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Application No. 

Notice of Abandonment 12/201,595 
Examiner 

AMBER ORLANDO 

Applicant(s) 

OLSON ET AL. 
Art Unit 

1797 
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­

This application is abandoned in view of: 

1. ~ Applicant's failure to timely file a proper reply to the Office letter mailed on 10 March 2010. 
(a) DA reply was received on __ (with a Certificate of Mailing or Transmission dated __ ), which is after the expiration of the 

period for reply (including a total extension of time of __ month(s)) which expired on __ . 

(b) DA proposed reply was received on __ , but it does not constitute a proper reply under 37 CFR 1.113 (a) to the final rejection. 

(A proper reply under 37 CFR 1.113 to a final rejection consists only of: (1) a timely filed amendment which places the 
application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for 
Continued Examination (RCE) in compliance with 37 CFR 1.114). 

(c) DA reply was received on __ but it does not constitute a proper reply, or a bona fide attempt at a proper reply, to the non­
final rejection. See 37 CFR 1.85(a) and 1.111. (See explanation in box 7 below). 

(d) ~ No reply has been received. 

2. D Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months 
from the mailing date of the Notice of Allowance (PTOL-85). 

(a) D The issue fee and publication fee, if applicable, was received on __ (with a Certificate of Mailing or Transmission dated 
__ ), which is after the expiration of the statutory period for payment of the issue fee (and publication fee) set in the Notice of 
Allowance (PTOL-85). 

(b) D The submitted fee of$ __ is insufficient. A balance of$ __ is due. 

The issue fee required by 37 CFR 1.18 is$ __ . The publication fee, if required by 37 CFR 1.18(d), is$ __ . 

(c) D The issue fee and publication fee, if applicable, has not been received. 

3.0 Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in, the Notice of 
Allowability (PTO-37). 

(a) D Proposed corrected drawings were received on __ (with a Certificate of Mailing or Transmission dated __ ), which is 
after the expiration of the period for reply. 

(b) D No corrected drawings have been received. 

4. D The letter of express abandonment which is signed by the attorney or agent of record, the assignee of the entire interest, or all of 
the applicants. 

5. D The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR 
1.34(a)) upon the filing of a continuing application. 

6. D The decision by the Board of Patent Appeals and Interference rendered on __ and because the period for seeking court review 
of the decision has expired and there are no allowed claims. 

7. ~ The reason(s) below: 

A call was placed to the applicant's attorney of record Dennis Daley on September 29, 2010 to confirm the 
abandonment status of the application. 

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

Petitions to revive under 37 CFR 1.137(a) or (b ), or requests to withdraw the holding of abandonment under 37 CFR 1.181, should be promptly filed to 
minimize any ne!=)ative effects on patent term. 

U.S. Patent and Trademark Office 

PT0L-1432 (Rev. 04-01) Notice of Abandonment Part of Paper No. 20100929 
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Office Action Summary 

Application No. 

12/201,595 

Examiner 

AMBER ORLANDO 

Applicant(s) 

OLSON ET AL. 

Art Unit 

1797 

-- 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 ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended 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 )IZI Responsive to communication(s) filed on 01 December 2009. 

2a)IZ! This action is FINAL. 2b)0 This action is non-final. 

3)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 

4)[8J Claim(s) 1-3.7.10. 14-16.34 and 35 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-3.7.10. 14-16.34 and 35 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)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). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

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). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20100226 
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Application/Control Number: 
12/201,595 
Art Unit: 1797 

DETAILED ACTION 

This action is in response to the correspondence filed 12/01/2009. 

Claims 1, 3, 7, 10, 14, 15, and 16 have been amended. 

Claims 4-6, 8, 9, 11-13 and 1-33 have been cancelled. 

Claims 34 and 35 are new. 

Claims 34 and 35 are objected to. 

Claims 1-3, 7, 10, 14-16, 34 and 35 are rejected. 

Page 2 

Claims 1-3, 7, 10, 14-16, 34 and 35 have been examined and are pending. 

Claim Rejections - 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of 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 -

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

Claims 1, 34 and 35 are rejected under 35 U.S.C. 102(a) as being anticipated by 

Srinivasachar et al. US 6,848,374. 

For claim 1, the Srinivasachar et al. reference discloses a promoted carbon 

sorbent comprising a base activated carbon that has been treated with a promoter 

selected from the group consisting of halides, halogens, and combinations thereof 

stream (column 6, lines 2-20). 
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The reference does not explicitly state the carbon sorbent and the promoter 

reacting forming a reaction product of the promoter and a carbene site on the base 

activated carbon to form a carbocation accompanied by a halide anion. 

One having ordinary skill in the art at the time the invention was made would 

realize that contacting the activated carbon with the promoter would inherently produce 

the same results as that in the present invention (e.g. cause a reaction between the two, 

forming a reaction product of the promoter and a carbene site on the base activated 

carbon to form a carbocation ). The sorbent being effective for the removal of mercury 

from a gas stream is the method of using the promoted carbon. The product disclosed 

by the Srinivasachar et al. reference would be able to be effective for the removal of 

mercury from a gas stream. Therefore the method of using the product does not further 

limit the claim. 

For claims 34 and 35, the promoted carbon sorbent of claim 1 is disclosed 

above. 

The sorbent oxidizes and captures mercury from a gas stream and being 

effective for the removal of at least one of boron, tin arsenic, gallium, antimony, lead, 

bismuth, cadmium, silver, copper and zinc is the method of using the promoted carbon. 

The product disclosed by the Srinivasachar et al. reference would be able to oxidize and 

capture mercury from a gas stream and being effective for the removal of at least one of 

boron, tin arsenic, gallium, antimony, lead, bismuth, cadmium, silver, copper and zinc is 

the method of using the promoted carbon. Therefore the method of using the product 

does not further limit the claim. 
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Application/Control Number: 
12/201,595 
Art Unit: 1797 

Claim Rejections - 35 USC§ 103 

Page 4 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

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

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art 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. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 
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Claims 2, 10 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Srinivasachar et al. US 6,848,374 as applied in claim 1 above, and further in view 

of Reiss 5,575,982. 

For claim 2, the Srinivasachar et al. reference discloses the base activated 

carbon is selected from the group consisting of powdered activated carbon, granular 

activated carbon, carbon black, carbon fiber, aerogel carbon, pyrolysis char, activated 

carbon (column 1, lines 37-45 and column 5, lines 20-29) and the promoter is selected 

from the group consisting of molecular halogens, Group V halides, Group VI halides, 

hydrohalides, and combinations thereof (column 6, lines 2-20). The reference does not 

disclose an average particle size greater than 40 micrometers 

The Reiss reference discloses the activated carbon has an average particle size 

greater than 40 µm (Reiss, column 4, lines 59-65). 

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

invention was made to have modified the Srinivasachar reference to include the 

activated carbon has an average particle size greater than 40 µm (Reiss column 4, lines 

59-65) because these particle diameters of the activated carbon can be effectively 

introduced into the exhaust gas stream and cause optimum adsorption. 

For claims 10 and 15, the Srinivasachar et al. discloses a component comprising 

a halogen or a hydrohalide, a Group V halides, Group VI halides, and the component is 

substantially in gas form when combined with the base activated carbon (column 6, 

lines 2-20). The reference does not explicitly state the component being the secondary 

component. It would have been obvious to one having ordinary skill in the art at the time 
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the invention was made to have included an additional (e.g. secondary) component 

comprising a halogen because the reference already established that the mercury 

capacity is enhanced by adding a halogen (column 6, lines 32-39) and therefore one 

could assume that by adding another component of the same composition would further 

promote the removal of mercury from the gas stream. The claim does not state how the 

secondary component is included within the promoted carbon sorbent (e.g. is it 

reacting/bonding/coating). If it is not reacting/bonding/coating, then it is not part of the 

promoted carbon sorbent and does not further limit the claim. 

Claim 3 is rejected under 35 U .S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374 and Reiss 5,575,982 as applied in claim 2 above, and 

further in view of Moller et al. US 4,889,698. 

For claims 3, the Srinivasachar et al. reference does not disclose the sorbent 

comprises an activated carbon matrix in a fixed or a moving bed structure and the 

structure consisting of moving fiber screens and monoliths. 

The Moller et al. reference discloses using the sorbent comprises an activated 

carbon matrix in a fixed or a moving bed structure (column 4, lines 39-45). The 

reference does not explicitly state the structure is selected from the group consisting of 

moving fiber screens and monoliths. Merely choosing different types of fixed bed 

structures would be obvious to one having ordinary skill in the art. 

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

sorbent comprises an activated carbon matrix in a fixed or a moving bed structure and 

the structure consisting of moving fiber screens and monoliths (Moller et al. column 4, 
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lines 39-45) because this allows the contaminated gas to reach as much of the 

activated carbon as possible. 

Claim 7 is rejected under 35 U .S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374 and Reiss 5,575,982 as applied in claim 2 above, and 

further in view of Broderick US 6,942,840. 

For claim 7, the Srinivasachar et al. reference does not disclose a mercury­

stabilizing reagent selected from the group consisting of S, Se, H2S, SO2, H2Se, SeO2, 

CS2, P2Ss, and combinations thereof. 

The Broderick reference discloses disclose a mercury-stabilizing reagent 

selected from the group consisting of S, Se, H2S, SO2, H2Se, SeO2, CS2, P2Ss, and 

combinations thereof (column 4, lines 12-25). 

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

invention was made to have modified the Srinivasachar et al. reference to include 

disclose a mercury-stabilizing reagent selected from the group consisting of S, Se, H2S, 

SO2, H2Se, SeO2, CS2, P2Ss, and combinations thereof (Broderick column 4, lines 12-

25) because this allows the mercury to vented to the atmosphere without additional 

treatment. 

Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374. 

For claim 14, the Srinivasachar et al. reference discloses the promoter is sprayed 

on the base activated carbon (column 6, lines 2-8). The reference does not explicitly 

state the promoter is substantially in gas phase. It would be well within the knowledge of 
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one having ordinary skill in the art to apply the promoter by spraying in any fluid form 

(including the gases form) therefore allowing the promoter the maximum amount of 

surface area of the base activated carbon. 

Claim 16 is rejected under 35 U.S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374 and Reiss 5,575,982 as applied in claim 10 above, 

and further in view of Moller et al. US 4,889,698. 

For claim 16, the Srinivasachar reference discloses combining the promoter and 

the activated carbon (column 6, lines 2-20). The reference does not disclose injecting 

the optional secondary component and the promoter simultaneously. The promoters are 

essentially the same so therefore it would be obvious to one having ordinary skill in the 

art at the time the invention was made to have modified the Srinivasachar reference to 

include injecting the optional secondary component and the promoter simultaneously 

because this will cut down on production costs. 

The Moller et al. reference discloses reacting the activated carbon with an 

optional secondary component comprising a halogen or a hydrohalide such that the 

reactivity and mercury capacity of the sorbent are enhanced (column 7, lines 43-56). 

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

invention was made to have modified the Srinivasachar et al. reference to include 

reacting the activated carbon with an optional secondary component comprising a 

halogen or a hydrohalide such that the reactivity and mercury capacity of the sorbent 

are enhanced (Moller et al. column 7, lines 43-56) because this promotes the removal of 

mercury from the gas. 
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Response to Arguments 

1. Applicant's arguments filed 10/16/2009 have been fully considered but they are 

not persuasive. 

2. For claim 1, the applicant argues that "Srinivasachar is directed at the production 

of a carbonaceous sorbent for the capture of elemental mercury". In addition, 

Srinivasachar is directed at the "treatment of the carbonaceous sorbent to enhance the 

capture of elemental mercury." See Srinivasachar at column 2, line 10- 18. The 

treatment of the carbonaceous sorbent involves "condensing/adsorbing" a halogen 58 

onto a sorbent 28. See Srinivasachar at column 6, lines 13-22, and figure 1. Because 

Srinivasachar describes "condensing/adsorbing" the halogen onto the sorbent, there is 

clearly no intention by Srinivasachar of reacting the halogen and the sorbent. 

Furthermore, Srinivasachar fails to describe conditions that provide for reacting a 

promoter and a carbene site on a base activated carbon to form a carbocation 

accompanied by a halide anion according to the presently claimed invention." 

3. For claim 1, the applicant is merely contacting two substances, the promoter and 

the sorbent. The Srinivasachar reference discloses contacting these same two 

substances, and therefore would result in the same product as the applicant's current 

invention. The applicant must show what conditions are different within the applicant's 

invention that would result in the combination of the same components providing 

differing results. The applicant is claiming that some how the outcome of these two 

substances contacting would be different without providing sufficient evidence on how 

this would occur. 
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4. The applicant also argues that "The conditions described by Srinivasachar simply 

provide for depositing a halogen on the surface of the sorbent particles contacted by an 

oxidizing agent". 

5. The Examiner disagrees. The burden is placed on the applicant to show how the 

conditions (e.g. that would make the applicants current combination of sorbent and 

promoter interact) are different from that of the Srinivasachar, which result in the 

sorbent and the promoter interacting in a different way than that of the Srinivasachar 

reference. 

6. The applicant contends that the Srinivasachar reference has not achieved a 

reaction between the halogen and the carbene site on the activated carbon, because 

the Srinivasachar reference would have seen a greater improvement. Furthermore the 

applicant argues that the Srinivasachar reference shows preference to using carbon 

black over activated carbon, and therefore Srinivasachar does not recognize an 

advantage of reacting halogens with a carbene site on base activated carbon. 

7. The applicant appears to be claiming unexpected results when comparing the 

Srinivasachar combination of the halogen and the activated carbon to that of the 

applicant's invention. The applicant must show specific results, as well as how the 

combination of the same components results in differing results. Furthermore 

Srinivasachar reference discloses both the use of carbon black and activated carbon. 

The use of one over the does not provide evidence that the Srinivasachar reference 

does not show the promoter reacting forming a reaction product of the promoter and a 

carbene site on the base activated carbon to form a carbocation accompanied by a 
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halide anion. The applicant must provide evidence that there would be an improvement 

when using activated carbon compared with carbon black, when a reaction between the 

halogen and the carbene sites on the activated carbon. 

Conclusion 

8. Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION 15 MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to AMBER ORLANDO whose telephone number is 

(571 )270-3149. The examiner can normally be reached on Mon.-Thurs. (6:30-5:00). 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Walter Griffin can be reached on (571) 272-1447. The fax phone number 

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

Information regarding the status of an application may be obtained from the 

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 Service Representative or access to the automated information 

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

AO 

/Walter D. Griffin/ 
Supervisory Patent Examiner, Art Unit 1797 
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I I 1same in flight) I I I I ! 

.• . ' ' ' 

1L6 194 lsorbent and mercury IUS-PGPUB; jADJ ION 12010/02/26 ! 
! i land (surface reaction) :USPAT; ! ! !15:15 j 

i ~ I ~ I USOCR ~ I I ~ 
: , : ) 1 , 1 ~ ~ 

!L7 !37 i110/345.ccls. and !US-PGPUB; !ADJ !OFF !2010/02/26 ! 
I I lsorbentsamemercury lusPAT; I I !15:16 i 

i ~ I ~ I USOCR ~ I ~ ~ 
• is1 ------------- i4 ----------------- boo4; 000311 6 ------------------------- i us- PGPUB; ---- ioR ------------------------------ f oFF --------- f 2001; 01126 --------------- I 
I i I !USPAT I i !10:53 ! 
iS2 i1 i"20040003716" ius-PGPUB; ioR ioFF i2001101126 I 
i i I !USPAT i i !10:54 ! 

~ ~nnnnnnnnn•: nnnnnnnnnn• ) nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn• 

1 
nnnnnnnnnnnnnnn ~nnnnnnnnnnnnnnnnnnnn~• :nnnnnnnnnnn•: .nnnnnnnnnnnnnnnnnnnnn• ~ 

1S3 18 l(remov$5 near3 jUS-PGPUB; !OR jOFF !2007/07/24 j 
! I !mercury) and (carbon IUSPAT ! I 110:18 ! 
! ! !same in-flight) ! ! ! ! I 

: ~ ................................................... y • ................................................................ ~ ............................................................................................................................................................................... • .......................................................................................... , ~ ........................................................................................................................... ) .................................................................. ) .................................................................................................................................... ~ 

!S4 !8 l(remov$5 near3 :US-PGPUB; !ADJ !ON !2007/07/24 i 
! I !mercury) and (carbon luSPAT ! I 110:48 ! 
i ! lsame in-flight) ! i ! ! ! 
• i&5 ------------ i2 ------------------ j" 6953494"------------------------------------[us- PGPUB; --- iADJ ________________________________ !oN -------------- [2001; 01124 ----------------I 
i i I !USPAT i i !10:48 ! 

: ~ . ~ ' ~ ) ) ~ 
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EAST Search History 

iS6 i42 j("1788466" I iUS-PGPUB; iOR iOFF 12007/07/24 I 
1 , 1"1984164" I :LJSPAT· 1 : :10·48 : ~ : ~ : ' : \ ~ ■ ~ 

i i i"20010002387" I !USOCR i i i i 
i 1 1"20030161771" I I i I I I 
l I 1"20040013589" I I l I I I 
i i i"2511288" I "3194629" i i i i i 
i : ii "3662523" I : i i i I 
i i i"3849267" I "3956458" i i i i i 
i I II "3961020" I I i I I ! 
l I 1"4040802" I "4075282" I l I I I 
i I 11"4174373"1 I i I I ! 

I I 1"4196173" I "4394354" I I I I I 
I i i I II 4427630" I I I I I i 

I I 1"4500327" I "4578256" I I I I I 
i : ii "4708853" I : i i i I 
i i i"4889698" I "4917862" i i i i i 
i i il"5179058"1 i i i i ! 
i i i"5202301" I "5288306" i i i i i 
i i i I "532081 7" I i i i i ! 
i i i"5336835" I "5352647" i i i i i 
i I II "5372619" I I i I I ! 
l I 1"5403548" I "5435980" I l I I I 
i I I I II 5505766" I I i I I ! 

I I 1"5827352" I "6475461" I I I I I 
i : ii "6514907" I : i i i I 
i 1 111 6521021" I I i I I I 

i i i"6533842") PN OR i i i l i 
i i i("6953494") URPN i i i i ! 
is1 ............ i41 ................ i (" 1 788466" • ; .............. • .............. 1 us- PG PUB; ... ioR ................................. f OFF ............ f 2001; 01124 ................ 1 

1 , 1"1984164" I :LJSPAT· 1 : :10·48 : 
: : ~ : ' : \ ~ ■ ~ 

i i i"20010002387" I !USOCR i i i i 
i 1 1"20030161771" I I i I I I 

l I 1"20040013589" I I l I I I 
i i i"2511288" I "3194629" i i i i i 
i I II "3662523" I I i I I ! 
l I 1"3849267" I "3956458" I l I I I 
i I II "3961020" I I i I I ! 
l I 1"4040802" I "4075282" I l I I I 
i I 11"4174373"1 I i I I ! 

I I 1"4196173" I "4394354" I I I I I 
i i i I "4427630" I i i i i ! 
i i i"4500327" I "4578256" i i i i i 
i : ii "4708853" I : i i i I 
i i i"4889698" I "4917862" i i i i i 
i i il"5179058"1 i i i i ! 
i i i"5202301" I "5288306" i i i i i 
i I II "5320817" I I i I I ! 

l I 1"5336835" I "5352647" I l I I I 
i I II "5372619" I I i I I ! 
l I 1"5403548" I "5435980" I l I I I 
i I 11 "5505766" I i i i i ! 
I I 1"5827352" I "6475461" I I I I I 
i : ii "6514907" I : i i i I 
i 1 111 6521021" I I i I I I 
~ I ~ I ~ I ~ ~ 
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EAST Search History 

!11 653384211 ).PN. OR 
1( 11 695349411 ).URPN. and 
linflight . 

iss ............. A 1 ................ 1( 11 1·78846611 .. I .............................. l us-PGPUB; .... iADJ ............................... loN ............... !2001; 01124 ................ 1 

! I l11 198416411 1 lusPAT; ! I ho:53 ! 
I I 111 2001000238711 1 lusorn I I I ! 
! : !11 20030161771 11 I : ! i ! I 
i 1 111 2004001358911 I I i I I I 
i I 111 251128811 I 11 319462911 I i I I I 
i 1 11 

11 366252311 
I i i i I 

1 

I I l11 384926711 I 11 395645811 I I I I I 
! : !1 11 396102011 I : ! ! ! I 
I I l11 4o4080211 1 11 401528211 I I I I ! 
! i !l 11 417437311 I i ! ! ! ! 
I I l11 419611311 1 11 439435411 I I I I ! 
1 i ! I 11 442763011 I i 1 1 1 ! 
I I l11 450032111 1 11 457825611 I I I I ! 
i I II 11470885311 I I i I I ! 
i I 111 488969811 I 11 491786211 I i I I I 
i I II 11517905811 I I i I I ! 
i I 111 5202301 11 I 11 528830611 I i I I I 
i I I I II 532081 711 I i i I I ! 

I I 1
11 533683511 I 11 535264711 I I I I I 

! i !l 11 537261911 I i ! ! ! ! 
I I l11 54o354811 1 11 543598011 I I I I ! 
! : !1 11 550576611 I : ! ! ! I 
I I l11 582735211 1 11 6475461 11 I I I I ! 
! : !1 11 651490711 I : ! ! ! I 
i i 111 6521021 11 I l i I I I 
I I 111 653384211 ) PN OR I I I I ! 
I i lc'695349411 ).URPN. and i I i i ! 
~ : L. : ~ ! ~ ~ 
I I nn-fllght I I I I ! 
iS9 ------------i50---------------1 11 450032711------------------------------------[us-PGPUB; --· iADJ-------------------------------- foN ------------·· [2007 / 07 / 24----------------1 

I I I ILJSPAT· I I 110·54 I 
~ : ~ : ' : \ ~ ■ ~ 

~ I ~ I USOCR ~ I ~ ~ 
~ : ~ 1 ~ \ ~ ~ 

!s1 o 19 iin-flight near4 reaction IUS-PGPUB; !ADJ [ON [2007/07/25 I 
i i I !USPAT; i I 109:24 I 
~ I ~ l USOCR ~ I ~ ~ 
: ' ~ ' : ) ) ~ 

!S11 113 [in-flight same (mercury IUS-PGPUB; !ADJ ION !2007/07/24 ! 
! i land remov$5) :USPAT; ! ! !16:41 I 
~ I ~ I USOCR ~ I ~ ~ 
is12 jo jcarbon and _(in flight) ius-PGPUB; iADJ joN j2007/07/24 I 
I I mear4 reaction IUSPAT; I I 116:42 ! 
~ I ~ I USOCR ~ I ~ ~ 
js13 16 jcarbon and _(in-flight) ius-PGPUB; jADJ joN j2007/07/25 I 
I I 1near4 reaction IUSPAT; I I 109:21 ! 
~ I ~ l USOCR ~ I ~ ~ 
is14 i9 iin-flight near4 reaction ius-PGPUB; iADJ ioN i2007/07/25 I 
i i land in-flight lUSPAT; i I 109:32 I 
~ I ~ I USOCR ~ I ~ ~ 
~ : ) 1 ~ 1 ~ ~ 
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EAST Search History 

Is15 i5261 lin-flight ius-PGPUB; !ADJ ioN 12001101;25 I 
I I I ILJSPAT· I I 109-33 i 
~ : ~ : ' : \ ~ ■ ~ 

~ I ~ I USOCR ~ I ~ ~ 
, : ~ 1 , 1 ~ ~ 

iS16 i118 lin-flight and mercury iUS-PGPUB; iADJ loN 12007/07/25 I 
l i l !USPAT; l i l09:33 i 
~ I ~ l USOCR ~ I ~ ~ 
~ . ~ ' ~ ) ) ~ 

IS17 i12 lin-flight and (remov$4 iUS-PGPUB; !ADJ ION 12007/07/25 i 
I i lwith mercury) !USPAT; I l l09:34 ! 
~ I ~ l USOCR ~ I ~ ~ 
is18 io i1 n-Flight Modification ius-PGPUB; iADJ ioN i2007/07/25 I 
I I !Of Inorganic Particles IUSPAT; I I 109:34 j 
I i lWithin A Reaction !USOCR I l l ! 
: : ~ : : ! ~ ~ 
I I ;Product Flow I I I I i 
is1 9 --------- i1 ------------------ i I n- Flight -Mod if icat ion--------- [us- PGPUB; --- iADJ-------------------------------- !oN --------------[2007 / 07 / 25 ---------------- I 
l I I ILJSPAT· l I 109-53 i 
' : ~ : ' ' \ ~ ■ ~ 

~ I ~ I USOCR ~ I ~ ~ 
iS2o i4 i1 n-Flight Ciapture ius-PGPUB; iADJ ioN !2007/07/25 I 
I I i IUSPAT· I I 109"42 ! 
: : ~ : ' : \ ~ ■ ~ 

~ I ~ I USOCR ~ I ~ ~ 
~ HHHHHHHHH 'nnnnnnnnnn•• ~HHHHHHHHHHHHHHHHHHHHHHHHHHHHH>U 'nnnnnnnnnnnnnnn• ~ HHHHHHHHHHHHHHHHHHHH> ) HHHHHHHHHHU ) HHHHHHHHHHHHHHHHHHHHHU ~ 

IS21 i19 i(sorbent near3 iUS-PGPUB; !ADJ ION 12007/07/25 I 
I i lcomposition) same IUSPAT; I I 109:49 ! 
I i l(remov$4 near3 lusoCR I I I I 
i i I mercury) i i I I I 
iS22 i252 i(sorbent near3 Bromine ius-PGPUB; iADJ ioN i2007/07/25 I 
I i lOR iodine) same (remov IUSPAT; I I 109:49 ! 
I i l$4 near3 mercury) IUSOCR I I I I 
:••••••••••••••••••• ~ ·•••••••••••••••••••• )••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ~ •••••••••••••••••••••••••••••Y :•••••••••••••••••••••••••••••••••••••••••• ~ ·••••••••••••••••••••• ~ ·••••••••••••••••••••••••••••••••••••••••••• ~ 
IS23 !6 l(sorbent near3 !US-PGPUB; !ADJ lON l2007/07/25 ! 
i I !(Bromine OR iodine)) lusPAT; i I lo9:49 i 
I i lsame (remov$4 near3 IUSOCR I I I ! 
I i I mercury) I I I I I 
iS24 jo j1 n-Flight Modification ius-PGPUB; iADJ joN j2007/07/25 I 
l i land mercury jUSPAT; l l l10:43 j 
~ I ~ I USOCR ~ I ~ ~ 
[S25--------- i9 -----------------i(mercury-near3--remov------ ius-PGPUB;----[ADJ ---------------------------- ioN----------- i2007/07/25 --------------- I 
i I l$4) same (surface IUSPAT; i I 110:44 ! 
~ : ~ . : ~ ! ! ~ 
I I Ireact1ons) IUSOCR I I I i 
~ .................................. ,: ............................................ ' .......................................................................................................................... ; ........................................................... ~ ................................................................................. ~ ......................................... ~ ...................................................................................... ~ 

iS26 i1227 isorbent and mercury iUS-PGPUB; iOR !OFF 12007/07/25 I 
l ! land (surface reaction) jUSPAT; l l l13:56 I 
~ I ~ I USOCR ~ I ~ ~ 
~ : ~ 1 ~ \ ~ ~ 

IS27 !43 lsorbent and mercury IUS-PGPUB; !ADJ !OFF 12007/07/25 I 
i I land (surface reaction) iUSPAT; i I 113:56 ! 
~ I ~ I USOCR ~ I ~ ~ 
: ............................... • ........................................... ~ n ................................................................................................................ ...- • ............................................................ ,: ................................................................................... ) ............................................ ) ...................................................................................... ...- ~ 

IS28 i64 lsorbent and mercury iUS-PGPUB; !ADJ ION 12007/07/25 I 
I i land (surface reaction) IUSPAT; I I 113:57 ! 
~ I ~ I USOCR ~ I ~ ~ 
~ ....................................................... ; ............................................................. ~ ..................................................................................................................................................................................... ~ .......................................................................................... ~ ........................................................................................................................ ..., ~ .......................................................... ..., ~ ................................................................................................................................ ~ 

IS29 !7 lsorbent and mercury !US-PGPUB; !ADJ lON l2007/07/25 ! 
i I land (surface reaction) lusPAT; i I j13:57 i 
I i land bromine !USOCR I l l ! 
~ : ~ : ~ \ ~ ~ 
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EAST Search History 

''''''''''''''''''" ' ''''''''''''''''''''' ~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ ;: ''''''''''''''''''''''''''''" '''''''''''''''''''''''''''''''''''''''''" \ ,,,,,,,,,,,,,,,,,,,,~ ;: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ ~ 

1S30 j1 O isorbent and (remov$4 jUS-PGPUB; 1ADJ jON j2007/07/25 j 
I I lnear3 mercury) and IUSPAT; I I 114:55 ! 
! I !(surface reaction) IUSOCR ! I I ! 
~ : ~ : ~ \ ~ ~ 

!S31 !2 !"5409522" and (surface :US-PGPUB; !ADJ !ON !2007/07/25 i 
~ : ~. : ~ \ ~ ~ 
I i 1react1on) jUSPAT; I i p 4:02 j 
I I I IUSOCR I I I I 
: ' ~ ' : ) ) ~ 

1S32 lo j"5409522" and (surface IUS-PGPUB; jADJ ION !2007/07/25 i 
! I !reaction) and (iodine or :USPAT; ! ! !14:03 ! 
~ : ~ . : : \ ~ ~ 
i i \bromine) !USOCR i i I ! 
: : ) : : 1 ~ ~ 

!S33 11 !"20060048646" and in- IUS-PGPUB; !ADJ !ON !2007/07/25 ! 
I I lflight lusPAT; I I h 4:20 ! 
~ I ~ l USOCR ~ I ~ ~ 
: . ~ ' : ) ) ~ 

jS34 1165 1sorbent and (remov$4 IUS-PGPUB; jADJ ION 12007/07/25 ! 
! I lnear3 mercury) and IUSPAT; ! I 114:56 ! 
I i j(alkaline OR alkali) iusoCR I i l i 
• ''''''''''''''''" ~ ''''''''''''''''''''' ~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ ~ ''''''''''''''''''''''''''''" • '''''''''''''''''''''''''''''''''''''''" : '''''''''''''''''''" ~ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ ~ 

1S35 j46 isorbent and (remov$4 jUS-PGPUB; 1ADJ jON j2007/07/25 j 
I I lnear3 mercury) and IUSPAT; I I 116:44 ! 
i I !(alkaline OR alkali) and IUSOCR i I I ! 
~ : ~ . . . : ~ ! ! ~ 
I i :(bromine OR 1od1ne) i I I I ! 

iS36 i15 !((bromine OR iodine) ius-PGPUB; iADJ ioN i2007/07/26 I 
i i !same (activated jUSPAT; i i j08:19 j 
! I !carbon) same react$4) IUSOCR ! I I ! 
~ : ~ : ~ ! ! ~ 
I ! iand ( remove near3 ! I I I ! 
I i I mercury) I I I I ! 
~ : ~ ' ~ I ~ ~ 

jS37 11 j"6848374" and (alkaline IUS-PGPUB; jADJ ION 12007/07/26 ! 
i I IOR alkali) IUSPAT; i I 109:12 ! 
~ I ~ l USOCR ~ I I ~ 
: ' I ~ : I I ~ 

1S38 lo 1"6848374" and ius-PGPUB; 1ADJ ION !2007/07/26 i 
I I i(regenerat$) IUSPAT; I I 109:12 ! 
i I I IUSOCR i I I ! 
~ : ~ 1 ~ \ \ ~ 

IS39 162 j((regenerat$4) with IUS-PGPUB; !ADJ ioN j2007/07/26 I 
! i jsorbent) and (remov$4 jUSPAT; ! i j09:13 j 
! ! lnear2 mercury) :USOCR ! ! ! I 
iS4o i10 i((regenerat$4) with ius-PGPUB; iADJ ION !2007/07/26 I 
! I lsorbent) and (remov$4 :USPAT; ! ! !09:38 ! 
i I lnear2 mercury) and !USOCR i ! ! ! 
I I !(bromine OR iodine) I I I I ! 
: ' ~ ' : ) ) ~ 

jS41 lo j((regenerat$4) with IUS-PGPUB; jADJ ION !2007/07/26 ! 
! I lsorbent) and (remov$4 :USPAT; ! ! !09:39 ! 
i I lnear2 mercury) and !USOCR i ! ! ! 
I I !(bromine OR iodine) I I I I ! 
I ! land regeneragt$4 i I i i ! 
iS42 i10 i((regenerat$4) with ius-PGPUB; !ADJ ioN !2007/07/26 I 
i i jsorbent) and (remov$4 jUSPAT; i i j09:55 j 
! ! lnear2 mercury) and :USOCR ! ! ! I : : ~ . . . : : \ \ ~ 
i ! \(bromine OR 1od1ne) ! i I I ! 
I I !and regenera\ t$4 I I I I ! 
: ' ~ ~ : ) ) ~ 

I 
I 
I 
I 
I 
I 
I 
! 
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jS43 i10 i((regenerat$4) with iUS-PGPUB; jADJ iON j2007/07/26 I 
! I lsorbent) and (remov$4 :USPAT; ! ! !09:39 ! 
I I lnear2 mercury) and IUSOCR I I I I 
' , '(b • OR. d' ) , ' ' ' ' i ! i romIne 10 Ine ! i ! ! ! 
i ! land regenerat$4 i l i i ! 
iS44 i5 j((regenerat$4) with ius-PGPUB; iADJ ioN !2007/07/26 I 
! i jsorbent) and (remov$4 jUSPAT; ! i j13:42 j 
! ! lnear2 mercury) and :USOCR ! ! ! I 
~ : ~ ... : ~ \ ~ ~ 
! ! !(bromine OR 1od1ne) i ! i i ! : : ~ : : ! ~ ~ 
I I Iand regenera\ t$4 and I I I I j 
! I lmonitor$3 I ! ! ! ! 
[S45 --------- i34 -------------- f ( mon itor$3 -with--------------------- i US- PGPUB;---- [ADJ---------------------------- ioN ----------- i2007 / 07 / 26 --------------- I 
l ! !mercury) and (remov$4 !USPAT; l i !10:00 ! : : ~ : : ! ~ ~ 
I I Inear2 mercury) and IUSOCR I I I j 
i I !(bromine OR iodine) I i I I ! 
iS46 i2 j200~/0003716 and ius-PGPUB; joR ioFF i2007/07/26 I 
i i \monitor$4 !USPAT i i !10:53 i 
~ : ~ 1 ~ 1 ~ ~ 

!S47 11 !"20040003716" and IUS-PGPUB; !OR lQFF !2007/07/26 l 
i i lmonitor$4 iusPAT i ! h 0:55 ! 
iS48 -------- f 5 ------------------ i ( ( regenerat $4) -with------------- i US- PGPUB; --- iADJ ------------------------------- foN -------------- f2oo7 / 07 / 26 ---------------- I 
l I lsorbent) and (remov$4 lusPAT; l I j13:42 i 
! I lnear2 mercury) and IUSOCR ! I I ! 
: : ~ . . . : : ! ~ ~ 
i ! !(bromine OR 1od1ne) ! i ! ! ! 
l i !and monitor$3 i l l l l 
: --.--.--.--.--.--.--.--.--.--.--.--.--.--.--.- '..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,.. ~ n--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.-.. '..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,.~ : ..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,. ... )..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,. ... )..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,.--,.-..- ~ 

jS49 i206 j(remov$4 near2 iUS-PGPUB; jADJ jON j2007/07/26 ! 
! I I mercury) and (bromine IUSPAT; ! I 113:42 ! 
i i lOR iodine) and monitor iusoCR i l l l 
' ' I, ' ' I I, 'i 

~ I ~$3 I ~ I ~ ~ 
iS5o i34 j(remov$4 near2 ius-PGPUB; iADJ ION i2007/07/26 I 
! I I mercury) and (bromine IUSPAT; ! I 113:53 ! 
i i lOR iodine) and (monitor iusoCR i l l l 
l i !$3 with mercury) i l l l l 
iS51 i14 i(remov$4 near2 ius-PGPUB; iADJ ION i2007/07/26 I 
! I I mercury) and (bromine IUSPAT; ! I 113:54 ! 
: : ~ . . : : ! ~ ~ 
i I IOR 1od1ne) and IUSOCR i I I j 
! I I( ( monitor$3 or measur ! ! ! ! ! : : ~ . : : \ ~ ~ 
i ! !$4) with mercury) ! i i i ! 
: : ) 1 : 1 ~ ~ 

!S52 138 !(remov$4 near2 IUS-PGPUB; !ADJ !ON !2007/07/26 l 
l I I mercury) and (bromine lusPAT; l I l14:05 i 
' ' 'OR. d' ) d 'USOCR ' ' ' ' ! , ! 10 Ine an , ! ! ! i 
: : ~ . : : \ ~ ~ 
I i I( ( monitor$3 or measur i I i i j 
' ' '$4) • h ) d , ' ' ' ' i ! i wit mercury an ! i ! ! ! 
l i lsorbent i l i i ! 
iS53 --------- i37 --------------· f( remov$4 --near2 --------------------- i US-PGPUB;---- iADJ ----------------------------· ioN -----------· i2007 / 07 / 26 --------------- I 
I I lmercury) and (bromine IUSPAT; I I 115:38 I 
' , 'OR. d' ) d 'USOCR ' ' ' ' ! ! i 10 Ine an ! ! ! ! ! : : ~ . : : \ ~ ~ 
! ! !( ( monitor$3 or measur i ! i i ! : : ~ . : : ! ~ ~ 
i ! i$4) with mercury) and ! i ! ! ! 
l i lsorbent and measur$4 i l l l ! 
~ : ~ : ~ ' ) ~ 

: : : 
! 
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EAST Search History 

''''''''''''''''''" '''''''''''''''''''''' ~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ ;: ''''''''''''''''''''''''''''" '''''''''''''''''''''''''''''''''''''''''" \ '''''''''''''''''''" ;: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~ ~ 

i&54 i1 i(remov$4 near2 iUS-PGPUB; iADJ iON i2007/07/26 i 
I I !mercury) and (bromine IUSPAT; I I 114:09 j 
: • 'OR. d' ) d 1USOCR : : : I ! i ! 10 Ine an , ! , , i 
~ : ~. : ~ ! ~ ~ 
i ! ,( ( monitor$3 or measur ! i ! ! ! 
i I i$4) with mercury) and i i i i ! 
I i isorbent and measur$4 I I I I i 
i i land regenerate i i i i i 
~ .................. ' ..................... , ~ ............................................................. ' ............................... ~ ......................................... ) ...................... ) ............................................ ~ 

1&55 i2 i(remov$4 near2 iUS-PGPUB; !ADJ iON i2007/07/26 i 
I I !mercury) and (bromine IUSPAT; I I 115:39 ! : : ~ . . : : \ ~ ~ 
i I IOR 1od1ne) and IUSOCR i I I j 
I I I( ( monitor$3 or measur I I I I I : : ~ . : ~ \ \ ~ 
! ! 1$4) with mercury) and i ! I I ! 
: : ~ : : ! ~ ~ 
i ! ,sorbent and measur$4 ! i I I ! 
i I iand (particle size near4 I i I I ! 
~ i ~ .. 40 .. ) l ~ l l i 

~ ................................................... , t ............................................................. ~ .................................................................................................................................................................................... , ; ........................................................................................... ~ ........................................................................................................................ , ~ ............................................................. , ~ ............................................................................................................................ "' ~ 
1&56 15 l(remov$4 near2 IUS-PGPUB; !ADJ ION 12007/07/30 ! 
i I !mercury) and (bromine lusPAT; i I 108:21 ! 
i i !OR iodine) and (particle iUSOCR i i i i 
I I !size near4 "40") I I I I ! 
: ................................................... , ; ............................................................. ~ .................................................................................................................................................................................... , ~ ........................................................................................... : ......................................................................................................................... ~ .............................................................. ~ ............................................................................................................................ "' i 

1&57 12 l(remov$4 near2 IUS-PGPUB; !ADJ ION 12007/07/26 ! 
i I I mercury) and (bromine lusPAT; i I l15:45 i 
i i !OR iodine) and (particle iUSOCR i i i i 
I I !size near4 "50") I I I I ! 
~ ................................................ '"' : ............................................................... ~ .................................................................................................................................................................................... , ; ........................................................................................ ~ ......................................................................................................................... ~ ............................................................ , ~ .............................................................................................................................. , i 

i&58 i1 i(remov$4 near2 iUS-PGPUB; iADJ iON i2007/07/26 i 
I I !mercury) and (bromine IUSPAT; I I 115:45 j 
i i !OR iodine) and (particle iUSOCR i i i i 
' 

1 'size near4 "60") 1 
' 

1 
i ' ~ ...................................................... ~ ............................................................... ~ ..................................................................................................................................................................................... l ........................................................................................ ~ ......................................................................................................................... t ............................................................. t ............................................................................................................................... ~ 

i&59 i2 i(remov$4 near2 iUS-PGPUB; iADJ iON i2007/07/26 i 
I I !mercury) and (bromine IUSPAT; I I 115:47 j 
i i !OR iodine) and (particle iUSOCR i i i i 
' 

1 'size near4 "70") 1 
' 

1 
i ' ~ ...................................................... ~ ............................................................... ~ ..................................................................................................................................................................................... l ........................................................................................ ~ ......................................................................................................................... t ............................................................. t ............................................................................................................................... ~ 

iS60 i4 i(remov$4 near2 iUS-PGPUB; iADJ iON i2007/07/26 i 
I I !mercury) and (bromine IUSPAT; I I 115:47 j 
I I IOR iodine) and (particle IUSOCR I I I ! 
i i Isize near4 "80") i i 1 1 

i 

~ .................................. , ~ ............................................ ~ .......................................................................................................................... t ........................................................... ~ .................................................................................. t .......................................... t ...................................................................................... ~ 
iS61 i5 i(remov$4 near2 iUS-PGPUB; iADJ iON i2007/08/07 i 
I I !mercury) and (bromine IUSPAT; I I 116:51 j 
I I IOR iodine) and (particle IUSOCR I I I ! 
I i isize near4 "40") and i I i i i 
: : ' : : \ ~ ~ 
: : ~II 40" : : \ ~ ~ 
i 1 ~ i i I ~ ~ 

IS62 16 l(remov$4 near2 IUS-PGPUB; !ADJ ION 12007/07/30 i 
~ : ~ . : ~ \ ~ ~ 
! ! Imercury) and (bromine !USPAT; ! I 108:13 ! 
I i loR iodine) and ("50" iusoCR I i i i 
i I imicrometers) I i i i ! 
jS63 i1 j(remov$4 near2 . ius-PGPUB; jADJ joN i2007/07/30 I 
! ! Imercury) and (bromine !USPAT; ! I 108:14 ! 
I i loR iodine) and ("60" iusoCR I i i i 
i I imicrometers) I i I I ! 
~ : ~ : ~ \ ~ ~ 

I 
I 
I 
I 
I 
I 
I 
I 

' 
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, .......................................... , ............................................................................................. , .............................................................................................................. ; 
jS65 io j(remov$4 near2 iUS-PGPUB; jADJ iON j2007/07/30 ! 
! I !mercury) and (bromine :USPAT; ! ! !08:23 ! 
~ : ~ . . : : \ ~ ~ 
i I !OR 1od1ne) and iUSOCR i I I I 
! ! !(separation with ! ! ! ! I : : ~ . : : \ ~ ~ 
! ! !(physical means)) i ! i i ! 
~ : ~ 1 ~ \ ~ ~ 

!S67 lo !(remov$4 near2 :US-PGPUB; !ADJ ION 12007/07/30 ! 
l I !mercury) and (bromine !USPAT; l l j08:23 I 
i i jOR iodine) and (separat jUSOCR i i i j 
i I 1$4 with (physical I i I I ! 
: : ~ : : ! ~ ~ 
i ! imeans)) ! i ! ! ! 
~ ~~~~~~~~~~~~~~~~~- ~ ~~~~~~~~~~~~~~~~~~~~~· ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- ~ ~~~~~~~~~~~~~~~~~~~~- ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~,,,,,,,,. ~ 

jS68 lo j(remov$4 near2 !US-PGPUB; jADJ ION j2007/07/30 ! 
I I !mercury) and (bromine IUSPAT; I I 108:24 I 
~ : ~ . . : ~ \ \ ~ 
! ! !OR 1od1ne) and (remov !USOCR ! i i ! 
: : ~ . . : : ! ~ ~ 
i i !$4 With (physical i i i i i 
l i lmeans)) i l I l ! 
~ : ~ . ~ ' ' ~ 

!S69 18 !(remov$4 near2 :US-PGPUB; !ADJ !ON !2007/08/07 ! 
~ : ~ . : ~ \ ~ ~ 
! ! \mercury) and (bromine !USPAT; ! i !16:04 ! 
l l jOR iodine) and (particle jUSOCR l l l ! 
! I !size greater) I ! I I ! 
~ : ~ : ~ \ ~ ~ 

!S70 1430744 !alkaline :US-PGPUB; !OR !OFF !2007/08/07 i 
I I I luSPAT· I I 116·02 i : : ~ : ' : \ ~ . ~ 

~ I ~ I USOCR ~ I ~ ~ 
: ' ~ ~ : ) ~ ~ 

1S71 !1 !alkaline and !US-PGPUB; IOR !OFF !2007/08/07 ! 
I I !"11209163" lusPAT· I I 115·02 ! : : ~ : ' : \ ~ . ~ 

~ I ~ I USOCR ~ I ~ ~ 
is12 .......... i1077 ......... f (remov$4 .. near2 ...................... ius-PGPUB; .... iADJ ............................... ION .............. 12007/08/07 ................ 1 

l l !mercury) and alkaline jUSPAT; l l l16:04 ! 
~ I ~ I USOCR ~ I ~ ~ 
is73 i397 i(remov$4 near2 ius-PGPUB; iADJ ioN i2007/08/07 I 
! I I mercury) and alkaline IUSPAT; ! I 116:04 ! 
i i !earth iusoCR i I l ! 
: ''''''''''''''''" : ''''''''''''''''''''' ~,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,. ~ ''''''''''''''''''''''''''''": '''''''''''''''''''''''''''''''''''''''" ~ '''''''''''''''''''" ~ '''''''''''''''''''''''''''''''''''''''''" ~ 
jS74 i1 j(remov$4 near2 iUS-PGPUB; jADJ ION j2007/08/07 ! 
i i 1mercury) and (bromine jUSPAT; i i j16:51 j 
I ' 'OR. d" ) d 1USOCR I I I I ! i ! 10 1ne an , ! , , i 
: : ~ . : : ! ~ ~ 
i ! !( separate near3 size) ! i ! ! ! 
: ''''''''''''''''" : ''''''''''''''''''''' ',,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,," ~ ''''''''''''''''''''''''''''": '''''''''''''''''''''''''''''''''''''''" ~ '''''''''''''''''''" ~ '''''''''''''''''''''''''''''''''''''''''" ~ 
jS75 i29 j(remov$4 near2 iUS-PGPUB; jADJ ION j2007/08/07 ! 
i i 1mercury) and (bromine jUSPAT; i i j16:52 j 
I ' 'OR. d" ) d ( 1USOCR I I I I I i I 10 1ne an separat I I I I ! 
' ' 1$ • ) ' ' ' ' ' i ! , 4 near3 size ! i ! ! ! 
: ''''''''''''''''" : ''''''''''''''''''''' ~'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''" ~ ''''''''''''''''''''''''''''" : '''''''''''''''''''''''''''''''''''''''" ~ '''''''''''''''''''" ~ '''''''''''''''''''''''''''''''''''''''''" ~ 
jS76 i13 j95/142.ccls. and remov iUS-PGPUB; jOR !OFF j2008/01/16 ! 
i i j$4 with mercury jUSPAT; i i j16:35 j 
i I I IUSOCR i I I ! 
isn ......... i1 ................... ["1·1·2091·63" ................................ ius-PGPUB; .... ioR ............................... ioFF ......... i2008/01/16 ............... 1 

I i I iUSPAT· I I 116·35 ! : : ~ : ' : \ ~ . ~ 

~ I ~ I USOCR ~ I ~ ~ 
: ------------------ ·---------------------· ~------------------------------------------------------------- • ------------------------------- : ----------------------------------------- ) ---------------------- ~ -------------------------------------------- ~ 
1S78 !103 195/134.ccls. and remov !US-PGPUB; IOR !OFF !2008/01/16 ! 
l i l$4 with mercury iuSPAT; l I l16:35 i 
~ I ~ I USOCR ~ I ~ ~ 
, : ) i , l ~ ~ 

file:///CI/Documeuts%20aud%20Settiugs/amillerharris/My ... 01595/EASTSearchHistory.12201595 _AccessibleVersiou.htm (8 of 17)2/26/2010 3: 16:51 PM 

I 
I 
I 
I 
! 

PAC ET AL. EXHIBIT 1022 
 Page 23



EAST Search History 

, ...................................... , ' ................................................................ , ........................................................................................................................ , ~ ........................................................................................ , ............................................................................................................................ I ............................................................. -: .................................................................................... , ~ 

iS79 i8 i95/134.ccls. and remov iUS-PGPUB; iOR iOFF i2008/01/17 i 
I I i$4 with mercury and IUSPAT; I I 111 :12 j 
I I I halide IUSOCR I I I ! 
isso ......... i120 ............ flime.and ·remov$4 with .... • ius-PGPUB; .... ioR ............................... ioFF ......... i2008/01/17 ............... I 
i i 1mercury and halide iUSPAT; i i i11 :13 ! 
~ I ~ I USOCR ~ I ~ ~ 
iss2 ......... i40 ............... i1ime .and .. remov$4.with ..... ius-PGPUB; .... iADJ ................................ fOFF ............ [2008/01·11.7 ................ 1 

i I imercury and halide and iuSPAT; i i h 1 :13 ! 
~ : ~ . : : \ ~ ~ 
! ! 1act1vated carbon !USOCR ! i i ! 
iss3 ........ f40 ............... f1ime ·and.remov$4.with ..... ius-PGPUB; ... iADJ .............................. foFF ............ f2oo8/01/1.7 ................ I 
i i 1mercury and halide and iusPAT; i l j11 :15 i 
I I !activated carbon IUSOCR I I I I 
~ • ~ ' ~ I ~ ~ 

1S84 i76 1remov$4 with mercury iUS-PGPUB; !ADJ iOFF i2008/01/17 ! 
1 

• ' d 1· ·usPAT 1 
' ' ' ! ! ian 1mesame i ; ! i !11:19 ! : : ~ . : : ! ~ ~ 

i ! 1act1vated carbon !USOCR i ! ! ! 
: ' I ~ : I I ~ 

iS85 i20 iremov$4 with mercury iUS-PGPUB; iADJ jOFF j2008/01/17 I 
I I land lime same IUSPAT; I I 115:03 I : : ~ . : : \ ~ ~ 
! ! \activated carbon same !USOCR ! i i ! : : ~ : : ! ~ ~ 
i ! ireact$4 ! i ! ! ! 
: ' I ~ : ) I ~ 

1S86 i25 i110/345.ccls. and ius-PGPUB; !ADJ ioFF i2008/01/17 i 
I I lsorbent same mercury IUSPAT; I I 115:03 I 
~ I ~ I USOCR ~ I ~ ~ 
~ : ) 1 ~ \ ~ ~ 

1S87 1119 1423/210.ccls.and IUS-PGPUB; !ADJ ioFF i2008/01/17 i 
i I j(sorbent or bromine or !usPAT; i l j15:04 I 
I I !iodine) same mercury IUSOCR I I I I 
: ' ~ ' : ) ) ~ 

1S88 14 !active with site and IUS-PGPUB; IOR !OFF 12008/06/30 i 
i I iremov$4 with mercury iuSPAT; i i h 5:49 ! : : ~ . . : : \ ~ ~ 
i ! iand carbon with halide !USOCR i ! ! ! 
: ~~~~~~~~~~~~~~~~~~- ~ ·-------------------- ~ ------------------------------------------------------------- ~ -------------------------~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~ .~~~~~~~~~~~~~~~~~~~~' ~ .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· ~ 
!S89 17 195/134.ccls. and remov IUS-PGPUB; !OR !OFF 12008/06/30 ! 
~ : ~ . : ~ ! ! ~ 
I I i$4 with mercury and 1USPAT; I I 115:50 j 
I I !carbon with halide IUSOCR I I I ! 
jS9o i1 i95/1~2.ccls. and remov ius-PGPUB; joR ioFF i2008/06/30 I 
! ! !$4 with mercury and !USPAT; ! i !15:56 ! 
~ : ~ .. : ~ ! ~ ~ 
i i :carbon with halide !USOCR i i i i 
iS91 .......... io .................. i95/142.ccls ... and ..................... ius-PGPUB; .. ··ioR ................................. foFF ............ f2oo8/06/30 ................ I 
i i !alkaline with inject iusPAT; i i h 5:57 i 
~ I ~ I USOCR ~ I I ~ 
~ : ~ 1 ~ 1 ~ ~ 

1S92 lo 195/142.ccls. and IUS-PGPUB; !OR ioFF i2008/06/30 i 
i i 1alkaline with inject$4 iusPAT; i i i15:57 i 
~ I ~ I USOCR ~ I ~ ~ 
: ' ~ ' : ) ~ ~ 

1S93 11 195/134.ccls. and IUS-PGPUB; IOR !OFF 12008/06/30 i 
i I ialkaline with inject$4 IUSPAT; i I 115:58 ! 
~ I ~ l USOCR ~ I ~ ~ 
~ ~ ) 1 ~ 1 ~ ~ 

1S94 1151 !alkaline with inject$4 IUS-PGPUB; !OR !OFF 12008/06/30 i 
~ : ~ . : ~ ! ~ ~ 
i i iand remov$4 with !USPAT; i i !15:58 i 
i I imercury lusoCR i I I i 
~ : ~ : ~ 1 ~ ~ 
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IS95 i21 1alkaline with inject$4 iUS-PGPUB; !OR iOFF j2008/06/30 I 
I i land remov$4 with IUSPAT; I I 115:59 ! 
I i !mercury and sorbent IUSOCR I I I l 
l i !with inject$4 i l l l l 
~ ' ~ ' ~ ) ) ~ 

!S96 i3 jalkaline with inject$4 iUS-PGPUB; !OR jOFF j2008/06/30 i 
I i land remov$4 with IUSPAT; I I 115:59 ! 
~ : ~ . : : \ ~ ~ 
l I lmercury and halide 1usoCR l I I j 
' ' ' • h. • $4 ' ' ' ' ' i ! !wit 1n1ect ! i ! ! ! 
~ --.--.--.--.--.--.--.--.--.--.--.--.--.--.--.- '..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,.. ~ n--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.-.. '..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,., ~ ..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,. ... )..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,. ... )..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,.--,.-..- ~ 

lS97 lo l110/345.ccls. and remov IUS-PGPUB; lADJ !OFF 12008/07/01 I 
l I l$4 with mercury and IUSPAT; l I 112:46 ! 
: : ~ . . : : ! ~ ~ 
: i \carbon with halide !USOCR : i i i 
: ...................................................... ; , ........................................................... ~ ....................................................................................................................................................................................... ~ ........................................................................................... : ........................................................................................................................... ~ , .............................................................. ~ , ............................................................................................................................. , ~ 

!S98 !5 1423/21 a.eels. and remov !US-PGPUB; !ADJ !OFF l2008/07/01 ! 
~ : ~ . : ~ ! ! ~ 
l i l$4 with mercury and jUSPAT; l I l12:46 j 
I i lcarbon with halide !USOCR I I l ! 
jS99 io j(~aloge~ated_carbon jus-PGPUB; jADJ joFF i2008/07/01 I 
i i !With halide With 1USPAT; i I :13:05 ! 
I i lcovalently$5) .elm. iusoCR I l l ! 
is100 io i(carbon with haldie ius-PGPUB; iADJ ioFF i2008/07/01 I 
l i lwith sorbent and reduc :USPAT; l I l13:06 I 
: : ~ . : : ! ~ ~ 
! ! !$ with mercury) .elm. !USOCR ! 1 i ! 
is1·01 ........ io .................. 1( carbon ·with .. haldie ............. i US-PGPUB; .... iADJ ............................... IOFF ........... 12008/ 07 I 01 ................ I 
I i lwith sorbent and co- iusPAT; I l h 3:07 l 
l i linjecting).clm. iusoCR l l l ! 
~ ' ~ ' ~ ) ) ~ 

1S102 i1 j(carbon with sorbent iUS-PGPUB; !ADJ jOFF j2008/07/01 i 
l i land co-injecting) .elm. iUSPAT; l l j13:07 ! 
l i l !USOCR l I l I 
: ~ ) 1 : 1 1 ~ 

1S103 1135 !carbon with alkali same !US-PGPUB; !OR !OFF 12009/04/01 l 
l i 1remov$4 with mercury iusPAT; l l j16:18 i 
I i l !USOCR I I I ! 
~ : ~ : ~ ' ' ~ 

1s104 155234 !carbon with alkali (salts IUS-PGPUB; !OR !OFF 12009/04/01 i 
l I lor elements) same IUSPAT; l I 116:18 ! 
~ : ~ . : ~ ! ~ ~ 
l i jremov$4 with mercury jUSOCR l I l j . ' . ' ' ' 

1S105 i2 jCarbon with alkali (salts iUS-PGPUB; !ADJ jOFF j2009/04/01 i 
I I lor elements) same IUSPAT; I I 116:19 I : : ~ . : : \ ~ ~ 
! i lremov$4 with mercury jUSOCR ! I l j 
' . ' . ~ ' ' ' 

1S106 !135 !carbon with alkali same !US-PGPUB; !ADJ ioFF 12009/04/01 l 
l i 1remov$4 with mercury iusPAT; l l l16:19 i 
~ I ~ I USOCR ~ I ~ ~ 
~ ' ~ ' ~ ) ) ~ 

lS107 115 !carbon with alkali same IUS-PGPUB; lADJ !OFF 12009/04/01 l 
l I lremov$4 with mercury IUSPAT; l I 116:19 ! 
~ : ~ : ~ ! ~ ~ 
i ! iand exhaust !USOCR i ! ! ! 
: ~ ) 1 : I 1 ~ 

jS108 i4 jmercury with exhaust iUS-PGPUB; jADJ jOFF j2009/04/01 I 
I I 1and mercury with stabili IUSPAT; I I 116:29 j 
l i j$5 with reagent and iUSOCR l l l ! 
1 , ' b • h $4 , 1 ' ' ' i ! icar on wit remov ! i ! ! ! 
l I !with mercury I l l l ! 
~ : I : ~ ) ) ~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
! 
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;s109 i6 j"6848374" and (stabili iUS-PGPUB; jADJ ioN !2009/04/01 I 
l i l$4 or sulfur or sulfide) :USPAT; l i l16:31 i 
~ I ~ I USOCR ~ I ~ ~ 
~ : ~ 1 ~ \ ~ ~ 

Is11 0 !0 !mercury with exhaust IUS-PGPUB; !ADJ lQFF !2009/04/01 l 
i I !and mercury with stabili iUSPAT; i ! !16:34 I 
I I j$5 with (hydrogen IUSOCR I I I j 
I ! lsulfide or sulfer i I l l ! 
~ : ~-. : ~ ! ~ ~ 
I I Id1ox1de) and carbon I I I I ! 
l I lwith remov$4 with I l I I ! 
' : ~ : ' \ ~ ~ 

l ! lmercury ! l l l ! 
: ~ ~ 1 : 1 ~ ~ 

IS111 lo !mercury with exhaust !US-PGPUB; !ADJ !OFF 12009/04/01 l 
l i !and mercury with stabili iusPAT; l ! b 6:34 i 
l l j$5 with (hydrogen ;usoCR l l l ! 
l ! lsulfide or sulfur ! l l l ! 
l l !dioxide) and carbon l l l l l 
I I lwith remov$4 with I I I I ! 
l l I mercury l l l l l 
: ' ~ ' : ) ) ~ 

lS112 12 lstabili$5 with IUS-PGPUB; lADJ !OFF 12009/04/01 l 
i i !(hydrogen sulfide or iuSPAT; i ! !16:35 ! 
: • ' If d' 'd ) d ·usoCR : • ' ' l I isu ur IoxI e an I l I I j 
' • : b • h $4 • ' ' ' ' I 1 Icar on wit remov I I I I ! : : ~ . : : ! ~ ~ 
I I Iw1th mercury I I 1 1 ! 
is1·1·3------i2 ------------------[mercury ·with ·exhaust--------ius-PGPUB;----iADJ----------------------------· ioFF --------- i2009/04/01----------------I 

i I !and mercury with stabili iUSPAT; i ! !16:36 I 
l i l$5 with sulfur and lUSOCR l l l i : : ~ . : : \ ~ ~ 
I I Icarbon with remov$4 I I I I ! : : ~ . : : ! ~ ~ 
I I Iw1th mercury I I I I ! 
: ~ ~ ~ : I I ~ 

IS114 j4 j"6848374" and (organic jUS-PGPUB; !ADJ jON !2009/04/01 i 
I I lor solvent) IUSPAT; I I 116:46 I 
~ I ~ I USOCR ~ I ~ ~ 
~ : ) 1 ~ \ ~ ~ 

jS115 j5 !"6848374" and (organic ;us-PGPUB; jADJ !oN !2009/04/01 I 
I I !or solvent or dissolv$4) IUSPAT; I I 116:46 j 
~ I ~ I USOCR ~ I ~ ~ 
: ' ~ ' : ) ) ~ 

lS116 17 !carbon with alkali same IUS-PGPUB; lADJ !OFF 12009/04/01 l 
l I lremov$4 with mercury lUSPAT; l l l17:21 ! 
I l land (fixed or moving) IUSOCR I I I l 
~ I ~bed l ~ I ~ ~ 
: ' ~ ' : ) ) ~ 

IS117 j8 !carbon with halogen jUS-PGPUB; !ADJ jOFF j2009/04/01 i 
I i lsame remov$4 with IUSPAT; I I 117:24 ! : : ~ . : : \ ~ ~ 
l I imercury and (fixed or IusoCR l I I j 
' • ' • ) b d • ' ' ' ' I I !moving e I I I I i 
: ' ~ ' : ) ) ~ 

IS118 j5 !carbon with halogen jUS-PGPUB; !ADJ jOFF j2009/04/01 i 
I i lsame remov$4 with IUSPAT; I I 117:30 ! : : ~ . : : \ ~ ~ 
l I imercury and (monolith IusoCR l I I j 
' • ' f'b ) • ' ' ' ' I I lor I er screens I I I I ! 
: ' ~ ' : ) ) ~ 

lS119 120 !activated carbon same IUS-PGPUB; lADJ !OFF 12009/04/01 l 
l I lremov$4 with mercury IUSPAT; l I 117:31 ! 
: : ~ . . : : ! ~ ~ 
1 i iand (monolith or fiber jUSOCR I l l j 
I I lscreens) I I I I I 
: . ~ ' : ) ) ~ 

file:///CI/Documeuts%20aud%20Settiugs/amillerharris/M ... 1595/EASTSearchHistory.12201595 _AccessibleVersiou.htm (I 1 of 17)2/26/2010 3: 16:51 PM 

I 
I 
I 
! 

PAC ET AL. EXHIBIT 1022 
 Page 26



EAST Search History 

lS120 !0 !activated carbon same !US-PGPUB; lADJ !OFF !2009/04/01 I 
l i lremov$4 with mercury lUSPAT; l i l17:32 ! 
~ : ~ . : : \ ~ ~ 
l i iand activated carbong :USOCR l ! ! ! 
l l lwith (monolith or fiber l l l l l 
l ! lscreens) i l ! ! ! 
is1·21 ........ i2 .................. !activated· carbon· same ..... i US- PGPUB; .... iADJ ............................... loFF ........... !2009; 04/ 01 ................ I 
l I !remov$4 with mercury !usPAT; l I 117:32 I 
l l land activated carbon lUSOCR l l l l 
! ! lwith (monolith or fiber ! ! ! ! ! 
l i !screens) i l i l l 
~ ' ~ ~ ~ ) ) ~ 

lS122 !2 jactivated carbon same !US-PGPUB; lADJ !OFF !2009/04/01 l 
l i !remov$4 with mercury lUSPAT; l l l17:32 l : : ~ . : : \ ~ ~ 
! ! iand activated carbon !USOCR ! i i ! 
! i !with (monolith or fiber i ! l l l 
l i lscreen) i l ! ! ! 
is1 ·23 ...... i67 ............... f" 4,889, 698" ................................ i us- PGPUB; .... iAoJ ............................. ioN ............ i2009; 041 o 1 ................ I 
l i l luSPAT· l l 117·36 l 
: : ~ : ' : \ ~ ■ ~ 

~ I ~ I USOCR ~ I ~ ~ 
~ .._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._, • ........................................... ~.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._, •.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._. ~ .._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._, ~.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._, ~.._.._ .............................................................................. u ~ 

lS124 !125 !95/134.ccls. and remov !US-PGPUB; lOR lOFF l2009/04/01 ! 
i i !$4 with mercury iuSPAT; i i l19:25 ! 
~ I ~ I USOCR ~ I ~ ~ 
, : ) 1 , 1 ~ ~ 

!S125 l20 !95/134.ccls. and remov lUS-PGPUB; !OR bFF !2009/04/01 l 
: : ~ . : : ! ~ ~ 
l l j$4 with mercury and jUSPAT; l l l19:26 l 
! l lhalogen lUSOCR ! ! ! l 
~ """"""""""""""""" .... : """""""""""""""""""". ~ '""""""""""""""""""""""""""""""""""""""""""""""""""""""""" .... :""""""""""""""""""""""""""""""~ ~ """""""""""""""""""""""""""""""""""""""".,,. ) ................................................................... ~ ..................................................................................................................................... ~ 
lS126 !3 l95/142.ccls. and remov :US-PGPUB; lOR !OFF !2009/04/01 ! 
l ! l$4 with mercury and !USPAT; l ! h 9:26 ! 
~ : ~ . : ~ ! ! ~ 
i ! icarbon and halide !USOCR i I I ! 
~ ................................................ '"' : ............................................................... ~ .................................................................................................................................................................................... , ; ........................................................................................ ~ ......................................................................................................................... ~ ............................................................. ~ .............................................................................................................................. , ~ 

jS127 i0 j11//345.ccls. and remov !US-PGPUB; jOR jOFF j2009/04/01 l 
! i j$4 with mercury and :USPAT; ! ! !19:28 j 
: • ' b d (h I'd ·usoCR : • ' ' ! ! 1car on an a I e or i ! I I ! 
~ : ~ : ~ ! ~ ~ 
i ! 1halogen) ! i I I ! 
~ .................................. , : ............................................ ' ...................................................................................................................... '"' ; ........................................................... ~ .................................................................................. ~ .......................................... ~ .................................................................................. '"' ~ 

jS128 i8 j110/345.ccls. and remov !US-PGPUB; jOR jOFF j2009/04/01 l 
! i j$4 with mercury and :USPAT; ! ! !19:28 j 
: • ' b d (h I'd ·usoCR : ' ' ' ! ! 1car on an a I e or i ! I I ! 
~ : ~ : ~ ! ~ ~ 
i ! 1halogen) ! i I I ! 
~ ................................ '"' : ............................................ ' .......................................................................................................................... ; ........................................................... ~ .................................................................................. ~ .......................................... ~ .................................................................................. '"' ~ 

1s129 i54 j423/21 a.eels. and remov !US-PGPUB; iOR iOFF !2009/04/01 i 
l l l$4 with mercury and lUSPAT; l l l19:28 l : : ~ . : : \ ~ ~ 
! ! 1carbon and (halide or !USOCR ! I I ! 
~ : ~ : ~ ! ~ ~ 
i ! 1halogen) ! i I I ! 

is130 i1 i"6848374" ius-PGPUB; iAoJ ioN i2009;04101 I 
i i I iUSPAT· i I 119-34 i 
~ : ~ : '~ \ ~- ~ 

~ I ~ I USOCR ~ I I ~ 
is131 i16 i"5575982" ius-PGPUB; iAoJ ioN i2009;04101 I 
l l l lusPAT· l I 119-35 l ' : ~ : ' ' \ ~ . ~ 

~ I ~ l USOCR ~ I ~ ~ 
is133 i61 i"4500327" ius-PGPUB; iAoJ loN !2010101111 I 
l l ! lusPAT· l l l11 ·30 l 
~ : ~ : '~ \ ~- ~ 

~ I ~ I USOCR ~ I ~ ~ 
~ : ~ 1 ~ 1 ~ ~ 

I 
I 
I 
I 
! 
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lS135 !547 !"1984164" "3194629" !US-PGPUB; lOR !OFF !2010101111 I 
i i i"3662523" "3786619" iusPAT; i i h 4:38 i 
! i !"3826618" "3849267" !USOCR ! ! ! ! 
! i !11 4101631" "4196173" i ! ! ! ! 
i i i"4500327" "4708853" i i i i i 
i i i"4786483" "4814152" i i i i i 
! i !"4820318" "4889698" i ! ! ! ! 
i i i"4956162" "5300137" i i i i i 
! i !11 5409522" "5505766" i ! ! ! ! 
i i i"5575982" "5607496" i i i i i 
i i i"5672323" "5695726" i i i i i 
! i !"5827352" "5891324" i ! ! ! ! 
i i i"6027551" "6080281" i i i i i 
! i !"6136072" "6214304" i ! ! ! ! 
i i i"6258334" "6372187'' i i i i i 
i i i"6375909" "6383981" i i i i i 
! i !"6528030" "6818043" i ! ! ! ! 
i i i"6848374" "6878358" i i i i i 
! i !"6942840" "6953494" i ! ! ! ! 
l i 1"7435286" i l i l i 
i i i"20010002387" i i ! ! ! ' : ~ : ' \ ~ ~ 

i i i"20010003116" i i i i i 
i i i"20020150516" i i i i i 
! i !"20040003716" i ! ! ! ! 
i i i"20040013589" i i i i i 
l i 1"20050019240" i l i I I ' : ~ : ' \ ~ ~ 

i i i"20060048646" i i i i i 
; : ~ 1 ~ \ ~ ~ 

!S136 !547 !"1984164" "3194,629" :US-PGPUB; !OR !OFF !2010/01/11 i 
l i l"3662 523" "3786619" iUSPAT· l l !14"47 i 
: : ~ ' : ' : \ ~ ■ ~ 

l i !"3826618" "3849267" !USOCR l l l i 
i i i"4101631" "4196173" i i i i i 
i i i"4500327" "4708853" i i i i i 
! i !"4786483" "4814152" i ! ! ! ! 
i i i"4820318" "4889698" i i i i i 
! i !"4956162" "5300137" i ! ! ! ! 
i i i"5409522" "5505766" i i i i i 
i i i"5575982" "5607496" i i i i i 
! i !"5672323" "5695726" i ! ! ! ! 
i i i"5827352" "5891324" i i i i i 
! i !"6027551" "6080281" i ! ! ! ! 
i i i"6136072" "6214304" i i i i i 
! i !11 6258334" "6372187'' i ! ! ! ! 
i i i"6375909" "6383981" i i i i i 
i i i"6528030" "6818043" i i i i i 
! i !"6848374" "6878358" i ! ! ! ! 
i i i"6942840" "6953494" i i i i i 
I i 1"7435286" i I I I ! 
I I 1"20010002387" I I I I I 
l i 1"20010003116" i l 1 1 I ' : ~ : ' \ ~ ~ 

i i i"20020150516" i i i i i 
i i i"20040003716" i i i i i 
l i 1"20040013589" i l I I I ' : ~ : ' \ ~ ~ 

i i i"20050019240" i i i i i 
! i !"20060048646" and i ! ! ! ! 
~ ; ~ ; ~ ; ~ ~ 
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!Group adj V , 

!S137 • 1~;~~~!~~~"0~r l~~P~UB; lADJ 
1 1~~~i601111 

1 

j"3662523" or 
(3786619" or 
1"3826618" or 
1.,3849267" or 
1"4101631" or 
1"4196173" or 
( 4500327" or 
1"4708853" or 
1.,4786483" or 
1"4814152" or 

I:::~~~~!~:: ~: 
1"4956162" or 
1"5300137" or 
1"5409522" or 

I::;;~;~~~:: ~~ 
1"5607496" or 
(5672323" or 
1"5695726" or 
1., 5827352" or 
1"5891324" or 
1"6027551" or 
(6080281" or 
1"6136072" or 
1"6214304" or 
1"6258334" or 

l::~~i~!~~:: ~: 
1"6383981" or 
1"6528030" or 
1"6818043" or 

I::~~;~~;::: ~~ 
1"6942840" or 
(6953494" or 
1"7435286" or 
1.,20010002387" or 
1"20010003116" or 

l::~~~!~6~~~~ ~:: ~: 
1"20040013589" or 
1"20050019240" or 
l"20060048646") and 
l( Group V or Group VI) , 
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EAST Search History 

jS138 i9 j("1984164"or iUS-PGPUB; jADJ iOFF !2010/01/11 I 
i : 1"3194629" or :LJSPAT· i i :14·52 i ~ : ~ : ' : \ ~ ■ ~ 

I I 1"3662523" or lusorn I I I I 
i I 1113786619" or I i I I I ' : ~ : ' \ ~ ~ 

l l !"3826618" or l l l l l 
i 1 1113849267" or i i i i 1 

i I 1"4101631" or i i ! ! I 
l l !"4196173" or l l l l l 
i I 111 4500327" or I i I I I ' : ~ : ' \ ~ ~ 

l l !"4708853" or l l l l l 
i I 111 4786483" or I i I I I ' : ~ : ' \ ~ ~ 

l l l"4814152" or l l l l l 
l l !"4820318" or l l l l l 
i I 1"4889698" or I i I I I ' : ~ : ' \ ~ ~ 

l l l"4956162"or l l l l l 
i I 111 5300137" or I i I I I ' : ~ : ' \ ~ ~ 

l l !"5409522" or l l l l l 
i 1 111 5505766" or i i i i 1 

l l !"5575982" or I l I I l ' : ~ : ' \ ~ ~ 

l l !"5607496" or l l l l l 
i I 111 5672323" or I i I I I ' : ~ : ' \ ~ ~ 

l l !"5695726" or l l l l l 
i 1 111 5827352" or i i i i 1 

i I 1"5891324" or i i ! ! I 
l l l"6027551"or l l l l l 
i I 111 6080281" or I i I I I ' : ~ : ' \ ~ ~ 

l l !"6136072" or l l l l l 
i I 111 6214304" or I i I I I ' : ~ : ' \ ~ ~ 

l l l"6258334" or l l l l l 
i 1 1"6372187'' or i i i i 1 

l l !"6375909" or I l I I l ' : ~ : ' \ ~ ~ 

l l !"6383981" or l l l l l 
i I 1"6528030" or I i I I I ' : ~ : ' \ ~ ~ 

l l l"6818043"or l l l l l 
i 1 111 6848374" or i i i i 1 

l l !"6878358" or I l I I l ' : ~ : ' \ ~ ~ 

l l !"6942840" or l l l l l 
i I 111 6953494" or I i I I I ' : ~ : ' \ ~ ~ 

l l !"7435286" or l l l l l 
l l l"20010002387" or l l l l l 
I I 1"20010003116" or I I I I I 
l l !"20020150516" or l l l l l 
I I 1"20040003116" or I I I I I 
l l !"20040013589" or l l l l l 
l l !"20050019240" or l l l l l 
I I 1"20060048646") and I I I I I 
l l l(Group Vor Group VI) l l l l l 
i i !and (Hg or mercury) i 1 ! ! ! 
• --.--.--.--.--.--.--.--.--.--.--.--.--.--.--.- ,..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,.. ; n--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.-.. n--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.~ • ..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,. ... ' --.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.-.. '..,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,.--,.-..- ~ 

1S139 j46 j(Group Vor Group VI) jUS-PGPUB; !ADJ jOFF j2010/01/11 l 
l l ;with (halide or halogen) ;usPAT; l l j14:53 ! 
i ! land (Hg or mercury) !USOCR i ! ! ! 
l l !with (filter or remov$4) l l l l l 
~ . ~ ' ~ ) ) ~ 

I 
I 
I 
I 
I 
! 
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~~~~~~~~~~~~~~~~~~~- -~~~~~~~~~~~~~~~~~~~~~- ' ........................................................... ·······························~ ~--······································· .................................................................... ~ 

lS141 !68 l95/134.ccls. and remov :US-PGPUB; lADJ !OFF !2010/01/11 ! 
I ! l$4 with mercury and (V !USPAT; I ! h 4:57 ! 
~ : ~ : ~ ! ~ ~ 
I I 1or Nb or Ta or Db or 0- iUSOCR I I I i 
I i !or Mo or W or 8{j or i I I I ! 
i I lGroup V or Group VI) I i ! ! l 
~ : ~ 1 ~ 1 ~ ~ 

!S142 l10 !110/345.ccls. and remov lUS-PGPUB; !ADJ bFF !2010/01/11 l 
I I 1$4 with mercury and lusPAT; I I l15:08 i 
i l lcarbon and (halide or lUSOCR i ! ! l 
I I lhalogen) I I ! ! l 
, : ~ 1 , 1 ~ ~ 

!S144 l64 !423/210.ccls. and remov lUS-PGPUB; !ADJ bFF !2010/01/11 l 
~ : ~. : ~ ! ~ ~ 
l l j$4 with mercury and jUSPAT; l l l15:09 l 
i l lcarbon and (halide or lUSOCR i ! ! l 
I I lhalogen) I I ! ! l 
, : ~ i , l ~ ~ 

!S145 l267 !(Vanadium or niobium lUS-PGPUB; !ADJ bN !2010/01/12 l 
i I !or tantalum or Dubnium lUSPAT; i I l13:08 l 
I i lor chromium or !USOCR I I I ! 
i I !molybdenum or I i ! ! l 
I I !tungsten or I I I I l 
I ! lseaborgium) with halide i I ! ! ! 
~ : ~ . : ~ ! ~ ~ 
l l iand (remov$4 or filter) l l l l l 
I I !with (mercury or Hg) I I I I ! 
1s146 :58 !(Vanadium or niobium :US-PGPUB; iADJ !ON !2010101112 i 
I ! lor tantalum or Dubnium !USPAT; I ! h 3:26 ! 
~ : ~ . : ~ ! ~ ~ 
I I ior chromium or 1USOCR I I I ! 
I i !molybdenum or i I ! ! ! 
' : ~ : ' \ ~ ~ 

l l ltungsten or l l l l l 
I I !seaborgium) with I I I I l 
i ! lsorbent and ( remov$4 ! i ! ! ! 
I I !or filter) with (mercury I I I I l 
I i lor Hg) i I ! ! ! 
~ : ~ : ~ \ ~ ~ 

!S147 !4 !(Vanadium or niobium :US-PGPUB; !ADJ !ON !2010/01/12 i 
I I lor tantalum or Dubnium IUSPAT; I I 113:28 ! 
l l lor chromium or lUSOCR l l l l 
I i !molybdenum or i I ! ! ! 
' : ~ : ' \ ~ ~ 

l l ltungsten or l l l l l 
I i !seaborgium) with halide I I I I ! 
I I lsame sorbent and ! I ! ! l 
! I !(remov$4 or filter) with I ! I I l 
I ! l(mercury or Hg) i I ! ! ! 
~ : ~ : ~ \ ~ ~ 

!S148 l4 !(Vanadium or niobium :US-PGPUB; !ADJ loN 12010101112 l 
I I lor tantalum or Dubnium IUSPAT; I I 113:28 I 
l l lor chromium or lUSOCR l l l l 
I ! !molybdenum or i I ! ! ! 
' : ~ : ' \ ~ ~ 

l l ltungsten or l l l l l 
I i !seaborgium) with i I ! ! ! : : ~ . : : ! ~ ~ 
i I !(halide or halogen) I i I I ! 
I I !same sorbent and I I I I l 
i ! l(remov$4 or filter) with ! i ! ! ! 
I I !(mercury or Hg) I I I I l 
: ' ~ ~ : ) ) ~ 
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dS149 18287 jhydrohalides !US-PGPUB; jADJ ION !2010101112 I 
d i l :USPAT; l i l13:45 ! 
i ~ I ~ I USOCR ~ I ~ ~ 
~ 'nnnnnnnnn•: nnnnnnnnnn• ~ nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn• ~ nnnnnnnnnnnnnnn ~nnnnnnnnnnnnnnnnnnnn~• :nnnnnnnnnnn•: .nnnnnnnnnnnnnnnnnnnnn• ~ 

jS150 :5 jhydrohalideswith :US-PGPUB; jADJ :ON !2010/01/12 j 
l i !sorbent !USPAT; l ! !13:45 ! 

~ ~ I ~ l USOCR ~ I ~ ~ 
•is1·51 ....... i143 ........... fhydrohalides.ti ........................ ius-PGPUB; .. .,iADJ ............................ foN ........... i2010101112 ............... I 

l i l !USPAT; l ! !13:46 i 
~ ~ I ~ l USOCR ~ I ~ ~ 
is152 i5 i"4490354" ius-PGPUB; iAoJ ioN !2010101112 I 

i i ! iusPAT; i i l13:59 ! 
! I ! lusorn ! I I I 
!S153 !10 !11 6, 136,749" :US-PGPUB; !OR !OFF !2010/01/12 I 
i i l !USPAT; i ! h 4:34 i 

~ ~ I ~ l USOCR ~ I ~ ~ 
: ~ ' ~ ' ~ ) ) ~ 

EAST Search History (Interference) 

< This search history is empty> 
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ABSTRACT OF THE DISCLOSURE. 

A method and apparat~s for the continuous separation of 
mercury from flowing gases, in particular from exhaust gases from 
thermal processes, e.g. melting of mercury containing glas shards 
from fluorescent lamps. At least one halogen, in particular 

5 iodine and/or bromine, is added to the gases when they flow into 
a reaction vessel. The halogen reacts with the mercury to form 
mercury halide, which is separated in the solid state from the 
gases prior to their outflow from the reaction vessel, for 
example by deposition on a cooled metal surface or by filtration. 

10 Excess halogen is separated by means of adsorption. A regulating 
device is optionally provided which readjusts the feed rate of 
the halogen in such a way that a predetermined small mercury 
concentration is set in the outflowing gases, e.g. less than 0.2 
mg per m3 of gas. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

"METHOD AND APPARATUS FOR CONTINUOUSLY 

SEPARATING MERCURY FROM FLOWING GASES" 

Reference to related patent and application, the disclosures 

of which are hereby incorporated by reference, 

U.S. 4,729,882, Ide et al.; 

International Application PCT/EP 92/01557, published WO 

93/02773, U.S. designated, Kurzinger et al. 

Reference to related patents: 

10 European 0 289 810 Al, Vogg 1 

German 41 40 969 Cl, Korner et al. 

* * * * * * * 

FIELD OF THE INVENTION. 

The present invention relates to an apparatus and 

method for continuously separating mercury from flowing gases, 

in particular from exhaust gases of thermal processes. Such 

gases arise during operation of a glass melting installation 

for fragmented mercury-containing lightbulbs, e.g. fluorescent 

lamps or metal halide lamps. 

20 BACKGROUND. 

Conventionally, some mercury separation methods 

employ activated charcoal for binding the mercury. For 

example, the activated charcoal may be in the form of filters 

or screens, and 

- 1 -
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possibly used for pre-cleaning (for example WO 93/02773, 
Kurzinger et al.). Since activated charcoal is highly flammable, 
its employment is limited to cleaning gases at an appropriately 
low temperature. 

5 The following methods are suitable for higher gas 
temperatures. Lime, to which green coke has been added, is used 
as the reaction agent for binding mercury, see EP O 289 810. The 
mercury-green coke-adsorbate being generated is separated in a 
precipitator and stored. A large amount of special waste is 

10 generated, which is disadvantageous for this type of method. 
Another method involves bringing the mercury- containing 

gases into contact with precious metal halides. In such a 
method, the precious metals are reduced and the corresponding 
mercury halide is separated. However, high costs are incurred 

15 because of the use of precious metals. 
Some amalgam-forming methods are known. In the simplest 

case, a sheet metal plate forming an amalgam is disposed in the 
gas flow.- The relatively small surface and the resultant short 
service times are disadvantageous. To avoid this problem, it is 

20 proposed in the German Patent Disclosure Document DE-OS 41 40 969 
to apply amalgam-forming metals, for example gold, silver, 
copper, tin, zinc, palladium, iridium, or rhodium, on a substrate 
with a large inner specific surface (up to approximately 
90 m2 /g}. However, the cost of these metallized substrates is 

25 high. 

A method for cleaning mercury-containing gases from 
municipal waste incineration plants is disclosed in US Patent No. 
4,729,882, Ide et al. In a first method step the mercury is 
converted to water-soluble mercury chloride by the addition of 

30 chlorine gas. The mercury is washed out of the gas in a 
subsequent wet-chemical method step by means of a washing 
solution. However, the high chemical aggressiveness of chlorine 
is disadvantageous. Furthermore, wet washing causes an 
additional pressure loss in the gas flow which is equivalent to 

35 an increased energy outlay. 

2 
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THE INVENTION. 

It is an object of the invention to provide an efficient 
method and apparatus for separating mercury (Hg) from gases on a 
large industrial scale and so that the threshold values for 

5 mercury concentrations in exhaust air fall below those prescribed 
in the relevant regulations, while overcoming the previously 
mentioned disadvantages. 

Briefly, at least one halogen X, in particular iodine 
and/or bromine, is admixed directly and continuously at a 

10 controllable feed rate to mercury-containing gas in order to 
thereby trigger a quantitative reaction of Hg+ x2 -> HgX2 • By 
means of this reaction the concentration of elementary mercury in 
the gas flow is directly reduced. The mercury halide(s) HgX2 
generated in the course of the reaction is or are subsequently 

15 separated in the solid state from the gas flow, possibly together 
with further mercury compounds present in the gas flow. 

Iodine is a preferred reactant, because it reacts well 
with mercury to form mercury iodide. It is furthermore 
advantageous in that as compared to chlorine and fluorine, iodine 

20 is clearly less chemically aggressive. In addition, mercury 
iodide has a lesser water solubility (approximately 0.006%) than 
mercury bromide (approximately 0.62%), mercury chloride 
(approximately 6.9%) and mercury fluoride (dissociates), as well 
as a relatively high evaporation temperature (approximately 

25 354°C). Because of this, the humidity and temperature of 
mercury-containing exhaust gases have a lesser effect on the 
separation of the mercury iodide than with the other mercury 
halides mentioned. In spite of this, however, it is possible in 
principle to employ halogens other than iodine as reactants, 

30 provided a reduced efficiency of the separation is acceptable. 
It is also possible to use two or more different types of 
halogens simultaneously as reactants. 

In a first embodiment of the invention, the halogen is 

3 
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continuously supplied in manually preset amounts. Optionally, 
the feed rate of the halogen(s) is increased to such a degree 
that the gas flow shows an excess of halogen. In this manner, the 
elemental mercury can be completely converted to the greatest 

5 extent into mercury halide(s) and separated from the gas flow. 
The excess halogen contained in the gas flow after the reaction 
is separated in a further method step. 

In a second embodiment of the method, the mercury 
concentration is selectively and continuously measured following 

10 the reaction. The feed rate of the halogen(s) is readjusted as a 
function of the measured value in such a way that a preselectable 
threshold value of the mercury concentration occurs, particularly 
less than 0.2 mg mercury per m3 of exhaust gas. In a preferred 
embodiment of the method, the mercury concentration is adjusted 

15 to a value which, although lying below a prescribed threshold 
value, lies above zero. Overdosing with halogen is prevented in 
this manner, even with fluctuating mercury concentrations in the 
inflowing gas. Accordingly, in this embodiment it is possible to 
omit the additional method step for separating excess halogen, 

20 which is generally required with the uncontrolled method. A 
further advantage is the flexible adaptation of the supplied 
amount of halogen to fluctuating mercury concentrations. Halogen 
use is reduced to a minimum as well. This embodiment is 
particularly efficient. 

25 A basic apparatus which carries out the method in accordance 
with the invention has a reaction vessel open on both ends, 
wherein the mercury-containing gases flow in through its first 
open end and flow out through its second open end. The flow can 
be created by thermal convection or by means of a blower. The 

30 reaction vessel is preferably pipe-shaped and the cross section 
can be arbitrary, for example circular or polygonal, e.g. 
rectangular. The reaction vessel has a supply or feed device for 
supplying at least one halogen or for placing the halogen into 

4 
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the reaction vessel. 

In addition, the apparatus provides a separating device, in 
which the mercury halide(s) can be separated from the gas flow in 
the solid state, possibly together with further mercury compounds 

5 present in the gas flow. In the process, the mercury halide 
either (a) cools to a temperature below the evaporation 
temperature in the separating device or (b} flows at an already 
appropriate temperature into the separating device. When 
employing two or more halogens, cooling is performed to below the 

10 lowest evaporation temperature of the mercury halides used. For 
example, for mercury iodide and for mercury bromide the 
evaporation temperatures are approximately 354°C and 319°C, 
respectively. Thus, if both halogens are used, the temperature 
must be lower than 319°C. 

15 

20 

In a preferred form of the first embodiment, a heat 
exchanger is used as the separating device. The advantage here 
is that by this step the energy balance is improved at the same 
time and ~n this way the efficiency of the entire system 
increased. In conventional installations the heat exchanger is 
primarily used in a manner known per se for the 
the process heat contained in the exhaust gas. 
the heat exchanger has a large effective surface 
fluid. The mercury halide(s) is (are) deposited 

partial return of 
For this purpose 

cooled by a 

thereon. 
Because of this, the effective flow cross section of the heat 

25 exchanger is increasingly reduced and as a consequence the flow 
resistance is increased. If it exceeds a threshold value, the 
heat exchanger must be cleaned. The time when a change is due is 
determined by means of two pressure probes, one in the inflow and 
the other in the outflow of the heat exchanger. With the flow 

30 speed being constant, the pressure difference between the two 
probes, i.e., the pressure loss caused by the heat exchanger, is 
a direct measurement of the flow resistance. 

In the second embodiment, a filter is used as the separating 

5 
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unit, for example an electrostatic filter (E-filter) or a 
mechanical one. The advantage of the E-filter is a reduced 
pressure loss and consequently a reduced additional energy 
outlay. However, a mechanical filter, for example a conventional 

5 fibrous or textile filter, is cheaper. 
To assure intimate mixing and reaction of mercury and 

halogens, a minimum distance must be maintained between the 
region where the halogen(s) enter(s) and where the corresponding 
mercury halides are separated from the gas flow. In individual 

10 cases this depends on the respective flow conditions and the type 
of admixture of the halogen(s). In a conventional exhaust gas 
installation the minimum distance is six times the hydraulic 
diameter of the exhaust gas conduit. It may be advantageous to 
assist admixing by suitable elements for the generation of flow 

15 eddies disposed in the interior of the reaction vessel. 
The apparatus may have a second separating device. By 

means of this second separating device, halogen, which may be in 
excess after the reaction, is separated from the gas chamber, for 
example by means of an adsorption agent. 

20 Preliminary tests with iodine have shown that aluminum chips 
are well suited as an adsorption medium. With dry gases it was 
possible to achieve an iodine absorption of 60 percent by weight, 
and with moist gases, such as is the general case with fossil­
fired thermal processes, an iodine absorption of 40 percent by 

25 weight, at least, related to the adsorption medium. In 
comparison therewith, a clearly lesser iodine absorption was 
measured in the case of zinc chips (with dry gases, only 
15 percent by weight). Aluminum chips, such as occur as waste 
products in machining operations, for example, are suitable. 

30 However, prior to their use as an adsorption agent, it is 
necessary to remove adhering lubricants which are often present. 

In contrast, aluminum needles have not proven themselves 

6 
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useful because of the high apparent weight. Also, the air 
resistance of a corresponding filter is too great and the needles 
tend to adhere together, particularly with moist gases. 

An apparatus for realizing the method in accordance with the 
5 invention with controlled halogen metering additionally has an 

Hg-measuring device for measuring the concentration of elemental 
mercury, as well as a control and regulating unit connected with 
the Hg-measuring device and acting on the feed device for the 
halogen. The measuring sensor of the Hg-measuring device is 

10 disposed at a distance downstream from the place where the 
halogen is added; the distance corresponds to at least six times 
the hydraulic diameter of the reaction vessel. This assures that 
at the place of measuring, the previously metered and supplied 
halogen has reacted essentially completely with the mercury and 

15 that therefore the actual remaining concentration of elemental 
mercury is measured. 

The second separating device for separating excess halogen 
in the controlled apparatus may be omitted. The control unit 
preferably is adjusted in such a way that although the remaining 

20 concentration of mercury in the exhaust gas lies below a 
prescribed threshold value, it still lies above zero. In this 
way overdosing with halogen is impossible, i.e., the outflowing 
gas is sufficiently free of halogen even without an appropriate 
separating device. 

25 DRAWINGS: 

The invention will be explained below by means of some 
exemplary embodiments. 

Fig. 1 is a schematic flow diagram of the method for the 
continuous separation of mercury from flowing gases in accordance 

30 with the invention. The additional method steps required for a 
controlled operation {second embodiment) are those framed by 
dashed lines. 

Fig. 2 is schematic representation of an apparatus for 

7 
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executing the directed embodiment of the method of Fig. 1. 

Fig. 3 is a schematic representation of an apparatus 

for executing the controlled embodiment of the method of 

Fig.1. 

Fig. 4 is a schematic fragmentary view illustrating 

the separating device in form of a heat exchanger. 

DETAILED DESCRIPTION: 

Fig. 2 shows an apparatus 8 for performing the method 

of the first embodiment of the invention. The apparatus uses 

10 iodine as the reactant for the mercury and comprises the 

following components a tube-shaped reaction vessel 2 that is 

open at both ends and has a circular cross section, and a feed 

device 3-4-5 for introducing the iodine into the reaction 

vessel. The feed device includes at least one reservoir 3, 

which contains at least one halogen such as solid iodine and 

which is connected to a halogen holder 4, e.g. an evaporation 

trough, for charging the holder 4 with the halogen. The 

holder is displaceable (e.g., in a direction transverse to 

that of the gas flow). via a displacement unit 5 driven by a 

20 motor M. The apparatus also includes within the reaction 

vessel 2 a separation device 6, such as a fibrous or textile 

filter or an electrostatic filter 6a (Fig. 3), and an 

adsorption agent 7. 

The feed device introduces at least one halogen into 

the reaction vessel 2, so that a predetermined amount of the 

appropriate halogen vapour is admixed with the gas flow. The 

evaporation holder 4 is introduced into vessel 2 by driving 

- 8 -
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the displacement unit 5, e.g. a supply belt, with the motor M. 

The reservoir 3 is external to the reaction vessel 2; the 

temperature of the halogen within the reservoir 3 may be 

approximately 30°C which is less than the temperature of the 

gas flow within the reaction vessel 2. 

The reaction vessel 2 is placed into an exhaust air 

conduit of a glass melting installation (not shown) for 

mercury-containing fragments of light bulbs. Mercury­

containing gases flow through it in the direction of the 

10 arrow, wherein the gases flow in through the first open end of 

the reaction vessel 2 and, after having passed through the 

adjoining reaction area 8, flow out through the second open 

end of the reaction vessel, essentially free of mercury. 

The evaporation holder 4 of the feed device is 

located in the area of the first end of the reaction vessel 2 

and is charged with solid iodine from the reservoir 3. The 

feeding rate of gaseous iodine to supply the gas flow 

corresponds to the evaporation rate of the iodine and can 

therefore be affected by the temperature of the evaporation 

20 holder 4 and by the iodine surface exposed inside the reaction 

vessel, i.e., by the manually preselectable length of the 

partial area of the evaporation holder 4 introduced into the 

reaction vessel 2. A heat exchanger 25 can be located 

upstream of the feed device if the temperature of the Hg-laden 

gases entering vessel 2 is excessively high. 

Because of the gas flow, the individual gas 

components are mixed with each other relatively quickly in the 

adjoining reaction region 8 and the iodine combines with the 

- 9 -
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mercury to form mercury iodide. 

Within the reaction area 8, whose length L 

corresponds to approximately six times the diameter D of the 

reaction vessel 2, the reaction vessel 2 may have a simple and 

therefore cost-effective separation device 6 in the form of a 

fibrous or textile filter, which filters out the mercury 

iodide. The installation position of the apparatus 1 in 

relation to an exhaust gas conduit (not shown) and the 

connection position of the upstream heat exchanger 25, bring 

10 the mercury iodide flowing through the vessel 2 and then 

through the fibrous or textile filter 6 to a temperature below 

the evaporation temperature of the iodide (approximately 

354°C). The downstream-connected adsorption agent 7 is made 

of aluminum chips at whose surfaces possible excess iodine is 

adsorbed. 

- 9a -
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The particular advantage of this apparatus lies in its 
simple and cost-efficient design. However, the evaporation rate 
and therefore also the metering of the iodine is possibly 
affected by the temperature of the gas flowing around the 

5 evaporation trough 4. In that case it is not possible to use 
very small metered amounts and it may be necessary to accept 
overdosing. 

In a particularly simply designed and therefore cost­
effective embodiment, the supply or feed device consists of a 

10 wide-meshed metal net. It extends preferably over the entire 
cross section of the reaction vessel and is partially covered 
with solid iodine. The gases flow around the iodine through the 
uncovered mesh of the metal net, heat it and generate the desired 
vapor pressure. This embodiment is suitable for uses which do 

15 not require the exact control of the feed rate of halogen. 
Fig. 3 schematically illustrates an apparatus 9 for 

carrying ~ut the method in accordance with the second embodiment 
of the invention. The basic design is similar to that in Fig. 2. 
The flow direction has again been marked by arrows. The 

20 difference with respect to the embodiment of Fig. 2 lies in a 
changed feed device for the iodine, an additional regulating 
device and the omission of an adsorption agent. 

The feed device uses a thermostat- controlled reservoir 11 
of solid iodine 12, a suction line 13 provided with a blowback 

25 safety valve 14 and drying cartridge 15. The suction line 13 
terminates in the reservoir 11 via a controllable pressure pump 
16 and a continuous pressure line 17. A supply pipe 18 connects 
the reservoir 11 with the interior of the reaction vessel 10. 
The pressure pump 16 sucks ambient air through the drying 

30 cartridge 15 and the suction line 13 and introduces it via the 
pressure line 17 into the reservoir 11. The reservoir 11 is 
located inside a thermostat-controlled housing 19 which keeps the 
iodine 12 at a temperature of approximately 30°C. A suitably 

10 
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high vapor pressure of the iodine in the reservoir 11 is thereby 
created. The compressed air flows over the surface of the iodine 
12 and is enriched with iodine vapor. The iodine-air mixture 
subsequently reaches the reaction vessel 10 through the supply 

5 pipe 18. The feed rate of the mixture can be controlled by means 
of controlling the flowing volume of the compressed air as well 
as the temperature and therefore the vapor pressure of the 
iodine 12. 

The regulating device essentially includes an Hg-
10 measuring device 20 for the selective measurement of the mercury 

concentration and a regulating device 21 connected therewith and 
controlling the controllable pressure pump 16. A measuring probe 
22 of the Hg-measuring device 20 is disposed inside the reaction 
vessel 10 downstream of the supply pipe 18 at a distance A which 

15 approximately corresponds to six times the diameter D of the 
reaction vessel 10. A separation device 6 such as a fibrous or 
textile filter 6 (Fig. 2} or an electrostatic filter 6a (Fig. 3) 
is placed downstream of the measuring probe 22. 

Preliminary tests have shown that this embodiment can react 
20 rapidly to fluctuations in the mercury content of the gas flow, 

so that with a suitable setting of the control 20, 21, no iodine 
overdosing occurs. For this reason an adsorption agent for 
iodine was omitted here, in contrast to Fig. 2. 

Fig. 3 also shows, highly schematically, the separating 
25 device in form of an electrostatic precipitator 6a, connected to 

a voltage source 6b, the other terminal of which is connected to 
the vessel 10. 

Fig. 4 shows, highly schematically, the separating device in 
form of a heat exchanger 26, located in the stream of gas flow, 

30 for use if the temperature of the gas and/or of the mercury 
halide goes above the evaporation temperature of the halogen 
being used. Heat recovered can be re-used. Cooling fluid is 
connected to couplings 27, 28. 

11 
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Various changes and modifications may be made, and 

any features described herein in connection with any one of 

the embodiments may be used with any of the others, within the 

scope of the inventive concept. 

Example of an operative embodiment: 

Inside diameter D of the reaction vessel 2, 10: 

1.10 m temperature of gases at inlet end of reaction vessel 2, 

10: 350°C gas flow rate through the reaction vessel: about 

4.2 m3 tsec temperature of gases in region of introduction of 

10 halogen (Fig. 2: 4, Fig. 3: 18): 150°C rate of supply of 

halogen vapour from conduit 18 (Fig. 3) is such that the 

remaining concentration of mercury will be about 10 µgtm 3 

temperature of gases with mercury halides at separator 6, Ga, 

- 12 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1 . A method for continuously separating mercury from a 

gas flow, comprising the steps of: 

adding a reactant to the gas flow to form a reaction 

product with the mercury and thereby separate the mercury from 

the gas flow, 

wherein, in accordance with the invention, 

the reactant is at least one halogen, reacting with the 

mercury in the gas to form a reaction product, the reaction 

product including at least one mercury halide, 

converting the mercury halide into solid state, and 

separating the mercury halide from the gas flow. 

2 . The method of claim 1, wherein the step of converting 

includes bringing the at least one mercury halide into contact 

with a surface having a temperature below the evaporation 

temperature of the at least one mercury halide so that the at 

least one mercury halide deposits on this surface. 

3. The method of claim 1, wherein the reaction product 

includes a plurality of mercury halides, and 

the step of converting includes cooling the mercury 

halides to a temperature below a temperature which is lower 

than the lowest one of the evaporation temperatures of the 

mercury halides. 

- 13 -
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4. The method of claim 1, wherein the separation of the 

mercury halide from the gas flow comprises electrostatic 

filtering. 

5 . The method of claim 1, wherein the separation of the 

mercury halide from the gas flow comprises mechanical 

filtering. 

- 13a -
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6. The method of claim 1, further comprising the steps of 
selectively measuring the mercury concentration in the gas, and 

readjusting the feed rate of the halogen as a function of 
the measured mercury concentration in such a way that a 

5 preselectable threshold value of the mercury concentration is 
set; and 

wherein the steps of selectively measuring and readjusting 
are carried out after the reaction product is formed. 

7. The method of claim 6, wherein the preselectable 
threshold value is less than 0.2 mg of mercury per m3 of the gas. 

8. The method of claim 1, further comprising the step of 
separating excess halogen from the gas flow. 

9. The method of claim a, wherein the step of separating 
excess halogen comprises an adsorption step. 

10. The method of claim 1, wherein the at least one halogen 
includes an element selected from the group consisting of iodine 
and bromine. 

14 
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11. An apparatus for continuously separating mercury from a 
gas flow, 

carrying out the method of claim 1, 
comprising 
a reaction vessel (2, 10) having a first open end through 

which the gas flows in and a second open end through which the 
gas flows out, 

said reaction vessel (2, 10) having a feed device (3-4, 
11-17) in the vicinity of said first open end, for supplying and 

10 placing at least one halogen into the reaction vessel, and 
said reaction vessel further having a separating device (6, 

6a, 26) in a vicinity of said second open end for separating 
mercury halide formed in the reaction vessel (2, 10) from the gas 
flow. 

12. The apparatus of claim 11, wherein the separating 
device in~ludes a heat exchanger (26). 

13. The apparatus of claim 11, wherein the separating 
device includes an electrostatic filter (6a). 

14. The apparatus of claim 11, wherein the separating 
device includes a mechanical filter (6), optionally a fibrous or 
textile filter. 

15. The apparatus of claim 11, wherein the reaction vessel 
{2, 10) is substantially tubular in shape and the separating 
device and the feed device are disposed at a distance (A) from 
each other which corresponds to at least six times the hydraulic 

5 diameter (D) of the reaction vessel (2, 10). 

16. The apparatus of claim 11, wherein said reaction vessel 
(2, 10) has an additional separating device (7) located in the 

15 
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vicinity of said second end, said additional separating device 
containing an adsorption agent for separating excess halogen from 
the gas flow. 

17. The apparatus of claim 16, wherein the adsorption agent 
consists essentially of aluminum chips (7) when the halogen 
comprises essentially iodine. 

18. The apparatus of claim 11, wherein the feed device 
includes 

at least one halogen reservoir (3) containing the halogen, 
and means (4, 5) for receiving the halogen from said reservoir 

5 (3) and for controllable feeding said at least one halogen into 
the reaction vessel (2), so that a predetermined amount of the 
halogen vapor emitted from said at least one halogen is admixed 
with the gas flow, for reaction with the mercury within said gas 
flow. 

19. The apparatus of claim 11, wherein the feed device has 
at least one reservoir {11) containing the at least one halogen 
( 12) ; 

means (13-17) for introducing pressurized gas into the 
5 reservoir (11); and 

a halogen supply conduit (18) extending from the reservoir 
{11) into the reaction vessel (10) to provide a predetermined 
amount of the respective at least one halogen for admixture with 
the gas flow. 

20. The apparatus of claim 19, wherein the pressurized gas 
introduction means includes a controlled element (16); 

a halogen measuring device (20, 22) measuring the 
concentration of elemental mercury within the gas flow; 

5 and a control circuit (21), responsive to the measuring 

16 
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device (20, 22) as a function of the concentration of elemental 
mercury, and controlling said controlled element (16) to thereby 
control the amount of halogen admixed to the gas flow. 

21. The apparatus of claim 20, wherein the mercury 
measuring device (20, 22) has a measuring probe located in the 
the gas flow downstream of the supply conduit (18) where the at 
least one halogen is admixed into the gas, said probe being 

5 spaced from the conduit (18) by a distance (A) of at least six 
times the hydraulic diameter (D) of the reaction vessel (10). 

17 
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@ Verfahren zur Abscheidung und Beseitigung von organischen Schadstoffen, insbesondere von polychlorierten 

Dibenzodioxinen {PCDD) aus Rauchgasen 

Die Erfindung betrifft ein Verfahren zur Abscheidung und 

Beseitigung von organischen Schadstoffen, insbesondere 

polyhalogenierten, aromatischen Verbindungen aus Rauch­

gasen oder sonstigen Abgasen durch thermische Zerset­

zung der Schadstoffe bei Temperaturen von uber 1000· C, 

wobei die organischen Schadstoffe aus dem Rauchgas zu­

nachst adsorptiv, vorzugsweise mittels eines Aktivkohlefil­

ters, entfernt, danach bei erhohten Temperaturen desorbiert 

und aus dem Desorptionsgas, das nur einen Bruchteil des 

Vofumens des Rauchgases ausmacht, durch Verbrennung 

bei Temperaturen von 1000 bis 1400°C entfernt werden. Die 

Aufheizung des Desorptionsgases erfolgt mittels Fremd­

warme. Zweckmaf!.ig wird der Warmeinhalt des heil?.en Ver­

brennungsgases, beispielsweise zur Vorwarmung der Ver-

,... brennungsluft ausgenutzt. 
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P a t e n t a n s p r il c h e 

1. Verfahren zur Abscheidung und Beseitigung von 

schwer zersetzlichem organischen Schadstoffen, ins­

besondere polyhalogenierten aromatischen Verbindungen 

aus Rauchgasen durch Erhitzen des schadstoffhaltigen 

Rauchgases auf Temperaturen von> 1000°C, dadurch 

gekennzeichnet, dass die Schadstoffe aus dem Rauchgas 

adsorptiv entfernt, die adsorptiv gebundenen Schad­

stoffe durch Erhitzen auf hohere Temperaturen desor­

biert und das Desorptionsgas durch Zuflihrung von 

Fremdwarme auf Temperaturen von liber 1000°c, vorzugs­

weise 1000 bis 1400°C bei einer zur Spaltung der Schad­

stoffe ausreichenden Verweilzeit erhitzt werden. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, 

dass die organischen Schadstoffe durch Adsorption 

mittels Aktivkoks oder Aktivkohle aus dem Rauchgas 

entfernt werden. 

3. Verfahren nach einem der Ansprliche 1 oder 2, dadurch 

gekennzeichnet, dass die Desorption der organischen 

Schadstoffe bei Temperaturen im Bereich von 350 bis 

750° zusammen mit anderen absorbiereten Schadstoffen 

vorgenommen wird. 

4. Verfahren nach einem der Ansprliche 1 bis 3, dadurch 

gekennzeichnet, dass die thermische Spaltung der 

Schadstoffe im Desorptionsgas in einer Spaltkammer er­

folgt. 
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5. Verfahren nach einem der Anspruche 1 oder 2, dadurch 

gekennzeichnet, dass die Desorption und die thermische 

Zersetzung der Schadstoffe mittels des auf die Zer­

setzungstemperaturen aufgeheizten Desorptionsgases 

vorgenommen wird. 

6. Verfahren nach einem der Ansprilche 1 bis 5, dadurch 

gekennzeichnet, dass das aus der thermischen Zersetz­

ung der Schadstoffe resultierende heiBe Abgas unter 

Ausnutzung seines Warmeinhalts, vorzugsweise zur Vor­

warmung der Verbrennungsluft anderer Gase, oder zur 

Nutzung im Wasserdampfkreislauf abgekuhlt wird. 
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Verfahren zur Abscheidung und_Beseitigung von orga­
nischen Schadstoffen, insbesondere van polychlorierten .. ' 
Dibenzodioxinen (PCDD) aus·Rarichgasen 

DieErfindung betrifft ein trockenes Verfahren zur Ab­
scheidung von in Rauchgasen oder in sonstigen Abgasen 
enthal tenen organischen schwer zerset-~~:ichen Schad-

j I 1. I 

stoffen, insbesondere von polychlorier~en Dibenzo-
- • ' ~ i 

dioxinen. 

Bei der Verbrennung v~n Industrie- u~d Hausmlill in Mlill­
. I verbrennungsanlagen entstehen verschiedene organische 

' I • ••. 
Schadstoffe, vor allern arornatischer ~atur kie 

' ' 

Polyzyklische aromatische Kohlenwasserstoffe (PAK) '. 
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Wegen der bekannten gesundheitsschadlichen Wirkung 

ist die Beseitigung dieser Substanzen deshalb van be­

sonderem Interesse, da sie nur schwer abbaubar sind 

und deswegen die Gefahr einer moglichen Anreicherung 

in der Natur besteht. 

Die Beseitigung der organischen Schadstaffe ist durch 

Zerstorung der Moleklilstrukturen bei hahen Spalttempe­

raturen meist im Bereich von liber l000°C moglich. Hier­

bei spielen Spalttemperaturen und die Verweilzeit der 

organischen Schadstoffe im hohen Temperaturbereich, 

die meist einige Sekunden betragen sall, eine wesent­

liche Rolle. 

Aus diesem Grund werden Sonderabfalle, var allem Ab­

falle aus der chemischen Praduktion, var allem in 

Sandermlill-Verbrennungsanlagen:,. die mit Verbrennungs­

Reaktionstemperaturen van ilber etwa 1100°C arbeiten, 

bei Verweilzeiten der Rauch-/Abgase in diesem hahen 

Temperaturbereich von bis zu 6 Sekunden verbrannt. 

B.-au und Betrieb salcher Abfallverbrennungsanlagen sind 

im Vergleich zu normalen Haus/Industrie-Milllverbren­

nungsanlagen sehr kastenaufwendig und wirtschaftlich 

nur dann vertretbar, wenn diese Anlage speziell flir 

die Spaltung dieser arganischen Schadstaffe eingesetzt 

wird. 

In narmalen Haus-/Industrie-Milllverbrennungsanlagen 

treten diese Schadstaffe jedoch nicht standig, sondern 
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nur dann auf, wenn diese organischen Schadstoffe im zu 
verbrennenden Abfall anfallen. Die Konzentrationen 
im Rauchgas sind damit sehr unterschiedlich und konnen 
stark schwanken, z.B von eiqigen Pikogramm 

mehreren Hundert Pikogramm 

bis zu 

Eine generelle Auslegung, Bau und Betrieb aller Milll-
und Abfallverbrennungsanlagen bei diesen hohen Tempera­
turen filhrt neben hohen Kosten filr Investition und 
Betrieb vor allem auch zu anderen Nachteilen, wie bei­
spielsweise hoher NOx-Konzentrationen im Rauchgas und 
zu erhohter Korrosionsgefahr an den Verbrennungsein­
richtungen, wie beispielsweise den Rosten sowie den 
Dampfkessel oder Warmeaustauschern. 

Diese Nachteile treten dann nicht auf, wenn es gelingt, 
diese organischen Schadstoffe aus den Rauchabgasen ab­
zuscheiden und dann in geeigneter Form zu beseitigen. 

Gegenstand der Erfindung ist ein Verfahren zur Abschei­
dung und Beseitigung van schwer zersetzlichen, orga­
nischen Schadstoffen, insbesondere polyhalogenierten 
aromatischen Verbindungen aus Rauchgasen- durch Er­
hitzen des schadstoffhaltigen Rauchgases auf Tempera­
turen von > l000°C, dadurch gekennzeichnet, dass die 
Schadstoffe aus dem Rauchgas adsorptiv entfernt, die 
adsorptiv gebundenen Schadstoffe durch Erhitzen auf 
hohere Temperatur desorbiert und das Desorptionsgas 
durch Zufilhrung von Fremdwarme auf Temperaturen van 
Uber 1000°c, vorzugsweise 1000 bis 1400°C bei einer 
zur Spaltung der Schadstoffe ausreichenden Verweil-
zeit erhitzt werden. 

Als Adsorptionsmittel sind besonde:rsA-Kohle oder A-Koks 
geeignet. Dieser A-Koks, A-Kahle oder ein anderes ge­
eignetes Adsorptionsmittel werden in an sich bekannter 
Weise durch Erhitzen auf hohere Temperaturen desorbiert. 
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Die Kohleschicht weist eine Dicke von z.B. 1,50 bis 

2 m au£. 

Da bei der Reinigung von Rauchgasen mittels eines 

A-Koks (A-Kohle-)Filterbettes auch andere Schadstoffe 

wie so2 und Schwermetalle simultan abgeschieden werden, 

ist es bisher bekannt, die Desorption dieser A-Kokse/ 

A-Kohle mit inerten Gasen im Temperaturbereich von etwa 

350-750°C durchzufilhren. Diese Temperatur reicht damit 

aber zur thermischen Spaltung der organischen Schad­

stoffe noch nicht aus. 

Gema.8 einer Ausfilhrungsform der Erfindung wird das De­

sorptionsmittel hinter dem Desorber durch Zufilhren von 

Fremdwarme, wie beispielsweise durch Zubrennen von Erd­

gas, Heizol, sonstigen fossilen Brennstoffen oder auch 

durch Erwarmung mi t elektrischer Energie in einer Spal t­

kammer auf Temperaturen von ilber l000°C bis zu etwa 

1400°C erhitzt. Die Verweilzeit der Gase in der Spalt­

kammer wird so bemessen, dass genilgend Zeit zur vollstan­

digen Spaltung der organischen Schadstoffmoleklile besteht. 

Sie liegt in der GroBenordnung von mehreren Sekunden 

(z.B. 5 bis 10 Sekunden). Das heiBe Gas wird nach der 

Spaltung wieder mittels eines Warmeaustauschers abge­

kilhlt, wobei die freiwerdende Warme in warrnewirtschaft­

lich sinnvoller Weise, also beispielsweise zur Vorwarrnung 

der Verbrennungsluft anderer Gase, aber auch zur warme­

wirtschaftlichen Nutzung im Wasserdampfkreislauf einer 

solchen Mullverbrennungsanlage ausgenutzt. 

GemaB einer weiteren Ausfilhrungsform der Erfindung kann 

die Spaltkammer filr die thermische Zersetzung der Schad­

stoffe in Desorptionsgas entfallen. In diesem Falle wird 

die Desorption gleich rnit einem heiBen Desorptionsgas 

vorgenommen, das die zur thermischen Spaltung der Schad­

stoffe notwendige Warmeenergie enthalt. Diese Ausflihrungs­

weise ist moglich, da die A-Kohle des Filters hohe Tempe-
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raturen im Bereich von 1000 bis 1300 °C ohne weiteres 
aushalt. Das Desorptionsgas {ilblicherweise entweder durch 
Verbrennung von Heizol oder Erdgas mit unterstochome­

trischen Sauerstoffmengen erhalten) wird dann bei den 

fur die Zersetzung erforderlichen .Temperaturen in der 
GroBenordnung von 1200°C in den Desorber geleitet. 

Der Vorteil dieses Verfahrens liegt somit darin, dass 
die in sehr niedrigen Konzentrationen im groBen Rauch­

gasvolumen enthaltenen Schadstoffe zunachst aus diesem 
herausgefiltert werden und dann lediglich in der sehr 
viel geringeren Desorptionsrnenge, die nun natilrlich 
eine hohere Schadstoffkonzentration aufweist, auf die 
erforderlichen Spaltternperaturen zu erhitzen, wodurch 
ein wesentlich warmewirtschaftlicherer Betrieb erreicht 

wird, da die Rauchgasrnenge um ein vielfaches, teilweise 
bis zurn Faktor 100-200, groBer ist als die Desorptions­
gasmenge. 

Die Erfindung wird anhand der nachfolgenden Zeichnung 
beispielhaft erlautert: 

Das mit den organischen Schadstoffen beladene Rauchgas 
(1) tritt in den Adsorber (2) ein, der mit einem geeig­
neten Adsorptionsmittel wie Aktivkoks beschickt ist und 
wird dann tiber den Schornstein (3) abgeflihrt. Das mit den 

Schadstoffen beladene Adsorptionsmaterial wird tiber 
Leitung (4) in den Desorber (5) transportiert, dort bei 
erhohten Temperaturen mittels einesDesorptionsgases 
der Schadstoff ausgetrieben und in eine Verbrennungs­
karnmer (8) transportiert. Diese wird mittels des durch 
Leitung (7) zugeflihrten heiBen Gases auf die zur Zer­
setzung der Schadstoffe erforderlichen Temperaturen von 

I 
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> l000°C bis zu etwa 1400°C aufgeheizt. In dieser Spalt­

karnmer erfolgt die thermische Zersetzung bzw. Verbrennung 

der Schadstoffe. Das heiBe Gas verlasst die Spaltkarnmer 

und gibt in einem Warmetauscher (9) wenigstens einen 

Teil seines Warrneinhalts an das zur Aufheizung der 

Kammer (8) verwendete Gas ab, bevor es in die Reinigungs­

anlage (10) eintritt. 

Bei der weiteren Ausfilhrungsform gemaB der Erfindung 

entfallt die Spaltkarnmer (8). Bei (6) wird in den Absor­

ber heiBes Desorptionsgas eingeleitet, das dann wieder 

im Warmeaustauscher (9) wenigstens einen Teil seines 

Warmeinhalts abgibt, vorzugsweise zum Aufheizen des 

gleichzeitig zur Desorption und der thermischen Z.ersetz­

ung verwendeten in den Desorber eintretenden Gases. 
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Beschreibung 

[0001] Die Erfindung betrifft ein Verfahren zur Abscheidung von Quecksilber aus Rauchgasen von Hochtem­
peraturanlagen, insbesondere von Kraftwerken und Abfallverbrennungsanlagen. 

Stand der Technik 

[0002] Aufgrund der hohen Toxizitat von Quecksilber, insbesondere von organisch gebundenem Quecksilber, 
das direkt oder indirekt uber die Nahrungskette auch vom Menschen aufgenommen wird, existieren strenge 
Grenzwerte fur die gesetzlich zulassige Emission von Quecksilber z.B. aus Verbrennungsanlagen und Kraft­
werken. Trotz der heute bereits niedrigen Quecksilber-Reingaskonzentrationen - der derzeit in Deutschland 
zulassige Halbstundenmittelwert fur Quecksilberemissionen aus Abfallverbrennungsanlagen betragt 30 µg/m3 

i. N. tr. (i. N. tr.: im Normalzustand trocken) - werden aufgrund groBer Volumenstrome, beispielsweise aus 
GroBkraftwerken, beachtliche Quecksilberfrachten erzielt, so dass eine weitere Minderung der derzeit zulassi­
gen Grenzwerte angestrebt wird. 
[0003] Diverse Verfahren zur Minderung von Quecksilberemissionen aus Kraftwerken, Abfallverbrennungs­
anlagen oder dgl. sind aus der Literatur bekannt. Welches der Verfahren fur eine bestimmte Anwendung 
zweckmaBig ist, hangt stark von der eingebrachten Fracht und vom Chlorgehalt des Feuerungsgutes ab. Bei 
hohem Chlorgehalt ist der Anteil an ionischem Quecksilber im Rauchgas hoch. lonisches Quecksilber lasst 
sich gut in Waschern abscheiden. Das quasi-wasserunlosliche metallische Quecksilber kann beispielsweise 
durch den Zusatz von Oxidationsmitteln, wie Peroxide, Ozon oder Natriumchlorit, im Kesselrohgas vor der 
Rauchgasreinigung oder im entstaubten Kesselrohgas in ionisches Quecksilber uberfuhrt und anschlieBend in 
Waschern abgeschieden werden. Weitere Verfahren zur Abscheidung des Quecksilbers sind: der Zusatz von 
Reaktionsmitteln, wie Natriumtetrasulfit, zur Bindung des Quecksilbers mittels Schwefel im Kesselrohgas vor 
Rauchgasreinigung oder im teilgereinigten Reingas; die verbesserte Auswaschung von ionischem Quecksilber 
durch pH- bzw. pCI-Absenkung in der sauren Wasche oder durch Beaufschlagung mit 1,3,5-Triazin-2,4,6-trithi­
ol (Trimercapto-S-triazin, TMT) in der schwach sauren oder schwach alkalischen Wasche; die sorptive Ab­
scheidung von ionischem und metallischem Quecksilber unter Zusatz von pulvrigen Sorbentien oder zerstaub­
ten Suspensionen. 
[0004] Bisherige Techniken zur Minderung sind nicht ausreichend effektiv und sind aufgrund ihrer z.T. hohen 
Zusatzinvestitionen und dem zusatzlichen Betriebsmittelverbrauch relativ teuer. 

Aufgabenstellung 

[0005] Aufgabe der Erfindung ist es, ein Verfahren zur Abscheidung von Quecksilber, insbesondere zur weit­
gehend vollstandigen Abscheidung von Quecksilber (Hg), aus Rauchgasen von Hochtemperaturprozessen 
bereitzustellen. Das Verfahren soil breitestmogliche Anwendung finden, wie im Falle von im Wesentlichen kon­
stanten niedrigen Hg-Konzentrationen, z.B. in Kohlekraftwerken, aber auch im Falle von relativ hohen Hg-Kon­
zentrationen, z.B. in der Klarschlammverbrennung, oder sehr hohen Hg-Konzentrationen z.B. in der Hausmull­
oder Sondermullverbrennung. Des Weiteren sollte das Verfahren keiner umfangreichen Nachrustung der 
Hochtemperaturanlagen bedurfen sowie moglichst geringer zusatzlicher Betriebsmittel, so dass das Verfahren 
kostengunstig implementiert und betrieben werden kann. 
[0006] Gegenstand der Erfindung ist ein Verfahren zur Abscheidung von Quecksilber aus Rauchgasen von 
Hochtemperaturanlagen, insbesondere von Kraftwerken und Abfallverbrennungsanlagen, welches darin be­
steht, dass der, gegebenenfalls mehrstufigen, Feuerung und/oder dem Rauchgas in einem der Feuerung nach­
geschalteten Anlagenteil Brom und/oder eine bromhaltige Verbindung und/oder eine Mischung verschiedener 
bromhaltiger Verbindungen zugefuhrt wird, wobei die Temperatur beim Kontakt der bromhaltigen Verbindung 
mit dem Rauchgas mindestens 500°C, vorzugsweise mindestens 800°C, betragt, die Verbrennung in Gegen­
wart einer schwefelhaltigen Verbindung, insbesondere Schwefeldioxid, gegebenenfalls unter Zusatz von 
Schwefel und/oder einer schwefelhaltigen Verbindung und/oder einer Mischung verschiedener schwefelhalti­
ger Verbindungen erfolgt und anschlieBend das Rauchgas einer, gegebenenfalls mehrstufigen, Reinigung zur 
Abtrennung von Quecksilber aus dem Rauchgas unterzogen wird, welche eine Nasswasche und/oder eine 
Trockenreinigung umfasst. 
[0007] Die Abscheidung von Quecksilber aus Rauchgasen in einer der Verbrennung oder einem ahnlichen 
Hochtemperaturprozess nachgeschalteten Rauchgasreinigung hangt entscheidend davon ab, in welcher Spe­
ziesform das Quecksilber vor Eintritt in die Rauchgasreinigung vorliegt. Ein moglichst hoher Anteil an ioni­
schem Quecksilber ist von Vorteil, da das ionische Quecksilber gut wasserloslich, also auswaschbar, sowie an 
diversen Adsorbentien gut adsorbierbar ist. Der Zusatz von Brom bzw. bromhaltigen Verbindungen zur Feue­
rung bewirkt unter den gegebenen Bedingungen eines Hochtemperaturprozesses oder dgl. in Gegenwart einer 
schwefelhaltigen Verbindung, insbesondere in Gegenwart von Schwefeldioxid, eine weitgehende, im Wesent-
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lichen vollstandige, Oxidation des Quecksilbers und erlaubt daher eine starke Abscheidung des Quecksilbers 
aus Rauchgasen. 
[0008] Unter Hochtemperaturanlagen werden im Sinne der vorliegenden Erfindung insbesondere Abfallver­
brennungsanlagen, beispielsweise HausmUII-, SondermUII- und Klarschlammverbrennungsanlagen, sowie 
Kraftwerke, beispielsweise Steinkohle- oder Braunkohlekraftwerke, aber auch sonstige Anlagen fUr Prozesse 
hoher Temperatur, wie z.B. das Zementbrennen, sowie Abfall mitverbrennende Hochtemperaturanlagen oder 
kombinierte (mehrstufige) Hochtemperaturanlagen, wie z.B. Kraftwerke oder Zementdrehrohrofen mit vorge­
schalteter Abfallpyrolyse oder Abfallvergasung, verstanden. Die Dimension der Hochtemperaturanlage spielt 
fUr das erfindungsgemal1e Verfahren keine Rolle. Vorteilhaft an dem erfindungsgemal1en Verfahren ist gerade, 
dass es auf unterschiedliche Typen van Hochtemperaturanlagen und auf Hochtemperaturanlagen van unter­
schiedlicher Gr611enordnung anwendbar ist. Dies schliel1t Anlagen mit einem Rauchgasvolumenstrom van nur 
15-103 m3 i. N. tr./h, beispielsweise zur Klarschlammverbrennung, oder van 50-103 m3 i. N. tr.th, z.B. in Sonder­
m0llverbrennungsanlagen, oder van 150-103 m3 i. N. tr./h, z.B. in der Hausm0llverbrennung, ebenso ein wie 
GroBkraftwerke mit z.B. 2-3·106 i. N. tr./h. 
[0009] FUr das erfindungsgemaBe Verfahren ist es unerheblich, in welcher Form das zugefOhrte Brom vor­
liegt. Es ist moglich, freies oder organisch gebundenes oder anorganisch gebundenes Brom einzusetzen. Das 
Brom oder die bromhaltigen Verbindungen konnen einzeln oder im Gemisch zugefUhrt werden. Besonders be­
vorzugt wird eine wassrige Losung van Bromwasserstoff oder ein Alkalibromid, insbesondere Natriumbromid, 
oder eine wassrige Losung des Alkalibromids verwendet. Durch diese AusfUhrungsform ist das Verfahren wirt­
schaftlich besonders interessant, da die Kosten fUr zusatzliche Betriebsmittel niedrig gehalten werden konnen. 
Weiterhin bevorzugt ist eine AusfUhrungsform, in der die bromhaltige Verbindung bzw. das Gemisch verschie­
dener bromhaltiger Verbindungen aus bromreichen Abfallstoffen, wie z.B. niedrig- oder hochhalogenierte FI0s­
sigabfalle, bestehen, welche Teil des Verbrennungsguts sind oder dem Verbrennungsgut, beispielsweise Son­
dermUII, beigemengt werden. 
[0010] Das erfindungsgemaBe Verfahren findet in Gegenwart einer schwefelhaltigen Verbindung statt. Die 
Zugabe einer bromhaltigen Verbindung nach dem erfindungsgemal5en Verfahren fUhrt zu einer Gasphasenre­
aktion zwischen Quecksilber und Brom in Gegenwart von Schwefeldioxid. Da bei denim Sinne dieser Erfin­
dung Ublichen Verbrennungs- und sonstigen Hochtemperaturprozessen in der Regel Schwefeldioxid entsteht, 
ist fUr das erfindungsgemaBe Verfahren in der Regel ein ausreichendes Angebot einer schwefelhaltigen Ver­
bindung vorhanden. Ein ausreichendes Angebot im Sinne dieser Erfindung liegt vor, wenn unter Zugabe einer 
bromhaltigen Verbindung zu der Feuerung der Gehalt an Schwefeldioxid im Rauchgas vor der Rauchgasreini­
gung deutlich groBer als Null ist. Wird bei einem Verbrennungsprozess jedoch kein oder nicht ausreichend 
Schwefeldioxid gebildet, muss dem Prozess eine schwefelhaltige Verbindung zugefOhrt werden. Dies kann in 
Form van freiem oder gebundenem Schwefel, beispielsweise Schwefelgranulat, Abfallschwefelsaure oder an­
dere schwefelreiche Abfallstoffe, erfolgen. Dar0ber hinaus kann insbesondere auch zur Minderung eines zu 
hohen Gehalts an freien Halogenen im Rauchgas eine schwefelhaltige Verbindung zugesetzt werden, wenn 
z.B. mehr bromhaltige Verbindung zugefUhrt warden ist, als zur Oxidation des vorliegenden Quecksilbers not­
wendig ist. Die Zudosierung einer schwefelhaltigen Verbindung kann z.B. nach dem in der bisher unveroffent­
lichten Patentanmeldung DE 10131464 beschriebenen Verfahren zur korrosions- und emissionsarmen Mitver­
brennung hochhalogenierter Abfalle in Abfallverbrennungsanlagen erfolgen. Nach diesem Verfahren wird in 
den primaren und/oder sekundaren Feuerraum Schwefel oder ein entsprechender Schwefeltrager geregelt zu­
dosiert. Die Regelung der Schwefelmenge erfolgt im Wesentlichen proportional zur mit den Abfallen eingetra­
genen aktuellen Halogengesamtfracht im Kesselrauchgas. Der zudosierte Schwefel verbrennt im Feuerraum 
zu Schwefeldioxid, was kesselintern zu einer weitgehenden UnterdrUckung zwischenzeitlich gebildeter freier 
Halogene im Kesselrauchgas sowie nachfolgend zur stabilen Halogeneinbindung in der alkalischen Wasche 
fOhrt. Die Zudosierung von Schwefel wird so geregelt, dass der Soll-Schwefeldioxidgehalt im Rauchgas am 
Kesseleingang oder der Soll-Schwefeldioxidrestgehalt am Kesselende, d.h. im Kesselrohgas var einer bei­
spielsweise nassen Rauchgasreinigung, im stationaren Betriebszustand Uber einen einfachen primaren Regel­
kreis eingehalten werden. 
[0011] Wird speziell Natriumbromid der Feuerung zugesetzt, so ist ein Mehrverbrauch an Schwefeldioxid zu 
beobachten, welcher auf die Sulfatierung des Natriumbromids im Hochtemperaturbereich zurUckzufUhren ist. 
[0012] Andererseits stellt ein relativ hoher Gehalt einer schwefelhaltigen Verbindung, insbesondere an 
Schwefeldioxid, im Rauchgas keinen Nachteil fUr das erfindungsgemaBe Verfahren dar. Ein hoher Gehalt an 
Schwefeldioxid kann beispielsweise bei derVerbrennung von Steinkohlen auftreten, welche Ublicherweise zwi­
schen 0,5 und 1 Gew.-% Schwefel enthalten, oder bei einer geregelten Zudosierung einer schwefelhaltigen 
Verbindung, welche zur UnterdrOckung zwischenzeitlich gebildeterfreier Halogene (s.o.) zugesetzt wird. Unter 
den gegebenen Bedingungen eines Hochtemperaturprozesses findet auch in Gegenwart von 0berschUssigem 
Schwefeldioxid die Oxidation des Quecksilbers statt, welche nach dem erfindungsgemaBen Verfahren durch 
den Zusatz einer oder mehrerer bromhaltiger Verbindungen erzielt wird. Darin liegt ein besonderer Vorteil des 
vorliegenden Verfahrens, denn die Oxidation des Quecksilbers durch den Zusatz van bromhaltigen Verbindun-
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gen zeigt sich - anders als durch den Zusatz von chlorhaltigen Verbindungen -weitgehend unempfindlich ge­
genuber einem Oberschuss an Schwefeldioxid. 
[0013] Die Zugabe einer bromhaltigen Verbindung sowie gegebenenfalls einer schwefelhaltigen Verbindung 
erfolgt erfindungsgemal?. zur Feuerung und/oder zum Rauchgas in einem der Feuerung nachgeschalteten An­
lagenteil, wobei die Temperatur beim Kontakt der bromhaltigen Verbindung mit dem Rauchgas mindestens 
500°C, vorzugsweise mindestens 800°C, betragt. Die bromhaltige Verbindung, z.B. Natriumbromid, kann ent­
weder in fester, z.B. als Salz, oder flussiger Form, z.B. als wassrige Losung, dem zu verfeuernden Abfallge­
misch, der Kohle oder dgl. vor der Feuerung beigemengt werden. Die Zugabe kann auch in einen der Feuerung 
vorgeschalteten Anlagenteil erfolgen, beispielsweise einer Pyrolysetrommel, welche z.B. dem thermischen 
Aufschluss mitverbrannter Abfallstoffe dient, oder einer Kohlemuhle. Die Verbindung kann ebenso wahrend 
des Verbrennungsprozesses zugefuhrt werden. Umfasst die Feuerung mehrere Stufen, z.B. eine primare und 
eine sekundare Feuerung, kann die bromhaltige Verbindung in eine oder beide Brennkammern, beispielsweise 
in den Drehrohrofen und/oder die Nachbrennkammer, ebenfalls in fester oder flussiger Form eingefi.ihrt wer­
den. Vorzugsweise wird eine wassrige Losung der Verbindung in einer der Brennkammern eingedust. Ferner 
kann die Zugabe auch nach der Verbrennung, z.B. in einem nachgeschalteten Abhitzekessel, erfolgen, sofern 
die Temperatur des Rauchgases ausreichend hoch ist, d.h. mindestens 500°C, insbesondere mindestens 
800°C, betragt. In anderen Hochtemperaturprozessen, wie z.B. dem Zementbrennen, wird beispielsweise der 
heil?.e Ofenkopf des Zementdrehrohrofens und/oder die befeuerte Entsauerungsstufe des nachgeschalteten 
Zementrohmehlvorwarmers mit der bromhaltigen Verbindung bestuckt. 
[0014] In einer weiteren Ausfuhrungsform des erfindungsgemal?.en Verfahrens ist es auch moglich, die brom­
haltige Verbindung, beispielsweise eine wassrige Losung von Bromwasserstoff oder von Natriumbromid, fein 
dispergiert der Verbrennungsluft und/oder gegebenenfalls einem ruckgefi.ihrten Teilstrom, insbesondere ruck­
gefuhrtem Rauchgas, ruckgefuhrter Asche und ruckgefuhrten Flugstauben, zuzufuhren. 
[0015] Um eine moglichst vollstandige, insbesondere 100%ige, Oxidation des Quecksilbers durch die Zugabe 
einer bromhaltigen Verbindung zu erzielen, wird die bromhaltige Verbindung bevorzugt in einem Massenver­
haltnis von Brom. zu Quecksilber im Bereich von 102 bis 104 zugegeben. Wird die bromhaltige Verbindung in 
grol?.em Oberschuss zugefugt, wirkt sich dies nicht nachteilig auf das erfindungsgemal?.e Verfahren aus. Ein zu 
grol?.er Oberschuss muss jedoch vermieden werden, nicht zuletzt aus Kostengrunden. Gegebenenfalls mus­
sen zwischenzeitlich gebildete freie Halogene, wie z.B. freies Brom, durch die Zugabe einer schwefelhaltigen 
Verbindung unterdruckt bzw. stabil eingebunden werden (s.o.), da auch Bromemissionen in der Regel gesetz­
lich festgelegten Grenzwerten unterliegen. 
[0016] Die Oxidation von Quecksilber kann prinzipiell auch durch chlorhaltige oder jodhaltige Verbindungen 
erfolgen. Es zeigt sich jedoch, dass bromhaltige Verbindungen Quecksilber unter den gegebenen Bedingun­
gen von Hochtemperaturprozessen, wie der Temperatur, und insbesondere auch bei einem hohen Gehalt an 
Schwefeldioxid (s.o.) wirksamer oxidieren als chlorhaltige Verbindungen. Jodhaltige Verbindungen oxidieren 
im Vergleich zu bromhaltigen Verbindungen Quecksilber wirksamer. Aus wirtschaftlichen Gesichtspunkten 
werden in dem erfindungsgemal?.en Verfahren allerdings bromhaltige Verbindungen bevorzugt eingesetzt. Ge­
gebenenfalls in den Abfallstoffen, z.B. in Sondermull, vorliegende chlor- oder jodhaltige Verbindungen tragen 
demnach zur Oxidation des Quecksilbers bei. In einer bevorzugten Ausfuhrungsform erfolgt das erfindungsge­
mal?.e Verfahren zusatzlich zu den bromhaltigen Verbindungen in Gegenwart von Chier und/oder Jod und/oder 
einer chlorhaltigen Verbindung und/oder einer jodhaltigen Verbindung und/oder einem Gemisch solcher Ver­
bindungen. Die chlorhaltige und/oder jodhaltige Verbindung kann beispielsweise in Form von chlor- oder jod­
reichen Abfallstoffen in Erganzung zu oder unter teilweisem Ersatz der zugesetzten bromhaltigen Verbindung 
zugefi.ihrt werden. 
[0017] Nach dem erfindungsgemal?.en Verfahren folgt nach der Verbrennung oder einem ahnlichen Hochtem­
peraturprozess unter Zusatz einer bromhaltigen Verbindung eine Reinigung des Rauchgases, wodurch das 
oxidierte Quecksilber moglichst weitgehend aus dem Rauchgas abgeschieden wird. Verschiedene Rauchgas­
reinigungsverfahren zur Abscheidung von u.a. ionischem Quecksilber sind aus dem Stand der Technik be­
kannt. Sie basieren entweder auf einer Nasswasche oder einer Trockenreinigung oder einer Kombination bei­
der und kann ggf. mehrstufig sein. Die Nasswasche umfasst z.B. eine saure Wasche, welche beispielsweise 
in einer mit Kreislaufwaschwasser bedusten Quenche, einem Druckdusen- oder Rotationszerstauberwascher 
oder einem Fullkorperwascher erfolgt. Eine Wasche kann aber ggf. auch nur schwachsauer oder alkalisch aus­
gefuhrt sein, beispielsweise im Fall niedriger Chlorwasserstofffrachten, aber hoher Schwefeldioxidfrachten. 
[0018] In einer bevorzugten Ausfi.ihrungsform umfasst die Rauchgasreinigung eine mehrstufige nasse 
Rauchgaswasche mit mindestens einer stark sauren (pH kleiner 1) und/oder mindestens einer schwach sauren 
(pH 3-4) und/oder mindestens einer alkalischen Waschstufe. 
[0019] Die Rauchgasreinigung kann auch eine auf der Adsorption von ionischen Quecksilberverbindungen 
basierende Trockenreinigung umfassen. Eine solche Reinigung kann beispielsweise durch quasitrockene Ent­
schwefelung in einem Spruhtrockner durchgefuhrt werden, welcher mit einer Kalkmilch-Kohle-Suspension be­
aufschlagt ist, oder mit Hilfe von Festbettadsorbern, z.B. auf Basis von korniger Aktivkohle oder von Herdofen-

4/20 PAC ET AL. EXHIBIT 1022 
 Page 81



DE 102 33173 A1 2004.02.12 

koks oder von Mischungen derartiger Adsorbentien mit gekorntem Kalk, oder mit Hilfe von Flugstromadsor­
bern, z.B. elektrostatischen Gasreinigungsfiltern (EGR-Filter), oder mit Hilfe von Gewebefiltern, welche mit ei­
nem eingeblasenen feinpulvrigen Kalkhydrat-Aktivkohle- oder Kalkhydrat-Herdofenkoks-Gemisch beauf­
schlagt sind. Auch Zeolithe eignen sich zur Abscheidung von quecksilberhaltigen Verbindungen. Im Bezug auf 
die trockene Rauchgasreinigung zeigt sich ein weiterer Vorteil des erfindungsgemar..en Verfahrens. Die An­
wendung des Verfahrens ist insbesondere auch fUr jene Hochtemperaturanlagen interessant, welche Ober kei­
ne nasse Rauchgasreinigung, sondern ausschlier..lich Ober eine trockene Reinigung mit einer Quecksilbersorp­
tionsstufe verfOgen. Quecksilbercromid HgBr2 adsorbiert starker an Trockensorbentien als Quecksilberchlorid 
HgCl2 . Beispielsweise verstarkt sich die Adsorption von Quecksilber am Flugstaub von EGR-Filtern. 
[0020] In einer bevorzugten AusfUhrungsform umfasst die Rauchgasreinigung daher mindestens eine trocke­
n e oder q u asitrockene, auf Adsorption basierende Rein ig u ngsstufe, i nsbesondere u nter Verwend u ng von ele k­
trostatischen oder filternden Staubabscheidern. 
[0021] Des weiteren werden die mit Quecksilber beladenen Flugstaube aus gegebenenfalls vorhandenen 
Staubabscheidern zwecks Quecksilberentfrachtung vorzugsweise thermisch nachbehandelt, insbesondere in 
einer auf Temperaturen von mindestens 200°C beheizten Drehtrommel. 
[0022] Bevorzugt wird in dem erfindungsgemaP..en Verfahren der Quecksilbergehalt des Rauchgases, insbe­
sondere der Gehalt an metallischem Quecksilber, nach der Rauchgasreinigung kontinuierlich gemessen und 
anhand des gemessenen Quecksilbergehalts die Menge an zugefuhrtem Brom und/oder bromhaltigen Verbin­
dungen und/oder der Mischung bromhaltiger Verbindungen sowie gegebenenfalls Schwefel und/oder schwe­
felhaltigen Substanzen und/oder der Mischung schwefelhaltiger Substanzen geregelt. Ein relativ hoher Gehalt 
an metallischem Quecksilber im Rauchgas ist ein lndikator dafur, dass die Oxidation des Quecksilbers unvoll­
standig verlauft und damit das Quecksilber in der Rauchgasreinigung unvollstandig abgetrennt wird. Um 
Quecksilber moglichst vollstandig zu oxidieren, muss in einem solchen Fall mehr bromhaltige Verbindung zu­
gefuhrt werden. Zusatzlich kann der Gehalt an ionischem Quecksilber nach der Rauchgasreinigung gemessen 
werden und daraus der Abscheidegrad des ionischen Quecksilbers in der Rauchgasreinigung bestimmt we r­
d en. Der Gehalt an metallischem Quecksilber und ggf. an Quecksilber insgesamt im Kesselrohgas kann nach 
entsprechender Gasaufbereitung beispielsweise mit Hilfe eines Differenz-Absorptionsphotometers gemessen 
werden. Die kontinuierliche Messung von metallischem Quecksilber und ggf. auch von Quecksilber insgesamt 
im Reingas nach der nassen und/oder trockenen Rauchgasreinigung erfolgt vorzugsweise vor einer gegebe­
nenfalls vorhandenen, nachgeschalteten SCR-Entstickungsanlage (SCR: selective catalytic reduction), da der 
metalloxidreiche Festbettkatalysator erhebliche Mengen an metallischem Quecksilber adsorbiert. 
[0023] Nachfolgend wird die Erfindung an hand der Beispiele unter Bezugnahme auf die anliegenden Figuren 
naher erlautert. Es zeigen: 
[0024] Fig. 1 ein Schema einer SondermOllverbrennungsanlage 
[0025] Fig. 2 ein Diagramm, welches den Gehalt von metallischem Quecksilber (Hgrnet) im gewaschenen Kes­
selrauchgas, d.h. im Reingas, nach der Nasswasche in µg/m3 i. N. tr. (Kurve 21, linke Ordinate) sowie den Ge­
samtgehalt von Brom (Br

9
es) im Kesselrauchgas in mg/m3 i. N. tr. (Kurve 22, rechte Ordinate) in Abhangigkeit 

von der Zeit darstellt, 
[0026] Fig. 3 ein Diagramm, welches den Gesamtgehalt von Quecksilber (Hgges) im Kesselrauchgas, d.h. zu­
gleich im Kesselrohgas, vor der Nasswasche in µg/m3 i. N. tr. (Kurve 31, linke Ordinate) sowie den Gehalt von 
metallischem Quecksilber (HgmeJ im Reingas nach der Nasswasche in µg/m3 i. N. tr. (Kurve 32, rechte Ordi­
nate) in Abhangigkeit von der Zeit darstellt, 
[0027] Fig. 4 ein Diagramm, welches den Gesamtgehalt von Brom (Br

9
es) im Kesselrauchgas, d.h. zugleich 

im Kesselrohgas, vor der Nasswasche in mg/m3 i. N. tr. (Kurve 41, linke Ordinate) sowie den Gehalt von me­
tallischem Quecksilber (Hgmet) im Reingas nach der Nasswasche in µg/m3 i. N. tr. (Kurve 42, rechte Ordinate) 
als Funktion der Zeit darstellt, 
[0028] Fig. 5 ein Diagramm, welches das Massenverhaltnis von Brom zu Quecksilber im Kesselrauchgas 
(Kurve 51, linke Ordinate) sowie den erzielten Gesamtabscheidegrad von Quecksilber in der mehrstufigen 
Nasswasche in (Kurve 52, rechte Ordinate) als Funktion der Zeit darstellt, 
[0029] Fig. 6 ein Diagramm, welches das Gewichtsverhaltnis von metallischem Quecksilber zur Summe aus 
metallischem und ionischem Quecksilber (Hgme/Hg

9
es), d.h. den HgmecSpeziesanteil im Kesselrohgas, in 

Gew.-% als Funktion des Gesamtgehaltes an Chlor (Kurve 61) bzw. an Brom (Kurve 62) im Kesselrohgas in 
mg/m3 i. N. tr. darstellt, 
[0030] Fig. 7 ein Diagramm, welches den Gesamtgehalt an Quecksilber (Hg

9
es) im entstaubten Rohgas nach 

der elektrostatischen Gasreinigung (Kurve 71, linke Ordinate) bzw. den Gehalt an metallischem Quecksilber 
(Hgmet) nach der elektrostatischen Gasreinigung (Kurve 72, linke Ordinate) sowie die durch Quecksilberzudo­
sierung herbeigefuhrte Anhebung des Gesamtgehalts an Quecksilber (Hg

9
es) im Kesselrauchgas (Kurve 73, 

rechte Ordinate) als Funktion der Zeit darstellt, 
[0031] Fig. 8 ein Diagramm, welches das Gewichtsverhaltnis von metallischem Quecksilber (Hgmet) zu der 
Summe aus metallischem und ionischem Quecksilber (Hg

9
es), d.h. den Hgme1-Speziesanteil (Hgme/Hgges), im 
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entstaubten Kesselrohgas nach der elektrostatischen Gasreinigung in Gew.-% (Kurve 82) sowie den Gesamt­
gehalt an Brom (Br

9
es) im Kesselrauchgas in mg/m3 i. N. tr. (Kurve 81) als Funktion der Zeit darstellt. 

[0032] Fig. 9 ein Schema eines lndustriekraftwerks mit zwei Schmelzkammerkesseln. 

Beispiele 

[0033] Die Beispiele 1-4 wurden in einer dem Schema in Fig. 1 entsprechenden Sondermullverbrennungs­
anlage der Bayer AG in Leverkusen durchgefuhrt. Der Drehrohrofen 3 als primarer Feuerraum wird mit Fest­
stoffabfallen aus dem Bunker 1 uber einen Krangreifer 2, mit Flussigabfallen aus einem Flussigabfalltank sowie 
mit Abfallgebinden uber eine Gebindeaufgabe befeuert. Auch die Nachbrennkammer 4 als sekundarer Feuer­
raum wird mit Flussigabfallen befeuert. Das Rauchgas wird uber den Abhitzekessel 5 abgekuhlt und anschlie-
1?,end, als sogenanntes Kesselrohgas, der nassen Rauchgasreinigung (mehrstufige Wasche) zugefuhrt, wel­
che eine Quenche 6, einen sauren Rotationszerstauberwascher 7, einen alkalischen Rotationszerstauberwa­
scher 8 und eine elektrostatische Gasreinigung mit Wasserdampf-Teilkondensation 9 (KEGR) umfasst. Ober 
Saugzuge 10 gelangt das gewaschene Rauchgas, als sogenanntes Reingas, in die nachgeschaltete katalyti­
sche Entstickungsanlage 11 (selektive katalytische Entstickung des Reingases mittels Ammoniak) und wird 
von dort uber den Kamin 12 emittiert. Der Gehalt an metallischem Quecksilber (HgmeJ sawie gegebenenfalls 
der Gesamtgehalt an Quecksilber (Hg

9
es) im gewaschenen Reingas nach KEGR wurde- nach entsprechender 

Aufbereitung- an der Messstelle 16 mit Hilfe eines Differenz-Absorptionsphatometers kontinuierlich bestimmt. 
Der Ge halt an Quecksilber insgesamt (Hgges) im emittierten Reingas wurde an der Messstelle 17, d.h. in einer 
Kaminhohe von 22 m, quasikontinuierlich bestimmt durch Amalgamierung an einer periodisch ausgeheizten 
Goldfolie mit nachfolgendem Differenz-Absorptionsphotameter. 
[0034] Beispiel 5 beschreibt die Anwendung des erfindungsgema!1en Verfahrens in einem Kohlekraftwerk der 
Bayer AG in Uerdingen, welches im Wesentlichen einen Schmelzkammerkessel und eine kraftwerkstypische 
Rauchgasreinigung, bestehend aus einer trockenen elektrastatischen Gasreinigung (EGR), einem schwach­
sauren, auf Kalkstein basierten Nasswascher zur Rauchgasentschwefelung sawie einer SCR-Entstickungsan­
lage (SCR: selective catalytic reduction), umfasst. 

Ausfuhrungsbeispiel 

Beispiel 1 

[0035] Ober einen Zeitraum van 116 Minuten wurde dem sekundaren Feuerraum (Nachbrennkammer 4) uber 
die Schauluke 15 eine Serie van Proben von metallischem Quecksilber in Kunststoffkapseln zugefuhrt (in Sum­
me 3400 g, siehe Tabelle 1 ). Die Zugabe erfalgte in Abstanden van ca. 5-10 Minuten mit zunehmender Queck­
silbermenge. Das eingewarfene Quecksilberverdampft innerhalb von ca. 2-4 Minuten; demzufolge konnen die 
im Kesselrauchgas mit einem Volumenstrom van ca. 45•103 m3 i. N. tr./h aufgetretenen momentanen Spitzen­
konzentratianen an Quecksilber abgeschatzt werden. Die Abschatzung liefert zum Versuchsende hin Spitzen­
konzentratianen van mehr als 130·103 µg/m3 i. N. tr. 
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Tabelle 1: Zugabe der Hg-Proben 

Ubrzeit Hg-Menge [g] Uhrzeit Hg-Menge (g] 

9:24 5 10:32 180 

9:32 10 10:37 200 

9:38 15 10:43 220 

9:49 20 10:48 240 

9:54 40 10:53 260 

9:59 60 10:58 280 

10:04 80 11:03 300 

10:09 100 11:08 310 

10:15 120 11:13 320 

10:20 140 11:20 340 

10:26 160 

Versuchsdauer [min] Hg-Gesamtmenge [g] 

116 3400 

[0036] Wahrend des Versuchszeitraums wurde durch Mitverbrennung eines hochbromierten Flussigabfalls 
(Zugabe zum Drehrohrofenkopf) im Kesselrauchgas von 45•103 m3 i.N. tr./h ein Bromgehalt von ca. 4•103 

mg/m3 i. N. tr. aufrechterhalten, wie die Kurve 22 (rechte Ordinate) in Fig. 2 zeigt (Bestimmung anhand des 
Durchsatzes und Bromgehaltes des hochbromierten Flussigabfalls). Der Rest-SO[Gehalt im Kesselrohgas 
vor der Quenche war dabei mittels Zudosierung von Schwefelgranulat zum Drehrohrofenkopf auf 5,5• 103 

mg/Nm3 i. N. tr. ungewohnlich hoch eingestellt (direkte SO2-Messung im Kesselrohgas vor der Quenche). Da­
mit war sichergestellt, dass fur das erfindungsgemaP..e Verfahren ein ausreichendes Ange bot an Schwefeldio­
xid vorhanden war. Das sonstige Verbrennungsgut bestand aus Festabfallen und schwachchlorierten Losemit­
teln. Vor, wahrend und nach der Quecksilberzugabe wurde an der Messstelle 16, d.h. nach der Rauchgasrei­
nigung, der Gehalt an Quecksilber im Rauchgas gemessen. Wie die Kurve 21 (linke Ordinate) in Fig. 2 zeigt, 
steigt trotz der Zugabe von erheblichen Quecksilbermengen der Gehalt an metallischem Quecksilber, welches 
durch die Wasche durchschlagt, praktisch nicht an. 
[0037] Daruber hinaus sind in Tabelle 2 die momentanen Austragungsstrome von Quecksilber um 11 :30 Uhr, 
d.h. kurz nach der Zugabe der letzten Quecksilberprobe und damit zum Zeitpunkt der hochsten Quecksilber­
konzentration, aufgefuhrt, welche mit den Wascherabwassern der nassen Rauchgasreinigung ausgetragen 
wurden. Umfangreiche abwasserseitige Messungen belegen, dass ca. 99,93 % des insgesamt ausgetragenen 
Quecksilbers als ionisches Quecksilber mit dem Abwasser der stark sauren Quenche (pH-Wert kleiner 1) und 
ca. 0,066 % mit dem Abwasser des alkalischen Rotationszerstauberwaschers (pH-Wert ca. 7,5) ausgetragen 
wurden. Der geringe, nicht ausgewaschene Rest von nur 0,004 % des insgesamt ausgetragenen Quecksilbers 
wurde mit dem gewaschenen Reingas als metallisches Quecksilber ausgetragen. Nachweislich war im gewa­
schenen Reingas praktisch kein Hgicn zu finden (Hgion = Null, d.h. vollstandige Auswaschung des ionischen 
Quecksilbers und somit Hg

9
es = Hgmet). 
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Tabelle 2: Momentane Quecksilber-Austragungsstrome [g/h] um 11 :30 Uhr 

Quenche ( einschlieBlich dem sauren 1931 

Rotationszerstauberwascher) 

(Saurer Rotationszerstauberwascher, <lessen (468) 

Abwasser zur Quenche riickge:fiihrt wird) 

Alkalischer Rotationszerstauberwascher 1,32 

Gewaschenes Reingas nach KEGR 0,069 

Beispiel 2: 

[0038] Ober einen Zeitraum von 130 Minuten wurde dem sekundaren Feuerraum (Nachbrennkammer 4) uber 
eine Duse in der Nachbrennkammerdecke kontinuierlich eine wassrige HgCl2-Losung zugefuhrt. Dabei wurde 
die zudosierte Menge in Zeitschritten von etwa 5 Minuten angehoben. Fig. 3 zeigt den so herbeigefuhrten An­
stieg der Konzentration von Quecksilber im Kesselrauchgas in der Zeit zwischen ca. 10:45 und 13:00 Uhr. Das 
eindosierte Quecksilber wird in der Nachbrennkammer unverzuglich als metallisches Quecksilber Hgmet freige­
setzt. Die Gesamtkonzentration von Quecksilber im Kesselrauchgas stieg auf diese Weise bis auf Werte von 
18-103 µg/m3 i. N. tr. an (Kurve 31 und linke Ordinate). Die Hg-Konzentration im Kesselrauchgas wurde aus 
dem zugegebenen Quecksilbermengenstrom und dem betrieblich gemessenen Rauchgasvolumenstrom be­
rechnet. Wahrend des Versuchszeitraums wurde durch Mitverbrennung eines hochbromierten Flussigabfalls 
(Zugabe uber einen Brenner am Drehrohrofenkopf) im Kesselrauchgas von 45-103 m3 i.N. tr./h ein Bromgehalt 
von ca. 9-103 mg/m3 i. N. tr. aufrechterhalten (Bestimmung an hand des Durchsatzes und Bromgehalt des mit­
verbrannten hochbromierten Flussigabfalls). Der Rest-SO2-Gehalt im Kesselrohgas vor Quenche war dabei 
mittels Zudosierung von Schwefelgranulat zum Drehrohrofenkopf auf ca. 4-103 mg/Nm3 i. N. tr. eingestellt (di­
rekte SO2-Messung im Kesselrohgas vor der Quenche). 
[0039] Im Zeitraum zwischen ca. 11 :00 und 13:00 Uhr wurde im gewaschenen Reingas nach der KEGR eine 
Konzentration von metallischem Quecksilber von weniger als 10 µg/m3 i. N. tr. beobachtet. Nachweislich war 
im gewaschenen Reingas auch hier praktisch kein Hgion zu finden (Hgion = Null, d.h. vollstandige Auswaschung 
des ionischen Quecksilbers und somit Hg

9
es = Hgmet). Bei einem kurzzeitigen Ausfall der Bromzugabe gegen 

13:05 Uhr stieg die Konzentration von Hgmet sprunghaft auf ca. 800 µg/m3 i. N. tr. an und kehrte aber unverzug­
lich auf ihren niedrigen Ausgangswert von weniger als 10 µg/m3 i. N. tr. zuruck, als die Bromzugabe wieder 
einsetzte (Kurve 32 und rechte Ordinate). 

Beispiel 3: 

[0040] In der Zeit zwischen ca. 8:30 und 14:45 Uhr, d.h. uber einen Zeitraum von 675 Minuten, wurde dem 
sekundaren Feuerraum (Nachbrennkammer 4) Ober eine Duse in der Nachbrennkammerdecke kontinuierlich 
eine wassrige HgCl2-Losung zugefuhrt. Dabei wurde nunmehr aber der zudosierte Hg-Mengenstrom konstant 
gehalten, entsprechend einer Konzentration von Quecksilber im Kesselrauchgas von ca. 9,6-103 µg/m3 i. N. tr. 
[0041] In diesem Versuchszeitraum (vgl. Fig. 4 bzw. Fig. 5) wurde Brom in Form eines hochbromierten Flus­
sigabfalls uber einen Brenner am Drehrohrofenkopf zugegeben, jedoch wurde die zugegebene Brommenge 
schrittweise verringert, womit der Bromgehalt im Kesselrauchgas stufenweise von ca. 9-103 auf ca. 3-103 

mg/m3 i. N. tr. abgesenkt wurde (Kurve 41 in Fig. 4 und linke Ordinate). Der mittels Zudosierung von Schwe­
felgranulat herbeigefuhrte Rest-SO2-Gehalt im Kesselrohgas war mit ca. 4,3-103 mg/m3 i. N. tr in diesem Ver­
suchszeitraum wiederum sehr hoch gewahlt warden. Neben dem hochbromierten FIOssigabfall wurde auch ein 
chlorierter Flussigabfall mitverbrannt. 
[0042] Wie Fig. 4 bzw. Fig. 5 zu entnehmen ist, warder Gehalt an metallischem Quecksilber im gewasche­
nen Reingas nach KEGR deutlich kleiner als 2 µg/m3 i. N. 
[0043] tr. (Kurve 42 in Fig. 4 und rechte Ordinate). Nachweislich war im gewaschenen Reingas auch hier 
praktisch kein Hgbr zu finden (Hgion = Null, d.h. vollstandige Auswaschung des ionischen Quecksilbers und so­
mit Hg

9
es = Hgmet). Entsprechend warder Abscheidegrad von Quecksilber in der Nasswasche deutlich gro!1er 

als 99,98 % (Kurve 52 in Fig. 5 und rechte Ordinate), solange der Bromgehalt goP..er als 3-103 mg/m3 i. N. tr. 
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(Kurve 41 und linke Ordinate) bzw. das Brom-Quecksilber-Massenverhaltnis gror.ier als 500 µg Brom/µg 
Quecksilber betrug (Kurve 51 in Fig. 5 und linke Ordinate). Gegen 13:30 Uhr sin kt der Bromgehalt im Rauch­
gas auf 3· 103 mg/m3 i. N. tr. bzw. das Brom-Quecksilber-Massenverhaltnis auf ca. 335 µg Brom/µg Quecksilber. 
Dabei steigt die Konzentration von metallischem Quecksilber nach der Nasswasche auf bis zu 20 µg/m3 i. N. 
tr. (Kurve 42 in Fig. 4 und linke Ordinate) bzw. nimmt der Hg-Abscheidegrad auf 99,8 % ab (Kurve 52 in Fig. 5 
und rechte Ordinate). Daruber hinaus fuhrt eine kurzzeitige Unterbrechung der Chlor-Zugabe kurz nach 14:30 
Uhr zu einer Spitzenkonzentration van metallischem Quecksilber nach der Wasche von ca. 117 µg/m3 i. N. tr. 
(Kurve 42 in Fig. 4 und linke Ordinate) bzw. zu einem kurzzeitigen Abfall des Abscheidegrades auf ca. 98,4 % 
(Kurve 51 in Fig. 5 und rechte Ordinate). Hieran wird die gegenuber Brom vergleichsweise geringe Wirkung 
von Chlor deutlich. 

Beispiel 4: 

[0044] Fig. 6 illustriert einen Versuch zum Vergleich der Wirkung von Brom und Chlor auf die Oxidation van 
Quecksilber im Kesselrauchgas der oben beschriebenen Sondermullverbrennungsanlage. Dabei lagen ein 
durch Zudosierung van HgCl2 eingestellter Hgges Gehalt von 130 µg/m3 i. N. tr. bei einem durch Mitverbren­
nung chlorarmer Losemittel eingestellten Chlorgehalt (Clges) im Kesselrauchgas von 1,35-103 mg/m3 i. N. tr. so­
wie einem durch Zudosierung van Schwefelgranulat eingestellten Restgehalt an Schwefeldioxid im Kesselroh­
gas van 1,5•103 mg/m3 i. N. tr. vor. Der Messpunkt 63 zeigt den zunachst ohne Bromzusatz, d.h. allein durch 
Chlor, erzielten HgmecSpeziesanteil von ca. 63 Gew.-% im Kesselrohgas vorder Nasswasche. Die anlagenspe­
zifische Kurve 61, welche auf ca. 20 Betriebsversuchen an einer Sondermullverbrennungsanlage mit Verbren­
nung hochchlorierter Flussigabfalle basiert, zeigt, wie der Hgmet-Speziesanteil (Hgme/Hg

9
es) mit wachsendem 

Chlorgehalt Cl
9

es im Kesselrauchgas zuruckgeht. 
[0045] Ausgehend van einem Hgmet-Speziesanteil von ca. 63 Gew.-% im Kesselrohgas vor der Nasswasche 
(Messpunkt 63 mit Cl

9
es-Gehalt als Abszisse bzw. Messpunkt 63' mit Brges Gehalt als Abszisse) wurde dann 

in drei Schritten eine zunehmende Menge einer bromhaltigen Verbindung zudosiert (vgl. Pfeil 64, der den Ober­
gang von der Darstellung des HgcnecSpeziesanteil in Abhangigkeit von dem Cl

9
es Gehalt zu der Darstellung in 

Abhangigkeit von dem Brces-Gehalt markiert). Dabei wurde der Bromgehalt im Kesselrauchgas van zunachst 
0 mg/m3 i. N. tr. (Messpunit 63' mit Br

9
es-Gehalt als Abszisse) durch Zudosierung von wassriger Bromwasser­

stofflosung bzw. von wassriger Natriumbromidlosung (Eindusung an der Nachbrennkammerdecke 14, Fig. 1) 
in drei Schritten auf 50, 100 und 120 mg/m3 i. N. tr. (Messpunkte 62 mit Brges Ge halt als Abszisse) angehoben. 
Dabei ging der HgmecSpeziesanteil (Hgme/Hg

9
es) im Kesselrohgas var der Nasswasche - ausgehend van ca. 

63 Gew.-% - bis auf 30 Gew.-% zuruck. 
[0046] Der Vergleich weist die deutlich effektivere Oxidation des Quecksilbers durch bromhaltige Verbindun­
gen im Vergleich zu chlorhaltigen Verbindungen am Beispiel einer Sondermullverbrennungsanlage nach. Um 
allein mittels Chlor einen HgmecSpeziesanteil van nur 30 Gew.-% zu erreichen, musste man den Cl

9
es-Gehalt 

gemar.i der Chlorierungskurve 61 auf 4-103 mg/m3 i. N. tr. erhohen. Statt dessen erreicht man dies mit nur 120 
mg/m3 i. N. tr. an Brom. Brom erscheint daher etwa 25-fach wirksamer als Chlor. Die Hg-Bromierungskurve 65 
(Br

9
es-Gehalt als Abszisse) entspricht unter Berucksichtigung dieses Faktors der vollstandig vermessenen 

Hg-Chlorierungskurve 61 (Cl
9
es-Gehalt als Abszisse). Gleiches gilt fur im Fall van Kraftwerksrauchgasen, wo 

allerdings die anlagenspezifische Hg-Chlorierungskurve und die entsprechende Hg-Bromierungskurve 65 zu 
wesentlich niedrigeren Halogengehalten hin verschoben sind. 

Beispiel 5: 

[0047] Fig. 7 und Fig. 8 illustrieren Versuche zum Nachweis der Wirkung van Brom auf die Quecksilberab­
scheidung in einem Kohlekraftwerk der Bayer AG in Uerdingen (vgl. Fig. 9). In dem Kohlekraftwerk erfolgte ein 
Versuch mit Zudosierung van wassriger HgCl2-L6sung und von wassriger NaBr-Losung in den Feuerraum zum 
Nachweis der Wirkung van Brom auf die Hg-Oxidation. Das Kraftwerk umfasst zwei parallele Schmelzkammer­
kessel 91, 91' mit Temperaturen im Feuerraum um 1450°C. Die Schmelzkammerkesssel 91, 91' werden mit 
Kahle 92, 92' bestuckt. Ober die jeweiligen Lufvorwarmer 93, 93' wird den Schmelzlkammerkesseln 91, 91' 
Frischluft 94, 94' zugefuhrt. Das Kesselrohgas 95, 95' wird uber elektrostatische Gasreiniger (EGR) 96, 96' 
dem gemeinsamen schwachsauren (pH = 5,3) Nasswascher als Rauchgasentschwefelungsanlage (REA-Wa­
scher) 97 zugefuhrt. Das gewaschene Kesselrauchgas (Reingas) wird anschlier.iend in zwei parallele kataly­
tisch wirkende Entstickungsanlagen (SCR-Entstickungsanlage) 98, 98' uberfuhrt, bevor es uber Kamine 100, 
100' emittiert wird. Der in den EGR abgeschiedene Flugstaub 99, 99' wird zu 100 % in die Feuerung des je­
weiligen Schmelzkammerkessels zuruckgefuhrt. Ander Messstelle 101 nach der EGR 96 wurden die Gehalte 
an Hgmet und Hgges im entstaubten Kesselrohgas kontinuierlich erfasst. 
[0048] Es wurde kein Schwefel zudosiert. Der Gehalt an Schwefeldioxid im Kesselrauchgas van 1,3·103 i. N. 
tr. resultierte ausschlieBlich aus dem verbrannten Kohleschwefel selbst. Der Gesamtquecksilbergehalt im ent-
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staubten Rohgas nach der EGR, d.h. vor der Nasswasche, betrug zu Beg inn bei reiner Kohleverbrennung (pol­
nische Steinkohle) im Mittel nur 22,5 µg/m3 i. N. tr., vgl. Fig. 7, Kurve 71 (Gesamtgehalt an Quecksilber Hg

9
es) 

um 8:30 Uhr, der Gehalt an metallischem Quecksilber im Mittel nur 8,8 µg/m3 i. N. tr., vgl. Fig. 7, Kurve 72 (Ge­
halt an metallischem Quecksilber Hgmet) um 8:30 Uhr. Die Zahnung beider Kurven 71, 72 im 10-Minuten-Takt 
beruht auf der regelmal!.igen Abklopfung der EGR; wodurch unmittelbar nach Abreinigung der Staubschichten 
im entstaubten Kesselrohgas hinter der EGR hohere Gehalte auftreten. Um 9:15 Uhr wurde mit der Zudosie­
rung von Quecksilber (als wassrige HgCl2-Loung) und um 10:30 dann auch mit der Zudosierung von Brom (als 
wassrige NaBr-Losung) in den Feuerraum begonnen. Die Kurve 73 (Fig. 7, rechte Ordinate) stellt die durch 
Zudosierung von Quecksilber herbeigefuhrte Erhohung des Hg

9
e5-Gehalts im Kesselrauchgas dar. Zwischen 

ca. 9:30 und 13:00 Uhr betrug die mittels HgCl2-Zudosierung herbeigefuhrte Anhebung des Gesamtgehalts an 
Quecksilber im Rauchgas var der EGR mindestens ca. 220 µg/m3 i. N. tr. (Kurve 73, rechte Ordinate). Die Kur­
ve 81 in Fig. 8 stellt die durch Zudosierung von wassriger NaBr-Losung herbeigefuhrte Erhohung des Br-Ge­
halts im Kesselrauchgas dar. Um 10:30 Uhr wurde der Bromgehalt im Rauchgas vor der EGR zunachst um 
mindestens 75 mg/m3 i. N. tr. angehoben und schrittweise wieder abgesenkt. Um 16:10 Uhr erfolgte eine neu­
erliche Anhebung des Bromgehalts um ca. 43 mg/m3 i. N. tr. Wegen der Ruckfuhrung der Flugasche in die 
Schmelzkammerfeuerung und somit auch der Ruckfi.ihrung von an der Flugasche sorbiertem Quecksilber bzw. 
Brom handelt es sich hierbei um Mindestanhebungen, wie sie sich aus den zudosierten Mengenstromen und 
dem Rauchgasvolumenstrom (ca. 110-103 m3 i. N. tr./h) ergeben. Die tatsachlichen Hg- und Br-Gehalte im Roh­
gas var der EGR liegen demzufolge (Kreislauf zwischen Schmelzkammerfeuerung und EGR) etwas hoher. 
[0049] Die Kurven 71 bzw. 72 (linke Ordinate) in Fig. 7 zeigen, wie mit dem Zusatz der bromhaltigen Verbin­
dung der Gehalt an Quecksilber im Rauchgas deutlich zuruckgeht. Dies gilt einerseits fur das ionische Queck­
silber (Differenz zwischen Hg

9
es und Hgmet), welches in Anwesenheit der bromhaltigen Verbindung vermehrt ge­

bildet und offensichtlich am ruckgefi.ihrten Flugstaub adsorbiert wird, und gilt andererseits aber starker noch 
fur das metallische Quecksilber, dessen Gehalt im entstaubten Rohgas nach EGR trotz des Zusatzes van 
Quecksilber annahernd auf den Ausgangsgehalt vor der Quecksilberzugabe zuruckkehrt. Von 10:30 Uhr bis 
13:00 Uhr (Ende der Br-Zudosierung) und weit daruber hinaus betrug der Gehalt an Hgmet weniger als 10 µg/m3 

i. N. tr. Erst mit dem Ende der neuerlichen Zugabe der Natriumbromidlosung gegen 19:00 Uhr steigt der Gehalt 
von Hg

9
es deutlich an. Weiterhin zeigt die Kurve 82 in Fig. 8 den zunachst schlagartigen Ruckgang des Spezi­

esanteils an metallischem Quecksilber mit der Zugabe von Brom (Absenkung von ca. 40 Gew.-% auf ca. 10 
Gew.-% gegen 10:30 Uhr). Entsprechendes zeigt sich nach ca. 17:00 Uhr bei der neuerlichen Quecksilber- und 
Bromzugabe an dem allmahlichen Ruckgang des Hgme1-Speziesanteils bis auf nur ca. 5 Gew.-% gegen 20:45 
Uhr. lnfolge der Hg-Zudosierung und der verstarkten Hg-Adsorption stieg der Hg-Ge halt im zur Schmelzkam­
mer ruckgefuhrten EGR-Flugstaub von anfanglich ca. 2-5 mg/kg im Laufe des Versuchs auf 55 mg/kg an. 

Patentanspruche 

1. Verfahren zur Abscheidung von Quecksilber aus Rauchgasen von Hochtemperaturanlagen, insbeson­
dere van Kraftwerken und Abfallverbrennungsanlagen, dadurch gekennzeichnet, dass 
- der, gegebenenfalls mehrstufigen, Feuerung und/oder dem Rauchgas in einem der Feuerung nachgeschal­
teten Anlagenteil Brom und/oder eine bromhaltige Verbindung und/oder eine Mischung verschiedener brom­
haltiger Verbindungen zugefuhrt wird, wobei die Temperatur beim Kontakt der bromhaltigen Verbindung mit 
dem Rauchgas mindestens 500°C, vorzugsweise mindestens 800°C, betragt, 
- die Verbrennung in Gegenwart einer schwefelhaltigen Verbindung, insbesondere Schwefeldioxid, gegebe­
nenfalls unter Zusatz van Schwefel und/oder einer schwefelhaltigen Verbindung und/oder einer Mischung ver­
schiedener schwefelhaltiger Verbindungen erfolgt 
- und anschliel!.end das Rauchgas einer, gegebenenfalls mehrstufigen, Reinigung zur Abtrennung van Queck­
silber aus dem Rauchgas unterzogen wird, welche eine Nasswasche und/oder eine Trockenreinigung umfasst. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die bromhaltige Verbindung eine wassrige 
Losung van Bromwasserstoff und/oder ein Alkalibromid, insbesondere Natriumbromid, und/oder eine wassrige 
Losung van Alkalibromid ist. 

3. Verfahren nach einem der Anspruche 1 bis 2, dadurch gekennzeichnet, dass die bromhaltige Verbin­
dung und/oder die Mischung bromhaltiger Verbindungen flUssige und/oder feste bromreiche Abfallstoffe sind. 

4. Verfahren nach einem der Anspruche 1 bis 3, dadurch gekennzeichnet, dass das Brom und/oder die 
bromhaltige Verbindung und/oder die Mischung bromhaltiger Verbindungen der Verbrennungsluft und/oder ge­
gebenenfalls einem rUckgefuhrten Teilstrom, insbesondere dem rUckgefuhrtem Rauchgas und den rUckgefuhr­
ten Flugstauben, zugesetzt wird. 
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5. Verfahren nach einem der AnsprUche 1 bis 4, dadurch gekennzeichnet, dass das Massenverhaltnis van 
Brom zu Quecksilber im Bereich von 102 bis 104 liegt. 

6. Verfahren nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, dass die Verbrennung zusatzlich 
in Gegenwart von Chier und/oder einer chlorhaltigen Verbindung und/oder einer Mischung verschiedener 
chlorhaltiger Verbindungen und/oder Jod und/oder einer jodhaltigen Verbindung und/oder einer Mischung ver­
schiedener jodhaltiger Verbindungen durchgefUhrt wird. 

7. Verfahren nach einem der AnsprUche 1 bis 6, dadurch gekennzeichnet, dass die Rauchgasreinigung 
eine mehrstufige nasse Rauchgaswasche mit mindestens einer stark sauren und/oder mindestens einer 
schwach sauren und/oder alkalischen Waschstufe umfasst. 

8. Verfahren nach einem der AnsprUche 1 bis 7, dadurch gekennzeichnet, dass die Rauchgasreinigung 
mindestens eine trockene oder quasitrockene, auf Adsorption basierende Reinigungsstufe umfasst, insbeson­
dere unter Verwendung von elektrostatischen oder filternden Staubabscheidern. 

9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, dass die mit Quecksilber beladenen Flugstaube 
aus gegebenenfalls vorhandenen Staubabscheidern zwecks Quecksilberentfrachtung thermisch nachbehan­
delt wird, insbesondere in einer auf Temperaturen von mindestens 200°C beheizten Drehtrommel. 

10. Verfahren nach einem der AnsprUche 1 bis 9, dadurch gekennzeichnet, dass der Quecksilbergehalt 
des Rauchgases, insbesondere der Gehalt an metallischem Quecksilber, nach der Rauchgasreinigung konti­
nuierlich gemessen wird und anhand des gemessenen Quecksilbergehalts die Menge an zugefUhrtem Brom 
und/oder bromhaltigen Verbindungen sowie gegebenenfalls Schwefel und/oder schwefelhaltigen Verbindun­
gen geregelt wird. 

Es folgen 9 Blatt Zeichnungen 
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® A process for removal of mercury vapor and vapor of chlorodibenzodioxins'and "furansfrom a ldream of hot flue gas. 

@ Mercury vapor and/or vapor of chlorodibenzodioxins 
and/or vapor of chlorodibenzofurans are removed from a 
stream of hot flue gas together with acidic components of the 
flue gas in a spray absorption process. The absorbent used in 
said process is an aqueous liquid which besides alkaline com-
ponents contains suspended activated carbon . 
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A process for removal of mercury vapor and vapor of 
chlorodibenzo-dioxins and -furans from.. a stream of hot 
flue gas. 

FIELD OF THE INVENTION. 
It is a well recognized fact that - flue gases 

often contain mercury v~por in such amounts that their 
release into the atmosphere is regarded as being hazard-

10 ous. This especially applies to flue gases from inci­
neration plants where domestic refuse is incinerated but 
also flue gas formed by combustion of certain coals may 
contain mercury vapor in such amounts that it is highly 
desirable to remove a substantial part of said mercury 

15 vapor before releasing the flue gas into the 
atmosphere. 

In the present specification and the attached 
claims· the term mercury vapor means elementary mercu­
ry as well as mercury-containing chemical compounds in 

20 the vapor phase. 
In recent years a growing concern has arisen as 

to the presence in flue gases of the toxic polychloro­
dibenzodioxines (PCDD) and polychlorodibenzofurans 
(PCDF). Said two series of compounds may be represented 

25 by the following formulae 

30 

PCDD 

0 

PCDF 

Cl 
m 

wherein n and m each independently is an integer from 0 
35 through 4 provided that n +mis at least 2. 

PCDD and PCDF are present in flue gases from in­
cineration plants and in minor proportion also in the 
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flue gases from power plants. In flue gases these com­

pounds are primarily present in vapor phase and in the 

present specification the above abbreviations_denote tbe 
compounds as vapors. 

5 The extremely high toxicity of certain of these 

10 

compounds makes it desirable to avoid their release into 

the atmosphere. 

DESCRIPTION OF PRIOR ART. 

Numerous methods have been suggested for removing 

or recovering mercury from gases. However, the majority 

of the prior art processes have been created with the 

purpose of removing mercury from relative small amounts 

of gas having high mercury concentration. These pro-

15 cesses are not suitable for cleaning flue gas since 

costs of chemicals would be prohibitive or operation 

would be impracticable in connection with large volumes 

of flue gas. 

Processes for removing mercury from air of 
20 relatively low mercury content have also been suggested. 

Such a process is disclosed in published European Patent 

Application No. 1.456. (Akzo N.v.). Said process which 

is described as particularly suitable for the removal of 

mercury from air which is vented from buildings, is 

25 based on the principle that mercury vapor is absorbed as 

mercury chloride when passing a bed of activated carbon 

having a specific chlorine content. According to the 

specification to said European application high moisture 

content of the gas from which mercury is to be removed, 

30 should be avoided since the effectiveness of the 

activated carbon is reduced thereby. From said specifi­

cation it also appears that activated carbon used in a 

stationary bed without chlorine is unsatisfactory as 

absorbent for mercury and has a very low capacity for 

35 that purpose. 
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The proceaa of said European application aeema 
unsuitable for treating flue gas since it would require 
the total amount of flue ga~ to be passed through a bed 
of activated carbon to which gaseous chlorine is added, 

5 which obviously involves the risk that a surplus of 
chlorine may be entrained with the flue gas to the 
atmosphere. 

A process for removing mercury vapor from a hot 
hydrogene chloride-containing flue gas is disclosed in 

10 published European patent application no. 13. 567, 
(Svenska Flaktfabriken). According to said process 
the gas which contains hydrogen chloride and minor 
amounts of mercury vapor, is contacted with powdered 
calcium hydroxide, preferably in a fluidized bed. The 

15 hydrogen chloride in the gas reacts with the calcium 
hydroxide to form calcium chloride which apparently is 
essential to the removal of mercury. Said process is 
restricted to gases having a substantial contents of 
hydrogen chloride. This condition will often be ful-

20 filled by the flue gas from a waste incineration plant 
while flue gasses from.other sources may be deficient in 
that respect. 

us patent specification 4.273.747 (Rasmussen) 
discloses removal of mercury from hot waste gasses by 

25 atomizing an aqueous liquid into the waste gasses in 
the presence of fly ash suspended in the gas and 
subsequently separating the fly ash together with a 
substantial part of the mercury originally present 
as vapor. It is essential that by said treatment the 

30 gas stream is cooled from a temperature of at least 
200°c to a temperature below 160°c. The aqueous 
liquid may be just water or it may be an aqueous 
solution or suspension of an alkaline compound, 
preferably calcium hydroxide. 

35 Obviously said method will not be su1table in 
case it is not acceptable to cool the gas to the 
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extent required or if the amount of fly ash is 

insufficient due to the use of a preceding fly ash 

separation. Even when the conditions as to fly ash 

contents of the flue gas and cooling are satisfied it 

5 would in certain applications be desired to increase 

the efficiency of the removal of mercury vapor in said 

process. 

Efforts to reduce the PCDD and PCDF levels in 

flue gas have hitherto mainly concentrated on thermal 

10 destruction. A reliable thermal destruction is, 

however, difficult to establish, since a very high 

temperature is required to ensure a complete destruct­

ion. 

According to a paper of A.J. Teller and J. D. 

15 Lauber: "Control of Dioxin Emissions from Incineration" 

presented at the 76th annual meeting of the Air Pollu­

tion Control Association, Atlanta, Georgia, June 19 -

24, 1983, dioxin theoretic estimations indicate that 

emission may be reduced by condensing the dioxin there-

20 of. However, A. Nottrodt et al: "Emissionen von poly­

chlorierten Dibenzodioxinen und polychlorierten Dibenzo­

furanen aus Abfallverbrennungsanlagen", Mill! und Abfall 

11/84, p. 313-327 (Erich Schmidt Verlag GmbH Berlin, 

Bielefeld, Milnchen) state results showing high vapor 

25 phase concentrations after several wet scrubbings with 

flue gas temperatures lower than those obtained in the 

theoretic estimations made in said paper by Teller and 

Lauber. 

Consequently a need excists for efficient 

30 measures for removing not only mercury vapor but also 

PCDD and PDCF vapors from flue gases. 

SUMMARY OF THE INVENTION. 

The present invention is directed to a novel 

35 process for efficient removal of mercury vapor and PCDD 
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and PCDF from a stream of hot flue gas, which proceaa 
provides a simultaneous removal of acidic components of 
the flue gas. 

It has turned out that incorporation of a 
5 relatively small amount of activated carbon in an 

alkaline feed suspension to be spraydried in a spray 
absorption process enables a surprising improvement of 
the ability of the process to remove mercury, PCDD and 
PCDF. 

10 Consequently· the process according to the 
invention is characterized in • that an aqueous liquid 
which besides alkaline components comprises suspended 
activated carbon is spray dried in the flue gas which 
subsequently is freed from the resulting particulate 

15 material. 

The amount of activated carbon to be used depends 
on the amount of mercury vapor as well as PCDD and PCDF 
in the flue gas, on the limits for emission which it is 
intended to meet, on the extent to which cooling of the 

20 gas is permissible, on the proportion of fly ash and the 
character thereof, etc. 

Usually the amount of activated carbon will 
correspond to at least 5 mg per Nm3 flue gas to be 
treated. For economic reasons the amount will usually 

25 not exceed 500 mg per Nm3 flue gas, peferrably not 200 
mg per Nm3 . 

Since the prior art describes activated carbon 
as not being very suitable for absorption of mercury 
vapor when no chlorine is present and since high 

30 moisture conditions are described as harmful to mercury 
sorption by means of activated carpon together with 
chlorine it could not be predicted that a very efficient 
mercury removal is obtained by the very simple measures 
prescribed by the present process. It is also surprising 

35 that the rather small additions of activatet carbon to 
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the aqueous liquid to be atomized, which come into 

consideration by the present process, enables a re­

duction of PCDD and PCDF levels to extremely low values. 

The preferred alkaline component for the 

5 simultaneous removal of acidic components of the gas is 

calcium hydroxide which by chemical reaction absorbs e. 

g. sulphur oxides and hydrogen chloride. However, it is 

to be observed that by the process of the invention 

presence of hydrogen chloride and consequently product-

10 ion of calcium chloride is not necessary to achieve an 

efficient removal of mercury vapor. 

15 

The fact that in the present process the 

activated carbon is initially present in aqueous 

suspension in the atomized droplets and subsequently is 

embedded in the particulate material comprising the 

reaction products of e.g. calcium hydroxide and the 

acidic components of the gas, apparently does not have 

any substantial adverse influence on the absorption 

ability of the activated carbon, as would have been 

20 expected. 

The process of the present invention may be 

performed using those measures which are conventional in 

spray absorption processes for desulfurization of flue 

gases, e.g. as described in US patent 4,279,873 

25 (Felsvang et al), incorporated herein by reference. 

In the typical embodiment the process of the 

invention is performed on a stream of flue gas the fly 

ash of which has previously been removed in a particle 

collector, e.g. an electrostatic precipitator. However, 

30 the absorption of mercury vapor by activated carbon may 

be used as a supplement to the absorption by means of 

fly ash as described in the above cited US specification 

4,273,747, in which case at least a portion of the fly 

ash present in the flue gas stream remains in said 

35 stream during the spray absorption process and is re-
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covered together with the particulate material formed bf 
the spray absorption Pf0Cess •. 

It is also possible to add fly ash_ to the liquid 
to be atomized, there}?y. utilizing the sorp~io~. ability 

5 of the fly ash to reduce the requirement for activ~ted 
carbon. 

Also other abso~bents such as sili~ates may. be 
added to the liquid to be atomized to minimize the re­
quirement as to activated carbon. 

10 As indicated above the amount of activated carbon 
necessary to achieve· a substantial reduction of the 
concentration of mercury vapor and PCDD and PCDF in the 
flue gas is surprisingly small. The actual amounts to 
be used in each individual case may easily be fixed by a 

15 person skilled in the art on the basis of a few tests. 
It is an important feature of the invention that 

by very simple measures a very fl~~~b~e process is 
obtained since even fl.ue .· gases with substantially vary-• . . . : .' . ·, ·; -

ing levels of Hg, PCDD and PCDF may be coped with just 
20 by changins the amount of activate carbon added to the 

liquid to be atomized. 
The p~r~iculate material formed in the spray 

absorption process and typically COJD.l>rising calcium 
sulfite, calcium sulfate, calcium hydroxide and activat-

25 ed carbon and possibly fly ash is prefer~bly separated 
from the flue gas in a baghouse which ,nables a prolong~ 
ed contact between the particulate material and the flue. 
gas. 

In the following the process according to the 
30 invention will be further il~ustrated by .. _~eans of 

examples. 

In these examples analysis was performed on fl~e 
gas withdrawn by means of a heated. p~obe with glass 
lining and equipped with a glass wool filter. The 

35 mercury was collected in two impinger flasks in series 
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containing an aqueous SI potassium permanganate 

nitric acid solution. Mercury was analyzed by flameless 

atomic absorption using NaBH4 as a reductant (MHS-20, 

Mercury/ Hydride System by Perkin Elmer, ref. 338 -

5 A2-M 294/ 12.79). 

It is to be observed that methods previously used 

for determination of Hg in flue gases have not always 

been accurate and have often indicated values lower than 

the actual ones. Consequently the reults obtained as to 

10 removal of Hg vapor in the following examples may not be 

comparable with prior art results determined by means of 

less accurate methods of analysis. 

EXAMPLE 1 

15 Eight test runs were performed using a partial 

stream of the flue gas from an incineration plant 

wherein domestic waste was incinerated. 

The spray absorption process was performed in a 

spray absorber the chamber of which comprised a 

20 cylindrical portion having a diameter of 1. 2 m and a 

hight of 0.8 m, and a conical bottom portion the cone 

angle of which was 60°. The spray absorber was provided 

with a rotary atomizer. Downstream of the spray absorber 

particle separation was performed using a baghouse. 

25 An aqueous suspension of slaked lime or an 

aqueous solution of sodium carbonate (solids content of 

the suspension or solution app. 5%) was used as feed for 

the atomizer. 

The temperature of the flue gas when led to the 

30 spray absorber was 225-300°c and the amount of fly ash 

therein was o.s-1.0 g/Nm3 in run nos. 1-5 whereas run 

nos. 6-8 were performed using flue gas with substantial­

ly no fly ash. The flue gas was supplied in an amount 

of 300 kg/h. 

35 The concentration of mercury vapor was measured 

upstream of the spray absorber, between the spray ab-
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sorber and the baghouse filter and downstream of :the 
baghouse filter. 

Run nos . 1 and 7 were performed for comparison 
and no activated carbon was added to the feed suspension 

5 of slaked lime or feed solution of sodium carbonate. In 
runs 2 through 6 and in run 8 activated carbon was added 
to said feed solution in an a.mount of app. 21 by weight 
of the solids content,· corresponding to· <>,04-0,0~ g/Nm3 
of flue gas. 

10 The following results were obtained: 

PAC ET AL. EXHIBIT 1022 
 Page 107



R
un

 
n

o
. 

1 
2 

3 
4 

5 
6 

7 
8 

U
p

st
re

am
 o

f 
sp

ra
y

 

ab
so

rb
er

 

H
g 

v
a

p
o

r,
 

11
g/

N
m

3 
24

1 
2

9
0

 
7

2
5

 
5

1
7

 
3

1
4

 
4

2
3

 
2

1
3

 
4

0
5

 

S
la

k
ed

 
S

la
k

ed
 

sl
ak

ed
 

sl
a
k

e
d

 
sl

a
k

e
d

 
sl

a
k

e
d

 
N

a2
C

03
 

N
a2

C
03

 

A
b

so
rb

en
t 

li
m

e 
li

m
e
+

 
li

m
e
+

 
li

m
e
+

 
li

m
e
+

 
li

m
e
+

 
+

 

a
c
ti

v
a
te

d
 a

c
ti

v
a
te

d
 a

c
ti

v
a
te

d
 a

c
ti

v
a
te

d
 a

c
ti

v
a
te

d
 

a
c
ti

v
a
te

d
 

ca
rb

o
n

 
ca

rb
o

n
 

ca
rb

o
n

 
ca

rb
o

n
 

ca
rb

o
n

 
ca

rb
o

n
 

.....
 

B
et

w
ee

n 
sp

ra
y

 a
b

so
rb

er
 

' 
0 

an
d

 b
ag

h
o

u
se

 

G
as

 
te

m
p

er
at

u
re

, 
oc

 
1

3
0

 
1

3
0

 
1

0
0

 
1

6
0

 
17

5 
1

6
5

 
1

3
0

 
13

0 

H
g 

v
ap

o
r,

 
1,

19
/N

m
3 

77
 

4
6

 
n

o
t 

n
o

t 
n

o
t 

n
o

t 
n

o
t 

n
o

t 

an
al

y
se

d
 

an
al

y
se

d
 

a
n

a
ly

se
d

 
a

n
a

ly
se

d
 

an
al

y
se

d
 a

n
a

ly
se

d
 

D
ow

ns
tr

ea
m

 t
h

e
 

b
ag

h
o

u
ae

 

H
g 

v
ap

o
r,

 
pg

/N
m

l 
3

0
 

20
 

1
1

 
4

2
 

6
3

 
8

0
 

96
 

4
7

 

I 
re

m
o

v
al

 
8

7
.6

 
93

 
9

8
.9

 
9

2
.9

 
7

9
.9

 
8

1
.l

 
5

4
.9

 
8

8
.4

 
0 N

t 
0 CD

 • U) 0 

PAC ET AL. EXHIBIT 1022 
 Page 108



5 

11 0208490 

The above results clearly indicate that activat­
ed ~arbon acts as a very efficient absorbent for mercury 
vapor when utilized in the proceaa of the present inven­
tion. 

EXANPLB 2 
Two further test runs was made in the same plant 

and under similar conditions as described in example l, 
10 except that the flue gas temperature varied between 280 

and 300°c. 

The results obtained are listed in the following 
table: 

15 Run No. 

20 

Upstream of spray absorber 
PCDD1 +PCDF, µg/Nm3 
Absorbent 

Between spray absorber 
25 and baghouse 

Gas temperature, 0 c 
PCDD1 +PCDF, µg/Nm3 

30 Downstream the baghouse 
PCDD1 +PCDF, µg/Nm3 

% removal 

9 10 

0.38 

slaked 
lime 

150 

not 

analysed 

0.047 

87.8 

0.53 

slaked lime 

+ activated 
carbon 

150 

0.28 

0.01 

98.1 

1 The PCDD contents were approximately 35-451 of the 
3S total contents of PCDD and PCDF. 
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CLAIMS 

1. A process for removal of mercury vapor and/or 

2. 

3. 

4. 

5. 

vapor of chlorodibenzodioxins and/or vapor of 

chlorodibenzofurans from a stream of hot flue gas 

combined with a simultaneous removal of acidic 

components of the flue gas, characterized in that an 

aqueous liquid, which besides alkaline components 

comprises suspended activated carbon is spray dried in 

the flue gas which subsequently is freed from the 

resulting particulate material. 

The process of claim 1, wherein the amount of 

activated carbon in said aqueous liquid amounts to 5-

500 mg per Nm 3 flue gas being treated. 

The process of claim 1, wherein the amount of 

activated carbon in said aqueous liquid amounts to 

5-200 mg per Nm3 flue gas being treated. 

The process of claim 1, wherein said alkaline 

components comprise calcium hydroxide in a quantity at 

least sufficient to neutralize a substantial part of 

the acidic components, such as sulfuroxides and 

hydrogen chloride, of the flue gas. 

The process of claim 1, wherein said 

particulate material is recovered in a baghouse. 

6. The process of claim 1, wherein at least a 

portion of any fly ash present in the flue gas stream 

remains in said stream during the spray absorption 

process and is recovered together with the particulate 

material formed by the spray absorption process. 

7. The process of claim 1, wherein at least a 

portion of any fly ash present in the flue gas stream 

is collected from said stream before said aqueous 

liquid is spray dried therein, and at least a part of 

the collected fly ash is suspended in said aqueous 

liquid before spraying thereof. 
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AB - Activated carbon contg. >=1 of chlorides of Gp I and IIB metals is 

prepd. by immersing ordinary activated carbon in a soln. of the 
chlorides in water or an org. solvent. In an example, 50 pts activated 
carbon (20-50 mesh) was immersed in 200 pts aw. 10% ZnC12 soln. for 30 
min and dried at 105-110 degrees C for 10 hr after removing excess 
soln. Then, the activated carbon was packed in a glass tube and air 
contg. 10 mg Hg/m3 was passed through the tube at 1.1 1./min. Even 
after 10 hr, the activated carbon actively adsorbed Hg and the air 
thus treated contd. <0.005 mg Bg/m.3. 
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TI - Activated carbon·contg. chlorides for mercury extn. - from air or 

gases, with excellent adsorptivity 
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ADSORPTION PO"WDER FOR REMOVING MERCURY FROM HIGH 

TEMPERATURE, IDGH MOISTURE GAS STREAMS 

5 BACKGROUND OF THE INVENTION 

The present invention relates generally to removal of pollutants from 

high temperature, high moisture gas streams such as those found in devices designed 

to treat contaminated soil and in hazardous material incinerators. More particularly, 

the invention relates to the capture of mercury and other metals, dioxins, furans and 

10 other organic compounds from high temperature, high moisture gas streams using an 

adsorption powder containing cupric chloride. 

Stiict standards exist for particulate and total mercury emissions by 

coal-fired power plants, petroleum refineries, chemical refineries, coal fired furnaces, 

trash burning facilities, incinerators, metallurgical operations, thermal treatment units 

15 and other particulate and mercury emitting facilities. These same restrictions apply to 

mercury vapor, which can enter the atmosphere as a result of low temperature thermal 

desorption (LTTD) treatment of contaminated soils. 

These stringent standards exist in order to protect the environment and 

the community. When mercury-containing gases are released, the gases disperse and 

20 mercury is deposited over a wide area. The dispersed mercury can accumulate in the 

soil or water supplies, where it may be incorporated into the food chain. Mercury 

is extremely harmful to aquatic life and ultimately to the humans who consume 

mercury-contaminated plants and animals. It is necessary, therefore, to have a safe 

and effective method of eliminating mercury from the environment. 

25 The problem of the capture and treatment of mercury vapor, typically 

in the context of coal-fired power plants and waste incinerators, has been previously 

considered. For example, U.S. Patent No. 3,193, 987 discloses passing mercury­

containing vapor over activated carbon impregnated with a metal which forms an 

amalgam with mercury. U.S. Patent No. 4,094,777 discloses passing a mercury-

30 containing vapor over an adsorption mass consisting essentially of a support, sulfided 
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copper and sulfided silver. U.S. Patent No. 3,876,393 discloses passing mercury­

containing vapors over activated carbon that has been impregnated with sulfuric acid. 

Selenium has also been used in the removal of mercury from a vapor. U.S. Patent 

No. 3,786,619 discloses passing a mercury-containing gas over a mass containing 

5 as an active component, selenium, selenium sulfide or other selenium compounds. 

Electrostatic precipitators and various filters have traditionally been used for mercury 

removal, although complex apparatus have also been disclosed. (See e.g., U.S. Patent 

Nos. 5,409,522 and 5,607,496.) 

The problem of recapturing mercury from power plant gas streams 

10 is analogous to the need for recapturing mercury from incinerators that treat 

contaminated soils. A process currently in use at soil treatment facilities is known as 

low temperature thermal desorption (LTTD). LTTD is the main process by which 

contaminated soils are treated to remove mercury and other contaminants. In this 

process, contaminated soils are fed into a heating furnace, most commonly a rotary 

15 kiln/drum, where the soil is heated by conduction. The heating volatizes the soil 

components and when a thermal oxidizer is added, the components are oxidized to 

manageable gases, such as CO2, C}z, NOx and SOx, where xis 1-3. 

The hot gas stream is subsequently cooled. The stream may be 

quenched with water, which cools the stream and concurrently increases the moisture 

20 content. Although water quenching is a highly effective cooling method, this treat­

ment increases the difficulty of removing mercury from the gas stream. The gas 

stream is further treated to reduce and remove metals, HCl, NOx and SOx using acid 

scrubbers, carbon beds, condensation units and through the addition of adsorption 

powders. 

25 When adsorption powders are injected into the gas stream, mercury 

and other metals bind to moieties present in the powder, precipitating them from 

the gas stream. The powder-bound mercury is ultimately collected in a bag house 

for appropriate disposal, while the clean gas stream is exhausted to the outside 

atmosphere. The problem with standard LTTD methods is that some metals, such 

30 as mercury, are not removed from the stream at high efficiency and will move with 
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5 

the gas stream, ultimately into the environment. Other methods require the use of 

complex machinery and expensive adsorption beds. LTTD and other methods also 

suffer from the limitation that mercury removal from high moisture gas streams is 

much more difficult than mercury removal from dry streams. 

Available adsorption powders remove organics, metals and other 

contaminants, but they do not effectively remove mercury. For example, one 

available powder (Sorbalite ™) consisting of carbon, calcium hydroxide and sulfur 

removes HCl from a gas stream, but removes only about 55-65% of the mercury. 

Another powder (WUELFRAsorb-C ™) consisting of alcohol saturated lime and 

10 activated carbon is also inefficient at removing mercury. 

Some powders include sulfur or iodine impregnated carbon. At 

temperatures of 75°C or less, sulfur or iodine impregnated carbon based powders 

show a 95% mercury removal efficiency, however, powders formulated with sulfur 

impregnated carbon require a dry or low moisture gas stream to show this level of 

15 removal. 

Finally, the mercury removal efficiency of the powders described 

and other available powders is known to be very temperature dependent, placing 

an additional limitation on powder formulations. 

A pending application describing a process from the same inventors 

20 involved the use of solid fine cupric chloride that is not impregnated on carbon. This 

was found to be more difficult to handle because of the grinding process required to 

pulverize the cupric chloride which is generally provided in rock sizes. The grinding 

process requires a great amount of attention due to the dust production and associated 

heath hazards. Additionally, the powder is very corrosive and results in breakdown of 

25 the machinery used in the process. 

Accordingly, there is a need in the industry for an adsorption 

powder that effectively removes metals and other organic compounds, in general, and 

mercury, in pruticular, from high temperature, high moisture gas streams generated by 

the incineration of contaminated soils, treatment of hazardous materials, combustion 

30 of coal and other mercury liberating sources. The powder must be inexpensive and 
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easy to use. Ideally, such an adsorption powder can be employed at treatment 

facilities already in place and can take advantage of equipment already in position, 

without requiring retooling or reconfiguring existing equipment. 

5 SUMMARY OF THE lNVENTION 

There is disclosed an adsorption powder and method for removing 

mercury and other metals and contaminants from a high temperature, high moisture 

gas stream comprising: about 1-97% carbon; about 1-97% calcium hydroxide; about 

1-97% cupric chloride impregnated carbon and about 1-60% KI3 impregnated carbon. 

10 A method for removing mercury and other metals, dioxins, furans and other organic 

compounds from high temperature, high moisture gas streams using the claimed 

powder is also disclosed. 

15 

BRIEF DESCRJPTION OF THE DRAWINGS 

The instant invention will be more fully understood in the following 

detailed description, it being understood, however, that the invention is not confined 

to the precise disclosure. Changes and modifications may be made that do not affect 

the spirit of the invention, nor exceed the scope thereof, as expressed in the appended 

claims. Accordingly, the instant invention will now be described with particular 

20 reference to the accompanying drawings. 

Figure 1 is a schematic diagram illustrating the design of an L TTD 

facility in which the claimed adsorption powder can be used to remove mercury from 

gas streams. 

25 DETAILED DESCRJPTION OF THE INVENTION 

There is disclosed an adsorption powder for removing mercury and 

other metals from a gas stream comprising: 

a) about 1-97% carbon; 

b) about 1-97% calcium hydroxide; 

30 c) about 1-97% cupric chloride impregnated carbon; and 

d) about 1-60% KI3 impregnated carbon. 
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The powder more particularly comprises about 10-70% carbon, about 

20-80% calcium hydroxide, about 1-50% cupric chloride impregnated carbon and 

about 1-50% Kl3 impregnated carbon. A preferred adsorption powder comprises 

5 about 20-60% carbon, about 30-70% calcium hydroxide, about 1-30% cupric chloride 

impregnated carbon and about -30% KI3 impregnated carbon. 

In a more preferred embodiment, the adsorption powder comprises 

about 25-45% carbon, about 40-60% calcium hydroxide, about 1-15% cupric chloride 

impregnated carbon and about 1-15% KI3 impregnated carbon. The most preferred 

10 embodiment comprises about 40% carbon, about 40% calcium hydroxide, about 10% 

cupric chloride impregnated carbon and about 10% KI3 impregnated carbon. 

The use of the Kl3 impregnated carbon has been found to be optional 

as the powder lacking this component performed equally as well as one containing the 

Kl3 impregnated carbon. 

15 Thus, in another embodiment of the invention, , the adsorption powder 

20 

25 

comprises about 10-70% carbon, about 20-80% calcium hydroxide and about 1-50% 

cupric chloride impregnated carbon. 

There is also disclosed a process for removing mercury from a gas 

stream using the adsorption powder of the invention comprising the steps of: 

a) placing a solid phase mercury-containing contaminated soil feed into a rotary 

kiln/drum; 

b) heating said kiln/drum containing said soil feed to form gaseous and solid 

components of the sample; 

c) transferring the gaseous component of said soil feed to an exhaust cleaning 

unit/afterburner and the solid component of clean soil to a soil cooling unit; 

d) heating the gaseous component of said contaminated soil feed in said exhaust 

cleaning unit/afterburner; 

e) 

30 f) 

cooling the gaseous component of said contaminated soil feed; 

adding the adsorption powder of Claim 1 to the gaseous component; 

g) transferring the powder-containing gaseous component to a baghouse; and 
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h) releasing the substantially mercury-free gaseous component of said sample to 

the atmosphere. 

An adsorption powder for the removal of mercury and other metals, 

5 dioxins, furans and other organic compounds must be efficient under a range of 

conditions. Currently available powders do not function well at high temperatures 

and in high moisture environments, conditions that are favorable to mercury removal. 

High temperatures are necessary for effective removal of contaminants 

from soil. Temperatures of about 1800°P are necessary to volatize organics, metals 

10 and other impurities from the contaminated soil. Mercury that is trapped in 

contaminated soil, however, is most efficiently adsorbed on carbon at about 300-

500°F. The most practical method of cooling a gas stream exiting an 1800°P oven 

is to inject water into the gas stream. Water injection cools the gas stream to a 

temperature favorable to mercury removal, but also increases the moisture content of 

15 the sample, which decreases the efficiency of available mercury adsorption powders. 

The mercury absorbing properties of available powders suffer dramatically in a high 

moisture environment. The adsorption powder of the invention, however, operates 

effectively even in a higher moisture environment. 

Experiments with carbon sources showed that coal carbon was superior 

20 to wood carbon for mercury adsorption. Many available adsorption powders use 

wood carbon as a component, rather than coal carbon. Cupric chloride was observed 

to significantly enhance the adsorption of mercury from a gas stream and is the key to 

the instant invention. Cupric chloride supplies chlorine and activated copper to the 

elemental mercury in the exhaust stream. Elemental mercury reacts with the chlorine 

25 to form mercury chloride and the activated copper to form a stable mercury amalgam. 

Both forms of mercury are easily captured from the exhaust gas stream. KI3 

impregnated carbon was also found to increase mercury adsorption when it was 

included in the powder. 

Figure 1 shows a schematic diagram of the actual process and equip-

30 ment used to carry out the invention. Prescreened contaminated feed soil ready to be 

processed 2 is placed within soil cleaning unit 4. The contaminated soil is heated to 

about 900°F or a temperature that will completely volatize the contaminates from the 

soil and generate a gas stream, as well as a clean/remediated solid soil component. 

Preferably, soil cleaning unit 4 is a rotary kiln. The gas stream is then passed out 
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of soil cleaning unit 4 to dust remover 6, while any solid fraction of the feed soil is 

transferred to clean soil cooling unit 8, where the soil is cooled and prepared for reuse. 

Dust remover 6 is preferably a multi-tube dust collector. 

After dust remover 6 removes any particulate matter from the gas 

5 stream sample, the gas stream is passed into the Exhaust Cleaning Unit 10. The 

Exhaust Cleaning Unit heats the volatilized contaminates to a temperature of about 

1800°F for a minimum of two seconds retention time, which assures complete 

destruction of any remaining organic or other contaminants. From the Exhaust 

Cleaning Unit 10, the gas stream then passes through cooling chamber 12 wherein 

10 a water pump (not shown) injects water into the cooling chamber 12 to lower the 

temperature of the sample to about 360°F. This cooling process consequentially 

increases the moisture content of the sample. 

The high temperature, high moisture gas stream is then contacted to the 

adsorption powder of the invention, which is stored in adsorbent storage silo 14 and 

15 injected into the gas stream. This powder formulation is effective in removing metals, 

particularly mercury, and other contaminants. 

After the gas stream has been contacted to the adsorption powder, 

the powder/gas stream mixture continues on to baghouse 16. The carbon component 

of the adsorption powder collects on the walls of bags and acts as a particulate filter 

20 for the gases leaving the baghouse. Baghouse 16 collects the particulate mercury­

containing fraction of the adsorption powder mixture, which is transported to a 

suitable bulk storage facility 20 and subsequently removed. The gaseous fraction 

is released to the outside atmosphere through vent 18, while the remaining dust 

particulate fraction is handled in a similar manner to the particulate mercury fraction 

25 of the adsorption powder mixture 20. 

EXAMPLE 1 

A series of field tests were performed employing a preferred adsorption 

30 powder formulation. Three soil samples containing about 4.2 mg/kg of mercury were 

prepared by screening to 1 inch. The coarse material was discarded, and the remain­

ing soil was fed into a soil cleaning unit and heated to about 900°F. The cleaned soil 

was transferred to a soil cooling unit and prepared for reuse. The exhaust stream was 

sent to a dust remover and the precipitated material was sent to the soil cooling unit. 

35 The exhaust stream was then fed into an exhaust cleaning unit, which was heated to 
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about 1850°F. The exhaust gas was then cooled to about 360°F by quenching with 

water, and subsequently an adsorption powder comprising 40% coal carbon, 10% KI3 

impregnated carbon, 40% calcium hydroxide and 10% cupric chloride impregnated 

carbon was added. The exhaust stream/adsorption powder mixture was fed into a 

5 baghouse, where the mercury-bound particulate was separated from the mercury-free 

exhaust gas. The particulate material was removed from the baghouse for analysis 

and disposal, while gas analyzers on the exhaust stack recorded mercury emission 

levels. The results of the three, two hour runs are reported in the following table. 

Run 1 Run2 Run3 Average 

LTTD Mercury Input (lbs/hr) 0.193 0.199 0.199 0.197 

Clean Soil Mercury Output (lbs/hr) 0.0020 0.0020 0.0020 0.0020 

Mercury Emission Rate (lbs/hr) 0.0012 0.0006 0.0007 0.0008 

Mercury Removal Efficiency1 99.4% 99.7% 99.6% 99.6% 
10 'Removal Efficiency(%)= (Mass input- Stack Output- Clean Soil Output)/(Mass Input- Clean Soil Output) 

The average mercury removal efficiency of 99.6% exceeds the current 

mercury control efficiency specification of 96.5% efficiency, set by NJDEP air permit 

legislation. Mercury emissions were determined by EPA method 29-060. 

15 Although the adsorption powder and method described and claimed 

are presented in the context of mercury removal from a gas stream, it should be 

appreciated that the powder and method are also useful for removing organics, 

metals and other contaminants from a gas stream. 

- 8 -
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WHAT rs CLAIMED IS: 

1. An adsorption powder for removing mercury and other metals, 

dioxins, furans and other organic compounds from a gas stream comprising: 

5 a) about 1-97% carbon; 

10 

b) about 1-97% calcium hydroxide; 

c) about 1-97% cupric chloride; and 

d) about 1-60% KI3 impregnated carbon. 

2. The adsorption powder of claim 1 wherein the adsorption 

powder comprises about 10-70% carbon, about 20-80% calcium hydroxide, about 

1-50% cupric chloride impregnated carbon and about 1-50% KI3 impregnated carbon. 

3. The adsorption powder of claim 1 wherein the adsorption 

15 powder comprises about 20-60% carbon, about 30-70% calcium hydroxide, about 

1-30% cupric chloride impregnated carbon and about -30% KI3 impregnated carbon. 

4. The adsorption powder of claim 1 wherein the adsorption 

powder comprises about 25-45% carbon, about 40-60% calcium hydroxide, about 

20 1-15% cupric chloride impregnated carbon and about 1-15% KI3 impregnated carbon. 

25 

30 

5. The adsorption powder of claim 1 wherein the adsorption 

powder comprises about 30% carbon, about 50% calcium hydroxide, about 10% 

cupric chloride impregnated carbon and about 10% KI3 impregnated carbon. 

6. The adsorption powder of claim 1 wherein the adsorption 

powder comprises about 10-70% carbon, about 20-80% calcium hydroxide, about 

1-50% cupric chloride impregnated carbon. 

7. The adsorption powder of claim 1 wherein the carbon is coal 

carbon. 
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5 

10 

15 

20 

8. A method for removing mercury and other metals, dioxins, 

furans and other organic compounds from a gas stream using the adsorption powder 

of claim 1 comprising the steps of: 

a) placing a solid phase mercury-containing contaminated soil feed into a rotary 

kiln/drum; 

b) heating said kiln/drum containing said soil feed to form gaseous and solid 

components of the sample; 

c) transferring the gaseous component of said soil feed to an exhaust cleaning 

unit/afterburner and the solid component of clean soil to a soil cooling unit; 

d) heating the gaseous component of said contaminated soil feed in said exhaust 

e) 

f) 

cleaning unit/afterburner; 

. cooling the gaseous component of said contaminated soil feed; 

adding the adsorption powder of Claim 1 to the gaseous component; 

g) transferring the powder-containing gaseous component to a baghouse; and 

h) releasing the substantially mercury-free gaseous component of said sample to 

the atmosphere. 

9. The method of Claim 8 wherein the adsorption powder used in 

step f) comprises about 40% carbon, about 40% calcium hydroxide, about 10% cupric 

chloride impregnated carbon and about 10% Kh impregnated carbon. 
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Alexandria, Virginia 22313-1450 

Dear Sir: 

This is in response to the Office Action mailed April 16, 2009. Entry of the following 

amendment and reconsideration of the outstanding rejection are requested. 

Amendments to the Claims are reflected in the listing of claims that begins on page 2 of 

this paper. 

Support for Amendment begins on page 4 of this paper. 

Remarks begin on page 6 of this paper. 

PAC ET AL. EXHIBIT 1022 
 Page 153



Amendments to the Claims: 

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

Listing of Claims: 

1. (Currently amended) A promoted carbon sorbent comprising a base activated carbon that 

has reacted with a promoter selected from the group consisting of halides, halogens, and 

combinations thereof, the promoted carbon sorbent comprising a reaction product of the 

promoter and a carbene site on the base activated carbon to form a carbocation accompanied by a 

halide anion wherein the promoted carbon sorbent is effective for the removal of mercury from a 

gas stream located dovmstream of a boiler, said removal of mercury yielding a cleaned gas 

stream, and viherein the composition of the promoted carbon sorbent is controlled by the 

mercury content of the cleaned gas stream. 

2. (Original) The promoted carbon sorbent of claim 1 wherein the base activated carbon is 

selected from the group consisting of powdered activated carbon, granular activated carbon, 

carbon black, carbon fiber, aerogel carbon, pyrolysis char, activated carbon with an average 

particle size greater than 40 micrometers, and combinations thereof, and the promoter is selected 

from the group consisting of molecular halogens, Group V halides, Group VI halides, 

hydrohalides, and combinations thereof. 

3. (Currently amended) The promoted carbon sorbent of claim 2 wherein the sorbent 

comprises an activated carbon matrix in a fixed- or a moving-bed structure consisting of moving 

fiber screens and monoliths. 

4-6. (Cancelled). 

7. (Currently Amended) The promoted carbon sorbent of claim 2 further comprising a 

mercury-stabilizing reagent selected from the group consisting of S, Se, H2S, [[SO2,]] H2Se, 

SeO2, CS2, P2Ss, and combinations thereof. 

2 
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8-9. (Cancelled) 

10. (Currently amended) The promoted carbon sorbent of claim 2 further comprising£! an 

optional secondary component comprising a halogen.,_--eF a hydrohalide, a Group V halide, a 

Group VI halide, or a combination thereof such that the reactivity and mercury capaeity of the 

sorbent are enhanced. 

11-13. (Cancelled) 

14. (Currently amended) The promoted carbon sorbent of claim Hl wherein the promoter is 

substantially in gas phase vapor form when combined with the base activated carbon. 

15. (Currently Amended) The promoted carbon sorbent of claim H-10 wherein the promoter 

is combined with an organic solvent prior to reaction 1.vith the base activated carbonsecondary 

component is substantially in gas phase when combined with the promoted carbon sorbent. 

16. (Currently amended) The promoted carbon sorbent of claim H 10 wherein the promoter 

and optional secondary component are combined with the base activated carbon substantially 

simultaneously. 

17-33. (Cancelled) 

34. (New) The promoted carbon sorbent of claim 1 wherein the promoted carbon sorbent 

oxidizes and captures mercury from a gas stream. 

35. (New) The promoted carbon sorbent of claim 1 wherein the promoted carbon sorbent is 

effective for the removal of at least one of boron, tin, arsenic, gallium, antimony, lead, bismuth, 

cadmium, silver, copper, and zinc. 
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Support for Amendment 

Claim 1 is amended to characterize the promoted carbon sorbent as "comprising a 

reaction product of the promoter and a carbene site on the base activated carbon to form a 

carbocation accompanied by a halide anion. This amendment is supported by the specification at 

paragraph 10 which describes the reaction product of base activated carbon and promoter, and 

that the reaction product is effected for the removal of mercury from a gas stream. In addition, 

paragraph 82 of the specification characterizes the reaction as accruing on the carbene site of the 

base activated carbon to form a carbocation. In addition, claim 1 is amended to characterize the 

sorbent as a "promoted carbon sorbent" to more clearly provide antecedent basis. In addition, 

claim 1 is amended to remove the reference to where the removal of mercury from a gas stream 

occurs because the claim is directed at a promoted carbon sorbent rather than a method of 

removing mercury from a gas stream. 

Claim 3 is amended to include the features of cancelled claim 4. 

Claims 10 and 16 are amended to remove the word "optional." 

Claim 7 is amended to remove SO2 from the lists. 

Claim 10 is amended by removing the phrase "such that the reactivity and mercury 

capacity of the sorbent are enhanced" and to include in the list of secondary component "a Group 

V halide, a Group VI halide, or a combination thereof." This amendment is supported by the 

specification at paragraph 23, page 5. 

Claim 14 is amended to change the phrase "vapor form" to "gas phase." This amendment 

is supported by the specification at, for example, paragraph 50, page 9. 

Claim 15 is amended to characterize the secondary component as substantially in gas 

phase when combined with the promoted carbon sorbent. This amendment is supported by the 

specification at, for example, paragraph 50, page 9. 

New claim 34 characterizes the promoted carbon sorbent as a promoted carbon sorbent 

that oxidizes and captures mercury in a gas stream. New claim 35 characterizes the promoted 

carbon sorbent as a promoted carbon sorbent that is effective for the removal of at least one of 

boron, tin, arsenic, gallium, antimony, lead, bismuth, cadmium, silver, copper, and zinc. Support 

for new claims 34 and 35 can be found in the specification at paragraph 81, pages 17-18. 

Claims 14-15 are amended to change dependency. 

No new matter is introduced by this amendment, and entry thereof is requested. Upon 
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entry claims 1-3, 7, 10, 14-16, 34, and 35 are active in this application. 
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REMARKS 

Applicants acknowledge receipt of the nonfinal Office Action mailed April 16, 2009, in 

which the Examiner: (1) objected to claim 21 as being of improper dependant form for failing to 

limit the subject matter of a previous claim; (2) rejected claims 4 and 24 as being indefinite for 

failing to particularly point out and distinctly claim the subject matter which applicant regards as the 

invention; (3) rejected claims 1, 17, 18, and 20-22 under 35 U.S.C. § 102(a) over Srinivasachar 

et al. (U.S. Patent No. 6,848,374) (Srinivasachar); (4) rejected claims 25-27, 29-31, and 33 

under 35 U.S.C. § 103(a) over Srinivasachar; (5) rejected claim 2 under 35 U.S.C. § 103(a) over 

Srinivasachar and Reiss et al. (U.S. Patent No. 5,575,982) (Reiss); (6) rejected claims 3-6 under 

35 U.S.C. § 103(a) over Srinivasachar, Reiss, and Moller et al. (U.S. Patent No. 4,889,698) 

(Moller); (7) rejected claims 7 and 8 under 35 U.S.C. § 103(a) over Srinivasachar, Reiss, and 

Broderick (U.S. Patent No. 6,942,840) Broderick; (8) rejected claim 9 under 35 U.S.C. § 103(a) 

over Srinivasachar, Reiss, Broderick, and Moller; (9) rejected claim 10-16 under 35 U.S.C. § 

103(a) over Srinivasachar, Reiss, and Moller; (10) rejected claim 19 under 35 U.S.C. § 103(a) 

over Srinivasachar and Reiss; (11) rejected claims 23 and 24 under 35 U.S.C. § 103(a) over 

Srinivasachar and Moller et al. (U.S. Patent No. 4,889,698) (Moller); (12) rejected claim 28 

under 35 U.S.C. § 103(a) over Srinivasachar and Moller; (13) rejected claim 32 under 35 U.S.C. 

§ 103(a) over Srinivasachar and Moller. 

Applicants respond as follows. 

1. Objection to claim 21 under 37 CFR 1. 75(c) 

In the Office Action claim 21 is objected to under 37 CFR l.75(c). Claim 21 has been 

canceled. Withdrawal of the rejection is requested. 

2. Rejected claims 4 and 24 under 35 U.S.C. §112, second paragraph 

In the Office Action, claims 4 and 24 are rejected under 35 USC § 112, second paragraph. 

Claims 4 and 24 have been canceled. Withdrawal of the rejection is requested. 

3. Rejected claims 1, 17, 18, and 20-22 under 35 U.S.C. §102(a) over Srinivasachar 

The Office Action includes a rejection of claims 1, 17, 18, and 20-22 under 35 U.S.C. 

§ 102(b) over Srinivasachar. This rejection is traversed. 
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The present invention is directed at a promoted carbon sorbent. The promoted carbon 

sorbent comprises a base activated carbon reacted with a promoter selected from the group 

consisting of halides, halogens, and combinations thereof. The promoted carbon sorbent 

comprises a reaction product of the promoter and a carbene site on the base activated carbon to 

form a carbocation accompanied by a halide anion. The promoted carbon sorbent is effective for 

the removal of mercury from a gas stream. 

Srinivasachar fails to describe a promoted carbon sorbent comprising a reaction product 

of a promoter selected from the group consisting of halides, halogens, and combinations thereof, 

and a carbene site on a base activated carbon to form a carbocation accompanied by a halide 

anion according to the presently claimed invention. 

Srinivasachar is directed at the production of a carbonaceous sorbent for the capture of 

elemental mercury. In addition, Srinivasachar is directed at the "treatment of the carbonaceous 

sorbent to enhance the capture of elemental mercury." See Srinivasachar at column 2, line 10-

18. The treatment of the carbonaceous sorbent involves "condensing/adsorbing" a halogen 58 

onto a sorbent 28. See Srinivasachar at column 6, lines 13-22, and figure 1. Because 

Srinivasachar describes "condensing/adsorbing" the halogen onto the sorbent, there is clearly no 

intention by Srinivasachar of reacting the halogen and the sorbent. Furthermore, Srinivasachar 

fails to describe conditions that provide for reacting a promoter and a carbene site on a base 

activated carbon to form a carbocation accompanied by a halide anion according to the presently 

claimed invention. 

Srinivasachar states: 

"the sorbent particles 28 are sent along a path 38 from the silo 30 to oxidizer unit 

40, where the particles are contacted by an oxidizing agent 42 ( e.g., ozone, 

hydrogen peroxide, hot air, concentrated nitric acid), making the outer surfaces of 

the particles hydrophilic. The treated sorbent may then be fed along a path 44 to 

the separation device 34 or sent along a path 46 to a blender 48 where a solution 

50 is sprayed 52 on the sorbent particles by a sprayer 54 to deposit a halogen on 

the surface of the sorbent particles 28." 

See Srinivasachar at column 5, line 65 through column 6, line 13. Clearly, Srinivasachar 

describes a process where the sorbent particles are treated to render the outer surfaces of the 

particles hydrophilic so that the spray of halogen adsorbs onto the hydrophilic surface of the 

7 
PAC ET AL. EXHIBIT 1022 

 Page 159



particles. The solution 50 described by Srinivasachar at column 6, lines 7-10, can include 

halogen acids dissolved in water. It is submitted that this type of aqueous solution would 

condense and adsorb onto the particles according to Srinivasachar. 

No sufficient reason or explanation has been provided in the outstanding Office Action 

that would suggest that the disclosure by Srinivasachar would result in a reaction of the halogen 

with the sorbent particles. Furthermore, there are several reasons why the sorbent particles and 

halogen acids dissolved in water described by Srinivasachar would not react. Those reasons are 

explained below. 

Srinivasachar clearly describes depositing a halogen on the surface of the sorbent 

particles, and "condensing/adsorbing" the halogen onto the sorbent. Nowhere does 

Srinivasachar mention a reaction between the halogen and the sorbent, and nowhere does 

Srinivasachar recognize an advantage ofreacting a promoter and a carbene site on a base 

activated carbon to form a carbocation accompanied by a halide anion to provide a promoted 

carbon sorbent according to the presently claimed invention. 

The outstanding Office Action makes the following statement about Srinivasachar: 

"The reference does not explicitly state the carbon sorbent and the promoter 

reacting. It would have been obvious to one of ordinary skill in the art at the time 

the invention was made that contacting the activated carbon with the promoter 

would inherently produce the same results as that in the present invention ( e.g. 

cause a reaction between the two)." 

See the outstanding Office Action at page 3, paragraph 5. It is understood that the Examiner's 

position is that a reaction between the halogen and the sorbent is inherent in the disclosure by 

Srinivasachar although the Examiner does not explain why the conditions of Srinivasachar lend 

itself to the existence of a reaction between the halogen and the sorbent. It is submitted that 

there is no reason to believe that the reaction is inherent, and there are several reasons why the 

reaction is not inherent. Srinivasachar teaches that the sorbent particles are treated with an 

oxidizing agent to increase the hydrophilicity of the outer surface of the sorbent particles. 

Oxidizing agents would add oxygen to the exterior surface of the sorbent particles to enhance the 

"condensing/adsorbing" of halogen to the sorbent particles. The conditions described by 

Srinivasachar simply provide for depositing a halogen on the surface of the sorbent particles 

contacted by an oxidizing agent. According to Srinivasachar: 
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"a solution 50 is sprayed 52 on the sorbent particles by a sprayer 54 to deposit a 

halogen on the surface of the sorbent particles 28. The solution 50 is chosen from 

potassium iodide, iodine dissolved in potassium iodide, alkali halides ( e.g., NaCl), 

and halide salts ( e.g., CaCh), or halogen acids ( e.g., HCl, HI, HBr, HF) dissolved 

in water." 

See Srinivasachar at column 6, lines 4-12. Clearly, Srinivasachar does not take steps to 

provide a reaction product resulting from a reaction of a promoter and a carbene site on a base 

activated carbon to form a carbocation accompanied by a halide anion according to the presently 

claimed invention. In fact, Srinivasachar describe spraying the solution of halogen acid 

dissolved in water on to carbon black, and carbon black is not a material that contains a carbene 

site for reaction. The Examiner's attention is directed to Srinivasachar at column 6, lines 23-55. 

At this location of Srinivasachar, carbon black and activated carbon are both mentioned. In the 

case of carbon black, mercury removal performance improved from 20% to 100%. For activated 

carbon, the mercury removal performance improved from 75% to 90%. Clearly, this shows that 

higher performance resulted from the use of carbon black as the sorbent as opposed to activated 

carbon as the sorbent. This means that Srinivasachar has not achieved the benefit of reacting the 

halogen to the carbene site on the activated carbon. Had Srinivasachar achieved a reaction 

between the halogen and the carbene site on the activated carbon, Srinivasachar would have seen 

greater improvement. The Examiner's attention is additionally directed to Srinivasachar at 

column 9, lines 33-52. This portion of Srinivasachar clearly reflects a preference for utilizing 

carbon black rather than activated carbon. One skilled in the art would clearly understand that 

this means that Srinivasachar do not recognize an advantage ofreacting halogens with a carbene 

site on base activated carbon to perform a carbocation accompanied by a halide anion where the 

promoted carbon sorbent is effective for the removal of mercury from a gas stream according to 

the presently claimed invention. 

Based on the discussions of Srinivasachar relating to the use of carbon black and 

activated carbon as the sorbent, one can conclude that Srinivasachar does not achieve a reaction 

between halogen and the carbene site on activated carbon. Because Srinivasachar does not 

recognize an improvement when using activated carbon compared with carbon black, it is clear 

that no reaction is achieved by Srinivasachar between the halogen and the carbene sites on the 

activated carbon. One skilled in the art would appreciate that the reason for this relates to the 
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treatment of the sorbent particles to make the outer surfaces of the sorbent particles hydrophilic, 

and the deposition of halogen acid in water on the sorbent particles. It is submitted that this 

process described by Srinivasachar makes it difficult for there to be a reaction between the 

halogen and a carbene site on activated carbon. 

The above-identified patent application provides at least a couple of techniques for 

controlling the conditions of contact between the promoter and the base activated carbon to 

provide a reaction product. The Examiner's attention is directed to the specification at paragraph 

50 (page 9) which provides that the halogen or halide promoter that is added to, and reacts with, 

the base activated carbon can be molecular halogen in vapor or gaseous form, molecular halogen 

in organic solvent, Group V or Group VI halide, such as PBr3 or SC}z, respectively, in vapor, 

liquid, or solution form (though not in an aqueous solvent). The above-identified patent 

application at paragraph 51 (page 9) describes an exemplary organic solvent. Furthermore, the 

above-identified patent application at paragraph 60 (page 12) refers to the "in-flight" preparation 

of a promoted carbon sorbent where the promoter in vapor or gaseous form is combined with the 

base activated carbon to provide a reaction. The "in-flight" process is further described in the 

above-identified patent application at paragraph 75 (page 16). In addition, the above-identified 

patent application refers to the reaction of the promoter in liquid form or in a solvent (and then 

with solvent removal) with the base activated carbon to provide a reaction at paragraph 60 (page 

12). 

The above-identified patent application describes how to obtain a reaction product of a 

promoter and base activated carbon. In contrast, Srinivasachar fails to indicate any interest in 

obtaining a reaction between a promoter and a sorbent, and fails to describe conditions that 

would achieve a reaction between a promoter and a sorbent to provide a promoted carbon 

sorbent according to the presently claimed invention. Accordingly, a promoted carbon sorbent 

according to the presently claimed invention would not inherently result from Srinivasachar. 

In view of the above comments, the claimed invention is not anticipated by 

Srinivasachar. Accordingly, withdrawal of the rejection over Srinivasachar is requested. 
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4. Rejected claims 25-27, 29-31, and 33 under 35 U.S.C. § 103(a) Srinivasachar. 

The Office Action includes a rejection of claims 25-27, 29-31, and 33 under 35 U.S.C. 

§103(a) over Srinivasachar. This rejection is traversed. 

It is pointed out that claims 25-27, 29-31, and 33 have been cancelled. Nevertheless, the 

claims upon which these claims depend would not have been obvious over Srinivasachar. 

Any rejection under 35 U.S.C. § 103 must clearly and explicitly articulate the reason(s) 

why the claimed invention would have been obvious. MPEP § 2142 (2007). The framework for 

determining obviousness under 35 U.S.C. § 103 requires (1) determination of the scope and 

content of the prior art; (2) assessment of the differences between the claimed invention and the 

prior art; and (3) assessment of the level of ordinary skill in the pertinent art. MPEP § 2141 

(2007) (Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 [1966]). According to MPEP § 

2141, ascertaining the differences between the claimed invention and the prior art requires 

interpreting the claim language. For instance, to establish obviousness, each of the claim 

limitations must be taught or suggested by the prior art. See CFMT, Inc. v. YieldUp Int'/ Corp., 

349 F.3d 1333, 1342 (Fed. Cir. 2003) (citing In re Royka, 490 F.2d 981,985 [CCPA 1974]). 

As discussed above, Srinivasachar fails to describe a promoted carbon sorbent 

comprising a reaction product of a promoter selected from the group consisting of halides, 

halogens, and combinations thereof, and a carbene site on a base activated carbon to form a 

carbocation accompanied by a halide anion according to the presently claimed invention. 

Instead, Srinivasachar describes contacting sorbent particles with an oxidizing agent to make the 

outer surface of the particles hydrophilic, and then condensing/adsorbing a halogen onto the 

sorbent particles. See Srinivasachar at column 5, line 62 through column 6, line 22. 

Srinivasachar fails to describe a reaction between the halogen and the sorbent particles, and fails 

to describe conditions that would result in a reaction between the halogen and the sorbent 

particles. Srinivasachar fails to appreciate a performance advantage from using activated carbon 

(with a carbene site) over carbon black (not containing a carbene site). This shows that 

Srinivasachar does not achieve a reaction between the aqueous halogen and the sorbent. In 

contrast, the above-identified patent application explains how to obtain a reaction product 

between a promoter and a base activated carbon to form a promoted carbon according to the 

presently claimed invention. 

One skilled in the art would not have received a suggestion from Srinivasachar to alter 
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the conditions of "condensing/adsorbing" a halogen onto sorbent particles to achieve a reaction 

and a promoted carbon sorbent according to the presently claimed invention. 

In view of the above comments, the claimed invention would not have been obvious from 

Srinivasachar, and withdrawal of this rejection is requested. 

5. Rejected claim 2 under 35 U.S.C. § 103(a) over Srinivasachar and Reiss 

The Office Action includes a rejection of claim 2 under 35 U.S.C. § 103(a) over 

Srinivasachar and Reiss. This rejection is traversed. 

As discussed above, Srinivasachar fails to describe a promoted carbon sorbent 

comprising a reaction product of a promoter selected from the group consisting of halides, 

halogens, and combinations thereof, and a carbene site on a base activated carbon to form a 

carbocation accompanied by a halide anion according to the presently claimed invention. 

Instead, Srinivasachar describes contacting sorbent particles with an oxidizing agent to make the 

outer surface of the particles hydrophilic, and then condensing/adsorbing a halogen onto the 

sorbent particles. See Srinivasachar at column 5, line 62 through column 6, line 22. 

Srinivasachar fails to describe a reaction between the halogen and the sorbent particles, and fails 

to describe conditions that would result in a reaction between the halogen and the sorbent 

particles. Srinivasachar fails to appreciate a performance advantage from using activated carbon 

(with a carbene site) over carbon black (not containing a carbene site). This shows that 

Srinivasachar does not achieve a reaction between the aqueous halogen and the sorbent. In 

contrast, the above-identified patent application explains how to obtain a reaction product 

between a promoter and a base activated carbon to form a promoted carbon according to the 

presently claimed invention. 

One skilled in the art would not have received a suggestion from Srinivasachar to alter 

the conditions of "condensing/adsorbing" a halogen onto sorbent particles, to achieve a reaction 

and a promoted carbon sorbent according to the presently claimed invention. 

Reiss is relied upon in the outstanding Office Action for the disclosure of activated 

carbon having an average particle size greater than 40 µm. See the outstanding Office Action at 

page 9, and Reiss at column 4, lines 59-65. It is submitted that Reiss, however, fails to suggest 

forming a promoted carbon sorbent according to the presently claimed invention. Furthermore, 

one having ordinary skill in the art would not have received a suggestion from Reiss to modify 
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the conditions described by Srinivasachar to achieve a reaction product between the halogen and 

the sorbent particles described by Srinivasachar. 

In view of the above comments, the claimed invention would not have been obvious from 

Srinivasachar and Reiss, and withdrawal of this rejection is requested. 

6. Rejected claims 3-6 under 35 U.S.C. § 103(a) over Srinivasachar, Reiss, and Moller 

The Office Action includes a rejection of claims 3-6 under 35 U.S.C. § 103(a) over 

Srinivasachar, Reiss, and Moller. This rejection is traversed. 

As discussed above, Srinivasachar fails to describe a promoted carbon sorbent 

comprising a reaction product of a promoter selected from the group consisting of halides, 

halogens, and combinations thereof, and a carbene site on a base activated carbon to form a 

carbocation accompanied by a halide anion according to the presently claimed invention. 

Instead, Srinivasachar describes contacting sorbent particles with an oxidizing agent to make the 

outer surface of the particles hydrophilic, and then condensing/adsorbing a halogen onto the 

sorbent particles. See Srinivasachar at column 5, line 62 through column 6, line 22. 

Srinivasachar fails to describe a reaction between the halogen and the sorbent particles, and fails 

to describe conditions that would result in a reaction between the halogen and the sorbent 

particles. Srinivasachar fails to appreciate a performance advantage from using activated carbon 

(with a carbene site) over carbon black (not containing a carbene site). This shows that 

Srinivasachar does not achieve a reaction between the aqueous halogen and the sorbent. In 

contrast, the above-identified patent application explains how to obtain a reaction product 

between a promoter and a base activated carbon to form a promoted carbon according to the 

presently claimed invention. 

One skilled in the art would not have received a suggestion from Srinivasachar to alter 

the conditions of "condensing/adsorbing" a halogen onto sorbent particles, to achieve a reaction 

and a promoted carbon sorbent according to the presently claimed invention. 

Reiss is relied upon in the outstanding Office Action for the disclosure of activated 

carbon having an average particle size greater than 40 µm. See the outstanding Office Action at 

page 9, and Reiss at column 4, lines 59-65. It is submitted that Reiss, however, fails to suggest 

forming a promoted carbon sorbent according to the presently claimed invention. Furthermore, 

one having ordinary skill in the art would not have received a suggestion from Reiss to modify 

13 
PAC ET AL. EXHIBIT 1022 

 Page 165



the conditions described by Srinivasachar to achieve a reaction product between the halogen and 

the sorbent particles described by Srinivasachar. 

Moller is relied upon for the disclosure of activated carbon in a fixed bed. See the 

outstanding Office Action at page 10, and Moller at column 4, lines 39-45. Moller is 

additionally relied upon for the disclosure of alkaline components. See the outstanding Office 

Action at page 11, and Moller at column 7, lines 43-56. This disclosure by Moller, however, is 

not a suggestion to modify Srinivasachar to alter the condition of "condensing/adsorbing" a 

halogen onto sorbent particles, to achieve a reaction and a promoted carbon sorbent according to 

the presently claimed invention. 

In view of the above comments, the claimed invention would have been obvious over 

Srinivasachar, Reiss, and Moller, and withdrawal of the rejection is requested. 

7. Rejected claims 7 and 8 under 35 U.S.C. § 103(a) over Srinivasachar, Reiss, and Broderick 

The Office Action includes a rejection of claims 7 and 8 under 35 U.S.C. § 103(a) over 

Srinivasachar, Reiss, and Broderick. This rejection is traversed. 

As discussed above, Srinivasachar fails to describe a promoted carbon sorbent 

comprising a reaction product of a promoter selected from the group consisting of halides, 

halogens, and combinations thereof, and a carbene site on a base activated carbon to form a 

carbocation accompanied by a halide anion according to the presently claimed invention. 

Instead, Srinivasachar describes contacting sorbent particles with an oxidizing agent to make the 

outer surface of the particles hydrophilic, and then condensing/adsorbing a halogen onto the 

sorbent particles. See Srinivasachar at column 5, line 62 through column 6, line 22. 

Srinivasachar fails to describe a reaction between the halogen and the sorbent particles, and fails 

to describe conditions that would result in a reaction between the halogen and the sorbent 

particles. Srinivasachar fails to appreciate a performance advantage from using activated carbon 

(with a carbene site) over carbon black (not containing a carbene site). This shows that 

Srinivasachar does not achieve a reaction between the aqueous halogen and the sorbent. In 

contrast, the above-identified patent application explains how to obtain a reaction product 

between a promoter and a base activated carbon to form a promoted carbon according to the 

presently claimed invention. 

One skilled in the art would not have received a suggestion from Srinivasachar to alter 
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the conditions of "condensing/adsorbing" a halogen onto sorbent particles, to achieve a reaction 

and a promoted carbon sorbent according to the presently claimed invention. 

Reiss is relied upon in the outstanding Office Action for the disclosure of activated 

carbon having an average particle size greater than 40 µm. See the outstanding Office Action at 

page 9, and Reiss at column 4, lines 59-65. It is submitted that Reiss, however, fails to suggest 

forming a promoted carbon sorbent according to the presently claimed invention. Furthermore, 

one having ordinary skill in the art would not have received a suggestion from Reiss to modify 

the conditions described by Srinivasachar to achieve a reaction product between the halogen and 

the sorbent particles described by Srinivasachar. 

Broderick is relied upon for the disclosure of a mercury-stabilizing reagent. See the 

outstanding Office action at page 12. Broderick describes several reagents for reacting with 

vapor phase mercury at column 4, lines 55-65. It is submitted that the disclosure by Broderick 

would not have led one having ordinary skill in the art to modify Srinivasachar to alter the 

conditions of "condensing/adsorbing" a halogen onto sorbent particles, to achieve a reaction and 

a promoted carbon sorbent according to the presently claimed invention. 

In view of the above comments, the claimed invention would have been obvious over 

Srinivasachar, Reiss, and Broderick, and withdrawal of the rejection is requested. 

8. Rejected claim 9 under 35 U.S.C. § 103(a) over Srinivasachar, Reiss, Broderick, and Moller 

The Office Action includes a rejection of claim 9 under 35 U.S.C. § 103(a) over 

Srinivasachar, Reiss, Broderick, and Moller. In view of the cancellation of claim 9, it is 

submitted that this rejection has been rendered moot. Accordingly, withdrawal of this rejection 

is requested. 

9. Rejected claims 10-16 under 35 U.S.C. § 103(a) over Srinivasachar, Reiss, and Moller 

The Office Action includes a rejection of claims 10-16 under 35 U.S.C. § 103(a) over 

Srinivasachar, Reiss, and Moller. This rejection is traversed. 

As discussed above, Srinivasachar fails to describe a promoted carbon sorbent 

comprising a reaction product of a promoter selected from the group consisting of halides, 

halogens, and combinations thereof, and a carbene site on a base activated carbon to form a 

carbocation accompanied by a halide anion according to the presently claimed invention. 
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Instead, Srinivasachar describes contacting sorbent particles with an oxidizing agent to make the 

outer surface of the particles hydrophilic, and then condensing/adsorbing a halogen onto the 

sorbent particles. See Srinivasachar at column 5, line 62 through column 6, line 22. 

Srinivasachar fails to describe a reaction between the halogen and the sorbent particles, and fails 

to describe conditions that would result in a reaction between the halogen and the sorbent 

particles. Srinivasachar fails to appreciate a performance advantage from using activated carbon 

(with a carbene site) over carbon black (not containing a carbene site). This shows that 

Srinivasachar does not achieve a reaction between the aqueous halogen and the sorbent. In 

contrast, the above-identified patent application explains how to obtain a reaction product 

between a promoter and a base activated carbon to form a promoted carbon according to the 

presently claimed invention. 

One skilled in the art would not have received a suggestion from Srinivasachar to alter 

the conditions of "condensing/adsorbing" a halogen onto sorbent particles, to achieve a reaction 

and a promoted carbon sorbent according to the presently claimed invention. 

Reiss is relied upon in the outstanding Office Action for the disclosure of activated 

carbon having an average particle size greater than 40 µm. See the outstanding Office Action at 

page 9, and Reiss at column 4, lines 59-65. It is submitted that Reiss, however, fails to suggest 

forming a promoted carbon sorbent according to the presently claimed invention. Furthermore, 

one having ordinary skill in the art would not have received a suggestion from Reiss to modify 

the conditions described by Srinivasachar to achieve a reaction product between the halogen and 

the sorbent particles described by Srinivasachar. 

Moller is relied upon for the disclosure of activated carbon in a fixed bed. See the 

outstanding Office Action at page 10, and Moller at column 4, lines 39-45. This disclosure by 

Moller, however, is not a suggestion to modify Srinivasachar to alter the condition of 

"condensing/adsorbing" a halogen onto sorbent particles, to achieve a reaction and a promoted 

carbon sorbent according to the presently claimed invention. 

In view of the above comments, the claimed invention would have been obvious over 

Srinivasachar, Reiss, and Moller, and withdrawal of the rejection is requested. 
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10. Rejected claim 19 under 35 U.S.C. § 103(a) over Srinivasachar and Reiss 

The Office Action includes a rejection of claim 19 under 35 U.S.C. § 103(a) over 

Srinivasachar and Reiss. In view of the cancellation of claim 19, this rejection has been 

rendered moot. Accordingly, withdrawal of this rejection is requested. 

11. Rejected claims 23 and 24 under 35 U.S.C. § 103(a) over Srinivasachar and Moller 

The Office Action includes a rejection of claims 23 and 24 under 35 U.S.C. § 103(a) over 

Srinivasachar and Moller. In view of the cancellation of claims 23 and 24, this rejection has been 

rendered moot. Accordingly, withdrawal of this rejection is requested. 

12. Rejected claim 28 under 35 U.S.C. § 103(a) over Srinivasachar and Moller 

The Office Action includes a rejection of claim 28 under 35 U.S.C. § 103(a) over 

Srinivasachar and Moller. In view of the cancellation of claim 28, this rejection has been 

rendered moot. Accordingly, withdrawal of this rejection is requested. 

13. Rejected claim 32 under 35 U.S.C. § 103(a) over Srinivasachar and Moller 

The Office Action includes a rejection of claim 32 under 35 U.S.C. § 103(a) over 

Srinivasachar and Moller. In view of the cancellation of claim 32, this rejection has been 

rendered moot. Accordingly, withdrawal of this rejection is requested. 

Conclusion 

Applicants respectfully request reconsideration, allowance of the pending claims, and a 

timely Notice of Allowance be issued in this case. In addition, Applicants believe that this is a 

full and complete response to each rejection, objection, and requirement. If any item has been 

overlooked, Applicants respectfully request the opportunity to supplement this response. If the 

Examiner feels that a telephone conference would expedite the resolution of this case, the 

Examiner is respectfully requested to contact the undersigned. 

In the course of the foregoing discussions, Applicants may have, at times, referred to 

claim limitations in shorthand fashion or may have focused on a particular claim element. This 

discussion should not be interpreted to mean that the other limitations can be ignored or 

dismissed. The claims must be viewed as a whole, and each limitation of the claims must be 
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considered when determining the patentability of the claims. Moreover, it should be understood 

that there may be other distinctions between the claims and the prior art that have yet to be 

raised, but which may be raised in the future. 

Should any fees have been inadvertently omitted, or if any additional fees are required, or 

if any fees have been overpaid, please appropriately charge or credit those fees to Deposit 

Account No. 13-2725, and consider this paper a petition for any necessary extension of time. 

23552 
PATENT TRADEMARK OFFICE 

Dated: October lb._, 2009 

Respectfully submitted, 

MERCHANT & GOULD P.C. 
P.O. Box 2903 
Minneapolis, Minnesota 55402-0903 
(612) 332-5300 
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Office Action Summary 

Application No. 

12/201,595 

Examiner 

AMBER ORLANDO 

Applicant(s) 

OLSON ET AL. 

Art Unit 

1797 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 
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- 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 )IZI Responsive to communication(s) filed on 29 August 2008. 

2a)D This action is FINAL. 2b)[8J This action is non-final. 

3)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 

4)[8J Claim(s) 1-33 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-33 is/are rejected. 

7)[8J Claim(s) 21 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)[8J The drawing(s) filed on 29 August 2008 is/are: a)IZ! accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

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). 

a)D All b)D Some* c)D None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 
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2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) 
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DETAILED ACTION 

Claim Objections 

1. Claim 21 is objected to under 37 CFR 1.75(c), as being of improper dependent 

form for failing to further limit the subject matter of a previous claim. Applicant is 

required to cancel the claim(s), or amend the claim(s) to place the claim(s) in proper 

dependent form, or rewrite the claim(s) in independent form. The monitoring of the 

mercury content within the gas stream has nothing to do with the method of preparing a 

promoted carbon sorbent. 

Claim Rejections - 35 USC § 112 

1. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 4 and 24 are rejected under 35 U.S.C. 112, second paragraph, as being 

indefinite for failing to particularly point out and distinctly claim the subject matter which 

applicant regards as the invention. 

2. Claims 4 and 24 recite the limitation "the structure" in line 1 (of both). There is 

insufficient antecedent basis for this limitation in the claim. 

Claim Rejections - 35 USC§ 102 

3. The following is a quotation of the appropriate paragraphs of 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 -

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 
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4. Claims 1, 17, 18 and 20-22 are rejected under 35 U.S.C. 102(a) as being 

anticipated by Srinivasachar et al. US 6,848,374. 

5. For claim 1, the Srinivasachar et al. reference discloses a promoted carbon 

sorbent comprising a base activated carbon that has been treated with a promoter 

selected from the group consisting of halides, halogens, and combinations thereof 

stream (column 6, lines 2-20). The reference does not explicitly state the carbon sorbent 

and the promoter reacting. It would have been obvious to one having ordinary skill in the 

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

promoter would inherently produce the same results as that in the present invention 

(e.g. cause a reaction between the two). The sorbent being effective for the removal of 

mercury from a gas stream located downstream of a boiler, said removal of mercury 

yielding a cleaned gas stream, and wherein the composition of the promoted carbon 

sorbent is controlled by the mercury content of the cleaned gas stream is the method of 

using the promoted carbon. The product disclosed by the Srinivasachar et al. reference 

would be able to be effective for the removal of mercury from a gas stream located 

downstream of a boiler, said removal of mercury yielding a cleaned gas stream, and 

wherein the composition of the promoted carbon sorbent is controlled by the mercury 

content of the cleaned gas stream is the method of using the promoted carbon. 

Therefore the method of using the product does not further limit the claim. 

6. For claim 17, the Srinivasachar reference discloses a method of preparing a 

promoted carbon sorbent comprising providing an activated carbon; and forming a 
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product by contacting 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 (column 6, lines 2-20). The reference 

does not explicitly state the carbon sorbent and the promoter reacting. It would have 

been obvious to one having ordinary skill in the art at the time the invention was made 

that contacting the activated carbon with the promoter would inherently produce the 

same results as that in the present invention (e.g. cause a reaction between the two). 

The sorbent being effective for the removal of mercury from a gas stream located 

downstream of a boiler, said removal of mercury yielding a cleaned gas stream, and 

wherein the composition of the promoted carbon sorbent is controlled by the mercury 

content of the cleaned gas stream is the method of using the promoted carbon. The 

product disclosed by the Srinivasachar et al. reference would be able to be effective for 

the removal of mercury from a gas stream located downstream of a boiler, said removal 

of mercury yielding a cleaned gas stream, and wherein the composition of the promoted 

carbon sorbent is controlled by the mercury content of the cleaned gas stream is the 

method of using the promoted carbon. Therefore the method of using the product does 

not further limit the claim. The promoted carbon sorbent being effective for removal of 

mercury from a gas stream downstream of a boiler, thus yielding a cleaned gas stream 

and wherein the composition of the sorbent is adjusted based upon the mercury content 

of the cleaned gas stream. 

For claim 18, the claim does not point out a specific aspect of the method of 

preparing the promoted carbon. The claim merely states that the carbon particle has a 
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size (which all particles do). The claim goes on to state how the carbon promoter would 

be removed from a gas stream, which is the method of using the promoted carbon. The 

promoted carbon of the Srinivasachar reference would be able to be separated by 

physical means from the gas stream, and the method of using the promoted carbon 

does not further limit the claim. 

For claim 20, the Srinivasachar et al. reference discloses preparing the sorbent 

in-flight by reacting the activated carbon and the promoter (column 2, lines 2-20). The 

reference does not explicitly state an optional secondary component. It would have 

been obvious to one having ordinary skill in the art at the time the invention was made 

to have included an additional (e.g. secondary) component comprising a halogen 

because the reference already established that the mercury capacity is enhanced by 

adding a halogen (column 6, lines 32-39) and therefore one could assume that by 

adding another component of the same composition would further promote the removal 

of mercury from the gas stream. The examiner notes that this claim recites that the 

secondary component is "optional" and therefore does not further limit the claim 

because the secondary component is not necessarily included. 

For claim 21, the claim merely states the method of monitoring the mercury 

content within the gas stream. There is nothing with in this claim pertaining to the 

promoted carbon, and therefore does not further limit the claim. 

For claim 22, the Srinivasachar et al. reference discloses the promoted carbon 

sorbent prepared by the method of claim 21 as discloses above. 

7. 
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The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

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

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art 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. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

Claims 25-27, 29-31 and 33 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Srinivasachar et al. US 6,848,374. 
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For claim 25, the Srinivasachar et al. does not disclose the ratio of activated 

carbon to the promoter, and is chosen for optimization economic removal of mercury 

from the gas stream. 

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

invention was made to include the ratio of activated carbon to the promoter, and is 

chosen for optimization economic removal of mercury from the gas stream, since it has 

been held that discovering an optimum value of a result effective variable involves only 

routine skill in the art. In re Boesch, 617 F.2d 272,205 USPQ 215 (CCPA 1980). 

For claim 26, the Srinivasachar et al. reference does not explicitly state the 

reaction product comprises from about 1 to about 30 grams promoter per 100 grams 

activated carbon. 

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

invention was made to include the reaction product comprises from about 1 to about 30 

grams promoter per 100 grams activated carbon, since it has been held that where the 

general conditions of a claim are disclosed in the prior art, discovering the optimum or 

workable ranges involves only routine skill in the art. In re Aller, 105 USPQ 233. 

For claim 27, the Srinivasachar et al. reference does not disclose the 

promoter is in an organic solvent when contacting the activated carbon. The reference 

does disclose putting the promoter into a solvent in order to be able to vaporize the 

promoter (column 6, lines 2-20). It would have been obvious to one having ordinary skill 

in the art at the time the invention was made to have modified the reference to include 
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finding any type of solvent (including organic) to dissolve the promoter because this 

allows the promoter to be vaporized and have better contact with the activated carbon. 

For claim 29, the Srinivasachar et al. reference discloses the promoter is in the 

gas phase when contacting the activated carbon (column 6, lines 2-20). 

For claim 30, the Srinivasachar et al. reference discloses the promoter is 

selected from the group consisting of Br2, HBr, and combinations thereof (column 6, 

lines 9-10). 

For claim 31, the Srinivasachar et al. discloses reacting the activated carbon with 

an optional secondary component comprising a halogen or a hydrohalide such that the 

reactivity and mercury capacity of the sorbent are enhanced (column 6, lines 2-20). The 

reference does not explicitly state the component being the secondary component. It 

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

was made to have included and additional (e.g. secondary) component comprising a 

halogen because the reference already established that the mercury capacity is 

enhanced by adding a halogen (column 6, lines 2-20) and therefore one could assume 

that by adding another component of the same composition would further promote the 

removal of mercury from the gas stream. The examiner notes that this claim recites that 

the secondary component is "optional" and therefore does not further limit the claim 

because the secondary component is not necessarily included. 

For claim 33 the Srinivasachar reference discloses combining the promoter and 

the activated carbon (column 6, lines 2-20). The reference does not disclose injecting 

the optional secondary component and the promoter simultaneously. The promoters are 
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essentially the same so therefore it would be obvious to one having ordinary skill in the 

art at the time the invention was made to have modified the Srinivasachar reference to 

include disclose injecting the optional secondary component and the promoter 

simultaneously because this will cut down on production costs. 

Claim 2 is rejected under 35 U .S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374 as applied in claim 1 above, and further in view of 

Reiss 5,575,982. 

For claim 2, the Srinivasachar et al. reference discloses the base activated 

carbon is selected from the group consisting of powdered activated carbon, granular 

activated carbon, carbon black, carbon fiber, aerogel carbon, pyrolysis char, activated 

carbon (column 1, lines 37-45 and column 5, lines 20-29) and the promoter is selected 

from the group consisting of molecular halogens, Group V halides, Group VI halides, 

hydrohalides, and combinations thereof (column 6, lines 2-20). The reference does not 

disclose an average particle size greater than 40 micrometers 

The Reiss reference discloses the activated carbon has an average particle size 

greater than 40 µm (Reiss, column 4, lines 59-65). 

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

invention was made to have modified the Srinivasachar reference to include the 

activated carbon has an average particle size greater than 40 µm (Reiss column 4, lines 

59-65) because these particle diameters of the activated carbon can be effectively 

introduced into the exhaust gas stream and cause optimum adsorption. 
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Claims 3-6 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374 and Reiss 5,575,982 as applied in claim 2 above, and 

further in view of Moller et al. US 4,889,698. 

For claims 3 and 4, the Srinivasachar et al. reference does not disclose the 

sorbent comprises an activated carbon matrix in a fixed or a moving bed structure and 

the structure is selected from the group consisting of moving fiber screens and 

monoliths. 

The Moller et al. reference discloses using the sorbent comprises an activated 

carbon matrix in a fixed or a moving bed structure (column 4, lines 39-45). The 

reference does not explicitly state the structure is selected from the group consisting of 

moving fiber screens and monoliths. Merely choosing different types of fixed bed 

structures would be obvious to one having ordinary skill in the art. 

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

invention was made to have modified the Srinivasachar et al. reference to include the 

sorbent comprises an activated carbon matrix in a fixed or a moving bed structure and 

the structure is selected from the group consisting of moving fiber screens and 

monoliths (Moller et al. column 4, lines 39-45) because this allows the contaminated gas 

to reach as much of the activated carbon as possible. 

For claim 5, the Srinivasachar et al. reference does not disclose an optional 

alkaline component selected from the group consisting of alkali elements, alkaline earth 

elements, alkali salts, alkaline earth salts, and combinations thereof. The examiner 

notes that this claim recites that the alkaline component is "optional" and therefore does 
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not further limit the claim because the alkaline component is not necessarily included. 

Furthermore the claim does not state how the alkaline substance is included within the 

promoted carbon sorbent (e.g. is it reacting/bonding/coating). If it is not 

reacting/bonding/coating, then it is not part of the promoted carbon sorbent and does 

not further limit the claim. 

The Moller et al. reference discloses an optional alkaline component selected 

from the group consisting of alkali elements, alkaline earth elements, alkali salts, 

alkaline earth salts, and combinations thereof (column 7, lines 43-56). 

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

invention was made to have modified the Srinivasachar et al. reference to include an 

optional alkaline component selected from the group consisting of alkali elements, 

alkaline earth elements, alkali salts, alkaline earth salts, and combinations thereof 

(Moller et al. column 7, lines 43-56) because this promotes the removal of mercury from 

the gas. 

For claim 6, neither the Srinivasachar et al. nor the Moller et al. references 

discloses the ratio of base activated carbon, the promoter, and the optional alkaline 

component is chosen for optimum economic removal of mercury from the gas stream. 

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

invention was made to include the ratio of base activated carbon, the promoter, and the 

optional alkaline component is chosen for optimum economic removal of mercury from 

the gas stream, since it has been held that discovering an optimum value of a result 
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effective variable involves only routine skill in the art. In re Boesch, 617 F.2d 272, 205 

USPQ 215 (CCPA 1980). 

Claims 7 and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374 and Reiss 5,575,982 as applied in claim 2 above, and 

further in view of Broderick US 6,942,840. 

For claim 7, the Srinivasachar et al. reference does not disclose a mercury­

stabilizing reagent selected from the group consisting of S, Se, H2S, SO2, H2Se, SeO2, 

CS2, P2Ss, and combinations thereof. 

The Broderick reference discloses disclose a mercury-stabilizing reagent 

selected from the group consisting of S, Se, H2S, SO2, H2Se, SeO2, CS2, P2Ss, and 

combinations thereof (column 4, lines 12-25). 

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

invention was made to have modified the Srinivasachar et al. reference to include 

disclose a mercury-stabilizing reagent selected from the group consisting of S, Se, H2S, 

SO2, H2Se, SeO2, CS2, P2Ss, and combinations thereof (Broderick column 4, lines 12-

25) because this allows the mercury to vented to the atmosphere without additional 

treatment. 

For claim 8 the Srinivasachar et al. reference discloses the promoter is selected 

from the group consisting of Br2, HBr, and combinations thereof (column 6, lines 9-10). 

Claim 9 is rejected under 35 U .S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374, Reiss 5,575,982 and Broderick US 6,942,840 as 

applied in claim 7 above, and further in view of Moller et al. US 4,889,698. 
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For claims 9, the Srinivasachar et al. reference discloses the promoter is 

selected from the group consisting of Br2, HBr, and combinations thereof (column 6, 

lines 9-10). The reference does not disclose an optional alkaline component comprising 

an alkaline or an alkaline earth element. The examiner notes that this claim recites that 

the alkaline component is "optional" and therefore does not further limit the claim 

because the alkaline component is not necessarily included. Furthermore the claim 

does not state how the alkaline substance is included within the promoted carbon 

sorbent (e.g. is it reacting/bonding/coating). If it is not reacting/bonding/coating, then it is 

not part of the promoted carbon sorbent and does not further limit the claim. 

The Moller et al. reference discloses an optional alkaline component selected 

from the group consisting of alkali elements, alkaline earth elements, alkali salts, 

alkaline earth salts, and combinations thereof (column 7, lines 43-56). 

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

invention was made to have modified the Srinivasachar et al. reference to include an 

optional alkaline component selected from the group consisting of alkali elements, 

alkaline earth elements, alkali salts, alkaline earth salts, and combinations thereof 

(Moller et al. column 7, lines 43-56) because this promotes the removal of mercury from 

the gas. 

Claims 10-16 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374 and Reiss 5,575,982 as applied in claim 2 above, and 

further in view of Moller et al. US 4,889,698. 
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For claims 10 and 12-14, the Srinivasachar et al. discloses an optional 

component comprising a halogen or a hydrohalide such that the reactivity and mercury 

capacity of the sorbent are enhanced, the optional component is selected from the 

group consisting of Group V halides, Group VI halides, HI, HBr, HCI, and combinations 

thereof, and the promoter is substantially in vapor form when combined with teh base 

activated carbon (column 6, lines 2-20). The reference does not explicitly state the 

component being the secondary component. It would have been obvious to one having 

ordinary skill in the art at the time the invention was made to have included an additional 

(e.g. secondary) component comprising a halogen because the reference already 

established that the mercury capacity is enhanced by adding a halogen (column 6, lines 

32-39) and therefore one could assume that by adding another component of the same 

composition would further promote the removal of mercury from the gas stream. The 

examiner notes that this claim recites that the secondary component is "optional" and 

therefore does not further limit the claim because the secondary component is not 

necessarily included. Furthermore the claim does not state how the secondary 

component is included within the promoted carbon sorbent (e.g. is it 

reacting/bonding/coating). If it is not reacting/bonding/coating, then it is not part of the 

promoted carbon sorbent and does not further limit the claim. 

The Moller et al. reference discloses an optional alkaline component selected 

from the group consisting of alkali elements, alkaline earth elements, alkali salts, 

alkaline earth salts, and combinations thereof (column 7, lines 43-56). 
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It would have been obvious to one having ordinary skill in the art at the time the 

invention was made to have modified the Srinivasachar et al. reference to include an 

optional alkaline component selected from the group consisting of alkali elements, 

alkaline earth elements, alkali salts, alkaline earth salts, and combinations thereof 

(Moller et al. column 7, lines 43-56) because this promotes the removal of mercury from 

the gas. 

For claim 11, the Srinivasachar et al. reference does not explicitly state the 

concentration of the optional secondary component on the finished sorbent is within the 

range of from about 1 wt% to about 15 wt% of the concentration of the promoter on the 

finished sorbent. 

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

invention was made to include the concentration of the optional secondary component 

on the finished sorbent is within the range of from about 1 wt% to about 15 wt% of the 

concentration of the promoter on the finished sorbent, since it has been held that where 

the general conditions of a claim are disclosed in the prior art, discovering the optimum 

or workable ranges involves only routine skill in the art. In re Aller, 105 USPQ 233. 

For claim 15, the Srinivasachar et al. reference does not disclose the 

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

carbon. The reference does disclose putting the promoter into a solvent in order to be 

able to vaporize the promoter (column 6, lines 2-20). It would have been obvious to one 

having ordinary skill in the art at the time the invention was made to have modified the 

reference to include finding any type of solvent (including organic) to dissolve the 

PAC ET AL. EXHIBIT 1022 
 Page 188



Application/Control Number: 
12/201,595 
Art Unit: 1797 

Page 16 

promoter because this allows the promoter to be vaporized and have better contact with 

the activated carbon. 

For claim 16 the Srinivasachar reference discloses combining the promoter and 

the activated carbon (column 6, lines 2-20). The reference does not disclose injecting 

the optional secondary component and the promoter simultaneously. The promoters are 

essentially the same so therefore it would be obvious to one having ordinary skill in the 

art at the time the invention was made to have modified the Srinivasachar reference to 

include injecting the optional secondary component and the promoter simultaneously 

because this will cut down on production costs. 

Claims 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374 as applied in claim 18 above, and further in view of 

Reiss 5,575,982. 

For claim 19, the Srinivasachar reference does not disclose the reaction product 

has an average particle size distribution greater than about 40 micrometers. 

The Reiss reference discloses the activated carbon has an average particle size 

greater than 40 µm (Reiss, column 4, lines 59-65). 

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

invention was made to have modified the Srinivasachar reference to include the 

activated carbon has an average particle size greater than 40 µm (Reiss column 4, lines 

59-65) because these particle diameters of the activated carbon can be effectively 

introduced into the exhaust gas stream and cause optimum adsorption. 
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Claims 23 and 24 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Srinivasachar et al. US 6,848,374 as applied in claim 17 above, and further in view 

of Moller et al. US 4,889,698. 

For claims 23 and 24, the Srinivasachar et al. reference does not disclose the 

sorbent comprises an activated carbon matrix in a fixed or a moving bed structure and 

the structure is selected from the group consisting of moving fiber screens and 

monoliths. 

The Moller et al. reference discloses using the sorbent comprises an activated 

carbon matrix in a fixed or a moving bed structure (column 4, lines 39-45). The 

reference does not explicitly state the structure is selected from the group consisting of 

moving fiber screens and monoliths. Merely choosing different types of fixed bed 

structures would be obvious to one having ordinary skill in the art. 

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

invention was made to have modified the Srinivasachar et al. reference to include the 

sorbent comprises an activated carbon matrix in a fixed or a moving bed structure and 

the structure is selected from the group consisting of moving fiber screens and 

monoliths (Moller et al. column 4, lines 39-45) because this allows the contaminated gas 

to reach as much of the activated carbon as possible. 

Claim 28 is rejected under 35 U.S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374 as applied in claim 17 above, and further in view of 

Moller et al. US 4,889,698. 
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For claim 28 the Srinivasachar et al. reference does not disclose providing an 

optional alkaline component to improve the effectiveness of mercury removal. The 

examiner notes that this claim recites that the alkaline component is "optional" and 

therefore does not further limit the claim because the alkaline component is not 

necessarily included. Furthermore the claim does not state how the alkaline substance 

is included within the promoted carbon sorbent (e.g. is it reacting/bonding/coating). If it 

is not reacting/bonding/coating, then it is not part of the promoted carbon sorbent and 

does not further limit the claim. 

The Moller et al. reference discloses providing an optional alkaline component to 

improve the effectiveness of mercury removal (column 7, lines 43-56). 

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

invention was made to have modified the Srinivasachar et al. reference to include 

providing an optional alkaline component to improve the effectiveness of mercury 

removal (Moller et al. column 7, lines 43-56) because this promotes the removal of 

mercury from the gas. 

Claim 32 is rejected under 35 U.S.C. 103(a) as being unpatentable over 

Srinivasachar et al. US 6,848,374 as applied in claim 31 above, and further in view of 

Moller et al. US 4,889,698. 

For claim 32, the Srinivasachar et al. reference does not disclose reacting the 

activated carbon with an optional secondary component comprising a halogen or a 

hydrohalide such that the reactivity and mercury capacity of the sorbent are enhanced. 
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The Moller et al. reference discloses reacting the activated carbon with an 

optional secondary component comprising a halogen or a hydrohalide such that the 

reactivity and mercury capacity of the sorbent are enhanced (column 7, lines 43-56). 

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

invention was made to have modified the Srinivasachar et al. reference to include 

reacting the activated carbon with an optional secondary component comprising a 

halogen or a hydrohalide such that the reactivity and mercury capacity of the sorbent 

are enhanced (Moller et al. column 7, lines 43-56) because this promotes the removal of 

mercury from the gas. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to AMBER ORLANDO whose telephone number is 

(571 )270-3149. The examiner can normally be reached on Mon.-Thurs. (6:30-5:00). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Walter Griffin can be reached on (571) 272-1447. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

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

AO 

/Walter D. Griffin/ 
Supervisory Patent Examiner, Art Unit 1797 
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ABSTRACT OF THE DISCLOSURE APR 211981 
Removal of mercury from mercury vapour-containing gases 

by passing them continuously through a bed of active carbon on 

which a halogen is adsorbed having a thickness of at most 5 cm, 

while maintaining the chlorine content of the active carbon between 

5 and 12% by weight. This is preferably effected by adding to said 

gases chlorine in an amount such that the carbon is caused to 

absorb a quantity thereof which equals the quantity that is con­

sumed during the adsorption of mercury. 
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The present invention relates to a process £or removing 

mercury from mercury vapour-containing gases by contacting these 

gases with activated carbon on which a halogen is adsorbed. 

A process of the type indicated above disclosed, inter 

alia, in United States Patent Specifications Nos. 1,984,164 and 

3,849,267. According to the former patent specification a halogen, 

more particularly iodine, is previously applied to the carbon, 

whereas according to the latter patent specification a gas con­

taining mercury and chlorine is passed over activated carbon, as a 

10 result of which the mercury content of the gas can be reduced to 
3 0.01 mg/m. 

Moreover, in Soviety Chemical Industry 1972 (no. 8) p. 

535-536, and from Tsvet. Metally, 1958 (31) p. 31-37, the use is 

disclosed of carbon loaded with chlorine as adsorbent of mercury-

containing gases. In these publications mention is made of chlorine 

contents of the carbon which do not exceed 4% of the carbon weight. 

For practical purposes the methods described are not attractive in 

that the filter thicknesses required are unacceptably high or the 

residual concentrations of mercury are higher than the ones obtained 

20 with the present invention. 

Applicant has found that the long-term effectiveness of 

these methods is very much dependent on the halogen content of the 

activated carbon and that a process for the continuous removal of 

mercury vapour from large amounts of gas is·only suitable to be 

applied in actual practice if the activated carbon contains chlorine 

in an amount which is between particular critical limits. 

According to the present invention in a process of the 

type indicated heretofore the gas to be freed from mercury vapour 

is continuously passed through a bed of activated carbon having a 

30 maximum thickness of 5 cm, care being taken that during said passage 

the activated carbon has a chlorine content in the range of from 

5 to 12% by weight. 

- l -
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It has been found that the use of a lower chlorine content 

will result in the bed retaining a low percentage of mercury. A 

total absence of chlorine will cause this percentage to be lower 

than 50%: and after a few days it will drop to a few per cent. The 

total amount of mercury which can be retained by the carbon then 

will be well below 0.1% mercury, calculated on the weight of the 

carbon. At a chlorine content which is somewhat lower than the 

minimum amount required the percentage of mercury collected will 

initially be good (over 90% of the mercury present can be collected 

initially). But this percentage will rapidly decrease to below 60% 

and the carbon will be found to be irreversibly clogged. In other 

words the effectiveness of the carbon cannot be restored by a 

chlorinating treatment then and regeneration of the carbon by remov­

ing the mercury collected by it is not very well feasible. At a 

chlorine content above the above-mentioned maximum limit the carbon 

is found to release much chlorine during the process and moreover, 

especially when the air passed through contains a high percentage 

of moisture, the carbon will be attacked, resulting in mechanical 

weakening; it must therefore be sooner replaced than when the 

20 chlorine content is within the above-specified limits. The chlorine 

content can be kept between the afore-mentioned limits in a simple 

manner by adding such an amount of chlorine to the gas that the 

carbon will adsorb therefrom as much chlorine as will be lost from 

it during the adsorption of the mercury. This loss of chlorine 

during the adsorption of the mercury is the result on the one hand 

of desorption and on the other of the formation on the carbon of 

mercury chloride, and is moreover due to reactions between chlorine 

and other constituents of the air, particularly water. It has been 

found. that a stable situation can be reached when the chlorine 

30 content of the gas is such that per atom of mercury 15 to 25 atoms 

of chlorine are present in it. To this continuous feeding of chlor­

ine there may be very special advantages. Such is the case when the 

- 2 -
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gases to be treated already contain some chlorine, which will 

inevitably be present in it in a very low concentratio~ for in­

stance in rooms in which common salt is subjected to hydrolysis. 

Chlorine need then be added only until the desired level has been 
reached. 

It should be noted that according to United States Patent 

Specification 3,849,267 (column 2, lines 1-10) gas containing mer-
, cury and chlorine also is brought into contact with activated carbon. 

In that case, however, the chlorine content is not controlled; for 
10 as minimum concentration of mercury contained in the purified gas 

0.01 mg per m3 is mentioned. This points to the fact that the 

chlorine content of the carbon must have been beyond the limits 

indicated. 

20 

30 

Another particularly attractive way of keeping the chlorine 
content of the activated carbon within the limits indicated consists 

in that the carbon is periodically contacted with a chlorine-

containing gas. In this pe~iodic chlorine make~up it must be 

'ensured that the chlorine content of the activated carbon does not 

temporarily get beyond the limits indicated, in which case the 

above-described disadvantages may be encountered. In actual practice 

it is found that when the chlorine content is made up once a week 
very favourable results can be obtained. For in one week the 

collecting capacity of the carbon for mercury is reduced by as 

little as less than 5 per cent. By subsequently contacting the 

activated carbon with a chlorine-containing gas the original 

collecting capacity is restored. The amount of chlorine the acti-

vated carbon is made to adsorb when it is periodically treated with 

a chlorine-containing gas may for instance be 0.30-0.40% of the 

weight of the carbon. 

It has been found thatuseof the process according to 

the invention may lead to very favourable results with gases having 
3 a mercury content of about 0.01-0.15 mg/m. According to the inven-

- 3 -
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tion, this content may be reduced to 0.001-0.008 mg/m3 , which is a 

level that is quite acceptable under all circumstances and cannot 

be attained with any of the known processes. At higher mercury 

contents of the gas to be purified it is recommended that the air 

should first be subjected to some other mercury-desorbing process, 
for instance by washing with a sodium hypochlorite solution or 

using the method described in United States Patent Specification 
- 3,849,267. 

Further advantages of the present method are that the 
10 desired result can be obtained with very short contacting times in 

the range of 25 to 100 milliseconds and that, depending on the 

initial mercury content and the chosen contacting time, the percen­
tage mercury collected is between 85 and 99%. Owing to the short 
contacting times there is only need to use thin (and hence inexpen-
sive) carbon beds. Excellent results are obtained with a carbon 
bed having a thickness of, for instance, 2 cm. With the process 
according to the invention it is generally possible with 1 kg of 

activated carbon to treat gas at a rate of 50 to 200 m3 per hour. 

In the process according to the invention the effective life of 
20 the carbon is extraordinarily long. At a mercury content of the 

gas of 0.05 mg/m3 and a passage of 100 m3/h per kg of carbon the 
expected effective life obtained according to the present invention 

is over 400 days. 

Should the carbon be loaded with mercury, i.e. mercury 

chloride, to such a degree that its effectiveness will decrease, 

then it can be regenerated in a simple manner for instance by 

washing with an aqueous liquid containing Qhloride ions. In a 

mercury electrolysis apparatus preferably use is made for this 

purpose of process liquids, so that the mercury compounds released 
30 upon regeneration are fed back into the process and no secondary 

contamination takes place during regeneration. After the greater 

part of the mercury present has been removed, the carbon is washed 

- 4 -
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with water to get rid of any clogging salts. After drying and 

loading with chlorine the carbon is ready to beused in a new 

adsorption period. 

Regeneration of the carbon loaded with mercury is possible 

in that the mercury is present on it in the form of mercury chloride 

which is converted into water-soluble complex compound in a chloride­

containing aqueous solution. 

An unduly high moisture content of the gas from which 

mercury is to be removed should be avoided because the effectiveness 

10 of the activated carbon is reduced then and water is collected 

instead of mercury. It is preferred that the relative humidity 

should be kept below 75%. The relative humidity can be controlled 

in such a way that the excess water is isolated by previous cooling 

or the gas is heated to a temperature such that the desired relative 

humidity is obtained. 

In the process according to the invention use may be made 

0£ normal activated carbon .. So there is no need to employ specially 

prepared carbons or other costly sorbents. Preference is given to 

the use of extruded carbon granules having a diameter of about 1.5 

20 '. mm. The process according to the invention may be applied in the 

·removal of mercury from, for instance, hydrogen gas. The process 

is particu1ar1y suitable £or the removal of mercury from air which 

is vented from plant buildings by fans. The mercury content of 

such air is usually low because people who have to work in it must 

not be exposed to high mercury concentrations. The volumes of air 

to be discharged then are therefore generally large. 

The process according to the invention is attractive 

especially in that it provides an inexpensive treatment of very 

large volumes 0£ air having a low mercury content. As a result, 

30 even small environmental pollution by mercury can still be further 

reduced. If the air to be purified is not dust-free; this does not 

present any difficulty because the presence of dust does not have 

- 5 -
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any unfavourable influence on the process. 

As the usual fans generally have a small head, the air to 

be vented by them can be passed only through filters having a low 

resistance. That is why the process according to the invention is 

so. important; for the filters to be used need only have a small 

thickness. 

The present invention is further illustrated by way of 

"the following Examples. 

Example 1 

10 From a room in which sodium chloride is subjected to electrolysis 

by the amalgamation process air is withdrawn at a rate of 10.106 

20 

30 

3 m per hour by means of 25 fans. 

This air contains mercury vapour in an amount 0£ about 0.05 mg/m3 . 

Per fan, this air, which has a relative humidity of 50% at a temp­

erature of 32°C, is passed through a filter bed having a surface 

area of 37 m2 . The air displacement per fan is 40 x 103 m/h. The 

bed is formed by a 1.6 cm thick layer of granules of activated 

carbon 1.5 mm in diameter. The pressure drop across the filters 

is less than 10 mm hydrostatic head. The amount of carbon is 358 

kg per fan. Before use the carbon is contacted with a chlorine-

containing gas unti1 the chlorine content is 7% by weight. The air 

is passed through the filters at a rate of 0.6 m/sec., so that the 

contacting time is 27.10-3 sec. After the air has left the fi1ter, 

its mercury content is less than 0.004 mg/cm3 , so that the effective-

ness of the filter under these conditions is more.than 92%. 

the filter has been in use for a week, its effectiveness has 

decreased to 89%. 

After 

Then air containing 60 mg of chlorine per m3 is passed 

through for 30 minutes and the free chlorine content of the activated 

carbon is restored to 7% by weight. Upon the subsequent passage 

of mercury-containing air the effectiveness of the mercury removal 

is again found to be more than 92%. 
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After one year's operation of the system in the above­

described way the mercury content of the carbon is 4.3% by weight. 

The carbon is then regenerated by washing for 10 hours with a 

concentrated hydrochloric acid solution. Subsequently the hydro-

chloric acid is removed by washing with water, after which the 

carbon is dried by passing air through it. 

When the carbon is dry {drying time about 1 hour), it is 

, loaded with chlorine up to the original level, after which it is 

ready again for further adsorption. In an experiment in which the 

10 chlorine content is made up when the effectiveness of the mercury 

removal is 86%, it can be restored to 92% in the above-described 

20 

way. In an experiment in which the chlorine make-up is not carried 

out until the effectiveness of the mercury removal has decreased to 

84%, it is found that it can no longer be restored to 92% by 

chlorine make-up. The chlorine content has then been reduced by 

adsorption to a level such that the decrease has become irreversible. 

Example 2 

From a room in which sodium chloride is subjected to electrolysis 

by the amalgamation process air is withdrawn in the way described 

in Example l. The air is treated in the manner indicated in Example 

1, except that the carbon is not periodically brought into contact 

with a chlorine-containing gas. In this case the chlorine content 

of the carbon is kept at the desired level by having the fan air 

continuously contain a small amount of chlorine. 

The chlorine content of the air is 0.35 p.p.ro. 

In this way the effectiveness of the mercury removal can 

be kept at 92% forayear, with the mercury content of the purified 

air amounting to less than 0.004 mg/m3 . 

When the chlorine content of the air has been reduced 

30 until the effectiveness is less than 84%, the decrease is found to 

be irreversible. By increasing the chlorine feed rate it can no 

long be restored then to the originally high level. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. In a process for removing mercury from a mercury 
vapour-containing gas by contacting the gas with activated carbon 
on which a halogen is adsorbed, the improvement in which the gas 
to be freed from mercury vapour is continuously passed through a 
bed of activated carbon having a maximum thickness of 5 cm, care 

'being taken that during said passage the activated carbon has a 
chlorine content in the range of from 5 to 12% by weight. 

2. A process according to claim l, in which the chlorine 
content of the activated carbon is kept within said limits by adding 
such an amount of chlorine as is lost from it during the adsorption 
of the mercury. 

3. A process according to claim 2, in which the chlorine 
content of the gas is such that per atom of mercury 15 to 20 atoms 
of chlorine are present. 

4. A process according to claim 1, in which the chlorine 
content of the activated carbon is kept between said limits by 
periodically contacting the carbon with a chlorine-containing gas. 

8 
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ADSORPTION POWDER FOR REMOVING MERCURY FROM HIGH 

TE1VIPERATURE, HIGH MOISTURE GAS STREAMS 

5 BACKGROUND OF THE INVENTION 

The present invention relates generally to removal of pollutants from 

high temperature, high moisture gas streams such as those found in devices designed 

to treat contaminated soil and in hazardous material incinerators. More particularly, 

the invention relates to the capture of mercury and other metals, dioxins, furans and 

10 other organic compounds from high temperature, high moisture gas streams using an 

adsorption powder containing cupric chloride. 

Strict standards exist for particulate and total mercury emissions by 

coal-fired power plants, petroleum refineries, chemical refineries, coal fired furnaces, 

trash burning facilities, incinerators, metallurgical operations, thermal treatment units 

15 and other particulate and mercury emitting facilities. These same restrictions apply to 

mercury vapor, which can enter the atmosphere as a result of low temperature thermal 

desorption (LTTD) treatment of contaminated soils. 

These stringent standards exist in order to protect the environment and 

the community. When mercury-containing gases are released, the gases disperse and 

20 mercury is deposited over a wide area. The dispersed mercury can accumulate in the 

soil or water supplies, where it may be incorporated into the food chain. Mercury 

is extremely harmful to aquatic life and ultimately to the humans who consume 

mercury-contaminated plants and animals. It is necessary, therefore, to have a safe 

and effective method of eliminating mercury from the environment. 

25 The problem of the capture and treatment of mercury vapor, typically 

in the context of coal-fired power plants and waste incinerators, has been previously 

considered. For example, U.S. Patent No. 3,193, 987 discloses passing mercury­

containing vapor over activated carbon impregnated with a metal which forms an 

amalgam with mercury. U.S. Patent No. 4,094,777 discloses passing a mercury-

30 containing vapor over an adsorption mass consisting essentially of a support, sulfided 
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copper and sulfided silver. U.S. Patent No. 3,876,393 discloses passing mercury­

containing vapors over activated carbon that has been impregnated with sulfuric acid. 

Selenium has also been used in the removal of mercury from a vapor. U.S. Patent 

No. 3,786,619 discloses passing a mercury-containing gas over a mass containing 

5 as an active component, selenium, selenium sulfide or other selenium compounds. 

Electrostatic precipitators and various filters have traditionally been used for mercury 

removal, although complex apparatus have also been disclosed. (See e.g., U.S. Patent 

Nos. 5,409,522 and 5,607,496.) 

The problem of recapturing mercury from power plant gas streams 

10 is analogous to the need for recapturing mercury from incinerators that treat 

contaminated soils. A process currently in use at soil treatment facilities is known as 

low temperature thermal desorption (LTTD). LTTD is the main process by which 

contaminated soils are treated to remove mercury and other contaminants. In this 

process, contaminated soils are fed into a heating furnace, most commonly a rotary 

15 kiln/drum, where the soil is heated by conduction. The heating volatizes the soil 

components and when a thermal oxidizer is added, the components are oxidized to 

manageable gases, such as CO2, C}z, NOx and SOx, where xis 1-3. 

The hot gas stream is subsequently cooled. The stream may be 

quenched with water, which cools the stream and concurrently increases the moisture 

20 content. Although water quenching is a highly effective cooling method, this treat­

ment increases the difficulty of removing mercury from the gas stream. The gas 

stream is further treated to reduce and remove metals, HCl, NOx and SOx using acid 

scrubbers, carbon beds, condensation units and through the addition of adsorption 

powders. 

25 When adsorption powders are injected into the gas stream, mercury 

and other metals bind to moieties present in the powder, precipitating them from 

the gas stream. The powder-bound mercury is ultimately collected in a bag house 

for appropriate disposal, while the clean gas stream is exhausted to the outside 

atmosphere. The problem with standard LTTD methods is that some metals, such 

30 as mercury, are not removed from the stream at high efficiency and will move with 
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5 

the gas stream, ultimately into the environment. Other methods require the use of 

complex machinery and expensive adsorption beds. LTTD and other methods also 

suffer from the limitation that mercury removal from high moisture gas streams is 

much more difficult than mercury removal from dry streams. 

Available adsorption powders remove organics, metals and other 

contaminants, but they do not effectively remove mercury. For example, one 

available powder (Sorbalite ™) consisting of carbon, calcium hydroxide and sulfur 

removes HCl from a gas stream, but removes only about 55-65% of the mercury. 

Another powder (WUELFRAsorb-C ™) consisting of alcohol saturated lime and 

10 activated carbon is also inefficient at removing mercury. 

Some powders include sulfur or iodine impregnated carbon. At 

temperatures of 75°C or less, sulfur or iodine impregnated carbon based powders 

show a 95% mercury removal efficiency, however, powders formulated with sulfur 

impregnated carbon require a dry or low moisture gas stream to show this level of 

15 removal. 

Finally, the mercury removal efficiency of the powders described 

and other available powders is known to be very temperature dependent, placing 

an additional limitation on powder formulations. 

A pending application describing a process from the same inventors 

20 involved the use of solid fine cupric chloride that is not impregnated on carbon. This 

was found to be more difficult to handle because of the grinding process required to 

pulverize the cupric chloride which is generally provided in rock sizes. The grinding 

process requires a great amount of attention due to the dust production and associated 

heath hazards. Additionally, the powder is very corrosive and results in breakdown of 

25 the machinery used in the process. 

Accordingly, there is a need in the industry for an adsorption 

powder that effectively removes metals and other organic compounds, in general, and 

mercury, in pruticu1ar, from high temperature, high moisture gas streams generated by 

the incineration of contaminated soils, treatment of hazardous materials, combustion 

30 of coal and other mercury liberating sources. The powder must be inexpensive and 
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easy to use. Ideally, such an adsorption powder can be employed at treatment 

facilities already in place and can take advantage of equipment already in position, 

without requiring retooling or reconfiguring existing equipment. 

5 SU1\t1MARY OF THE INVENTION 

There is disclosed an adsorption powder and method for removing 

mercury and other metals and contaminants from a high temperature, high moisture 

gas stream comprising: about 1-97% carbon; about 1-97% calcium hydroxide; about 

1-97% cupric chloride impregnated carbon and about 1-60% KI3 impregnated carbon. 

10 A method for removing mercury and other metals, dioxins, furans and other organic 

compounds from high temperature, high moisture gas streams using the claimed 

powder is also disclosed. 

15 

BRIEF DESCRJPTION OF THE DRAWINGS 

The instant invention will be more fully understood in the following 

detailed description, it being understood, however, that the invention is not confined 

to the precise disclosure. Changes and modifications may be made that do not affect 

the spirit of the invention, nor exceed the scope thereof, as expressed in the appended 

claims. Accordingly, the instant invention will now be described with particular 

20 reference to the accompanying drawings. 

Figure 1 is a schematic diagram illustrating the design of an L TTD 

facility in which the claimed adsorption powder can be used to remove mercury from 

gas streams. 

25 DETAILED DESCRJPTION OF THE INVENTION 

There is disclosed an adsorption powder for removing mercury and 

other metals from a gas stream comprising: 

a) about 1-97% carbon; 

b) about 1-97% calcium hydroxide; 

30 c) about 1-97% cupric chloride impregnated carbon; and 

d) about 1-60% KI3 impregnated carbon. 

-4-
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The powder more particularly comprises about 10-70% carbon, about 

20-80% calcium hydroxide, about 1-50% cupric chloride impregnated carbon and 

about 1-50% Kl3 impregnated carbon. A preferred adsorption powder comprises 

5 about 20-60% carbon, about 30-70% calcium hydroxide, about 1-30% cupric chloride 

impregnated carbon and about -30% KI3 impregnated carbon. 

In a more preferred embodiment, the adsorption powder comprises 

about 25-45% carbon, about 40-60% calcium hydroxide, about 1-15% cupric chloride 

impregnated carbon and about 1-15% KI3 impregnated carbon. The most preferred 

10 embodiment comprises about 40% carbon, about 40% calcium hydroxide, about 10% 

cupric chloride impregnated carbon and about 10% KI3 impregnated carbon. 

The use of the Kl3 impregnated carbon has been found to be optional 

as the powder lacking this component performed equally as well as one containing the 

Kl3 impregnated carbon. 

15 Thus, in another embodiment of the invention, , the adsorption powder 

20 

25 

comprises about 10-70% carbon, about 20-80% calcium hydroxide and about 1-50% 

cupric chloride impregnated carbon. 

There is also disclosed a process for removing mercury from a gas 

stream using the adsorption powder of the invention comprising the steps of: 

a) placing a solid phase mercury-containing contaminated soil feed into a rotary 

kiln/drum; 

b) heating said kiln/drum containing said soil feed to form gaseous and solid 

components of the sample; 

c) transferring the gaseous component of said soil feed to an exhaust cleaning 

unit/afterburner and the solid component of clean soil to a soil cooling unit; 

d) heating the gaseous component of said contaminated soil feed in said exhaust 

cleaning unit/afterburner; 

e) 

30 f) 

cooling the gaseous component of said contaminated soil feed; 

adding the adsorption powder of Claim 1 to the gaseous component; 

g) transferring the powder-containing gaseous component to a baghouse; and 
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h) releasing the substantially mercury-free gaseous component of said sample to 

the atmosphere. 

An adsorption powder for the removal of mercury and other metals, 

5 dioxins, furans and other organic compounds must be efficient under a range of 

conditions. Currently available powders do not function well at high temperatures 

and in high moisture environments, conditions that are favorable to mercury removal. 

High temperatures are necessary for effective removal of contaminants 

from soil. Temperatures of about 1800°F are necessary to volatize organics, metals 

10 and other impurities from the contaminated soil. Mercury that is trapped in 

contaminated soil, however, is most efficiently adsorbed on carbon at about 300-

500°F. The most practical method of cooling a gas stream exiting an 1800°F oven 

is to inject water into the gas stream. Water injection cools the gas stream to a 

temperature favorable to mercury removal, but also increases the moisture content of 

15 the sample, which decreases the efficiency of available mercury adsorption powders. 

The mercury absorbing properties of available powders suffer dramatically in a high 

moisture environment. The adsorption powder of the invention, however, operates 

effectively even in a higher moisture environment. 

Experiments with carbon sources showed that coal carbon was superior 

20 to wood carbon for mercury adsorption. Many available adsorption powders use 

wood carbon as a component, rather than coal carbon. Cupric chloride was observed 

to significantly enhance the adsorption of mercury from a gas stream and is the key to 

the instant invention. Cupric chloride supplies chlorine and activated copper to the 

elemental mercury in the exhaust stream. Elemental mercury reacts with the chlorine 

25 to form mercury chloride and the activated copper to form a stable mercury amalgam. 

Both forms of mercury are easily captured from the exhaust gas stream. KI3 

impregnated carbon was also found to increase mercury adsorption when it was 

included in the powder. 

Figure 1 shows a schematic diagram of the actual process and equip-

30 ment used to carry out the invention. Prescreened contaminated feed soil ready to be 

processed 2 is placed within soil cleaning unit 4. The contaminated soil is heated to 

about 900°F or a temperature that will completely volatize the contaminates from the 

soil and generate a gas stream, as well as a clean/remediated solid soil component. 

Preferably, soil cleaning unit 4 is a rotary kiln. The gas stream is then passed out 
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of soil cleaning unit 4 to dust remover 6, while any solid fraction of the feed soil is 

transferred to clean soil cooling unit 8, where the soil is cooled and prepared for reuse. 

Dust remover 6 is preferably a multi-tube dust collector. 

After dust remover 6 removes any particulate matter from the gas 

5 stream sample, the gas stream is passed into the Exhaust Cleaning Unit 10. The 

Exhaust Cleaning Unit heats the volatilized contaminates to a temperature of about 

1800°F for a minimum of two seconds retention time, which assures complete 

destruction of any remaining organic or other contaminants. From the Exhaust 

Cleaning Unit 10, the gas stream then passes through cooling chamber 12 wherein 

10 a water pump (not shown) injects water into the cooling chamber 12 to lower the 

temperature of the sample to about 360°F. This cooling process consequentially 

increases the moisture content of the sample. 

The high temperature, high moisture gas stream is then contacted to the 

adsorption powder of the invention, which is stored in adsorbent storage silo 14 and 

15 injected into the gas stream. This powder formulation is effective in removing metals, 

particularly mercury, and other contaminants. 

After the gas stream has been contacted to the adsorption powder, 

the powder/gas stream mixture continues on to baghouse 16. The carbon component 

of the adsorption powder collects on the walls of bags and acts as a particulate filter 

20 for the gases leaving the baghouse. Baghouse 16 collects the particulate mercury­

containing fraction of the adsorption powder mixture, which is transported to a 

suitable bulk storage facility 20 and subsequently removed. The gaseous fraction 

is released to the outside atmosphere through vent 18, while the remaining dust 

particulate fraction is handled in a similar manner to the particulate mercury fraction 

25 of the adsorption powder mixture 20. 

EXAMPLEl 

A series of field tests were performed employing a preferred adsorption 

30 powder formulation. Three soil samples containing about 4.2 mg/kg of mercury were 

prepared by screening to 1 inch. The coarse material was discarded, and the remain­

ing soil was fed into a soil cleaning unit and heated to about 900°F. The cleaned soil 

was transferred to a soil cooling unit and prepared for reuse. The exhaust stream was 

sent to a dust remover and the precipitated material was sent to the soil cooling unit. 

35 The exhaust stream was then fed into an exhaust cleaning unit, which was heated to 

-7-

PAC ET AL. EXHIBIT 1022 
 Page 227



CA 02400898 2002-08-22 

WO 01/62368 PCT/US0l/05259 

about 1850°F. The exhaust gas was then cooled to about 360°F by quenching with 

water, and subsequently an adsorption powder comprising 40% coal carbon, 10% KI3 

impregnated carbon, 40% calcium hydroxide and 10% cupric chloride impregnated 

carbon was added. The exhaust stream/adsorption powder mixture was fed into a 

5 baghouse, where the mercury-bound particulate was separated from the mercury-free 

exhaust gas. The particulate material was removed from the baghouse for analysis 

and disposal, while gas analyzers on the exhaust stack recorded mercury emission 

levels. The results of the three, two hour runs are reported in the following table. 

Run 1 Run2 Run3 Average 

LTTD Mercury Input (lbs/hr) 0.193 0.199 0.199 0.197 

Clean Soil Mercury Output (lbs/hr) 0.0020 0.0020 0.0020 0.0020 

Mercury Emission Rate (lbs/hr) 0.0012 0.0006 0.0007 0.0008 

Mercury Removal Efficiency1 99.4% 99.7% 99.6% 99.6% 
10 1 Removal Efficiency(%)= (Mass mput - Stack Output- Clean Soil Output)/(Mass Input - Clean Soil Output) 

The average mercury removal efficiency of 99.6% exceeds the current 

mercury control efficiency specification of 96.5% efficiency, set by NJDEP air permit 

legislation. Mercury emissions were determined by EPA method 29-060. 

15 Although the adsorption powder and method described and claimed 

are presented in the context of mercury removal from a gas stream, it should be 

appreciated that the powder and method are also useful for removing organics, 

metals and other contaminants from a gas stream. 

- 8 -
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WHAT IS CLAIMED IS: 

1. An adsorption powder for removing mercury and other metals, 

dioxins, furans and other organic compounds from a gas stream comprising: 

5 a) about 1-97% carbon; 

10 

b) about 1-97% calcium hydroxide; 

c) about 1-97% cupric chloride; and 

d) about 1-60% Kl3 impregnated carbon. 

2. The adsorption powder of claim 1 wherein the adsorption 

powder comprises about 10-70% carbon, about 20-80% calcium hydroxide, about 

1-50% cupric chloride impregnated carbon and about 1-50% KI3 impregnated carbon. 

3. The adsorption powder of claim 1 wherein the adsorption 

15 powder comprises about 20-60% carbon, about 30-70% calcium hydroxide, about 

1-30% cupric chloride impregnated carbon and about -30% KI3 impregnated carbon. 

4. The adsorption powder of claim 1 wherein the adsorption 

powder comprises about 25-45% carbon, about 40-60% calcium hydroxide, about 

20 1-15% cupric chloride impregnated carbon and about 1-15% KI3 impregnated carbon. 

25 

30 

5. The adsorption powder of claim 1 wherein the adsorption 

powder comprises about 30% carbon, about 50% calcium hydroxide, about 10% 

cupric chloride impregnated carbon and about 10% KI3 impregnated carbon. 

6. The adsorption powder of claim 1 wherein the adsorption 

powder comprises about 10-70% carbon, about 20-80% calcium hydroxide, about 

1-50% cupric chloride impregnated carbon. 

7. The adsorption powder of claim 1 wherein the carbon is coal 

carbon. 
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5 

10 

15 

20 

8. A method for removing mercury and other metals, dioxins, 

furans and other organic compounds from a gas stream using the adsorption powder 

of claim 1 comprising the steps of: 

a) placing a solid phase mercury-containing contaminated soil feed into a rotary 

kiln/drum; 

b) heating said kiln/drum containing said soil feed to form gaseous and solid 

components of the sample; 

c) transfening the gaseous component of said soil feed to an exhaust cleaning 

unit/afterburner and the solid component of clean soil to a soil cooling unit; 

d) heating the gaseous component of said contaminated soil feed in said exhaust 

e) 

f) 

cleaning unit/afterburner; 

. cooling the gaseous component of said contaminated soil feed; 

adding the adsorption powder of Claim 1 to the gaseous component; 

g) transferring the powder-containing gaseous component to a baghouse; and 

h) releasing the substantially mercury-free gaseous component of said sample to 

the atmosphere. 

9. The method of Claim 8 wherein the adsorption powder used in 

step f) comprises about 40% carbon, about 40% calcium hydroxide, about 10% cupric 

chloride impregnated carbon and about 10% KI3 impregnated carbon. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

12/201,595 

23505 

08/29/2008 Edwin S. Olson 2380-00207 
CONFIRMATION NO. 9735 

PUBLICATION NOTICE 
CONLEY ROSE, P.C. 
David A. Rose 
P. 0. BOX 3267 
HOUSTON, TX 77253-3267 

Title:SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY 

Publication No.US-2009-0062119-A 1 
Publication Date:03/05/2009 

11111111111111111 lllll ll]~!l]!~l!~l!~Ul~H!Hll lllll lllll lllll 11111111 

NOTICE OF PUBLICATION OF APPLICATION 

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

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

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth 
in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's Office of 
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382, 
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of 
Public Records, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and the 
dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent 
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and 
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to 
publication, such status information is confidential and may only be obtained by applicant using the private side of 
PAIR. 

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

12/201,595 

23505 

FILING or 
37l(c)DATE 

08/29/2008 

CONLEY ROSE, P.C. 
David A. Rose 
P. 0. BOX 3267 
HOUSTON, TX 77253-3267 

GRPART 

UNIT 

1797 
FIL FEE REC'D 

825 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

2380-00207 33 2 
CONFIRMATION NO. 9735 

UPDATED FILING RECEIPT 

11111111111111111 lllll ll]~!l]!~l!~l!~Ul!IH),ll 11111111111111111111111 

Date Mailed: 11/26/2008 

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

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

Assignment For Published Patent Application 
ENERGY & ENVIRONMENTAL RESEARCH CENTER FOUNDATION, Grand Forks, ND 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a DIV of 11/209,163 08/22/2005 PAT 7,435,286 
which claims benefit of 60/605,640 08/30/2004 

Foreign Applications 

If Required, Foreign Filing License Granted: 09/10/2008 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 12/201,595 

Projected Publication Date: 03/05/2009 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
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Title 

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY 

Preliminary Class 

095 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
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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). 
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8 
UNITED STATES PATENT AND TRADEMARK OrncE 

UJl."l'TIIDS'l'ATFS DF.PA 11.'i'MK'l'T' OF COM!lfllll.GF. 
United States Patent and Trademark Office 
Mdreu:COMMISSIO::-IER !UR PAT.BNTS 

P.tt Bo>: U!O 
--~ Z2lll-HSO ----APPLICATION NUMBER FlLINGOR 371(C)DATE FIRST NAMRO APPUCANT ATI'Y. DOCKET NO.tnll.E 

12'201,595 

23505 

08/29/2008 Edwin S. Olson 2380-00207 
CONFIRMATION NO. 9735 

FORMALITIES LETTER 
CONLEY ROSE, P.C. 
David A. Rose 
P. 0. BOX3267 
HOUSTON, TX 77253-3267 

CR Ref.# 
Action Rec'd: 
Due Date: 
Other: 
Docketed: es Q no 
Check'd by Sec: _______ _ 
Completed: 

Date Mailed: 09/17/2008 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 
FILED UNDER 3'7 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 
An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Appncant is given TWO MONTHS from the date of this Notice within which to file all 
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The oath or declaration is missing. 
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above 
Application Number and Filing Date, is required. 
Note: Jf a petition under 37 CFR 1 .47 is being filed, an oath or declaration in compliance with 37 CFR 1.63 
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest, 
is required. 

The application is informal since it does not comply with the regulations for the reason(s} indicated below. 
The required ltem(s) identified below must be timely submitted to avoid abandonment: 

• Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 (d) are required. The drawings 
submitted are not acceptable because: • 

• The drawings have a line quality that is too light to be reproduced (weight of all lines and letters must 
be heavy enough to permit adequate reproduction) or text that is illegible (reference characters, sheet 
numbers, and view numbers must be plain and legible) see 37 CFR 1.84(1) and (p){1)); See Figure(s) 2, 
4-10. 

• Numbers, letters, and reference characters on the drawings must measure at least 0.32 cm (1/8 inch) in 
height. See Figure(s) 4-10. 

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 

The appncant needs to satisfy supplemental fees problems indicated below. 
The required item(s) identified below must be timely submitted to avoid abandonment: 
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• To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or 
declaration) as set forth in 37 CFR 1.16(f) of $65 for a small entity in compliance with 37 CFR 1.27, must ba 
submitted with the missing items identified in this notice. 

SUMMARY OF FEES DUE: 

Total additional fee(s) required for this application is $65 for a small entity 
• $65 Surcharge. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner tor Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
https://sportal.uspto.gov/authenticate/AuthenucateuserLocalEPF.html 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http:JJwww.uspto.gov/ebc 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/tvo/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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2380-00207 

PTO/SB/OIA (0S-03) 
Approved for use 1brough 06/30/2006. 0MB 06~1 -0032 

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
nd 10 a collection ofinfonnation unless ii di I a valid 0MB con1rol 11umber. 

< DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING 
AN APPLICATION DATA SHEET (37 CFR 1.76) 

Title oflnvention \ SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY 

As below named inventors, we declare that: 

This Declaration is directed to: 

D The attached application, or 

[8J Application No. 12/201 ,595, filed on August 29, 2008. 

□ as amended on (if applicable); 

We believe that we are the original and first inventors of the subject matter which is claimed and for which a patent 
is sought; 

We have reviewed and understand the contents of the above-identified application, including the claims, as amended 
by any amendment specifically referred to above; 

We acknowledge the duty to disclose to the United States Patent and Trademark Office all infonnation known to us 
to be material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material 
infonnation which became available between the filing date of the prior application and the national or PCT 
International filing date ofthe continuation-in-part application. 

All statements made herein of our own knowledge are true, all statements made herein on information and belief are 
believed to be true, and further that these statements were made with the knowledge that willful false statements and 
the like are punishable by fine or imprisonment, or both. un~er 18 U.S.C. 1001, and may jeopardize the validity of 
the application or any patent issuing thereon. 

FULL NAME OF INVENTOR(S) 

Inventor one: Edwin S. Olson Date: I I) ,,. (\-l , 2008 

Si ature: ~~zenof: US 

Inventor two: Date: -=r;-z..r ,2008 

Citizen of: US 

Inventor three: avlis Date: 9/2,( / , 2008 
I 

Citizen of: us 

Date: ______ _.2008 

Si nature: Citizen of: 

Inventor five: Date: ______ _..,, 2008 

Signature: Citizen of: 

D Additional inventors are bein named on additional fonn s) attached hereto. 
Thi< coll<Olian ofinf'o..,atioc, i• n,qu~ by 3S U.S.C. I IS o1l<I CFR 1.63. Tho infannalian il"requirod lo<>blaiu or rctiin • bonafit by lh• publie which i, lo file (...t bylho USl'TO lo-).,. -liution. Confidcntiilily is governed by 3s U.S.C. l22 ond 37 CFR l.14. This lll)!l,oQtion is estimmd w me l mioute to compl01e, inoludins eothuiag, prepwlns. ...i submittins tho oompl$<1 application rmm 10 !he USPTO. Time will wy dcp9llding upon II•• iadivldwil cuo. Any oommatls <m ii,., •mount oflime you rcq,,i,. lo complete U>is form ond'or suggosiians fur ~-3 lhis burden, should b¢ $0ol to the Chloflnl'omi&tlon omr.er, U.S. P11e111 !Ind Trademlfk Office. U.S. Dcparuno.ot ol'Comm=e, P. 0. Boat 145D, Alcxarulril, VA 223 ll• 1450. 00 NOT SlaND FEES OR COMPLETEO FORMS TO THIS ADDRESS. Sl!ND TO: Commluionor for 1'8-._ P. 0. Box MS0, Alox.,.m,, VA 22313-1450. 

ff you need ..,.;r1ance in complttln& ti. ronn. call l-BOO.PT0-9199 and 1cloc! option 2. 
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Electronic Patent Application Fee Transmittal 

Application Number: 12201595 

Filing Date: 29-Aug-2008 

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

First Named Inventor/Applicant Name: Edwin S. Olson 

Filer: Timothy S. Westby/Grace A. Wise 

Attorney Docket Number: 2380-00207 

Filed as Small Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Late filing fee for oath or declaration 2051 1 65 65 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: PAC ET AL. EXHIBIT 1022 
 Page 246



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USD ($) 65 
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Electronic Acknowledgement Receipt 

EFSID: 4289738 

Application Number: 12201595 

International Application Number: 

Confirmation Number: 9735 

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

First Named Inventor/Applicant Name: Edwin S. Olson 

Customer Number: 23505 

Filer: Timothy S. Westby/Grace A. Wise 

Filer Authorized By: Timothy S. Westby 

Attorney Docket Number: 2380-00207 

Receipt Date: 14-NOV-2008 

Filing Date: 29-AUG-2008 

Time Stamp: 14:42:00 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $65 

RAM confirmation Number 11335 

Deposit Account 032769 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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2380-00207 

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a divisional of U.S. Patent Application No. 11/209,163 filed August 22, 

2005, entitled "Sorbents for the Oxidation and Removal of Mercury", which claims the benefit of 

U.S. Provisional Application Serial No. 60/605,640, filed August 30, 2004, both applications are 

hereby incorporated herein by reference in their entirety for all purposes. 

STATEMENT REGARDING FEDERALLY SPONSORED 

RESEARCH OR DEVELOPMENT 

[0002] This invention was made with United States Government support under Grant Numbers R 

827649-01 and CR 830929-01 awarded by the United States Environmental Protection Agency and 

under Contract Number DE-FC26-98FT40320 awarded by the United States Department of Energy. 

The United States Government has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

Technical Field of the Invention 

[0003] The present invention relates to methods and materials for the removal of pollutants from flue 

gas or product gas from a gasification system. In particular, mercury is removed from gas streams 

generated during the burning or gasification of fossil fuels by highly reactive regenerable sorbents. 

Background of the Invention 

[0004] The combustion and gasification of fossil fuel such as coal generates flue gas that contains 

mercury and other trace elements that originate from the fuel. The release of the mercury ( and other 

pollutants) to the environment must be controlled by use of sorbents, scrubbers, filters, precipitators, 

and other removal technologies. Mercury is initially present in the elemental form during 

combustion and gasification. In downstream process sections, such as in the ducts and stack of a 

combustion system, some of the elemental mercury is oxidized. The amount that is oxidized depends 

on the amount of acid gases present in the flue gas and other factors. Amounts of mercury vary with 

the fuel, but concentrations of mercury in the stream of flue gas from coal combustion are typically 

less than 5 parts per billion (ppb ). Large coal combustion facilities such as electric utilities may emit 

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

flue gas from coal ( or other fossil fuel) combustion, waste incineration, product gas from 
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gasification, as well as off gases from mineral processmg, metal refining, retorting, cement 

manufacturing, chloralkali plants, dental facilities, and crematories. 

Mercury Sorbent Technologies 

[0005] Several types of mercury control methods for flue gas have been investigated, including 

injection of fine sorbent particles into a flue gas duct and passing the flue gas through a sorbent bed. 

Fine-particle injection sorbents include activated carbon, metal oxide sorbent, sodium sulfide 

particles, and basic silicate or oxide sorbents. When particle injection is employed, the mercury 

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

precipitator (ESP) and collected along with ash particulate. The sulfide and basic silicate and oxide 

particles are effective only for the oxidized mercury, and the metal oxide sorbents exhibit slower 

capture kinetics than the carbon particles. Additionally, injection of fine carbon particles into the 

flue gas stream has been only partially successful in removing mercury, especially elemental 

mercury, where effective removal of only about 60% is attained for some applications with a FF 

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

ESP to collect the carbon because the contact time of the carbon with the gas is very short. 

[0006] A major problem with existing carbon injection systems is that the sorbent is initially 

unreactive, and only after extended exposure to the flue gas does the sorbent become effectively 

seasoned and provide increased reactivity with the mercury in the gas. Consequently, these sorbents 

must be used in large amounts, at high sorbent-to-mercury ratios, to effectively capture the mercury. 

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

regeneration and reuse. The collection of carbon in the ash also creates solid waste disposal 

problems, and the spent sorbent may contaminate the collected ash, preventing its use in various 

applications. 

[0007] Accordingly, there remams a need for more economical and effective mercury removal 

technology. This invention provides for cost-effective removal of pollutants including mercury, 

using sorbent enhancement additives and/or highly reactive sorbents, with contact times of seconds 

(or less), and that may be regenerated and reused. 

SUMMARY 

[0008] It is thus an object of the present invention to overcome the deficiencies of the prior art and 

thereby to provide new and economical methods for the removal of mercury from the gases produced 

in the utilization of fossil fuels. 
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[0009] A halogen/halide promoted activated carbon sorbent is described that is highly effective for 

the removal of mercury from flue gas streams. The sorbent comprises a new halide-modified carbon 

form containing a reactive compound produced by the reaction of bromine ( or halide or other 

halogen) with the carbon. Optional secondary components and alkali may be added to further 

increase reactivity and mercury capacity. Mercury removal efficiencies obtained exceed or match 

conventional methods with added benefits such as reduced costs. Optionally, the sorbent can be 

regenerated and reused. Sorbent treatment and/or preparation methods are also described. New 

methods for in-flight preparation, introduction, and control of the active sorbent into the mercury 

contaminated gas stream are described. 

[001 0] In some embodiments, a promoted carbon sorbent is provided comprising a base activated 

carbon that has reacted with a promoter selected from the group consisting of halides, halogens, and 

combinations thereof, such that the reaction product is effective for the removal of mercury from a 

gas stream. 

[0011] In an embodiment, a promoted carbon sorbent is provided wherein the base activated carbon 

is selected from the group consisting of powdered activated carbon, granular activated carbon, carbon 

black, carbon fiber, aerogel carbon, pyrolysis char, activated carbon with an average particle size 

greater than that of flyash produced such that it is physically separable therefrom, and combinations 

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

(CAS nomenclature is used throughout) halides, Group VI halides, hydrohalides, and combinations 

thereof. In an embodiment, the base activated carbon may have a mass mean particle diameter such 

that it can be substantially separated by physical means from entrained ash in the gas stream from 

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

mean particle diameter greater than about 40 micrometers. 

[0012] In another embodiment, the sorbent comprises from about 1 to about 30 grams promoter per 

100 grams of base activated carbon. Another embodiment further comprises an optional secondary 

component comprising a halogen or a hydrohalide such that the reactivity and mercury capacity of 

the sorbent are enhanced. 

[0013] In another embodiment, the concentration of the optional secondary component on the 

finished sorbent is within the range of from about 1 to about 15 wt-% of the concentration of the 

promoter on the finished sorbent. 

[0014] In another embodiment, an optional alkali component may preferably be added to provide a 

synergistic effect through combination of this alkali with the primary sorbent. 

[0015] In another embodiment, the optional secondary component is selected from the group 
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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 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, H2Se, SeO2, CS2, P2S5, and combinations thereof. Another 

embodiment further comprises adding an optional alkali component. 

[0016] In an embodiment, a method is provided comprising providing a granular activated carbon; 

reacting the activated carbon with a promoter selected from the group consisting of halogens, halides, 

and combinations thereof, such that the reaction product comprises a promoted carbon sorbent 

effective for removal of mercury from a gas stream. In a further embodiment, the reaction product 

comprises from about 1 to about 30 grams promoter per 100 grams activated carbon. In another 

embodiment the reaction product has an average particle size distribution greater than the average 

size of entrained ash particles in the gas stream from which mercury is to be removed, such that the 

reaction product can be substantially removed from the entrained ash particles by physical means. In 

another embodiment the reaction product has a mass mean particle diameter greater than about 40 

micrometers. 

[0017] In another embodiment, the promoter is selected from the group consisting of molecular 

halogens, hydrohalides, Group V halides, Group VI halides, and combinations thereof. In another 

embodiment the promoter is in the gas phase when contacting the activated carbon. In another 

embodiment, the promoter is in an organic solvent when contacting the activated carbon. 

[0018] In another embodiment, the promoter is selected from the group consisting of Br2, a Group V 

bromide, a Group VI bromide, and combinations thereof. 

[0019] In another embodiment, the method further comprises reacting the granular activated carbon 

with an optional secondary component comprising a halogen or a hydrohalide such that the reactivity 

and mercury capacity of the sorbent are enhanced. In another embodiment, the promoter and 

optional secondary component are contacted simultaneously with the activated carbon. In another 

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

group consisting of S, Se, H2S, SO2, H2Se, SeO2, CS2, P2S5, and combinations 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. 
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[0020] In an embodiment, a method is provided for reducing mercury in flue gas compnsmg 

providing a sorbent, injecting the sorbent into a mercury-containing flue gas stream, collecting 

greater than 70 wt-% of the mercury in the flue gas on the sorbent to produce a cleaned flue gas, and 

substantially recovering the sorbent from the cleaned flue gas. In embodiments where less than 70 

wt-% mercury removal is desired, the required removal may preferably be attained using less than 

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

embodiment, the method further comprises monitoring the mercury content of the clean flue gas, 

regenerating the recovered sorbent, and using the monitored mercury content of the cleaned flue gas 

to control the rate of injection of the sorbent. In another embodiment the injected sorbent is prepared 

in-flight by reacting an activated carbon and a promoter within a pneumatic transport line from which 

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

[0021] In another embodiment, the promoter is selected from the group consisting of molecular 

halogens, halides, and combinations thereof. In another embodiment, the promoter is reacted in the 

gas phase or as a vapor. In another embodiment, the promoter is added at from about 1 to about 30 

grams per 100 grams of activated carbon. 

[0022] In another embodiment, the injected sorbent is prepared in-flight by reacting an activated 

carbon, a promoter, and an optional secondary component to enhance the reactivity and capacity of 

the sorbent within a pneumatic transport line from which the reaction product is injected to the 

mercury-containing flue gas stream. 

[0023] In another embodiment, the optional secondary component is selected from the group 

consisting of iodine, hydrohalides, Group V halides, Group VI halides, and combinations thereof. In 

another embodiment, the optional secondary component is added at from about 1 to about 15 wt-% of 

the promoter content. In another embodiment, the method further comprises adding to the sorbent a 

mercury-stabilizing reagent selected from the group consisting of S, Se, H
2
S, SO

2
, H

2
Se, SeO

2
, CS

2
, 

P2S5, and combinations thereof. 

[0024] In an embodiment, the method further comprises co-injecting an optional alkaline material, 

including without limitation alkaline and alkaline earth components, to improve the efficiency of 

mercury capture by capturing oxidized mercury and/or capturing gaseous components that might 

otherwise reduce sorbent capacity. In another embodiment, the optional alkaline material may 

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

[0025] In another embodiment, the method further comprises using the monitored mercury content 

of the cleaned flue gas to control the composition of the sorbent. In another embodiment, the 

injected sorbent is prepared in-flight by reacting an activated carbon and a promoter within a 
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pneumatic transport line from which the reaction product is injected to the mercury-containing flue 

gas stream, wherein the promoter is selected from the group consisting of molecular halogens, 

halides, and combinations thereof, wherein the promoter is reacted in the gas phase or as a vapor, 

wherein the promoter is added at from about 1 to about 30 grams per 100 grams of activated carbon, 

wherein the rate at which the promoter is added and the rate of sorbent injection are determined by a 

digital computer based at least in part on the monitored mercury content of the cleaned flue gas. 

[0026] In an embodiment, a method for reducing the mercury content of a mercury and ash 

containing gas stream is provided wherein particulate activated carbon sorbent with a mass mean size 

greater than 40 µm is injected into the gas stream, mercury is removed from the gas by the sorbent 

particles, the sorbent particles are separated from the ash particles on the basis of size, and the 

sorbent particles are re-injected to the gas stream. In another embodiment, the mercury-containing 

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

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

sorbent may further comprise a promoter. The promoter may preferably comprise a halide, a 

halogen, or both. 

[0027] As will be described in more detail below, the present invention thus provides several 

advantages over previously known techniques, including significantly more effective and economical 

mercury sorbents for effluent gases, advantageously applicable to treating gas streams from fired 

equipment and gasification systems. 

[0028] The foregoing has outlined rather broadly the features and technical advantages of the present 

invention in order that the detailed description of the invention that follows may be better 

understood. Additional features and advantages of the invention will be described hereinafter that 

form the subject of the claims of the invention. It should be appreciated by those skilled in the art 

that the conception and specific embodiments disclosed may be readily utilized as a basis for 

modifying or designing other structures for carrying out the same purposes of the present invention. 

It should also be realized by those skilled in the art that such equivalent constructions do not depart 

from the spirit and scope of the invention as set forth in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] For a more detailed description of the preferred embodiments of the present invention, 

reference will now be made to the accompanying drawings. 
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[0030] Figure 1 schematically illustrates methods for preparation of promoted carbon sorbents in 

accordance with the present invention. 

[0031] Figure 2 illustrates a proposed mechanistic model of the chemical reactions resulting in the 

oxidation and capture of mercury. 

[0032] Figure 3 schematically illustrates preparation of promoted carbon sorbents and processes for 

flue gas mercury reduction in flue gases and/or product gases from a gasification system m 

accordance with the present invention, including in-flight preparation of promoted carbon sorbent. 

[0033] Figure 4 is a diagram illustrating breakthrough curves for 5 wt/wt% brominated NORIT 

Darco FGD sorbent (37 mg+ 113 mg sand) in low-HCI (1 ppm) synthetic flue gas. 

[0034] Figure 5 is a diagram illustrating breakthrough curves for non-halogenated NORIT Darco 

FGD sorbent (37 mg+ 113 mg sand) in low-HCI (1 ppm) synthetic flue gas. 

[0035] Figure 6 is a bar chart illustrating pilot-scale mercury removal results, including large-size 

sorbent results. 

[0036] Figure 7 is a diagram illustrating the effects of sorbent size and injection rate on mercury 

removal for ESPs and fabric filters. 

[0037] Figure 8 is a diagram illustrating the breakthrough curves for a brominated NORIT Darco 

FGD sorbent with inert sand. 

[0038] Figure 9 is a diagram illustrating the breakthrough curves for brominated NORIT Darco FGD 

sorbent with a co-injected alkali material. 

[0039] Figure 10 is a plot of mercury removal vs. carbon injection rate with and without co-injection 

of alkali material. 

DETAILED DESCRIPTION 

[0040] Herein will be described in detail specific preferred embodiments of the present invention, 

with the understanding that the present disclosure is to be considered an exemplification of the 

principles of the invention, and is not intended to limit the invention to that illustrated and described 

herein. The present invention is susceptible to preferred embodiments of different forms or order and 

should not be interpreted to be limited to the specifically expressed methods or compositions 

contained herein. In particular, various preferred embodiments of the present invention provide a 

number of different configurations and applications of the inventive method, compositions, and their 

uses. 

[0041] The present invention provides a cost-effective way to capture pollutants by utilizing 

exceptionally reactive halogen/halide promoted carbon sorbents using a bromide ( or other 

halogen/halide) treatment of the carbon, that capture mercury via mercury-sorbent surface reactions, 
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at very short contact times of seconds or less. The sorbent does not require in situ activation (no 

induction period) in the gas stream to achieve high reactivity, as do conventional activated carbon 

sorbents. The reactivity of the sorbent toward the pollutants is greatly enhanced and the sorption 

capacity can be regenerated, the promoted sorbent may be regenerated, recycled and/or reused. 

[0042] The treated carbons, treatment techniques, and optional additives discussed herein have 

applicability to mercury control from the product or effluent gas or gases from gasification systems, 

syngas generators, and other mercury-containing gas streams, in addition to the flue gas from 

combustion systems. Thus, it should be understood that the terms combustion system and flue gas as 

used throughout this description may apply equally to gasification systems and syngas or fuel gas, as 

will be understood by those skilled in the art. 

[0043] Referring now to Figure 1, there is shown a block flow diagram illustrating some preferred 

embodiments of the process of the present invention to prepare promoted sorbents useful for mercury 

capture from flue gas and/or product gas form a gasification system streams. In a preferred 

embodiment illustrated by path 10-20, block 10 illustrates providing a base activated carbon, and 

adding a halogen or halide promoter that reacts with the carbon, illustrated at block 20, to produce a 

product promoted carbon sorbent. In embodiments where the halogen or halide is added, for 

example, as a vapor, no further steps may be necessary. In embodiments where the halogen or halide 

is added in, for example, a solvent, it may be desirable to employ solvent removal as illustrated by 

block 20A. 

[0044] Referring still to Figure 1, another preferred embodiment of the process of the present 

invention is illustrated by path 10-20-30, comprising providing a base activated carbon as shown by 

block 10, adding a halogen or halide promoter that reacts with the carbon, illustrated at block 20, and 

adding a secondary component illustrated at block 30 that reacts with the result of block 20 to 

produce a product promoted carbon sorbent. In embodiments where both the halogen or halide 

promoter and the secondary component are added, for example, as a vapor, no further steps may be 

necessary. In embodiments where the halogen or halide promoter and/or secondary component are 

added in, for example, a solvent, it may be desirable to employ solvent removal as illustrated by 

block 30A. 

[0045] Referring still to Figure 1, another preferred embodiment of the process of the present 

invention is illustrated by path 10-40, comprising providing a base activated carbon as illustrated at 

block 10, and adding a halogen or halide promoter and a secondary component to the activated 

carbon together, with which they react as illustrated by block 40, producing a product promoted 

carbon sorbent. As above, in embodiments where vapor additions are made to the activated carbon 
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no further steps may be desired. In embodiments where one or more components are added in 

solvent, a solvent removal step may be provided as illustrated by block 40A. 

[0046] Referring still to Figure 1, also illustrated are preferred embodiments in which, as illustrated 

by block 50, a flue gas stream is treated with product promoted carbon sorbent prepared as described 

above. 

[0047] In some preferred embodiments the activated carbon provided may preferably be any of 

several types, as understood by those skilled in the art. For example, the activated carbon may 

include powdered activated carbon, granular activated carbon, carbon black, carbon fiber, carbon 

honeycomb or plate structure, aerogel carbon film, pyrolysis char, regenerated activated carbon from 

product promoted carbon sorbent, or other types as known in the art. 

[0048] In some preferred embodiments the activated carbon provided may preferably be any of 

several types, as understood by those skilled in the art. For example, the activated carbon may 

include powdered activated carbon, granular activated carbon, carbon black, carbon fiber, carbon 

honeycomb or plate structure, aerogel carbon film, pyrolysis char, an activated carbon or regenerated 

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

[0049] In some preferred embodiments the activated carbon provided may preferably be any of 

several types, as understood by those skilled in the art. For example, the activated carbon may 

include powdered activated carbon, granular activated carbon, carbon black, carbon fiber, carbon 

honeycomb or plate structure, aerogel carbon film, pyrolysis char, an activated carbon or regenerated 

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

preferably greater than 60 micrometers, or a particle size distribution greater than that of the fly ash 

or entrained ash in a flue gas stream to be treated, such that the activated carbon and ash can be 

separated by physical means. 

[0050] In some preferred embodiments, the halogen or halide promoter that is added to, and reacts 

with, the base activated carbon may preferably comprise, by way of illustration and not limitation, a 

molecular halogen in vapor or gaseous form, a molecular halogen in an organic solvent, a Group V or 

Group VI halide, such as PBr3 or SCh, respectively, in vapor, liquid, or solution form (though not in 

an aqueous solvent). 

[0051] Embodiments are also provided in which the organic solvent may preferably comprise a 

chlorinated hydrocarbon, such as dichloromethane, a hydrocarbon solvent, including for example, 

petroleum ether, ligroin, pentane, hexane, toluene, and benzene, carbon disulfide, a waste solvent, an 

ether, a recycled solvent, a supercritical solvent, such as supercritical CO2, water (though not in the 

case of a Group V or Group VI halide), and others as will be apparent to those of skill in the art. 
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[0052] Referring now to Figure 2, there is illustrated a theory developed from scientific evidence to 

explain the nature of the promoting compounds. For example, as illustrated in Figure 2, hydrogen 

bromide reacts with the unsaturated structure of the activated carbon. This may be, by way of 

illustration only, a carbene species on the edge of the graphene sheet structures of the carbon. 

Molecular bromine or a bromine compound reacts to form a similar structure, with a positive carbon 

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

[0053] It has now been found that the formation of the new bromide compound with carbon 

increases their reactivity toward mercury and other pollutants. Additionally, the resulting bromide 

compound is uniquely suited to facilitate oxidation of the mercury. The effectiveness of the 

oxidation apparently results from the promotion effect of the halide, exerted on the developing 

positive charge on the mercury during the oxidation, known in the chemical art as a specific catalytic 

effect. Thus, as the mercury electrons are drawn toward the positive carbon, the halide anion 

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

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

reactive, owing to the highly polarizable electrons in the outer 4p orbitals of the ion. Thus, adding 

HBr or Br2 to the carbon forms a similar carbon bromide, in which the positive carbon oxidizes the 

mercury with the assistance of the bromide ion. 

[0054] Referring now to Figure 3, a schematic flow diagram is provided of mercury control system 

100 comprising preparation of promoted carbon sorbents, and flue gas mercury reduction, in 

accordance with preferred embodiments of the present invention. There is provided base activated 

carbon reservoir 110, an optional halogen/halide promoter reservoir 120, an optional secondary 

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

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

the optional alkali component reservoir 180, optional flow control devices 208 and 209 can be used 

independently, together, or not at all. 

[0055] Reservoirs 110, 120, 130, and 180 connect through their respective flow control devices and 

via associated piping, to transport line 115. Optional alkali component reservoir 180 may also 

connect, through respective flow control devices and via associated piping, to transport line 118. A 

source of air, nitrogen, or other transport gas(es) is provided by gas source 170 to transport line 115 

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

injecting such materials, via injection point 116, into contaminated flue gas stream 15. A source of 

air, nitrogen, or other transport gas(es) may be provided by gas source 171 to transport line 118 for 

the purpose of entraining materials discharged from reservoirs 180 and injecting such materials, via 
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injection point 119, into flue gas stream 15. Gas sources 170 and 171 may be the same or different, 

as desired. Alternatively, transport gas(es) may be provided to both transport lines 115 and 118 by 

gas source 170 (connection from source 170 to line 118 not shown). Although gas sources 170 and 

171 are shown in Figure 3 as compressors or blowers, any source of transport energy known in the 

art may be acceptable, as will be appreciated by those of skill in the art. 

[0056] For clarity, single injection points 116 or 119 are shown in Figure 3, although one skilled in 

the art will understand that multiple injection points are within the scope of the present invention. 

Optical density measuring device (s) 204 is connected to transport line 115 and/or 118 to provide 

signals representative of the optical density inside transport line 115 and/or 118 as a function of time. 

[0057] Downstream from injection point 116 and 119 is provided particulate separator 140. By way 

of illustration and not limitation, particulate separator 140 may comprise one or more fabric filters, 

one or more electrostatic precipitators (hereinafter "ESP"), or other particulate removal devices as 

are known in the art. It should be further noted that more than one particulate separator 140 may 

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

and/or downstream of 140 when parallel, sequential, or combinations thereof exist. Particulate 

separator 140 produces at least a predominantly gaseous ("clean") stream 142, and a stream 141 

comprising separated solid materials. A sorbent/ash separator 150 separates stream 141 into a largely 

ash stream 152, and a largely sorbent stream 151. Stream 151 may then preferably be passed to an 

optional sorbent regenerator 160, which yields a regenerated sorbent stream 161 and a waste stream 

162. 

[0058] An optional Continuous Emission Monitor (hereinafter "CEM") 205 for mercury is provided 

in exhaust gas stream 35, to provide electrical signals representative of the mercury concentration in 

exhaust stream 35 as a function of time. The optional mercury CEM 205 and flow controllers 201, 

202, 203, 208, and 209 are electrically connected via optional lines 207 ( or wirelessly) to an optional 

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

preparation and injection of promoted carbon sorbent into contaminated flue gas stream 15. 

[0059] In operation, promoted carbon sorbent and/or an optional alkali component is injected into 

contaminated flue gas stream 15. After contacting the injected material with the contaminated flue 

gas stream 15, the injected material reduces the mercury concentration, transforming contaminated 

flue gas into reduced mercury flue gas, 25. The injected material is removed from the flue gas 25, by 

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

regenerated by an optional regenerator 160, respectively. The reduced mercury "clean" flue gas 

stream 142 is then monitored for mercury content by an optional CEM 205, which provides 
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corresponding signals to an optional computer/controller 206. Logic and optimization signals from 

206 then adjust flow controllers 201, 202, 203, 208, 209 to maintain the mercury concentration in 

exhaust stream 35 within desired limits, according to control algorithms well known in the art. Flow 

controllers 201, 202, 203, 208, 209 can also be adjusted manually or be some other automated means 

to maintain the mercury concentration in exhaust stream 35 within desired limits, according to 

control algorithms well known in the art. 

[0060] Referring still to Figure 3, there are illustrated several preferred embodiments for preparation 

and injection of promoted carbon sorbents and/or alkali components in accordance with the present 

invention. Stream 111 provides for introduction of base activated carbon from reservoir 110, as 

metered by flow controller 201 manually or under the direction of computer 206. The halogen/halide 

may be combined and react with the base activated carbon according to any of several provided 

methods. The halogen/halide may preferably be combined via line 121 directly into transport line 

115, within which it contacts and reacts with the base activated carbon prior to injection point 116. 

This option is one form of what is referred to herein as "in-flight" preparation of a promoted carbon 

sorbent in accordance with the invention. Further, the halogen/halide may be combined via line 121b 

with base activated carbon prior to entering transport line 115. Still further, the halogen/halide may 

be contacted and react with the base activated carbon by introduction via line 121c into reservoir 110. 

This option is preferably employed when, for example, reservoir 110 comprises an ebulliated or 

fluidized bed of base activated carbon, through which halogen/halide flows in gaseous form or as a 

vapor. Of course, the halogen/halide may also preferably be contacted with the base activated carbon 

in liquid form or in a solvent, as discussed previously, and solvent removal (not shown in Figure 3) 

may then be provided if necessary as mentioned with respect to embodiments discussed with 

reference to Figure 1. 

[0061] Similarly, the optional secondary component may be contacted and react directly in transport 

line 115 via line 131, or optionally as described above with respect to the halogen/halide, via lines 

131b and 131c. 

[0062] Similarly, the optional alkali component from 180 may either be added in transport line 115 

directly, or may be injected separately by transport line 118, combining downstream in flue gas 15 

for synergistic effects with base activated carbon, promoted carbon, or optional secondary 

components. Being able to vary onsite the amount of the optional alkali component relative to base 

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

and optimize for site-specific operating and flue gas conditions .. 
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[0063] In some preferred embodiments wherein contacting between components and reaction is 

performed in a liquid or solvent phase, stirring of such liquid and/or slurry mixtures may be 

provided. In other embodiments, the halogen/halide promoter and optional secondary component(s) 

may preferably be sprayed in solution form into or on the base activated carbon. In some such 

embodiments, drying, filtering, centrifugation, settling, decantation, or other solvent removal 

methods as are known in the art may then be provided. 

[0064] In embodiments wherein the halogen/halide promoter is in gaseous or vapor form, it may be 

diluted in air, nitrogen, or other gas as appropriate. The halide/halogen gas, for example, gaseous 

HBr or Br
2

, may be passed through an ebulliated or fluidized bed of granular or fibrous activated 

carbon, with the promoted carbon sorbent so produced removed from the top of the bed via gas 

entrainment for injection. 

[0065] In some embodiments, the secondary component(s) may preferably comprise iodine or other 

halogens, hydrohalides, including without limitation HI, HBr, HCl, a Group V or Group VI element 

with a molecular halogen, such as SCh and others. In some preferred embodiments, the promoted 

carbon sorbent may comprise from about 1 to about 30 g halogen/halide per 100 g base activated 

carbon. In some preferred embodiments, the promoted carbon sorbent may comprise an secondary 

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

halogen/halide component. 

[0066] In still other embodiments, the product promoted carbon sorbent may be applied to a 

substrate. In other embodiments, such prepared substrate(s) may be caused to contact a contaminated 

flue gas or gasification system product gas stream for mercury reduction purposes. Such substrates 

may be monolithic, rotating, or exposed to the gas stream in any number of ways known to those 

skilled in the art. 

[0067] In some embodiments, a method is provided whereby a mercury stabilizing reagent is added 

to a promoted carbon sorbent to produce a bifunctional sorbent. Such stabilizing reagent(s) may be 

sequentially added, either before or after the addition and reaction of the halogen/halide. In some 

preferred embodiments, the halogen/halide preferably comprises Br or HBr, and the mercury­

stabilizing reagent may comprise S, Se, H
2
S, SO

2
, H

2
Se, SeO

2
, CS

2
, P

2
S

5
, and combinations thereof. 

Halogens in Mercury Capture 

[0068] Methodologies for using halogens for the treatment of flue gas have been problematic, owing 

to their reactivity with other gases and metals, resulting in corrosion and health issues. A "halogen" 

is defined as a member of the very active elements comprising Group VIIA (CAS nomenclature is 

used throughout; Group VIIA (CAS) corresponds to Group VIIB (IUPAC)) of the periodic table. In 
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the molecular elemental form of the halogens, including F2, Ch, Br2, and I2, the reaction with a hot 

flue gas components leave little to react with elemental mercury. The atomic elemental halogen 

form, which includes the fluorine, chlorine, bromine, and iodine atoms, is about a million times more 

reactive to mercury but the concentration of the atomic forms is typically extremely low. In a large 

portion of electric utility coal combustion facilities, the concentrations are generally not sufficient to 

oxidize a significant amount of mercury. 

[0069] The term "halide" as used herein is defined as a compound formed from the reaction of a 

halogen with another element or radical. In general, halide compounds are much less reactive than 

the molecular halogens, having a low chemical potential. Halides are considered reduced forms that 

do not, alone, oxidize other compounds. In the conventional view therefore, a halide-salt-treated 

activated carbon will not effectively oxidize elemental mercury and capture elemental mercury. 

Halogen Promoted Sorbent Characteristics 

[0070] The sorbent described here has a very high initial reactivity for oxidizing mercury and 

therefore can be used in very small amounts to achieve very high capture efficiencies, thus lowering 

operation costs and lessening waste disposal problems. In addition, further disposal reductions are 

obtainable by regenerating and reusing the sorbents produced using the inventive technology. The 

time interval required for the mercury and the promoted carbon sorbents of the present invention to 

successfully interact in a flue gas duct, with the subsequent collection of the mercury on the sorbent 

and ash is very short - less than seconds. Clearly, such collection times require the sorbent to have 

both high capacity and high reactivity toward mercury. The promoted carbon sorbent can be utilized 

in a very finely powdered form to minimize mass transfer limitations. However, again, the reactivity 

should be very high to capture all of the mercury encountered by the fine particles. Additionally, use 

of these enhancement technologies allows capture to be effective for larger sorbent particles which 

also allows separation of the sorbent from the ash to enable subsequent regeneration as well as ash 

utilization. One feature of this invention is the process to prepare a sorbent containing a halide 

compound formed on the carbon structure that provides a sorbent that is highly active on initial 

contact with the mercury contaminated gas stream, which allows for very effective capture of the 

mercury. 

[0071] It appears that the inventive sorbents chemically combine molecular bromine, for example, 

from solution, with activated carbon (edge sites). X-ray photoelectron spectroscopy has established 

that the addition of bromine, chlorine, HBr, or HCl formed a chemical compound in the carbon 

structure. Thus, the sorbent produced from halogen and activated carbon does not represent a 

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

249486. 1/2380.00207 14 
PAC ET AL. EXHIBIT 1022 

 Page 269



2380-00207 

This 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 cationic carbon has a high chemical 

potential for oxidation of mercury. Thus, an entirely new model is presented for the reactivity of the 

bromine-treated carbon with mercury. The reactive carbon form can preferably be generated by the 

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

herein. Halogen treatment resulted in higher-activity carbons because the halide anions (especially 

bromide and iodide) were effective in promoting the oxidation by stabilizing the developing positive 

charge on the mercury in the transition state for oxidation. Based on this model, several innovative, 

inexpensive, activity-enhancing features have been developed. 

Optional Second Component 

[0072] It has been demonstrated that addition of an optional second component, in addition to the 

bromine, results in improved reactivity and capacity for the sorbent, typically exceeding that of both 

the untreated carbon and the brominated carbon. The second compound comprises either a second 

halogen or a compound derived from a second halogen, such as HI. Thus, in addition to having a 

reactive carbon form present, the second component generates a Lewis base with greater ability to 

stabilize the developing positive charge on the mercury. Thus, the second component is an element 

with more polarized electrons ( 4p and 5p ). 

Optional Alkali Component 

[0073] It has been demonstrated that addition of an optional alkali component with a base or 

promoted activated carbon results in improved mercury capture, typically exceeding that of both the 

untreated carbon and the promoted carbon. Test data indicate that flue gas contaminants, flue gas 

constituents (SO2, NOx, HCl, etc), operating temperature, mercury form, and mercury concentration 

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

tailor the alkali-to-activated-carbon ratio onsite in order to overcome and optimize for a given set of 

site conditions. 

[0074] The synergy that can be gained when co-injecting the two materials can be explained as 

follows. First, testing shows that binding sites on activated carbon (hereinafter "AC") can be 

consumed by chlorine species, sulfur species (i.e. sulfates), and other flue gas contaminants 

(arsenates, selenates, etc). The addition of optional alkali material will interact and react with these 

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

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

are fully consumed. This oxidized mercury can then react with alkali material and subsequently be 

captured by particulate control devices. Consequently, the addition of the optional alkali component 
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acts to protect mercury binding sites and capture oxidized mercury, thereby resulting in improved 

mercury reduction at lower cost. Alkali is generally much lower in cost (- an order of magnitude 

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

"In-Flight" Sorbent Preparation 

[0075] Furthermore, we have demonstrated that the halogen promoted carbon sorbent can be readily 

produced "in-flight". This is accomplished by, for example, contacting the vapors of any 

combination of halogens and optionally a second component, in-flight, with very fine carbon 

particles. The particles may be dispersed in a stream of transport air (or other gas), which also 

conveys the halogen/halide promoted carbon sorbent particles to the flue gas duct, or other 

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

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

and results in a great cost savings to facilities using this technology for mercury capture. 

Advantages of On-Site Preparation 

[0076] In-flight preparation of the halogen/halide promoted carbon sorbent on location produces 

certain advantages. For example, the treatment system can be combined with the carbon injection 

system at the end-use site. With this technique, the halogen/halide is introduced to the carbon-air ( or 

other gas) mixture in a transport line ( or other part of the sorbent storage and injection system). This 

provides the following benefits over current conventional concepts for treating sorbents off-site: 

• Capital equipment costs at a treatment facility are eliminated. 

• Costs to operate the treatment facility are eliminated. 

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

• The inventive process uses existing hardware and operation procedures. 

• The inventive technology ensures that the sorbent is always fresh, and thus, more reactive. 

• No new handling concerns are introduced. 

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

• The inventive process allows rapid on-site tailoring of additive-sorbent ratios in order to 

match the requirements of flue gas changes, such as may be needed when changing fuels or 

reducing loads, thus further optimizing the economics. 

• The inventive technology reduces the amount of spent sorbents that are disposed. 

[0077] With the foregoing and other features in view, there is provided, in accordance with the 

present invention, embodiments including a process for preparing and regenerating halogen/halide 

promoted carbon sorbents, whose activity for mercury capture is enhanced by the addition of halogen 

( e.g. bromine) to the carbon structure. 

249486. 1/2380.00207 16 
PAC ET AL. EXHIBIT 1022 

 Page 271



2380-00207 

Sorbent Injection Location 

[0078] Some of the preferred embodiments contemplate the use of a halogen promoted sorbent in a 

powdered form that has been injected into a flue gas stream before or after ash particulates have been 

removed. Other embodiments of the inventive composition of the halogen promoted carbon sorbent 

comprise a powdered modified activated carbon prepared by adding Br2 or HBr plus a second 

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

conjunction with a base activated carbon and/or with the use of a halogen based sorbent and any 

other combinations of the sorbent technologies provided in this patent. Alternatively, embodiments 

include methods wherein the sorbent is on a moving contactor consisting of particles or fibers 

containing one or more of the compositions listed above. 

Sorbent Regeneration 

[0079] Any of the above embodiments of the halogen/halide promoted carbon sorbent can be easily 

regenerated; the poisoning contaminants from the flue gas are preferably removed and an 

inexpensive promoting agent added, to restore mercury sorption activity. This process of promoting 

the activity of the carbon itself contrasts with the earlier, more expensive, conventional methods of 

adding a reagent (such as peroxide, gold, triiodide, etc.) to a sorbent. The halogen/halide promoted 

carbon sorbent of the present invention, treated with bromine and/or optional components, is 

noncorrosive. Detailed examples of sorbent regeneration techniques are described in co-pending, 

commonly owned PCT patent application No. PCT/US04/12828, titled "PROCESS FOR 

REGENERATING A SPENT SORBENT", which is hereby incorporated by reference in its entirety. 

Sorbent Injection Control Schemes 

[0080] Another advantage of the present invention relates to the use of a feedback system to more 

efficiently utilize certain aspects of the invention. Where possible and desirable, the mercury control 

technology of the present invention may preferably utilize continuous measurement of mercury 

emissions as feedback to assist in control of the sorbent injection rate. Tighter control on the sorbent 

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

requirements are met with minimal material requirements, thus minimizing the associated costs. In 

an embodiment, the mercury emissions are continuously measured downstream of the injection 

location, preferably in the exhaust gas at the stack. 

Promoted Carbon Sorbents 

[0081] Reactions of halogens and acidic species with the basic binding sites on the activated carbon 

sorbent create sites for oxidizing mercury. Other metal ions, such as boron, tin, arsenic, gallium, Sb, 
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Pb, Bi, Cd, Ag, Cu, Zn, or other contaminants, will also react with the oxidation sites generated on 

the carbon. 

[0082] According to our model, adding the bromine from the bromine reagent or a proton from a 

hydrogen halide acid to a basic carbene site on the carbon edge structure forms a carbocation that 

accepts electrons from the neutral mercury atom forming the oxidized mercury species that is bound 

to the sorbent surface. The reactive site may also generate reactive bromine radicals or carbon 

radicals at the active sites on the carbon. Thus, the activated carbon serves to stabilize the bromine, 

yet provides a highly reactive bromine- containing reagent that can oxidize the mercury and promote 

its capture on the activated carbon. The sorbent that contains bromine is expected to be more 

reactive than the corresponding sorbent containing chlorine and much less expensive than the sorbent 

containing iodine. 

EXAMPLES 

[0083] To more clearly illustrate the present invention, several examples are presented below. These 

examples are intended to be illustrative and no limitations to the present invention should be drawn 

or inferred from the examples presented herein. 

Example 1 -Preparation and Testing of Halogenated Carbon (& Comparative Example) 

Gas Phase Halogenation 

[0084] Finely powdered activated carbon (such as NORIT Darco FGD, NORIT Americas, Inc., 

Marshall, TX (USA), although others are suitable, as will be recognized by those skilled in the art), 

was placed in a rotating plastic barrel with side blades (a 5 ft3 (0.14 m3
) cement mixer) fitted with a 

tight plastic lid to prevent loss of the fine powder during the preparation. In a separate vessel, gas 

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

that is warmed to about 40°-50°C. The vapor pressure of the bromine was such that a dark red gas 

is generated and passed out of the generator. The outlet from the gaseous bromine generator is 

connected via a ¼ inch (0.64 cm) plastic hose to a stationary metal tube inserted through a flange in 

the center of the plastic lid and passing into the center of the barrel. The flange is not air tight so that 

the excess of nitrogen is released after the bromine is transferred to the tumbling carbon. Thus, the 

bromine gas stream continuously passed into the rotating barrel where it contacted the tumbling 

carbon. The unit is then operated until the desired amount of bromine has combined with the carbon. 

Typically, this is 0.4 to 1 kg of bromine to 20 kg of carbon (2-5 wt. % ). When the reaction is 
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completed, the carbon is weighed. The treated carbon is odorless and does not cause skin irritation 

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

[0085] XPS spectra demonstrate that the brominated carbon contains both covalent carbon-bound 

(organic) bromide as well as anionic bromide. The product contains the same moisture originally 

present in the activated carbon (5-17 wt%), but does not require further drying for use. The moisture 

is driven out at higher temperatures (> 150°C), and the bromine was not released until very high 

temperatures 

Bench-Scale Testing of Mercury Oxidation and Capture Efficiency 

[0086] A bench-scale apparatus and procedure based on the above description was used to test the 

initial activities and capacities of several promoted activated carbon sorbents using powdered carbon, 

including bromine-containing activated carbons prepared from a variety of carbons, including 

commercially available sorbents, aerogel film sorbents, and the original precursor carbons for 

companson. 

[0087] A detailed description of the apparatus and its operation is provided in Dunham, G.E.; Miller, 

S.J. Chang, R.; Bergman, P. Environmental Progress 1998, 17, 203, which is incorporated herein by 

reference in its entirety. The bench scale mercury sorbent tests in the flue gas compositions were 

performed with finely (-400 mesh) powdered sorbents (37 mg) mixed with 113 mg sand and loaded 

on a quartz filter (2.5 inch (6.35 cm)). The loaded filter and holder were heated in an oven (125°C) 

in the simulated flue gas stream (30 SCFH (standard cubic feet/hr) or 0.79 NCMH (normal cubic 

meters per hour)) containing the following: 0 2 (6%), CO2 (12%), SO2 (600 ppm), NO (120 ppm) 

NO2 (6 ppm), HCl (1 ppm), Hg0 (11 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 mercury emission monitor (Sir Galahad mercury CEM mfr. P.S. Analytical Deerfield 

Beach FL USA), and a SnCb cell was used to convert oxidized species to elemental, so that both 

elemental and oxidized mercury concentration data could be obtained for both the influent and the 

effluent concentrations from the sorbent bed. Mercury concentrations were calibrated for the flow 

rates used. Spent sorbents were analyzed for mercury to determine the mass balance. 

[0088] Referring now to Figure 4, the effluent mercury concentration data are plotted as a percent of 

the influent mercury versus time. The resulting curve (breakthrough curve) for the halogenated 

sorbents typically showed 0%-1 % Hg in the effluent (99+% capture) at the beginning, and increasing 

only after 30-60 minutes (breakthrough point), depending on the sorbent. Figure 4 illustrates the 

breakthrough curves for 5 wt/wt% brominated NORIT Darco FGD sorbent (37 mg + 113 mg sand) 
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with synthetic flue gas containing 1 ppm HCL Total Hg (solid circles) and elemental Hg (solid 

squares) in the effluent are presented as a per cent of the inlet Hg. "EOT" indicates the end of test 

(the later data points shown are for calibration checks). 

[0089] Figure 5 presents the comparative breakthrough curves for the corresponding nonhalogenated 

sorbents typically initiated at 5%-50% of inlet mercury, depending on the 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 effluent was oxidized mercury. 

Example 2 - Gas Phase Halogenation of Fluidized Carbon 

[0090] A bed of activated carbon supported in a vertical tube by a plug of glass wool was fluidized 

by a nitrogen stream. The top of the fluidized bed tube was connected to a catching trap for carbon 

fines that blow out the top of the tube. The bromine gas generator as described in Example 1 was 

attached to the fluidized carbon bed and the desired amount of gaseous bromine was passed into the 

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

resulting brominated carbon exhibited properties similar to the brominated carbon of Example 1. 

Example 3 - Liquid Phase (water) Halogenation 

[0091] A 5% solution of bromine in water was prepared by carefully adding 50 g of bromine to 

1 liter of cold water. One kg of activated carbon was added to the bromine solution in a large metal 

can. The resulting slurry was stirred with a large paddle during the addition and for a short time 

afterwards until all the bromine had reacted with the carbon, as indicated by the disappearance of the 

red color. The slurry was then filtered using a Buchner funnel under vacuum. The moist carbon that 

was collected on the filter was dried in an oven at l 10°C for several hours to constant weight. As in 

Example 1, some moisture remains in the carbon, however. The dried carbon was then tumbled in 

the rotating barrel with metal pieces to break up and fluff the carbon. 

Example 4 - Addition of the Optional Second Halide Component. 

[0092] Brominated carbon was produced by solution phase bromination similar to that described 

with reference to Example 3. However, before filtration, a solution of hydriodic acid (HI) was added 

to the slurry in an amount equal to 10% of the bromine amount. The slurry was stirred to complete 

the reaction and then filtered and dried as described in Example 3. 

Example 5 - Liquid Phase Phosphohalogenation 

[0093] A solution of phosphorus tribromide (500 g) in ligroin (10 liters) was stirred in a large metal 

can and 10 kg of activated carbon was added. The resulting slurry was stirred with a large paddle at 

ambient temperature to complete the reaction. The slurry was filtered under vacuum on a large 
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Buchner funnel in several batches. The wet filter cake was dried at l 10°C in an oven to constant 

weight. The dried product was fluffed in the rotating barrel as described in Example 3. 

Example 6 - Preparation and Sorption on La,rger-Particle Carbon 

[0094] Tests were conducted on a pilot-scale combustor while firing a subbituminous coal, to 

evaluate mercury control by injecting larger-than-normal sized treated activated carbon. Standard 

AC sorbents generally are of fine size with a mean particle diameter of less than 20 micrometers, 

which is also typical of the flyash that is generated from pulverized coal combustion. Consequently, 

because the sizes of standard AC and flyash are similar, separation of the two is difficult. Injection 

of larger sized AC is generally not considered because the sorbent effectiveness decreases with size. 

In a scheme to recycle the injected carbon, the carbon is separated from the flyash. A separation 

based on size fractionation requires a treated larger particle sorbent. To test this concept, a treated 

larger sized (>60 µm) sorbent was developed, prepared, and tested. 

Treatment - Gas Phase Halogenation 

[0095] Granular activated carbon (Calgon F400) was ground and sieved through conventional mesh 

screens. The mesh size fraction -170 to +240 (corresponding to about 60 to about 88 micrometers) 

was collected and placed in a rotating vessel as described in Example 1 above. In a separate vessel, 

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

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

was connected via a 1/4 inch (6.35 mm) plastic hose to a stationary metal tube inserted through a 

flange in the center of the lid and passing into the center of the rotating vessel, also as described in 

Example 1. The unit was operated until the desired amount of bromine had combined with the 

carbon, in this case 0.05 kg of bromine to 1 kg of carbon (5 wt. % ). When the reaction was 

completed, the carbon was weighed. The treated carbon was odorless as has been described above. 

PTC Apparatus 

[0096] The pilot-scale combustor, known as the "Particulate Test Combustor" (hereinafter "PTC"), 

is a 550,000-Btu/hr (about 161 kW) pulverized coal ("PC")-fired unit, designed to generate 

combustion flue gas properties and fly ash that are representative of those produced in a full-scale 

utility boiler. The combustor is oriented vertically to minimize wall deposits. A refractory lining 

helps to ensure adequate flame temperature for complete combustion and prevents rapid quenching 

of the coalescing or condensing fly ash. Based on the superficial gas velocity, the mean residence 

time of a particle in the combustor is approximately 3 seconds. The coal nozzle of the PTC fires 

axially upward from the bottom of the combustor, and secondary air is introduced concentrically to 
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the primary air with turbulent mixing. Coal is introduced to the primary air stream via a screw feeder 

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

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

to the baghouse (also referred to as a "fabric filter") or electrostatic precipitator (ESP). However, 

analysis of ash deposits collected from the heat exchangers indicated that some mercury was 

collected on the duct walls. To minimize this effect, the heat exchangers were modified to provide 

for higher duct wall temperatures. 

[0097] The PTC instrumentation permits system temperatures, pressures, flow rates, flue gas 

constituent concentrations, and particulate control device (baghouse, Advanced Hybrid Particle 

Collector/ AHPC™, and/or electrostatic precipitator/ESP) operating data to be monitored 

continuously and recorded on a data logger. 

PTC Procedure 

[0098] Flue gas samples were taken at combinations of two of the three available system sample 

points: the furnace exit, the particulate control device inlet, and the particulate control device outlet. 

After passing through sample conditioners to remove moisture, the flue gas was typically analyzed 

for 0 2, CO, CO2, SO2, and NOx. Each constituent was normally analyzed at both the furnace exit and 

the outlet of the particulate control device simultaneously, using two analyzers. The concentration 

values from all of the instruments were recorded continuously. In addition, data were manually 

recorded at set time intervals. NOx was determined using a pair of Rosemount Analytical 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 maintained to 

provide accurate flue gas concentration measurements. 

[0099] The baghouse vessel was a 20 inch (50.8 cm) (ID) chamber that is heat-traced and insulated, 

with the flue gas introduced near the bottom. The combustor produced about 200 ACFM (actual 

cubic feet per minute; about 5.7 actual m3/min) of flue gas at 300°F (about 150°C), therefore three 

13-ft by 5-inch (3.96 m by 12.7 cm) bags provided an air-to-cloth ratio of 4 ft/min (1.22 m/min). 

Each bag was cleaned separately in operation with its own diaphragm pulse valve. In order to 

quantify differences in pressure drop for different test conditions, the bags were cleaned on a time 

basis, rather than with the cleaning cycle initiated by pressure drop. Once bag cleaning was initiated, 

all three bags were pulsed in rapid succession on-line. 
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[00100]Tests were also conducted with a single-wire, tubular ESP replacing the fabric filter. The 

ESP unit was designed to provide a specific collection area of 125 at 300°F (150°C). Since the flue 

gas flow rate for the PTC is 130 SCFM (standard cubic feet per minute; about 3.7 NCMM (normal 

m3/min)), the gas velocity through the ESP is 5 ft/min (about 1.52 m/min). The plate spacing for the 

ESP unit is 11 in (27.9 cm). The ESP was designed to facilitate thorough cleaning between tests so 

that all tests can begin on the same basis. 

PTC Results 

[00101] Results are illustrated in Figure 6. As can be observed in Figure 6, even though the tested 

sorbent particle size is significantly larger than normal sorbent particles, the treated larger-than­

normal sized (that is, >60 micrometers) activated carbon sorbent was quite effective at capturing 

mercury. Approximately 75% of the mercury was captured when the larger-sized treated AC was 

injected ahead of the pilot-scale ESP, while approximately 85% of the mercury was captured when 

injected ahead of the pilot-scale fabric filter ("FF"). Note that in Figure 6 (and throughout) "Macf' 

(and "MACF") indicates million actual cubic feet (1 MACF is about 0.028 million actual cubic 

meters or "MACM"). 

[00102] Referring now to Figure 7, it can be observed that the larger-sized treated AC when injected 

ahead of the pilot-scale ESP (diamond symbol(s)) performed better than the finer standard AC 

(triangles) under the same arrangement. In comparison, when injected ahead of the fabric filter (FF), 

the larger-sized treated AC (square) performed similarly to slightly worse. However, for this 

application, the larger-sized treated AC can be physically separated from the smaller flyash particles, 

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

overall utilization and economics. These data thus show that a larger-than-normal sized sorbent can 

provide effective mercury control and ease flyash and AC separation, thereby also preserving the 

characteristics of the flyash for sale and beneficial use. Accordingly, because >60 µm sorbent 

particles have been successfully demonstrated, superior mercury control can be obtained with >40 

µm particles, which may be preferred in some applications, depending on the sorbent particle/ash 

separation system used. Note that in Figure 7 (and throughout) "Macf' (and "MACF") indicates 

million actual cubic feet. 

Example 7 - Liquid Phase (Organic Solvent) Halogenation 

[00103]A 5% solution of bromine in ligroin was prepared by carefully adding 50 g of bromine to 1 

liter of cold ligroin. One kg of activated carbon was added to the bromine solution in a large metal 

can. The slurry was stirred with a large paddle during the addition and for a short time afterwards 
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until all the bromine had reacted with the carbon as indicated by the disappearance of the red color. 

The slurry was filtered using a Buchner funnel under vacuum. The carbon cake that was collected on 

the filter was dried in an oven at l 10°C for several hours until it appeared dry and a constant weight 

was obtained. As in Example 1, some moisture was left in the carbon, however. The dried carbon 

was then tumbled in the rotating barrel with metal pieces to break up and fluff the carbon. 

Example 8 - Promoted Activated Carbon Sorbents 

[00104] A bench-scale procedure based on the above description was used to test the initial activities 

and capacities of several promoted activated carbon sorbents using powdered carbon, including the 

bromine-containing activated carbons prepared from a commercially available sorbent and an aerogel 

carbon film sorbent, as well as the original precursor carbons for comparison. Bromine-treated 

carbons were prepared by impregnation of the powdered activated carbon precursors in a stirred 

solution of bromine in carbon tetrachloride or methylene chloride, or alternatively, in an aqueous 

solution of HBr, followed by drying in air at ambient temperature and drying in an oven at 100°C in 

air or nitrogen. Bromine-treated carbons were also prepared by impregnating bromine from the gas 

phase by passing the gas through a rotating dry bed of the activated carbon precursor. The results 

indicated that adding a second component to the solution improved the capacity of the sorbent. 

[00105] The carbons were initially tested in a heated bed, where a synthetic flue gas stream 

containing elemental mercury (11 µg/m3
) was passed through the bed. Concentrations of total and 

elemental Hg in the effluent gas were determined using a Sir Galahad mercury CEM ("continuous 

emission monitor") (mfr. P S Analytical, Deerfield Beach, FL, USA). The powdered sorbent was 

supported on a quartz filter during the test, and the other sorbents were tested as a triple layer. A 

comparison of the original commercial-grade powdered carbon sorbent with the sorbent after it was 

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

mercury capture activity increased from an initial capture efficiency of about 50% of the Hg in the 

inlet to 100% capture. A comparison of the sorbent after subsequent regeneration with HBr indicated 

that it not only captured mercury at the same level as before (100% capture) but its capacity was 

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

and carbon fiber sorbents by treatment with molecular bromine in solution or in dry beds as 

described above. 

Example 9 - Fluidized/Ebulliated Bed Preparation 

[00106] An activated carbon sorbent was prepared by treating the carbon by impregnating molecular 

bromine from a gas composition containing molecular bromine by flowing the gas through a liquid 

bromine reservoir in series with a fluidized bed or ebulliated bed of the carbon. The amount of 
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bromine taken up by the carbon ranges (in one example) from <1 to about 30 g per 100 g of activated 

carbon, depending on the proportions used. 

Example 10 - Full-Scale Testing 

[00107] In this example, a baghouse (fabric filter) or ESP was used to collect particulates in the 

exhaust of a full-scale commercial pulverized coal-burning facility. A scrubber and sorbent bed were 

also used to remove undesired constituents from the flue gas stream, before being fed to the stack. In 

this example, the halogen/halide promoted carbon sorbent was injected into the flue gas after the 

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

within the boiler). 

[00108] In one exemplary test conducted at a facility fired with lignite coal, the flue gas phase 

mercury (elemental) concentration was between 10 and 11 µg/m3
. The ash and injected carbon were 

collected in the baghouse at 350°F to 375°F (about 175-190°C). Injection of commercial-grade 

activated carbon powder (untreated) at a rate of 1.0 lb/MACF ("MACF" 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% removal of the mercury 

from the gas, respectively), and at 2.0 lb/MACF (about 32 kg/MACM), gave 74%-71 % 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. Thus, a significant increase in the mercury capture was exhibited 

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

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

[00109] The efficiency of the activated carbons for mercury capture can be improved considerably by 

employing a basic material co-injected with the activated carbon, in order to capture any oxidized 

mercury that may be released from the sorbent, or to capture some of the sulfur or selenium oxides in 

the flue gas that can have a detrimental effect on the sorbent capacity. 

[0011 0] Bench-scale testing was conducted by preparing a filter composed of 37 mg of brominated 

activated carbon mixed with 113 mg of calcium oxide. The test was conducted as described in 

Example 1 and compared with the same carbon sorbent but with an inert diluent. The breakthrough 

curve for the mixture of brominated (2%) NORIT Darco FGD sorbent with inert sand is shown in 

Figure 8, and the breakthrough curve for the mixture with CaO is shown in Figure 9. It can be seen 

that the point of 50% breakthrough improves to 65 minutes with the mixture with CaO from only 48 

min with the sand mixture. 
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Example llB - Addition of Optional Alkaline Component - Pilot-Scale 

[00111] Tests were conducted on the pilot-scale PTC combustor described above with reference to 

Example 6 while firing a Texas lignite to evaluate mercury control by co-injecting a standard 

activated carbon (also referred to herein as "AC") and an alkali material upstream of a fabric filter. 

Typical results are illustrated in Figure 10. As shown in Figure 10, co-injecting lime with activated 

carbon vastly improved mercury removal. Mercury removals of approximately 90% were achieved 

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

AC alone, even at much higher injection rates. Data from similar tests show that injecting similar 

quantities of sodium carbonate and AC, and lime and AC, resulted in mercury removals of 

approximately 80%, and 87%, respectively. These data suggest that other alkali can also be co­

injected with AC to improve mercury removal. Other data show that flue gas temperature may 

impact the effectiveness of the alkali addition. Further test data indicate that flue gas contaminants, 

flue gas constituents (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, onsite, the alkali-to-AC ratio in order to optimize removal for 

a given set of site conditions. 

[00112] Without wishing to be bound by any particular theory, the synergy observed in the improved 

performance when co-injecting the two materials can be explained as follows. First, tests indicate 

that binding sites on AC can be consumed by sulfur species and other contaminants. The alkali 

material interacts and reacts with these species thus minimizing their consumption of AC mercury 

binding sites. Second, other work has shown that standard AC will continue to oxidize mercury even 

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

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

treated and/or non-treated AC synergistically takes advantage of these two mechanisms, resulting in 

improved mercury capture at reduced costs. 

Example 12- Brominated Carbon Sorbent for Gasification Fuel Gas 

Preparation of 5%Br2W-AC 

[00113] Using a procedure similar to Example 3, a 2.5 wt/vol% solution of bromine in water was 

prepared. Granular Calgon F400 was added to the bromine solution to give a 5 wt/wt% brominated 

carbon product. The bromine solution was stirred with a large paddle during and after the addition 

until the red color in the water disappeared. The suspension was filtered by vacuum on a large 
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Buchner funnel. The filter cake was dried in air, and then in an oven at l 10°C until a stable weight 

was obtained The moisture was reduced to 15%. 

Preparation of 5%Br2D-AC 

[00114] A brominated sorbent was prepared from Br2 addition in solvent as described in Example 7, 

except that dichloromethane was used as the solvent instead of ligroin, and granular Calgon F400 

was used. 

Preparation of 5%PBr3-AC 

[00115] A phosphohalogenated sorbent was prepared from PBr3 usmg the method described m 

Example 5, except granular Calgon F400 was used. 

Testing in Hydrogen Atmosphere - Procedure 

[00116] To simulate the capture of mercury from a heated fuel gas or syngas from coal gasification, 

tests were conducted employing a stream comprising 10% vol/vol hydrogen in nitrogen passing 

through the sorbent at 500 cc/min. The stream contained 26.9 micrograms/m3 of elemental mercury 

from a commercial mercury permeation source. 

[00117] In the tests, the sorbent (0.5 g) was placed in a 0.39 inch (1 cm, inside diameter) glass tube 

fitted with a medium frit sintered glass filter disc to hold the sorbent in the gas stream. The tube 

containing the sorbent bed was connected to a gas inlet tube for introducing the gas stream 

containing the mercury vapor and at the outlet to a tube connection to the detector. The detector was 

a Semtech 2000 continuous mercury emission monitor. The tube was equilibrated in a nitrogen flow 

( 450 cc/min) for 5 minutes at ambient temperature to stabilize the system. The detector showed 0 

concentration of mercury in the effluent from the sorbent bed. (The blank run with no sorbent read 

26.9 micrograms/m3
). The tube was then placed in an oven at the selected temperature for the test 

(from 250° to 400°C). Effluent mercury concentration data from the detector were collected until the 

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

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 the temperature and sorbent. 

The elemental mercury concentration data were plotted as a percent of inlet mercury concentration 

versus time as in Example 1. All the mercury in the effluent was elemental, so a single detector was 

sufficient, and no SnCh trap was needed to convert to elemental mercury (as in Example 1). The 

time for 50% breakthrough (time to reach 50% capture) was then determined from the breakthrough 

curves. 

Results 
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[00118] The results are shown in Table 1 (below) for the unbrominated sorbent (Calgon F-400), the 

brominated sorbents (5%Br2W-AC and 5%BrD-AC), and the phosphobrominated sorbent (5%PBr3-

AC). The maximum mercury concentration obtained in the effluent in each run is also reported in 

Table 1 for the time period indicated in the last column. 

[00119] Under the reducing hydrogen conditions, the unbrominated sorbent broke through 

immediately and was exhausted after only 6.5 min. This complete failure occurred because the 

hydrogen reduces the captured mercury in the unbrominated sorbent at any temperature above 100°C. 

Both of the brominated sorbents exhibited excellent reactivity and good capacity at all temperatures, 

up to at least 400°C. The phosphobrominated sorbent exhibited superior reactivity and capacity at all 

temperatures, up to at least 400°C. 

Sorbent 

F-400 
5%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 

Table 1 

Times for 50% Breakthrough 
Maximum Observed Hg Concentrations for Sorbents 

(10% Hydrogen Streams) 

Temp 50 % breakthrough Maximum [Hg] 
(OC) (min) (µg/m3) 
250 6 20.3 
250 >150 1.4 
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 

[00120] While the preferred embodiments of the invention have been shown and described, 

modifications thereof can be made by one skilled in the art without departing from the spirit and 

teachings of the invention. The embodiments described herein are exemplary only, and are not 

intended to be limiting. Many variations and modifications of the invention disclosed herein are 

possible and are within the scope of the invention. Accordingly, the scope of protection is not 

limited by the description set out above, but is only limited by the claims which follow, that scope 

including all equivalents of the subject matter of the claims. 
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[00121] The examples provided in the disclosure are presented for illustration and explanation 

purposes only and are not intended to limit the claims or embodiment of this invention. While the 

preferred embodiments of the invention have been shown and described, modifications thereof can 

be made by one skilled in the art without departing from the spirit and teachings of the invention. 

Process criteria, equipment, and the like for any given implementation of the invention will be 

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

described herein are exemplary only, and are not intended to be limiting. Many variations and 

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

Use of the term "optionally" with respect to any element of the invention is intended to mean that the 

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

within the scope of the invention. 

[00122] The discussion of a reference in the Background is not an admission that it is prior art to the 

present invention, especially any reference that may have a publication date after the priority date of 

this application. The disclosures of all patents, patent applications, and publications cited herein are 

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

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

[00123] Although the invention is described herein as a sorbent material and associated processes for 

its preparation and use, it is nevertheless not intended to be limited to the details described, since 

various modifications and structural changes may be made therein without departing from the spirit 

of the invention and within the scope and range of equivalents of the claims. 
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CLAIMS 

WE CLAIM: 

1. A promoted carbon sorbent compnsmg a base activated carbon that has reacted with a 

promoter selected from the group consisting of halides, halogens, and combinations thereof, wherein 

the sorbent is effective for the removal of mercury from a gas stream located downstream of a boiler, 

said removal of mercury yielding a cleaned gas stream, and wherein the composition of the promoted 

carbon sorbent is controlled by the mercury content of the cleaned gas stream. 

2. The promoted carbon sorbent of claim 1 wherein the base activated carbon is selected from 

the group consisting of powdered activated carbon, granular activated carbon, carbon black, carbon 

fiber, aerogel carbon, pyrolysis char, activated carbon with an average particle size greater than 40 

micrometers, and combinations thereof, and the promoter is selected from the group consisting of 

molecular halogens, Group V halides, Group VI halides, hydrohalides, and combinations thereof. 

3. The promoted carbon sorbent of claim 2 wherein the sorbent comprises an activated carbon 

matrix in a fixed or a moving bed structure. 

4. The promoted carbon sorbent of claim 3 wherein the structure is selected from the group 

consisting of moving fiber screens and monoliths. 

5. The promoted carbon sorbent of claim 2 further comprising an optional alkaline component 

selected from the group consisting of alkali elements, alkaline earth elements, alkali salts, alkaline 

earth salts, and combinations thereof. 

6. The promoted carbon sorbent of claim 5 wherein the ratio of base activated carbon, the 

promoter, and the optional alkaline component is chosen for optimum economic removal of mercury 

from the gas stream. 

7. The promoted carbon sorbent of claim 2 further comprising a mercury-stabilizing reagent 

selected from the group consisting of S, Se, H
2
S, SO

2
, H

2
Se, SeO

2
, CS

2
, P

2
S

5
, and combinations 

thereof. 

8. The promoted carbon sorbent of claim 7 wherein the promoter is selected from the group 

consisting of Br
2

, HBr, and combinations thereof. 
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9. The promoted carbon sorbent of claim 7 further comprising an optional alkaline component 

comprising an alkaline or alkaline earth element wherein the promoter is selected from the group 

consisting of Br2, HBr, and combinations thereof. 

10. The promoted carbon sorbent of claim 2 further comprising an optional secondary component 

comprising a halogen or a hydrohalide such that the reactivity and mercury capacity of the sorbent 

are enhanced. 

1 1. The promoted carbon sorbent of claim 10 wherein the concentration of the optional 

secondary component on the finished sorbent is within the range of from about 1 wt-% to about 15 

wt-% of the concentration of the promoter on the finished sorbent. 

12. The promoted carbon sorbent of claim 10 wherein the optional secondary component is 

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

combinations thereof. 

13. The promoted carbon sorbent of claim 12 wherein the optional secondary component is 

selected from the group consisting of I2, HI, and combinations thereof. 

14. The promoted carbon sorbent of claim 13 wherein the promoter is substantially in vapor form 

when combined with the base activated carbon. 

15. The promoted carbon sorbent of claim 13 wherein the promoter is combined with an organic 

solvent prior to reaction with the base activated carbon. 

16. The promoted carbon sorbent of claim 13 wherein the promoter and optional secondary 

component are combined with the base activated carbon substantially simultaneously. 

17. A method of preparing a promoted carbon sorbent comprising providing an activated carbon; 

and forming a reaction product by reacting the activated carbon with a promoter selected from the 

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

comprises a promoted carbon sorbent effective for removal of mercury from a gas stream 

downstream of a boiler, thus yielding a cleaned gas stream, and wherein the composition of the 

sorbent is adjusted based upon the mercury content of the cleaned gas stream. 
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18. The method of claim 17 wherein the activated carbon has an average particle size greater 

than that of the components of the gas stream such that the promoted carbon sorbent produced 

therefrom can be substantially separated by physical means from the cleaned gas stream. 

19. The method of claim 18 wherein the reaction product has an average particle size distribution 

greater than about 40 micrometers. 

20. The method of claim 17 further comprising preparing the sorbent in-flight by reacting the 

activated carbon, the promoter, and an optional secondary component to enhance the reactivity and 

mercury capacity of the sorbent. 

21. The method of claim 17 further comprising continuously monitoring the mercury content of 

the cleaned gas stream. 

22. The promoted carbon sorbent prepared by the method of claim 21. 

23. The method of claim 17 wherein the sorbent comprises an activated carbon matrix in a fixed 

or a moving bed structure. 

24. The method of claim 23 wherein the structure 1s selected from the group consisting of 

moving fiber screens and monoliths. 

25. The method of claim 17 wherein the ratio of activated carbon to promoter is adjusted for 

optimization of economic removal of mercury from the gas stream. 

26. The method of claim 17 wherein the reaction product comprises from about 1 to about 30 

grams promoter per 100 grams activated carbon. 

27. The method of claim 26 wherein the promoter is in an organic solvent when contacting the 

activated carbon. 

28. The method of claim 26 further comprising providing an optional alkaline component to 

improve the effectiveness of mercury removal. 

29. The method of claim 26 wherein the promoter is in the gas phase when contacting the 

activated carbon. 
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30. The method of claim 29 wherein the promoter is selected from the group consisting of Br2, a 

Group V bromide, a Group VI bromide, and combinations thereof. 

31. The method of claim 29 further comprising reacting the activated carbon with an optional 

secondary component comprising a halogen or a hydrohalide such that the reactivity and mercury 

capacity of the sorbent are enhanced. 

32. The method of claim 31 further comprising providing an optional alkaline component to 

improve the effectiveness of mercury removal. 

33. The method of claim 31 wherein the promoter and optional secondary component are 

contacted substantially simultaneously with the activated carbon. 
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ABSTRACT 

A promoted activated carbon sorbent is described that is highly effective for the removal of 

mercury from flue gas streams. The sorbent comprises a new modified carbon form containing 

reactive forms of halogen and halides. Optional components may be added to increase reactivity and 

mercury capacity. These may be added directly with the sorbent, or to the flue gas to enhance 

sorbent performance and/or mercury capture. Mercury removal efficiencies obtained exceed 

conventional methods. The sorbent can be regenerated and reused. Sorbent treatment and 

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

control of the active sorbent into the mercury contaminated gas stream are described. 
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