043496" I I USPAT I 09: 41 I 
"20020134242" I "20020150516" I I 
"20030104937" I "20030136509" I I 
"20040003716" I "20040013589" I I 
"20040076570" I "20050019240" I I 
"20060048646" I "20060191835" I I "20080182747" I "20080292512" I ! 
"20090062119" I "20090136401" I I 
"20090320678" I "20100047146" I I 
"20110168018" I "20120183458" I I 
"20130280156" I "20140056787" I I 
"20140255279" I "20140308188" I I 
"20150098878" I "3194629" I "3662523" 11 
"3786619" "3826618" "3849267" I 

"3876393" "4094777" "4101631" I 
.. 4196173" .. 4338896" .. 4500327" I 
"4708853" "4786483" "4814152" I 
"4820318" "4889698" "4956162" I 

"5300137" "5336835" "5409522" I 

"5462908" "5505766" "5575982" I 
"5607496" "5672323" "5695726" I 
"5827352" "5891324" "6027551" I 
"6080281" "6136072" "6136749" I 
"6214304" "6258334" "6372187" I 
"6375909" "6383981" "6471936" I 

"6528030" "6638485" "6808692" I 

"6818043" "6848374" "6878358" I 
"6942840" "6953494" "6960329" I 
"7081434" "7211707" "7435286" I 
"7479263" "1514052" "7521032" I 
"7544338" "7563311" "7611564" I 
"7622092" "7722843" "7767174" I 

"7780765" "8007749" "8168147" I 

"8168149" "8216535" "8512655" I 
"8652235" "8821819" "9011805") .PN. I I 

............................... > ........................................................................................................................................................................................................................................................................................ >.====�,-' ........................................................................ , 

rlEl �
0

n���:.�.:.� .. :.'.�.� .. :.'.�.�.�� .. :.�� ... :�.�.��� .. :'.�� ... l 
���

���'..t�.: .............. ..11�� .......... 1 ���;� �.����.I 
EJD �o

n���
c
���.l:��

h
t��n

g
��t��.�p

1ug$4 
.wi

th 
.. j ����

UB
;J�EJ ���;�06/271

EJD �o

n���
c
���.l:

��
h

t��n
g$4

.
a

n
d

.
p

lug$4

.
wi

th 

.. 
j ����

UB
;J�EJ ���;�06/271

�� 

file:/ //C/U sers/amillerharris/Documents/e-Red%20Folder/ 15997091/EASTSearchHistory.1599709 l_Accessible Version.htm[7 /23/2018 2:56:52 PM] 

AMEREN UE EXHIBIT 1027 
Page 120



EAST Search History 

file:/ //C/U sers/amillerharris/Documents/e-Red%20Folder/ 15997091/EASTSearchHistory.1599709 l_Accessible Version.htm[7 /23/2018 2:56:52 PM] 

AMEREN UE EXHIBIT 1027 
Page 121



EAST Search History 

file:/ //C/U sers/amillerharris/Documents/e-Red%20Folder/ 15997091/EASTSearchHistory.1599709 l_Accessible Version.htm[7 /23/2018 2:56:52 PM] 

AMEREN UE EXHIBIT 1027 
Page 122



EAST Search History 

r

1
8

r r

1209163"
lu&PGPUB;!□DJ !□N [201

8
/07/23! I i I I USPAT· i i I 09"43 i I I I I USOCR· I I I • I I I I I FPRS· , I I I I I I I I EPO· ,JPO I I I I\ ' \ 

\ ' ' ' � ' 
.............. • .... . ........................................................................................ . ...................... • ........................ • ............ . .......................... • 

7/23/20182:56:48 PM 

C:\ Users\ amillerharris\ Documents\ EAST\ Workspaces\ 12429058.wsp 

file:/ //C/U sers/amillerharris/Documents/e-Red%20Folder/ 15997091/EASTSearchHistory.1599709 l_Accessible Version.htm[7 /23/2018 2:56:52 PM] 

AMEREN UE EXHIBIT 1027 
Page 123



Bibliographic Data 

Application No: 15/997,091 

Foreign Priority claimed: 0 Yes @ No 

35 USC 119 (a-d) conditions met: 0Yes �No 

Verified and Acknowledged: I/AMBER R ORLANDO/ 
Examiner's Signature 

D Met After Allowance 

Initials 

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF 
MERCURY 

FILING or 371(c) DATE CLASS GROUP ART UNIT 

06/04/2018 423 1776 

RULE 

APPLICANTS 

Midwest Energy Emissions Corp, Lewis Center, OH, 

INVENTORS 

Edwin S. Olson Grand Forks, ND, UNITED STATES 

Michael J. Holmes Thompson, ND, UNITED STATES 

John H. Pavlish East Grand Forks, MN, UNITED STATES 

CONTINUING DATA 

This application is a CON of 15974343 05/08/2018 

15974343 is a CON of 15951970 04/12/2018 

15951970 is a CON of 14712558 05/14/2015 

14712558 is a CON of 14318270 06/27/2014 PAT 9757689 

14318270 is a CON of 13966768 08/14/2013 PAT 8821819 

13966768 is a CON of 13427665 03/22/2012 PAT 8512655 

13427665 is a CON of 12419219 04/06/2009 PAT 8168147 

12419219 is a CON of 12201595 08/29/2008 

12201595 is a CON of 11209163 08/22/2005 PAT 7435286 

11209163 has PRO of 60605640 08/30/2004 

FOREIGN APPLICATIONS 

IF REQUIRED, FOREIGN LICENSE GRANTED** 

06/21/2018 

STATE OR COUNTRY 

UNITED STATES 

ADDRESS 

ATTORNEY DOCKET NO. 

AMEREN UE EXHIBIT 1027 
Page 124



cfifkd= cbb= ob`bfsba=

ARIUSM=

^jbobk= rb= buef_fq= NMOT=
m^db= NOR

FILING FEE RECEIVED 

$5,860 

AMEREN UE EXHIBIT 1027 
Page 125



AMENDMENTAND RESPONSE UNDER37 C.F.R. § 1.111 
Application Number: 15/997,091 

Filing Date: Juns' 4, 2018 
Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY 

REl\iIARKS 

This responds to the Non-Final Office Action dated July 27, 2018. 

Pages 
Dkt: 4820 001Ul0 

No claims are presently amended. No claims are presently canceled, and no claims were 

canceled previously. No ne\v claims are presently added. As a result, claims 1-20 are nmv pending 

in this application. 

The Rejection of Claims Under 9'102 

I. The Office Action rejected claims l, 4-14, and 16-19 under 35 U.S.C. § 102(e) over U.S.

patent publication no. 2004/0003716 ("Nelson"). 

This rejection is respectfully traversed. 

Independent claim l recites in-flight promotion with a promoter that is Be?, 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 Br2, HBr, Br·, or a combination thereof, citing 

to paragraphs [0048]-[0051] of Nelson. Paragraphs [0049]-[005 l] 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 shmv in Nelson, and Applicant cannot find in Nelson, a description or 

suggestion of the claimed feature of in-flight 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, claim 1 is 

patentable over Nelson. 

Dependent cl aims 4-14 and 16-19 are directly or indirectly dependent on independent cl aim 

1. As such, claims 4-14 and 16-19 incorporate all the features 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 USC, § l02(e) over Nelson. 

Jhe Rejection o[Claims Under f/03 

n. The Office Action rejected claims 2-3 under 35 USC, § 103(a) over U.S. patent publication

no. 2004i0003716 ("Nelson") in view of U.S. patent publication no. 2007/0168213 ("Comrie"). 

This rejection is respectfully traversed. 

Independent claim l recites in-flight promotion with a promoter that is Br2, 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 H(A), Comrie is not prior art. As explained herein at H(H), Nelson 

cannot be used to achieve the presently claimed invention. As explained herein at U(C), 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 H(D), the next Office 

Action cannot be properly made final. 

II(A). Comrie is not prior art. 

Comrie was published July 19, 2007, and the earliest priority is to a provisional application 

filed 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 

Connie's earliest priority date; even if only the first U.S. Utility application is considered for 

support, Comrie's earliest 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. 

H(B). Nelson cannot be used achieve the presentlv claimed invention. 

Nelson mentions promoting activated carbon outside of flue 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 com busting coal that includes Bn, HBr, Br· or a precursor thereof Therefore, dependent 

claims 2-3 are patentable. 

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

ordinary skill in the art before the invention \Vas made. 

The inventors of the present application have discovered that by com busting coal that 

includes Br2, HBr, Br· 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 ce1iain 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. 15i853,029, published as l) 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 flue gas and then added to the flue gas. As 

shown in Table 1 and as explained in paragraphs [0116]-[0ll 7], 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.E.P. 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 \vith no change in their respective functions, and the combination would have yielded 

nothing more than predictable results to one of ordinm:v 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 is 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 l is 

patentable over the cited references. 

Dependent clairns 2-3 are directly or indirectly dependent on independent claim l, 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 clairn l, 

Applicant therefore respectfully requests reconsideration and 'vvithdrnvval of the rejection of 

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

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

As explained herein in section n, 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 \vould 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. 

III. The Office Action rejected claims 15 and 20 under 35 U.S.C. § 103(a) over U.S. patent

publication no. 2004/0003716 ("Nelson") in view of U.S. patent no. 6,878,358 ("Vosteen"). 

This rejection is respectfully traversed. 

As explained herein at ll(A)-H(C), claim l is patentable over Nelson. Vosteen fails to 

remedy the defects of Nelson; therefore, claim l is patentable over this combination of references. 

Dependent clairns 15 and 20 are dependent on independent claim 1 As such, these claims 

incorporate all the features of claim l. Accordingly, dependent claims l 5 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 ofVosteen. 

Double Patenting Reiection 

IV. The Office Action rejected claims 1, 4-1 Land 13-20 for nonstatutory double patenting over_

claims 1-3, 13, 22, and 26 of U.S. patent no. 7,435,286 ('286). 
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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 tirne 

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

an indication of allowable claims. 

The Office Action rejected claims 2 and 3 for nonstatutory double patenting over claim 1 of 

U.S. patent no. 7,435,286 {'286) in view of U.S. patent publication no. 2007/0168213 ("Comrie''). 

This rejection is respectfully 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. 1-ImNever, as explained herein at U(A), Comrie is not prior art, because the 

present application has priority that is one year and five 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 l 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 vie'vv of Nelson. 

As the cmTent 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 clairn has yet to be allowed. Applicant will re-evaluate this rejection, upon 

an indication of allowable claims. 
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CONCLUSION 
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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) 

349-9580 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 

Date August 14, 2018 

Respectfully submitted, 

SCH\VEGMAN LUNDBERG & WOESSNER, P.A. 
P.O. Box 2938 
Minneapolis, MN 55402-0938 
(612) 373-6900

By/ \:he J�Lk\f {Jr1)EtJ/j----J 
Nicholas P Lanzatella 
Reg. No. 63,803 
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1. (Original) A method for reducing mercury in a mercury-containing gas, the method

compnsmg: 

injecting a sorbent into the mercury-containing gas; 

collecting rnercury 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 Br2, HBr, Br·, or a combination thereof, wherein the mercury-containing gas is a 

coal-combustion gas. 

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

promoter or a precursor thereof 

3. (Original) The method of claim 2, further comprising combusting the coal that comprises

the promoter or the precursor thereof 

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

flight 

6. (Original) The method of claim l, wherein the promoted activated carbon comprises active

sites, comprising halide anions bound to the activated carbon. 

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

sites comprising carbocations bound to halide anions. 

8. (Original) The method of claim 1, wherein collecting the rnercury 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. 

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, 'vvherein 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 Ik.

14. (Original) The method of claim l, wherein the mercury-containing gas is a flue gas stream

downstream of a boiler furnace. 

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

gas is performed substantially continuously. 

16. (Original) 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. (Original) The method of claim l, further comprising injecting sorbent into the mercury-

containing gas stream to fonn the promoted activated carbon. 
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18. (Original) The method of claim 1, comp1ising collecting greater than 70 wi�o of the mercury

in the mercury-containing gas. 

19. (Original) The method of claim 1, comprising collecting greater than 70 \Vt%) of the mercury

in the mercury-containing gas on the sorbent 

20. (Original) The method of claim l, 'vvherein 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 1 evel. 
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SIN 15/997 .091 PATENT 

IN THE UNITED STATES PATENT AND TRt\DEl\'L\RK OFFICE 
Inventor(s): Edwin S. Olson et al. 
Application No.: 15/997,091 
Filed: June 4, 2018 
Confirmation No .. 5161 

Examiner: AMBER ROSE ORLANDO 
Group Art Unit: 1776 
Docket No.: 4820.00llJl 0 

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY 

A:MENDMENT & RESPONSE UNDER 37 C.11�R. § 1.111

Mail Stop Amendment 
Commissioner for P atents 
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 ANTI REMOVAL OF :MERCURY 

Docket No.· 
Filed: 
Examiner: 
Customer No.: 

4820.00lUlO 
June 4, 2018 
Amber Orlando 
21186 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA22313-1450 

Serial No.· 
Due Date: 
Group Art Unit: 
Confirmation No.: 

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

X Amendment and Response under 37 C.F.R. § 1. l 11 (IO pgs.) 

15/997,091 

October 27, 2018 
1776 
5161 

If not provided for in a separate paper filed herewith, please consider this a PETITION }'OR EXTENSION OF' TIME for 
sufficient number of months to enter these papers and please charge any additional fees or credit overpayment to Deposit 
Account No. 19-0743. If applicable, any papers or fees supplied herewith are considered to be timely filed pursuant to 37 
C.I1'.R. § 1.7(a), the response period falling on a F'ederal Holiday, Saturday or Sunday being extended to the next succeeding
business day.

SCHWEGMAN LUNDBERG & WOESSNER. P A. 

Customer No.: 21186 
By: I � d le wctf • U�rJJ+-- I

Nicholas P. Lanzatella 
Reg. No. 63,803 
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AIA Status 

No 

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

Period for Reply 
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2a)O This action is FINAL. 2b) � This action is non-final. 

3)0 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)0 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) O Claim(s) __ is/are allowed.

7) � Claim(s) 1-20 is/are rejected.

8) O 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)0 The specification is objected to by the Examiner.

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O 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)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)O All b)O Some** c)O None of the:

1.0 Certified copies of the priority documents have been received.
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application from the International Bureau (PCT Rule 17.2(a)). 
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Application/Control Number: 15/997,091 

Art Unit: 1776 

DETAILED ACTION 

Notice of Pre-A/A or AJA Status 

The present application is being examined under the pre-Al A first to invent provisions. 

Claim Rejections - 35 USC§ 112 

The following is a quotation of 35 U.S.C. 112(b): 

(b) CONCLUSI ON.-The s pedfication shall con du de with on e or mor e claims particularly pointing out

and distinctly cl aimingthe subject matter which the inventor or a joint inventor r egards as the

invention. 

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

The specification s hall conclude with on e or mor e claims particularly pointingout and distinctly 

cl a imingthe subject matter which the applicant r egards as h is invention. 

Page 2 

Claims 2-6, 12, 15 and 20 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), 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-Al A the applicant regards as the invention. 

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

limitation in the claim. 

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

limitation in 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 is insufficient antecedent 

basis for this limitation in the claim. 

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

basis for this limitation in the claim. 
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Claim 12 recites the limitation "the activated carbon" in line 1. There is insufficient antecedent 

basis for this limitation in the claim. 

Claim 15 recites the limitation "the mercury content" in line 1. There is 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. There is insufficient 

antecedent basis for this limitation in the claim. 

Claim 20 recites the limitation "the sorbent composition" in line 5. There is 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-Al A 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-AIA35 U.S.C.102 that form 

the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under section 122(b), by

an other filed in the United States before the invention by the applicant for patent or (2) a patent 

granted on an application for patent by another filed in the United States before the invention byth e 

applicant for patent, except that an international application filed under the treaty defined in section 

35l(a) shall have the effects for purposes of th is subsection ofa n application filed in the United States 

on I y if the international application designated the United States and was p ublished under Article 

21(2) of such treaty in the English language. 
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Claim(s) 1, 4-14 and 16-19 is/are rejected under pre-AIA 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 mercury in a mercury-

containing gas, the method comprising: injecting a sorbent into the mercury-containing gas (paragraph 

[0060]); collecting mercury in the mercury-containing gas on the sorbent to produce a cleaned gas 

(paragraph [0060]), wherein the sorbent is a promoted activated carbon that is promoted inflight with at 

least one promoter that is Br 2, H Br, Br-, or a combination thereof, wherein the mercury-containing gas is 

a coa I-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 va par (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 activated carbon 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 active sites 

comprising carbocations bound to halide anions. 

For claim 8, the sor-bent being pror-noted and then contacted with the mercury containing gas 

and removed thereafter as disclosed by i\lelson above is chemically and physica ily equiva!ent to the 

cla irned collecting the mercury comprises chemically reacting ca rbene species edge sites in the activated 

carbon with the mercury. 

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

stream (paragraph [0064]). 

AMEREN UE EXHIBIT 1027 
Page 145



Application/Control Number: 15/997,091 

Art Unit: 1776 

For claim 10, the !\Jelson reference discloses alkaline sorbent is seiected from the group 

Pages 

consisting of alkali eiements, alkaline earth eiements, alkali salts, alkaline earth salts, and combinations 

thereof (paf'agraph [0064]). 

For ciaim 11 .. ti1e Nelson reference discioses the alkaline sorbent is selected from ti1e group 

consisting of sodiur-n carbonate, ca lei um oxide, lir-ne, and corn bi nations thereof (pa f'agra ph [0064]). 

For claim 12, the !\Jelson reference discloses the activated carbon is chosen from powdered 

activated carbon, g,·a nu la r activated carbon,. carbon black,. carbon fiber, aerogel carbon, pyrolysis cha,·,. 

and combinations thereof (paragraph [0040]). 

For ciaim 13 .. ti1e Nelson reference discioses the promoter is HBror Br-(paragraphs [0048]-

[0051]). 

For ciaim 14 .. ti1e Nelson reference discioses the mercury-containing gas is a flue gas stream 

downstream of a boiler furnace (fig. 2-6 and paragraph [0060]). 

For claim 16., the !\Jelson 1·eference discloses the sorbent material has a composition comprising 

from about 1 to about 30 grams of additive per 100 grams of activated carbon (parag,·aph [0054]). 

For claim 17, the Nelson reference discloses injecting sorbent into the mercury-containing gas 

stream to form the promoted activated carbon (paragraphs [0048]-[0051]). 

For claims 18 and 19, the Nelson refei-ence discloses collecting greatenhan 70 wt% of 

ti1e mercury in the mercury-containing gas (paragraph [0084]). 

Claim Rejections - 35 USC§ 103 

In the eventthe determination of the status of the application as subject to AIA 35 U.S.C. 102 

and 103 (or as subject to pre-Al A 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-AIA35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A pa tent may not be ob tained though the invention is not identically disclosed or described as set

forth in section 102, if the differences between the subject matter sought to be patented and the 

prior a rt are s uch that the subject matter as a whole would have been obvious at the time the 

invention was made to a person having ordinary skil l  in the art to which said subject matter pertains. 

Pate ntability shall not be negatived byth e manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 (1966), 

that a re a pp lied for establishing a background for determining obviousness under pre-A IA 35 U.S. C. 

103(a) are summarized as follows: 

1 .  Determining the scope and contents of the prior a rt. 

2 .  Ascertaining the differences between the prior a rt and the claims at issue. 

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

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

nonobviousness. 

This application currently names joint inventors. I n  considering patenta bility of the claims under 

pre-Al A 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 later invention was made in 

order for the examiner to consider the applicability of pre-AIA 35 U.S.C. 103(c) and potential pre-AIA35 

U.S.C. 102(e), (f) or (g) prior art under pre-AIA 35 U.S.C. 103(a) . 

Claim 2-3, 5, 15 and 20 is/are rejected under pre-AIA35 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 that is combusted comprises 

the promoter or a precursor thereof. 
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The Felsvang et aL reference discloses the coal that is combusted comprises the promoter or a 

precursor thereof (column 4, lines 39-46), 

ll 11vould have been obvious to one having ordinary skiil in the art before the lnvention was rnade 

to have modified the Nelson reference to include eit!1er rearra ng[ng steps, or repeat steps to have the 

coal that is combusted comprises the promoter or a precursor thereof (Felsvang et al. column 4, lines 

39-46) so as to inuease the removal of mercury in the mercury containlng gas rather than reiease

mercury to the atmosphen�. Further the cow"ts 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) 

It would have been obvious to one having ordinary ski ii in the art before the tnvention was ma de 

to have modified the f\Jeison reference to include either rea rranglng steps, or repeat steps to have 

promoting the activated carbon in-flight (Felsva ng et al. colun1n 4, iines 39-46) so as to increase the 

removal of rnercurv in the rnercurycontaining gas rather than release mercury lo the atrnosphere. 

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 claim 15., the !\Jelson 1·eference does not disclose monitorlng the mercury content of 

t!1e cleaned gas is perforn1ed substantialiy continuously, 
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The Felsvang reference discioses monitoring the mercury content of t he cleaned gas is 

performed substantialiy continuously (coiumn 6 iines 43-46). 

Page8 

ll 11vould have been obvious to one having ordinary skiil in the art before the lnvention was rnade 

to have modified the Neison reference to inciude monitoring ti1e mercury content ot the cleaned gas is 

performed substantially continuousiy (Feisvang et al. promoting the activated carbon in-flight) so as to 

allow fm the maximum amount of mercury to be 1·emoved from the ·.vaste gas stI·eam. 

For ciaim 20, the Nelson reference discloses the method is a method for ,·educing mercury in the 

mercury-contalning gas to a desi1·ed !eve! (as shmvn above). 

The Nelson reference does not dtsclose monitoring the mercury content of the cleaned gas; and 

cont ml ling, in response to the monitored mercury content of the cleaned gas, an injection rate of 

injecting the sorbent tr.to ti1e n1e,cury-containing gas, the sorbent composition, o, a combination 

thereof, so that the mercury content of the cleaned gas is rnaintained at or below the desired ieveL 

The Felsvang et aL reference discloses monito,lng the mercury content of the cleaned gas.: and 

cont ml ling, in response to the monitored mercury content of the cleaned gas, an injection ,ate of 

injecting the smbent lnto the mercury-containing gas, the sorbent composition, o, a combination 

ti1ereof, so that the mercury content of ti1e cleaned gas is maintained at or belovv the desired level 

(promoting the activated carbon in-flight). 

It would have been obvious to one having ordinary skiil in the art before the tnvention was made 

to have modified the f\Jeison reference to include monitoring the mercury content of the cleaned gas; 

and controlling, in response to ti1e monttored mercury content of the cleaned gas, an injection rate of 

injecting the sor-bent lnto the mercury-containing gas, the sorbent corn position, o, a combination 

thereof, so that the niercu,y content of the cleaned gas is maintained at or below the desired !eve! 

(Feisvang et a!. promoting the activated carbon in-flight) so as to aliow for the maxtmum an1ount of 

mercury to be removed from the waste gas stream. 
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Claim 1-20 is/are rejected under pre-AIA 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 Felsva ng et a I. 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 gas on 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 2, H Br, Br-or a combination thereof. 

The Nelson reference discloses the promoter is Br 2, 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 a I. reference to either replace the Cl with or include in addition 

to the Cl, Br 2, H Br, Br-or a 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 com busting the coal that comprises the 

promoter or the precursor thereof (column 4, lines 39-46). 

For claim 4, the Felsva ng 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 carbon inflight 

(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 earth salts, 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 Felsva ng et a I. reference discloses the activated carbon is chosen from 

powdered activated carbon, granular activated carbon, carbon black, carbon fiber, aerogel carbon, 

pyrolysis char, and combinations thereof (column 3, lines 5-17). 

For claim 13, the Nelson reference discloses the promoter is 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, abstract and column 3, lines 4-55). 
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For claim 15, the Felsva ng et a I. reference discloses monitoring the mercury content of the 

cleaned gas is 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 a composition 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 ha log en 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 a rt, 

discovering the optimum or workable ranges involves only routine skill in the a rt. / n re 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 Felsva ng et a I. reference discloses collecting greater than 70 wt% of 

the mercury in the mercury-containing gas and collecting greater tha n 70 wt% of the mercury in the 

mercury-containing gas on 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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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 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 

identica I, but at least one examined application claim is not patenta bly 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., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. 

Cir. 1985); In re 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 either is 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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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 cont a ins termina I disclaimer forms which may be used. Please visit 

www.uspto.gov/patent/patents-forms. The filing date of the application in which the form is filed 

determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A 

web-based eTerminal Disclaimer may be filled out completely online using web-screens. An eTerminal 

Disclaimer that meets all requirements is auto-processed and approved immediately upon submission. 

For more information about eTerminal Disclaimers, refer to 

www.uspto.gov/patents/process/file/efs/guida nce/eTD-info-1.jsp. 

Claims 1 and 4-20 a re 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 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 '286. 

This is a provisional nonstatutory double patenting rejection because the patentably indistinct 

claims have not in fact been patented. 

Claims 2 and 3 a re rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1-30 of U.S. Patent No. US 7,435,286 ('286) in view of Felsvang et al. US 

5,435,980. 

'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 (Felsvang et al. co!umn 5, 60-65 and column 4, 
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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 a re 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 at issue a re not identical, they a re not patentablydistinct from each other 

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 a re rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1-25 of U.S. Patent No. US 8,168,147 ('147) in view of Felsvang et al. US 

5,435,980. 

'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 (Felsva ng et a I. coiumn .S, 60-65 and column 4, 

lines 42-45) so as to supplement the halogen content of the system so as to increase the mercury 

sorption capability. 

This is a provisional nonstatutory double patenting rejection because the patentably indistinct 

claims have not in fact been patented. 

Claims 1 and 4-20 a re rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1-60 of U.S. Patent No. US 8,512,655 ('655) in view of Felsvang et al. US 

5,435,980. 
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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 '655. 

This is a provisional nonstatutory double patenting rejection because the patentably indistinct 

claims have not in fact been patented. 

Claims 2 and 3 a re 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 et al. 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 (Felsvang et al. co!umn 5, 60-65 and column 4, 

lines 42-45) so as to suppler-nent the halogen content of the system so as to increase the mercury 

sorption capability. 

This is a provisional nonstatutory double patenting rejection because the patentably indistinct 

claims have not in fact been patented. 

Claims 1 and 4-20 a re 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 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 '819. 

This is a provisional nonstatutory double patenting rejection because the patent ably indistinct 

claims have not in fact been patented. 

Claims 2 and 3 a re 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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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 (Felsvang et al. co!umn 5, 60-65 and column 4, 

lines 42-45) so as to suppler-nent the halogen content of the system so as to increase the mercury 

sorption capability. 

This is a provisional nonstatutory double patenting rejection because the patentably indistinct 

claims have not in fact been patented. 

Claims 1 and 4-20 a re rejected on the ground of nonstatutory double patenting as 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 patentablydistinct from each other 

because while the current claim set includes different wording, the limitations correspond to '689. 

This is a provisional nonstatutory double patenting rejection because the patentably indistinct 

claims have not in fact been patented. 

Claims 2 and 3 a re 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. 

'689 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 '689 

reference to include the limitations of claims 2 and 3 (Felsvang et al, co!urnn 5, 60-65 and column 4, 

lines 42-45) so as to supplement the halogen content of the system so as to increase the mercury 

sorption capability. 
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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 a re rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1-20 of U.S. Patent No. US 9,468,886 ('886). 

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 '886. 

This is a provisional nonstatutory double patenting rejection because the patentably indistinct 

claims have not in fact been patented. 

Claims 2 and 3 a re 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 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 '886 

reference to include the limitations of claims 2 and 3 (Felsva ng et a I. coiumn .S, 60-65 and column 4, 

lines 42-45) so as to supplement the halogen content of the system so as to increase the mercury 

sorption capability. 

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 at issue are not identica I, they are not patentably distinct from each other 

because while the current claim set 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 a re rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1-30 of U.S. Patent No. US 8,652,235 ('235) in view of Felsvang et al. 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 (Felsvang et al. co!umn 5, 60-65 and column 4, 

lines 42-45) so as to suppler-nent the halogen content of the system so as to increase the mercury 

sorption capability. 

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 a re 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. US 5,435,980. 

'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 (Felsva ng et a I. co!umn 5, 60-65 and column 4, 

lines 42-45) so as to suppler-nent the halogen content of the system so as to increase the mercury 

sorption capability. 

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 8-20 of copending Application No. 15/589359 ('359). 

Although the claims at issue a re not identical, they are not patentably distinct from each other 

because while the current claim set 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. US 5,435,980. 

Although the claims at issue a re not identical, they are not patentably distinct from each other 

because while the current claim set 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 a re 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. US 5,435,980. 

'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 to include the limitations of claims 2 and 3 (Felsva ng et a I. co!umn 5, 60-65 and column 4, 

lines 42-45) so as to suppler-nent the halogen content of the system so as to increase the rnef'cury 

sorption capability. 

This is a provisional nonstatutory double patenting rejection because the patentably indistinct 

claims have not in fact been patented. 

Claims 1-20 are provisionally rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1-20 of copending Application No. 14/712558 ('558) 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 at issue a re not identical, they are not patentably distinct from each other 

because while the current claim set 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. 
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Claims 2 and 3 a re 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. US 5,435,980. 

'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 

reference to include the limitations of claims 2 and 3 (Felsvang et al. coiurnn 5, 60-65 and column 4, 

lines 42-45) so as to supplement the halogen content of the system so as to increase the me1Tury 

sorption capability. 

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 non statutory double patenting as 

being unpatentable over 1-20 of copending Application No. 15/853029 ('029). 

Although the claims at issue a re not identical, they are not patentably distinct from each other 

because while the current claim set 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 a re 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. US 5,435,980. 

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

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

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 (Felsva ng et a I. coiumn .S, 60-65 and column 4, 
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lines 42-45) so as to supplement the halogen content of the system so as to increase the mercury 

sorption capability. 

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 at issue a re not identical, they are not patentably distinct from each other 

because while the current claim set 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. 

Claims 2 and 3 a re provisionally rejected on the ground of nonstatutory double patenting as 

being unpatenta ble over claims 1-16 of copending Application No. 15/978, 760 ('594) in view of Felsva ng 

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 (Felsva ng et a I. coiumn .S, 60-65 and column 4, 

lines 42-45) so as to supplement the halogen content of the system so as to increase the mercury 

sorption capability. 

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 at issue a re not identical, they are not patentably disti net from each other 

because while the current claim set 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 arguments do 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 a re 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 attempts to reach the examiner by telephone a re unsuccessful, the examiner's supervisor, 

Duane Smith can be reached on (571)272-1166. The fax phone number for the organization where this 

application or proceeding is assigned is 571-273-8300. 

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 R ORLANDO/ 

PrimaryExaminer, Art Unit 1776 

AMBER ROSE. ORLANDO 

Primary Examiner 

Art Unit 1776 
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A/N 15/997,091 PATENT 

IN THE UNITED STATES PATENT AND TR-\DEl\IARK OFFICE 

Inventor(s): Edwin S. Olson et al. 
Application No.· 15/997,091 
Filed: June 4, 2018 

Confirmation No .. 5161 

Examiner: Al'vIBER ROSE ORLANDO 
Group Art Unit: 1776 
Docket No.: 4820.00lUl0 

Title: SORBENTS FOR THE OXIDATION AND REMOVAL OF NIERCURY 

A:MENDJ'vIENT & RESPONSE UNDER 37 C.F.R. § 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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AMENDMENT AND RESPONSE UNDER 37 C.RR, § l.lll 
Application Nnmber l 5/997,091 
Filing Date: Jnne 4, 2018 
Title: SORBENTS FOR THE OXJD ATlON AND REMOVAL OF MERCURY 

IN THE CLAII\/IS 

Please amend the claims as follows: 

Page 2 
Dkt: 4820 001Ul0 

1. (Currently Amended) A method for reducing mercury in a mercury-containing gas, the

method cornprising: 

iaj-eetirtg a s&beR-t ffiffi-the ffie-FeittfJ' €-EH'l:ta-ifl±H-g gas; 

combusting coal that comprises an additive comprising Br2. HBr, Br-, or a combination 

thereof, to form the mercurv-containing gas. wherein the com busting of the coal is performed at a 

coal combustion facilitv site: 

collecting mercury in the mercury-containing gas on [[the]]g sorbent to produce a cleaned 

gas, wherein the sorbent [[is]]comprises 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 th-a{--i-scomprising r[Br2, ]]HBr, Br-, or a combination 

thereat: \Vherein the mercury containing gas is a coal combustion gas. 

2-3. (Canceled) 

4. (Currently Amended) The method of claim 1, wherein the promotedan activated carbon is

promoted with the promoter while the promoter is in [[the]]5! gas phase or is a vapor. 

5 (Canceled) 

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

sites, comprising halide anions bound to the activated carbon. 

7. (Original) 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, 'vvherein 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 

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, \vherein 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 boiler furnace. 

15. (Currently Amended) The method of claim l, wherein monitoring [[the ]]mercury content of

the cleaned gas is performed substantially continuously. 

16. (Currently Amended) The method of claim 1, 'vvherein the sorbent has a composition

comprising from about 1 to about 3 0 grams of promoter per 100 gfflffiSgrams of activated carbon. 

17. (Currently Amended) The method of claim 1, further comprising injecting .11._sorbent_

comprising activated carbon into the mercury-containing gas stream to form the promoted activated 

carbon. 
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18. (Original) The method of claim 1, comprising collecting greater than 70 wi�o of the mercury

in the mercury-containing gas. 

19. (Original) The method of claim 1, comprising collecting greater than 70 1--vt% of the mercury

in the mercury-containing gas on the sorbent. 

20. (Currently Amended) 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 farther 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 a [[the ]]sorbent comprising activated carbon into the rnercury-containing gas, f:1 __ 

rate at which the promoter is added to the sorbent comprising activated carbont-he--s-e-r-beru-­

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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Application Nnmber l 5/997,091 

Filing Date: Jnne 4, 2018 

Title: SORBENTS FOR THE OXJD ATlON AND REMOVAL OF MERCURY 

REI\/IARKS 

This responds to the Non-Final Office Action dated November 2, 2018. 

Pagc5 
Dkt: 4820 001Ul0 

Claims 1, 4, 8, 15, 16, l 7, and 20 are presently amended. Claims 2-3 and 5 are presently 

canceled, and no clairns 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 arnended to recite" combusting coal that comprises an additive 

comprising Br2, HBr, Br-, or a combination thereof, to form the mercurv-containing gas, wherein the 

combusting of the coal is performed at a coal combustion facility site .... " Support can be found in 

the present published application at paragraphs [0042] (promoter can be bromide, Ik), [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 l is amended to recite " ... wherein the sorbent [[is ]]cornprises 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 \vith at least one promoter that­

i-s-comprising [[Br2, ]]HBr, Br-, or a combination thereo±�--wfl:efei-R--th,e-mei.=eui.=y-e0r1ta-i-R-iH-g-g-as--f.s--a-­

coal c0mbustior1 gas .... " Supp01i 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 

the mercury-containing gas, a rate at which the promoter is added to the sorbent comprising 

activated carbonthe sorbent composition, or a cornbination thereat: so that the rnercury content of 

the cleaned gas is maintained at or belmv 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 Refeciion o( Claims Under ¢'/ 12 

I. The Office Action rejected claims 2-6, 12, 15 and 20 under 35 U.S.C. § 112(b) or 35 U.S.C.

_§JJ_�_ (pre-AJA), second paragraph, as allegedly being indefinite.

This rejection is respectfully traversed. 
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Filing Date: Jnne 4, 2018 

Title: SORBENTS FOR THE OXJD ATlON AND REMOVAL OF MERCURY 

The Office Action states that claim 2 recites "the coal" in line 1, which is lacking sufficient 

antecedent basis. 

Claim 2 is presently canceled. 

The Office Action states that claim 3 recites the limitation "the coal" in line l, 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 claim 4 recites the limitation "the gas phase" in line 2, w'hich is 

lacking sufficient antecedent basis. 

Claim 4 is presently amended to recite " ... wherein the promotedan activated carbon is 

promoted with the promoter while the promoter is in [[the]]§: gas phase or is a vapor." 

The Office Action states that claim 5 recites the limitation "the activated carbon" in line 1, 

which is lacking sufficient antecedent basis. 

Claim 1 is presently amended to recite " ... wherein the sorbent [[is ]]cornprises a promoted 

activated carbon that is promoted in-flight in a gas stream 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 S'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 l, claim 6's recitation of''the activated carbon" has 

antecedent basis in claim l from which it depends. 
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Page 7 
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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 l, claim i2's recitation of ''the activated carbon" has 

antecedent basis in claim l from which it depends. 

The Office Action states that claim 15 recites the lirnitation "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 lirnitation "the cleaned gas" in lines 1-2, 

which is lacking sufficient antecedent basis. 

Claim l recites " ... collecting rnercury in the rnercury-containing gas on [[the]]� sorbent to 

produce a cleaned gas .... " 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 mercury content" in lines 3 

and 6, which is lacking sufficient antecedent basis. 

Claim 20 is presently amended to recite" ... monitoring [[the ]]mercury content of the 

deaned gas. "

The Office Action states that claim 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, 'vvhich is lacking sufficient antecedent basis. 

Claim 20 is presently amended to recite" ... a rate at which the promoter is added to the 

sorbent comprising activated carbonthe--sefhefl.t--emposit-1,...m .... " 
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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. § 1 l2(b) or 35 U.S.C. § 112 (pre-AIA), second 

paragraph. 

The Reiection ofC'laims Under U02 

n. The Office Action rejected claims L 4-14, and 16-19 under 3 5 lJ. S. C. § 102( e) over {J. S.

patent publication no. 2004/0003 716 ("Nelson"). 

This rejection is respectfully traversed. 

Independent claim 1 is amended to recite " ... combusting coal that comprises an additive 

comprising Br.0 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 

Br2, HBr, Br-, or a combination thereof. Nelson fails to describe or suggest all the features of 

independent claim l; 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 patentabi lity of 

independent claim 1. 

Applicant therefore respectfully requests reconsideration and \vithdrawal of the rejection of 

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

The Refection of Claims Under §103 

III. The Office Action rejected claims 2-3, 5, 15, and 20 under 35 U.S.C. § 103(a) over U.S.

patent publication no. 2004/0003716 ("Nelson") in view of U.S. patent no. 5,435.980 ("Felsvang"). 

This rejection is respectfully traversed. 

As explained herein at JV, independent claim 1 is patentable over Nelson in view of 

Felsvang. 

AMEREN UE EXHIBIT 1027 
Page 192



AMENDMENT AND RESPONSE UNDER 37 C.RR, § l.lll 

Application Nnmber l 5/997,091 

Filing Date: Jnne 4, 2018 

Title: SORBENTS FOR THE OXJD ATlON AND REMOVAL OF MERCURY 

Pagc9 
Dkt: 4820 001Ul0 

Dependent claims 2-3, 5, 15, and 20 are dependent on independent claim l. As such, these 

dependent claims incorporate all the features of claim l. 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 of the rejection of 

claims 2-3, 5, 15, and 20 under 35 U.S.C. § l03(a) over Nelson in view ofFelsvang. 

The Office Action rejected claims 1-20 under 35 U.S.C. � 103{a) over U.S. patent 

publication no. 2004/0003716 ("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 Br1, 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 [[the]]fl sorbent to produce a cleaned gas, \vherein the sorbent 

[[is]]comprises 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 �comprising [[Be�, ]]HBr, Br-, or a combination thereot� \vherein the 

mercury containing gas is a coal combustion gas." 

As amended, any process encompassed by independent claim 1 includes in-flight 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 

fanned from the combustion of the coal comprising the additive including Br2, HBr, Br-, or a 

combination thereof, and is thereby promoted in-flight in the flue gas. 

As explained herein at 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. As explained herein at IV(B)(l), 

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 lV(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 IV(C)(l), in-flight promotion \vith 

bromide promoters is more effective for mercury removal than in-flight promotion 'vvith chloride-
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promoters, and as explained herein at IV(C)(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(n), even if a 

person of ordinary skill in the art compared the mercury removal of :Fel svang 's activated carbons 

promoted with chloride in the flue gas to activated carbons treated with HCl outside of the fiue gas, 

they would not determine that in-flight promotion provides the same or better mercury removal 

properties. As explained herein at IV(E)(l), activated carbon treated with brornide 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 IV(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 Br2., 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 [[the]]fl sorbent to produce a cleaned gas, wherein the sorbent 

[[is]]comprises 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 ma-t--i-s-comprising [[Br2, ]]HBr, Br·, or a combination thereof, ,.,·herein the 

Hl.-ef€Hfjl--OBRta-i-Hi-n-g--ga-s--i&-a--eoa.J.-€-E:HR-8Usttefl--ga-s. ,, 

The Office Action admits that Felsvang fails to describe or suggest a halogen or halide 

promoter that is Br2, HBr, or Br·. Nelson fails to describe or suggest in-fiight 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 [0041]) so as to provide an effective carbon sorbent 

for mercury." (Office Action, page 9, last sentence of fourth fill! paragraph). Applicant respectfully 
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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 is directed to adding chlorine (Cb) or chloride (en 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: "[i]t 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; farther, as shown herein at IV(D), treatment of activated carbon outside the flue gas with 

chloride actually provides better mercury removal than in-flight 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 "[t]he 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 

sequestration agent on carbon, and concludes with "[r]ather, it serves as a catalyst, taking part in a 

repeated series of desired chemical reactions, but not becoming permanently consurned by any of 

them. Perhaps it is understandable that the tenacity of carbon-bromine-mercury complexes could be 

overlooked." Importantly, paragraph [0017] states that bromine (Br2) is superior to fa or I", or Ch or 

ci-, with activated carbons for sequestration, and never states that the claimed promoters HBr or Br­

are more effective with activated carbons than chlorides. 

Nelson's paragraph [0041] states: 
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Paragraph [0041] begins by stating that bromine, defined as Br2, or hydrogen bromide, defined as 

HBr, increases the rnercury absorption capacity of activated carbon. Then, paragraph [0041] states 

specifically that bromine (Br2) produces a more effective mercury-absorbing carbon sorbent than 

iodine (h), or iodide (I'), or chlorine (Ch), or chloride (Cl} \Vith the precise definitions given for 

bromine and hydrogen bromide, and then reference only to bromine, Nelson makes dear 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 Br2. Nelson's Examples 5-7 

demonstrate the use of HBHreated 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 15 illustrate 

HBr-treated activated carbon and Ch-treated activated carbon, Ch-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: 

[0049] Acrilical element in the process is that a bromine­
conta.ining gas 3 b used to trt,':at the carbo.nace<Jus substrate, 
Preforab1y th.is gas comprises ekrnentaI bromine, B.rig), 
although <)the,t bromfrh>Ctrntaining g,1.,;">-C:'>, �ucb as hydrogen 
bror.nick, HBr, -,.vill also hav<;:. the adv,mtageous dfoct of the 
inw.nt.ion, 

Paragraph [0049] says that using Br2 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 is 
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referring to. The very next paragraph, [0050], 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 perfonnance 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 (Bri) has advantageous eflects over other halogens and halides but fails to mention 

bromides in these statements. One of ordinary skill in the art would not interpret paragraph [0049] 

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 sarne mercury-rernoval 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-flight 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 ofFelsvang's original process. Therefore, a 

person of ordinary skill in the art would not be motivated to combine Nelson's bromide additive 

with Felsvang's chloride method. Independent claim l is patentable for at least this reason. 

IV(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. 

The inventors of the present application have discovered that by combusting coal in the 

presence of a bromide promoter, and by placing an activated carbon sorbent in the rnercury-
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containing gas, as presently claimed, the activated carbon can be promoted by the promoter in-flight 

in the mercury-containing gas, and fi.nther, that in-flight bromide promotion of the activated carbon 

is 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 Pav!ish filed with the Non-Final 

Office Action Response for Application No. l 5i978, 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 Br2 outside the flue gas as per the Nelson 

procedure (see, first 132 Declaration at item 6), and with NaBr added to coai prior to introduction to 

the fi.irnace 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 8-11. 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 'vvith Br2 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 Br2 outside the flue gas. For example, to acheive 

70°/o mercury removal, 2. 5 lb/MMacf of Bn-treated carbon was required, as compared to 1. 6 

lb/MMacf with NaBr added to the coal and activated carbon injected into the flue gas; an additional 

(2.5-L6/1.6)*100�'o or 56% treated sorbent was required to achieve the same leval ofrnercury 

removal. See, first 132 Declaration at items 2-5 and 12. 

The percent mercury removal per 1 wi�o HBr versus the sorbent injection rate was compared 

with NaBr added to coal prior to introduction to the furnace \vith 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 Nelson. The first plot given in the first 132 Declaration at item 13 is 

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 furnace with injection of untreated 

activated carbon into the flue gas provided a significantly higher (about 2x) percent mercury 

removal per 1 wi�o HBr at all tested sorbent injection rates as compared to Nelson's activated 

carbon treated with HBr outside the flue gas. See, first 132 Declaration at item 14. 

The data from the pilot-scale piant was also plotted to show the milligrams ofHBr/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 piot given in the first 

132 Declaration at item 13 is reproduced below. 
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