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(57) ABSTRACT

In a method of controlling air pollution. a combustion gas is
passed through a slurry of an alkaline-earth metal sulfide and
a redox buffer (e.g., a phosphate), preferably in combination
with an alkaline-earth metal carbonate and/or hydroxide. A
composition for removing a heavy metal from a combustion
gas is also provided, as an aerosolized, aqueous dispersion or
slurry of an alkaline-earth metal sulfide and a buffering agent.
A 'solid residue of the air pollution control process is also
described.

3 Claims, 2 DrawingSheets
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1

Am POLLUTION CONTROL

CROSS-REFERENCE TO RELATED
APPUCATIONS

2
vulnerable to re-oxidation and resolubilization in water, with
the potential for increased bioavailability.

SUMMARY OF THE INVENTION
5

FIELD OF THE INVENTION

The present invention addresses the problem of mercury-
and indeed, other heavy metals-in combustion gases by
providing an improved process for removing such pollutants,
using readily obtainablereagents, techniques, and appara-

10 tuses, .and which can be used with or in conventional com-
bustion gas scrubbers, for example, fiue gas desulfurization
(FGD) scrubbers. According to a first aspect of the invention,
a combustion gas is allowed to contact a mixture ofan alka-
line-earth metal sulfide and a buffering agent, preferably a

15 one selected from the group consisting of phosphoric acid,
salts of phosphoric acid, alkaline-earth metal-based pH buff-
ers, and mixtures thereof. Advantageously, in one embodi-
ment of the invention the buffering agent comprises both an
alkaline-earth metal pH buffer (e.g .•calcium carbonate) and a

20 redox buffer (e.g., triple, super phosphate) capable of stabiliz-
ing a mercury sulfide precipitate. The mixture of reagents can
be formed as an aqueous dispersion or slurry and introduced
.as an aerosol into the combustion gas stream, preferably
downstream of a particulate removal device, such as a fabric

2$ filter or electrostatic precipitator (ESP).
In a second aspect of the invention, a composition for

removing mercury orotherheavymeta1(s) from acombustion
gas is provided and comprises an aerosolized. aqueous dis-
persion or slurry of an alkaline-earth metal sulfide and a

30 buffering agent, for example, an aerosolized, 20-50% w/w
solids dispersion of an alkaline-earth metal sulfide and a
buffering agent

This application is based on and claims priority of U.S.
Provisional Application Nos. 60/566,272 (filed Apr. 29,
2004) and 60/646,263 (filedJan. 24.2005). The disclosures of
both applications are incorporated by reference as if set forth
herein in their entirety.

The present invention is directed generally to air pollution
control technology. and in particular to technology for Jctuc-
ing mercury and other pollutants from combustion gasts.

BACKGROUND OF THE INVENTION I
Combustion gases from incinerators, power plants, and

coal-fired furnaces typically contain oxides of sulfur (SOX>.
oxides of nitrogen (NOX>,and volatile heavy metals such as
mercury. Typical mercury concentrations in coal are 0.05 to
0.25 mg/Kg. On combustion, the mercury is volatilized and
carried in the combustion exhaust gases.

Mercury poses a serious problem for human beings and the
environment. MSNBC.com recently reported that the South-
east United States alone could save up to $2 billion a year by
reducing mercury po~ution. Coal-burning electricpower
plants are the single biggest source of mercury emissions,
accounting for 40 percent of the total. Coal-fired burners
account for another 10 percent.

Prior efforts to control SO%'NO.••and mercury emissions
.... have includedthe use of dispersions of calcium carbonate and 35

active carbon as an injected spray administered to exhaust
gases, and/or the passing of exhaust gases through a sf;rub-
bing tower to neutralize the SO" and NOx emissions and sorb
the volatile mercury. Following the scrubbing procedure, sol-
ids carried in the exhaust can then be recovered by elJctro- 40
static precipitators prior to discharge of the gases to the ~tmo-
sphere. A combination of scrubbing and electrol.tatic
precipitators used to condense gas-bound dusts can typically
remove 50-85% of the gas-borne mercury. I

Other efforts to control mercury emissions have employed 45
alkali metal sulfides, e.g. sodium polysulfide solution, aud in .
particular sodiumtetrasulfide solution. See, e.g., U.S. Pat. ACCording to a first aspect of ~jJlvr:ption, .a .method.of
No. 6,214,304, andBabcock Power Environmental Inc.Tech- controlling air pollution comprises, allO)Vjng a combustion
nieal Publication, "Multi-Pollutant Emissions Cont:I1)1& gas to contact a mixture of an alkaline-earthrnetalsulfideand
Strategies, Coal-Fired Power Plant Mercury Control by 50 a buffering agent Preferably, thebuffering agent is-selected "
Injecting Sodium Tetrasulfide"; Licata A•.BeittelR,Alce T, from the. group consisting of phosphQric.:jiC,id,-$.lIltsI(}$pbos,.,
ICAC Forum, Nashville, Tenn. Oct. 14-15,2003. Mercury is phoric acid, alkaline-earth metal-based pRbuf.'f~. andmix-i
converted to mercury sulfide, and the mercury sulfide illpre- tures thereof. The alkaline-earth 1l)etal.!!ulfideanciabuffering. c...·
cipitated out via a.dust separator. The process requires the agent (sometimes referred to coUecti¥Q}y,as a;(eme4iation: :.
alkali metal sulfide solution to be introduced into the flue gas 55 agent) can be.introduced as an aerosol.intoa combustion gas "
accompanied by the simultaneous addition of heat. The pro- to react with and 'facilitate the removaLofrnerpmry :and/or:-;,','
cess can be'used in conjunction with the addition of oxidizing other heavy metals. ,:;.,-" '.. "" ,.;.;; ,:, ·:'.n.L!1" ,,'
agents, e.g. chIorine-containing compounds, to the burning Nonlimiting examples of alkaline-earth .metal sulfides
caal-orcoke;'Stldrthatdemental meIaJIyiS'COm'ertetiintoits - - "-inclnrle calcium sulfide; 'magnesiunnu}fides;,adductsofcal~ .'
oxidized form, enabling the reagent to react with it more 60 cium sulfide, adducts ofmagnesium$ulfitle;',mi~ed,cillciumL.:'
readily. This-process is disadvantageous in that it is tempera- magnesium sulfides, and mixtures.thereot; :, 1'..•... ' , " :' ,.

ture-critical and the use of oxidizing agents in coal feedstocks Nonlimiting examples of alkaline-earth: metal-based: pH
may increase corrosion within the system. Additionally, the buffers include calcium carbonatesealcium.hydroxide.ical-
process residues containing precipitated mercury sulfide, in cium phosphate, magnesium carbonarerrnagnesium hydrox-
its black or beta-crystalline form, can be readily oxidized, as 65 ide, magnesium phosphate, mixed calcium-magnesium.car-
mercury sulfide is not stabilized to pH- or redox-induced bonates, mixed calcium-magnesium 'hydroxides, ·!nixed··
reactions. therebyrendering the I1lClS;Urysulfide precipitate calctum-magnesiumpbosphates, tripl~;supeiphosphate;apa·

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will become better understood when refer -
ence is made to the accompanying drawings, wherein:

FIG. 1is a schematic illustration of a wet scrubber for
removing mercury from a combustion gas according to one
embodiment of the present invention; and

FIG. 2 is schematic illustration of a dry scrubber for rernov-
ing mercury from a combustion gas according to one embodi-
ment of the present invention. .

DETAILED DESCRIPTION

'~; .
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,~~~,~~:~~~otTriple superphospha1e(aiso known stream, In a dry scrubber, Iower concentration dispersions or
" ,.,as,~uperp~p~ 'I~P, and superphosphate) is. predomi- slurries lIjay be appropriate, for example; a 20%w/w slurry of

i :".;', :.~iY,,';~Q~~~tI}PJ:iosphate hydrate (CaH2POJ2·~bj alkaline-earth metal sulfide and bttfferin&agent, applied via a
.' ,:.'., (~l\.~.~o.~~6,.??,--.4»)" . .' rotary aroniizer, For a dry scrubbing system. typical particle
,:, ' i, .• ' ~:Jfl:!.l~~~l:IodilD.Cnt, the buffering agent includes at S size (solids), is rougbly<325 mesh (e.g., about 45 microns).
, ,.,.- least one redox buffer capable of stabilizWg,a~ sulfide For wet scrubbing systems, larger particles (<200 mesh, e.g.,
.' ' •. :' -pfecipiateagainst subSequent T¢di>iC1"eactiomrzmdloFdisso=-"'""ilbou~S~ accePtable. ' . '
\' . 'hitiOn in water (reso'iubilization); Nonlimiting examples of "FiG;TillustTa1es"oncn:nil'jodffif~r-6r-a·W'et·scrubber~··-

, ;.: ',.:; '::',,.s~h.-rCd0'f-~~-P;c!~~ phosphoric acid, salts of phospho- suitable for use in a FGDprocess andin the practice of the
-.'ric;I!£.id;,.~c ~),hereof. Morepreferably, the buffering 10 present inveiJtion. A mixture of reagents comprising an alka-

, " .':agent ~Pri.~S.llq~ast, one alkaline-earth metal-based com- line-e~ metal sulfide and a buffering agent resides in the
. .. '..' pound,iInd at.Ieast.one redox buffer,. , . , additive feed taIik 12, with or without additional ground lime

" '.,;~Pc~" ew:\ionates, hydroxides, phosphates, and and/or limestorie. It is introduced into tlie sump 14 of the wet
,,'~,•.. ': :,Iike,.~Q!Ils.!Ic,t .¥..~I;ibuffers within the acid gas. stream, scrubber Viavalve C.The spray in the tower 16 is controlled
-:"~ __",~~.~ill,ty~U)tl1~ reagent mixture, '."; . . IS via valveA,.imd is regulated to meet the up-Howing combus-

~'," . . Pposphori.c.' acid, imdIor its salts (e.g., phosphates) is tion gases, downstream of a particulate removal device, such
e~p'loyedas a redox buffer to ensure the stability of the final as a fabric filter or electrostatic precipitator (ESP). The pH of
precipitated i:Iu:rcury' sulfides. Additionally the phosphate the reaction tank 18 is maintained at approximately pH 6 to 8.
may actas a moderate acid to oxidize any elementalmercury The reaction is monitored for sulfide content, and when this
Present m the combustion gas, such that it can be more easily 20 falls below effective levels the reaction tank is drained to the
precipitated by the alkaline-earth metal sulfide(s). Phos- eilluent transfer tank 20 via valve B, and the slurry is de-
phatcs also have thebenefit of being corrosion inhibitors. In watered (thickened). Drained water is recycled in the process.
contrast. calcium chloride agents currently employed as coal The concentrated slurry is transferred to a press-filter or
feedstock additives to facilitate elemental mercury oxidation rotary drum filter (not shown) via valve II, and the dried solid
can give rise to increased risk of plant corrosion. 2S is packaged for sale or disposal. The reaction tank is

Phosphates may function both as pH buffers and redox recharged and the process recommences. A single scrubber
buffers. can be operated in isolation or, more preferably, banks of

A number of generic and more specific examples of the three to six wet scrubbers are operated in parallel. They may
mixtures of reagents used in the practice of the invention are be used in conjunction with existing gypsum production units
provided. In a generic embodiment, the mixture of reagents 30 or operated as a pre-treatment, upstream of a gypsum produc-
comprises an alkaline-earth metal sulfide -and-a buffering tion unit-or units. , .
agent. In a slightly less generic embodiment, the mixture of Scrubbers for air pollution control are well known. A non-
reagents comprises an alkaline-earth metal sulfide, an a1ka- limiting example of one such scrubber is the wet flue gas
line-earth metal pH buffer, and a redox buffer. In a less desulfurization (FGD) scrubber sold by Babcock and Wilcox
generic embodiment, the mixture of reagents comprises an 35 (a subsidiary of McDermott International). The scrubber has
alkaline-carth metal sulfide. an alkaline-earth metal carbon- a spray level for introducing reagents, and includes at least
ate, and a phosphate. In a more specific embodiment; the one nozzle, i.e., a slurry spray nozzle.
buffering agent comprises triple superphosphate and at least FIG. 2 illustrates one embodiment of a dry scrubber 50
one alkaline-earth metal. carbonate, or hydroxide (e.g., cal- suitable for use in the practice of the invention. A mixture of
cium carbonate, calcium hydroxide, and so forth). In another 40 reagents is introduced into the dry scrubber as a 20% w/w
embodiment. the mixture of reagents comprises a mixture of slurry via a rotary atomizer 52. The configuration for the
calcium sulfide, triple superphosphate, and calcium carbon- scrubber 54 should be such as to maximize the wet contact
ate. Even more specifically. in one embodiment of the inven- time of the reagent aerosol with the combustion gases, yet
tion, the mixture of reagents comprises calcium sulfide, triple permit the dried aerosol to pass into the bag house 56 in a dry
superphosphate, and calcium carbonate, present in relative 4S fonn so as not to blind the bag house filtration system. The
amounts of 3: 1:2 by weight (w/w), respectively. Such a mix- dried reaction product may berecovercd for recycling or sale.
ture is available from Solucorp Industries, Ltd. (West Nyack, In both the wet scrubbing and dry scrubbing systems, mer-
N.Y.>, as MBS 2.1TM. cury present in the combustion gas is converted to a solid

The mixture of reagents can be provided as an aqueous mercury sulfide precipitate and thereby separated from the
dispersion or slurry of finely divided particles in water, and 50 exhaust gas. While not bound by theory, it is believed that the
can be administered (introduced to a combustion gas) as an present invention should facilitate greater than 95% recovery
aerosol or spray, or in some other convenient numner. Advan- of mercury as the combustion gas transits the scrubber.
tageously, the dispersion or slurry can, and preferably does, Advantageously. the mercury-containing process residues
include a small amount (parts-per-thousand) of a dispersant, are solid, substantially insoluble and, it is believed, stabilized
preferably a hyperdispersant, more preferably a polYmeric 55 against resolubilization, as the buffering agents act to retard
hyperdispersant, such as the "Solsperse" adducts from redox reactions that could lead to oxidation and resolubiliza-
Noveon Specialty Additives, Noveon Division. Lubrizol Ltd., tion.
Blackley, Manchester M9 8ZS, United Kingdom. A specific It will be appreciated that, in addition to mercury, other
example is "SolPlus D540," A solids dispersion can be pre- heavy metals present in a combustion gas should be recover-
pared by bead milling. 60 able through the practice of the present invention. Most heavy

The dispersion or slurry of reagents is provided at a con- metals fonn metal sulfide precipitates. These should be sta-
centration suitable for use in a particular air pollution control bi1izcd agaiust subsequent oxidation andresolubilization as a
apparatus, or type of apparatus, such as a wet or dry scrubber. consequence of exposure to phosphates or similar buffering
For example, where a wet FGD-type scrubber is to be utilized, agents present in the remediation agent. allowing lead and
the mixture of an alkaline-earth metal sulfide and a buffering 65 other heavy metals to be recovered in a water-stable form.
agent can comprise a 20-50% w/w solids dispersion, and the It will also be appreciated that the removal of mercury and
dispersion can be inj~cted from nozzles into a combustion gas other metals from a combustion gas according to the inven-
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The Director of the United States
Patent and Trademark Office

Has received an application for a patent for a
new and useful invention. The title and descrip-
tion of the invention are enclosed. The require-
ments of law have been complied with, and it
has been determined that a patent on the in-
vention shall be granted under the law. .

tJhe
CUVllted
gtateg

O~
cAWleftiCa

Therefore, this

United States Patent
Grants to the person(s) having title to this patent
the right to exclude others/rom making, using,
offering for sale, or selling the invention
throughout the United States of America or im-
porting the invention into the United States of
America for the term set forth below, subject
to the payment of maintenance fees as provided
by law.
If this application was filed prior to June 8,
1995, the term of this patent is the longer of
seventeen years from the date of grant of this
patent or twenty years from the earliest effec-
tive US. filing date of the application, subject
to any statutory extension.
If this application was filed on or,{gfiet June 8,
1995, the term of this patent is twii1;¥jtyearsfrom

I
the US. filing date, subject to anY\§Jtitutory ex-
tension. If the appl~cation conta~li~?~.-~f~cifj<.
reference to an earlzer filedapplzcatwn·.:(][dl -
plications under 35 US.c. 120, 121 or ~l.
the term of the patent is twenty years f:&>

.date on which the earliest application
subject to any statutory extensions.

,',. \/1/ ~
~Vv.~~

>'Di~~!!!.Qroflhe Unued SuuesPmetu.andTmdemark Office



".,.'

~~~ .." ..
" ,\ u.-I..':ilJi'

UNITED STATES PATENT AND 'fIlADEMAU OFFICE

-J'"'" •.

UNOER SECRETARY OF COMMERCE FOR INTEllECTUAl PROPERTY ANO

DiReCTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE

PTAS 1IIIIIIIIIIIIIm
ReCEIVED

NOV ..1i 2005
Cbmtle. farUr & .HaJe.1I2

*103038741A*
NOVEMBER 09, 2005

CHRISTIE, PARKER & HALE, LLP
P.O. BOX 7068
PASADENA, CA 91109-7068
ATTENTION: JOHN D. CARPENTER

UNITED STATES PATENT AND TRADEMARK OFFICE
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THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS
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REFERENCED BELOW.
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FIND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY
CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 571-272-3350.
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P.O. Box 7068

Pasadena. CA 91109.7068
Attention: Jolm D. Carpenter

17. ~ Total fee enclosed (37 CPR. 3.41): $ 40.00 .

8. 00 Any deficiency or overpayment of fees should be chargI:d or credited to
Deposit Account No. 03-1728. except far payment of issue fees required
UDder 37 CFR § 1.18. Please: show our docket Dumber with any credit or
charge 10 our Deposit AcCOUJit.

Total number of pages including cover sheet.
attachments. and document: QJ

Ita. 0Explanatory letter is enclosed,

IDClsrh
07/W200S 6TIIt11
01 Ft~eot1
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·FORM'PTO-1595
Docket No. 54974/JDClS1042

RECORDATION FORM COVER SHEET
PATENTS ONLY

h. Name of conveying party(ies):
Peter J. Hurley

Additional name(s) of conveying party(ies)
attached: NO

~

Name of conveyance:

Assignment
Security Agreement

Other:

o Mergero Change of Name

Mail Stop Assignment - Recordation Services
Director of the United States Patent and Trademark Office
P.O. Box 1450
Alexandria, Virginia 22313-1450

Commissioner of Patents and Trademarks: Please record the attached original documents or copy thereof:

Post Office Box 7068
Pasadena., CA 91109-7068

!Execution Date: May 17, 2005

2. Name and a9dress of receiving party(ies):
Name: SOLUCORP INDUSTRIES, LTD.

Street Address:
250 West Nyack Road
West Nyack.,New York 10994

Additional name(s) & addressees) attached? NO

If this document is being filed together with a new application; the execution date of the application
is!

~. Application number(s) orpatentnumbcr(s}:

A. Patent Application No.(s)
11/118.107

B. Patent No.(s)

Additional numbers attached? NO

Statement and signature.
To the best of my knowledge and belief, the foregoing information is true and correct and any attached copy is a true copy of ~riginal

:~:'O.2005 By ~--'
Nam John D. Carpenter
6261795-9900

Is. Please return the recorded document and address all
correspondence to:

CHRISTIE. PARKER & HALE. LLP
P.O. Box 7068

Pasadena, CA 91109,7068
Attention: John D. Carpenter

I~"""''''_s ,Bn' u •••••• .,u.••••.•..••u--·~=E·__ "'J!lYVAmo.

1 1

'10. 0 Explanatory letter is enclosed.

~

JDClsrh

6. Total number of applications and patents involved

7. 00 Total fee enclosed (37 CPR 3.41): s 40.00

8. ~ Any deficiency or overpayment of fees should be cbarged or credi ted to
Deposit Account No. 03-1728, except for payment of issue fees required
under 37 CPR § 1.18. Please show our docket number with any credit or
charge to our Deposit Account.

Total number of pag~ including cover sheet;"
attachments, and document: D

7'~''''~f'".. ..':'~'~:">~;,~-.;.:~W~~~~~~;f\~~}~~#,,%~;£~~~t~i~!1~'I!~~;~"'!j~~~fJ~~~!~!ti:7~~"1tiS.'<f.~!~f;'t~~::'~J::t,?;~1t~~!t~~~'!~~ttf~i"h~'i~;;:~'4!'~<:~~~:~:i:r~~~!~~':'::£':':":;"(-;'-·:;;.:"'~'!'.';co



Docket No. 52510 and 54304/JDC/SI042

ASSIGNMENT OF PATENT APPLICATIONS

WHEREAS, I. PETER J. HURLEY, residing at 11 Maple Grove, Fixby, Hudder's Field, West
Yorkshire HD2 2FG. United Kingdom, have invented certain new and usefuJ improvements
disclosed in a first U.S. Provisional Application entitled AIR POLLUTION CONTROL,
Application No. 60/566,272, filed April 29. 2004, a second U.S. Provisional Application known
by that same title, Application No. 60/646.,263. filed January 24, 2005, and a U.S. non-
provisional Application No. 11/118,107~ filed April 29,2005 (based on and claiming priority of
said first and second provisional application);

Sole

-
AND WHEREAS SOLUCORP INDUSTRIES, LTD., a Canadian limited liability company,
having a place of business at 250 West Nyack Road, West Nyack New York 10994 (hereafter,
together with any successors, legal representatives or assigns thereof. called "ASSIGNEE")
wants to acquire the entire rights, title and interest in and to said improvements and said
ProvisionaJ Applications;

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00) to me in hand paid,
and other good and valuable consideration, the receipt of which is hereby acknowledged, I have
sold, assigned. transferred and set over. and do hereby sell, assign, transfer and set over to
ASSIGNEE the entire right, title and interest in and to: said improvements and said applications;
all related applications addressing the said improvements. and all divisions and continuations
thereof, and all United States Letters Patents which may be granted thereon, and all reissues,
reexaminations and extensions thereof; ail priority rights under all available International
Agreements, Treaties and Conventions for the protection of intellectual property in its various
forms in every participating country; all applications for patents (including related rights such as
utility-model registrations, inventor's certificates, and the like) heretofore or hereafter filed for
said improvements in any' foreign countries, and aU patents (including all continuations,
divisions, extensions, renewals, substitutes. and reissues thereof) granted for said improvements
in any foreign countries. I hereby authorize and request the United States Commissioner of
Patents and Trademarks. and any officials of foreign countries whose duty it is to issue patents
on applications as aforesaid, to issue all patents for said improvements to ASSIGNEE in .
accordance with the terms of this Assignment;

AND I HEREBY covenant that I have full right to convey the entire interest herein assigned,
and that I have not executed, and will not execute, any agreement in conflict herewith;

AND I HEREBY further covenant and agree that I wiil communicate to ASSIGNEE any facts
known to me respecting said improvements, and testify in any legal proceeding, sign all lawful
papers. and generally do everything possible to aid ASSIGNEE to obtain and enforce proper
patent protection for said improvements in aJl countries.

~

Page 1 of2
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ASSIGNMENT OF PATENT APPLICATIONS
Docket No. 52510 and 54304/JDCISI042

Sole

IN TESTIMONY WHEREOF, I hereunto set my hand this
h'A.-t .20 0,5 .

ij day of

By ,(J1)1w1
_ ft 41::

WITNESS .

i--:-:-\\~\""\~

WITNESS

roc/srh

SH PASS7346J.l· .•.()31l0IOS 11:09 AM
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