PROCESS FOR TREATING A GAS STREAM PRIORITY CLAIM This application claims the benefit, and
is a continuation application of prior U.S. application Ser. No. 11/750,274 filed May 17, 2007 entitled "A
Process for Treating a Gas Stream," now U.S. Pat. No. 7,390,470, which claims the benefit of Provisional
Application Ser. No. 60/800,971, filed May 17, 2006, the entire contents of which is hereby incorporated
by reference in its entirety under 35 U.S.C. Section 120. FIELD OF THE INVENTION The present

invention relates to a process P&degﬁ‘h%éff%ﬁsaggﬁmioxide-containing gas by

converting the hydrogen sulfide to ammonium thiosulfate. BACKGROUND Hydrogen sulfide (H2S) and
carbon dioxide (C02) are commonly found together in gases and liquids in the energy production and
chemical i?ﬁli 'FISY'I&Eg%\QaseS include hydrocarbon gases synthesized from coal, petroleum coke,
residual oils, shale oil, tar sands, biomass, and other carbonaceous materials. Hydrogen sulfide is
poisonous and considered a pollutant that contributes to acid rain. Therefore, hydrogen sulfide must be
prevented Tlosmpptagiog intonk¢hatrmasiphend. i€ amrmonuatethegslioatremolimphidfogepl malfide from a

liquid or gas, inglud ' [ ther ysical sol . . kaline solvent,
such as s%o%&lﬁg#s' g%’ZEn%‘lg?I %Moﬁ%@%iﬁbgggz,%ﬁg? E‘ziasXsecl)%t(i’)l5%1é %@ﬁfﬁ%&%ﬁ%ﬁ%gﬁ%ﬁd ggi%ation
technologibsSikBas UNPE R A7anMbBE ATqrnU ifo rhenafelyo icahoursdioxdidénplasidosobirie Na.most
physical s d ater affinity [N nts-than hydr Al on
dioxide co%%%qgéﬁfhﬁ@?%&ﬁh%% f|életi%rgtﬁqu‘feﬁ gso‘?\eé%t},{ F‘rseglfJiﬁ%écgngrgggébﬁ&éﬁé%%to-g%%fﬁy on rates
and regenefztiorce fietgyedireordethd Ry drbgSnctigfid@0. Therefore, the presence of carbon dioxide
greatly increases the expense of removing hydrogen sulfide from a mixture.

FIELD OF THE INVENTION

The present invention relates to a process for removing hydrogen sulfide from a carbon

dioxide-containing gas by converting the hydrogen sulfide to ammonium thiosulfate.
BACKGROUND

Hydrogen sulfide (H,S) and carbon dioxide (CO;) are commonly found together in gases and
liquids in the energy production and chemical industries. These gases include hydrocarbon
gases synthesized from coal, petroleum coke, residual oils, shale oil, tar sands, biomass, and
other carbonaceous materials. Hydrogen sulfide is poisonous and considered a pollutant that
contributes to acid rain. Therefore, hydrogen sulfide must be prevented from escaping into the
atmosphere. Common methods for removing hydrogen sulfide from a liquid or gas include
scrubbing with either a physical solvent, such as SELEXOL®., an alkaline solvent, such as
solutions of amine, or inorganic bases, such as sodium hydroxide and direct liquid oxidation
technologies like SULFEROX® and LOCAT®. Unfortunately, carbon dioxide is also soluble
in most physical solvents and has a greater affinity for alkaline solvents than hydrogen
sulfide. The carbon dioxide competes with the hydrogen sulfide for the solvent, requiring
increased solvent circulation rates and regeneration energy to remove the hydrogen sulfide.
Therefore, the presence of carbon dioxide greatly increases the expense of removing hydrogen

sulfide from a mixture.



1 In addition to hydrogen sulfide and carbon dioxide, ammonia (NH3) is also frequently found in gases
and liquids of the energy production and chemical industries. Like hydrogen sulfide, ammonia must be
separated and contained to prevent its release. The separation of ammonia from liquids and gases is
often performed by washing with water. The ammonia and hydrogen sulfide solublized in the water are
then separated from the water by distillation in a sour water stripper, producing an off gas comprising
ammonia. Disposing of ammonia can be both expensive and dangerous. SUMMARY OF THE

INVENTION Jdst e s nirveptianinmRvidasa-poacassitey, affisiently removingdyaoaensutiidedrom a
gas which comprises carbon dioxide by converting the hydrogen sulfide to ammonium thiosulfate under

conditions{VB&es b HAWHGEANG FRsaY MrettCHng prd rald8iiionitiie thidwareyi§uct which
has Commﬁfﬁiﬁiﬂ@mﬁ}sﬁ\s@%@:ﬁﬁt&@ bhe Bl ﬁm%%év@ﬁ@its@@lﬁ&@aimﬁbt&%k&fﬂiﬁ sahn@dRduced by

contacting a feed gas containing ammonia and hydrogen sulfide with an aqueous stream containing

ammoniunt eiftaidirahaastnih s perormad dGebingy ieMatet edie srme i SRt S JERs8es the

cost of rerggring sdpnigen isutbideltercenprisepaiatherst dRMMSICR aisipaaiveinalentsydibe
ammonium thiosulfate product is also marketahle, which can offset the process costs. In one

embodimeHERAE pRoRELE R AprIE 220 AT A% PR RorhPt RN € dth S B18RI B nBhPatBgen
sulfide withgp&eitie salLdigz&emMPrising ammonium bisulfite and ammonium sulfite in a first contact zone.
The first contact zone produces a first contact zone effluent liquid comprising ammonium thiosulfate and
a first contact zone qverhead gas comgrising carbon dioxide. The scrub solution can be produced by

contacting%mﬁi%%rﬂ:% INWERL RN an agueous solution in a second contact zone. The sulfite ion

concentration of the first contact zone effluent can be controlled by modulating the amount of sulfur
dioxide  The present invention provides a process for efficiently removing hydrogen sulfide from a gas

which comprises carbon dioxide by converting the hydrogen sulfide to ammonium thiosulfate
under conditions where carbon dioxide is nearly inert. The process yields ammonium
thiosulfate product which has commercial value. According to U.S. Pat. No. 6,534,030,
ammonium thiosulfate can be produced by contacting a feed gas containing ammonia and
hydrogen sulfide with an aqueous stream containing ammonium sulfite and ammonium
bisulfite. Advantageously, the process of the invention reduces the cost of removing hydrogen
sulfide in comparison to the use of physical or reactive solvents. The ammonium thiosulfate

product is also marketable, which can offset the process costs.

In one embodiment, the process comprises contacting a first gas comprising carbon dioxide
and hydrogen sulfide with a scrub solution comprising ammonium bisulfite and ammonium
sulfite in a first contact zone. The first contact zone produces a first contact zone effluent
liquid comprising ammonium thiosulfate and a first contact zone overhead gas comprising
carbon dioxide. The scrub solution can be produced by contacting ammonia and sulfur
dioxide with an aqueous solution in a second contact zone. The sulfite ion concentration of
the first contact zone effluent can be controlled by modulating the amount of sulfur dioxide
supplied to the second contact zone. Modulating the amount of sulfur dioxide supplied to the

second contact zone can be done in response to either the oxidation potential of the first



supplied to the second contact zone. Modulating the amount of sulfur dioxide supplied to the second
contact zone can be done in response to either the oxidation potential of the first 2 contact zone effluent
or the sulfite concentration of the first contact zone effluent liquid as measured with an infrared analyzer.
In another embodiment of the process of this invention, the first contact zone overhead gas stream
comprising carbon dioxide is contacted with solvent to remove carbon dioxide in a_first solvent scrubber.

The solvePR{afefrPRSgRIBENea e Fetdlds FRIcEHBROgiIkItE fiHe arstcEsaBsceZbIsatoNHbaY gas

includes hygraesh sulfios, mthirddcanigetzone can be used to contact the regeneration overhead gas
with a portion of the second contact zone effluent liquid to remove hydrogen sulfide. In yet another
embodiment, the second gas stream containing sulfur dioxide supplied to the second contact zone is first

treated in gnsacaRe A BeRIRINahopRAuGedhthauliVdirdencaniesbnldie art aadgeato asecond

solvent regenerator may be modulated to control the amount of sulfur dioxide remaining in the gas

supplied toTHRR&BMRIEB1R LR bhdionidsils ieed niBBuikERt e ISMMSHARap slisdits thedsecond

contact zopgissrRavsad e distiliRgveatsWalg rd3ch SQeant rastionatos alien aifisstiéractmngior is used
to remove hydrogen sulfide from the sour water. In another aspect, the amount of ammonia supplied to

the seconGUBATACCREHY ek #ADARTIHEES iR YeQssRse G he o it tRMBL ARC SATLE 5. IBRIEF

DESCRIP b Qe Tt d2RAYMI D dalaal isith schsrinaiiefdingiasoma @ie.embadisnanifliif@process.
FIG. 2 is a schematic diagram of another embodiment of the process. DETAILED DESCRIPTION This

invention pPdvieY Y aEHBMIENS-efficient process for treating a gas, such as a hydrocarbon gas, which
comprises both hydrogen sulfide and carbon dioxide contaminants. A

In yet another embodiment, the second gas stream containing sulfur dioxide supplied to the
second contact zone is first treated in a second solvent scrubber to reduce the sulfur dioxide
content. The heat added to a second solvent regenerator may be modulated to control the

amount of sulfur dioxide remaining in the gas supplied to the second contact zone.

In still another embodiment, the ammonia supplied to the second contact zone is produced by
distilling sour water in a second fractionator after a first fractionator is used to remove
hydrogen sulfide from the sour water. In another aspect, the amount of ammonia supplied to
the second contact zone can be modulated in response to the pH in the second contact zone.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of one embodiment of the process.

FIG. 2 is a schematic diagram of another embodiment of the process.

DETAILED DESCRIPTION

This invention provides an economically efficient process for treating a gas, such as a
hydrocarbon gas, which comprises both hydrogen sulfide and carbon dioxide contaminants. A

scrub solution comprising ammonium sulfite and ammonium bisulfite is employed to react



scrub solution comprising ammonium sulfite and ammonium bisulfite is employed to react 3 with the
hydrogen sulfide to form ammonium thiosulfate according to the following overall reaction: 6 NH3 + 4502
+ 2H2S +H20 4 3(NH4)2S203 Ammonium thiosulfate is a marketable product and may be sold to offset
the cost of treating the gas. Additionally, the hydrogen sulfide is converted to a non hazardous material.
Advantageously, carbon dioxide is non-reactive with ammonium sulfite and ammonium bisulfite in the
scrub soluttéh. tPRdrsdErecmseiffast {6 GEPPryiERl it wiiitinecoshiants, el dpinoritish selectively
captures hydrgggn sulfide and rejects the carbon dioxide present in the gas. Referring now to FIG. 1, a
first embodiment of the process for removing sulfur-containing compounds from a gas comprising
hydrogen sulfide and carbon dioxide is shown. This embodiment comprises contacting a first gas 1 with a
scrub solution 2 il Nlrst dofatiZdmetH2@or AEBImEE&s of this invention the term contact zone
includes any combination of towers, columns, trays, vessels, pumps, valves, control systems, and any

other equipEMRNRHBWH GRS adBatksRRIGREQHHE ddl BAYRS 874 fiey didsshthe st of &4t gas 1

comprisesthydiggen syifisg.and arrbopiigdideulhr first GasdkBiRYRIsOfAMpAisedsakopatdiydrocarbons.
The scrub solution 2 is aqueous and comprises ammonium bisulfite and ammonium sulfite. It should be
readily understandable to persons skilled in the art that ammonium sulfite and ammonium bisulfite are

present in joRigH@EFOIsNE GeHA Sabiian. iOptiaralti Foevsehu arialbhim?2 S addr odhisRMBh
contacting ammonia and sulfur dioxide with an agqueous solution in a second contact zone 6 or may be

provided fRIMHISHS Bril STHRSRWEE EDFHIRES fit8r <Ot oomess Ao e S atiab e aetyaritn
ammoniunthsuéitebayathaBHReRENely captures hydrogen sulfide and rejects the carbon dioxide present

in the gas.

Referring now to FIG. 1, a first embodiment of the process for removing sulfur-containing
compounds from a gas comprising hydrogen sulfide and carbon dioxide is shown. This
embodiment comprises contacting a first gas 1 with a scrub solution 2 in a first contact zone
3. For the purposes of this invention the term contact zone includes any combination of
towers, columns, trays, vessels, pumps, valves, control systems, and any other equipment
known in the art useful in facilitating the contact of a liquid and a gas. The first gas 1
comprises hydrogen sulfide and carbon dioxide. The first gas 1 may also comprise various
hydrocarbons. The scrub solution 2 is aqueous and comprises ammonium bisulfite and
ammonium sulfite. It should be readily understandable to persons skilled in the art that
ammonium sulfite and ammonium bisulfite are present in ionic form in the scrub solution.
Optionally, the scrub solution 2 may be produced by contacting ammonia and sulfur dioxide
with an aqueous solution in a second contact zone 6 or may be provided from any other

suitable source.

In the first contact zone 3, hydrogen sulfide reacts with ammonium sulfite and ammonium
bisulfite to form ammonium thiosulfate. The first contact zone 3 produces a first contact zone
effluent liquid 4 and a first contact zone overhead gas 5. The first contact zone effluent liquid

4 comprises ammonium thiosulfate. The first contact zone overhead gas 5 comprises carbon



bisulfite to form ammonium thiosulfate. The first contact zone 3 produces a first contact zone effluent
liquid 4 and a first contact zone overhead gas 5. The first contact zone effluent liquid 4 comprises
ammonium thiosulfate. The first contact zone overhead gas 5 comprises carbon 4 dioxide. A portion of
the first contact zone effluent may be removed as the ammonium thiosulfate product 29. In a second
embodiment of the process for remaoving sulfur-containing compounds from a gas, the scrub solution 2
may be priHidds b§ BORISBHAG BrHEWNI SRS HRIF BRI WAYAR® dG0KYEE <610RBATRBOSEENd
contact zoggRuiFhispieaapchembodiment comprises contacting the first gas 1 comprising carbon dioxide
and hydrogen sulfide with the scrub solution 2 comprising ammonium bisulfite and ammonium sulfite in
the first contact zone 3. The resulting reaction produces ammonium thiosulfate. The scrub solution 2 may

further comprise cammanbsm Hipsuifaie. Jlogdissisoriach ZuirpreduagsiAficohesiiiagl ZRIE Averhead

gas 5 comprising carbon dioxide and a first contact zone effluent liquid 4 comprising ammonium

thiosulfate2%t [BSSCHBSAIBAW traade IR heentaetin e anmPpE /i shEY o ey AR
thiosulfatejaiRdustsdRitibhe saceid RNbAtien o oh SUsthENRis QeMRHaas YRR IIRG rspE QR BRI EOMPrising

sulfur dioxide, with a third gas 8, comprising ammonia, and a feed liquid, comprisingBat least a_portion of

the first cofiadirsbsasetiRmPESiRg CEbam Tt ctib iy BosHsVidE Arthndiuirrobisaecand

ammoniung&HiSinEhens@eanthC iari2onRISphadiees a6EReNth coptantzvoatLifluent liglurhd
comprising the ammonium bisulfite and ammonium sulfite. The second . contact zone effluent Jiquid 9 can

further corfHYE TSI R AHSSS IRSRE R YL igsyTion! % B BSOIHIPRontEt HEHRS BEMRBNSS is fed to

the first contagbaRe hidsuiaECTub selutiontast saichiprogtdealytifor eaghcmepeuiafdaydragen sulfide

converted to ammonium thiosulfate in the first contact zone 3, two molecules of sulfur dioxide must be

converted QBWBﬁiﬁ?ﬁbon dioxide and a first contact zone effluent liquid 4 comprising ammonium
thiosulfate. At least a portion of the first contact zone effluent 4 may be removed as

ammonium thiosulfate product 29.

The second embodiment further comprises contacting a second gas 7, comprising sulfur
dioxide, with a third gas 8, comprising ammonia, and a feed liquid, comprising at least a
portion of the first contact zone effluent 4, in a second contact zone 6. This yields ammonium
bisulfite and ammonium sulfite. The second contact zone 6 produces a second contact zone
effluent liquid 9 comprising the ammonium bisulfite and ammonium sulfite. The second
contact zone effluent liquid 9 can further comprise ammonium thiosulfate. At least a portion

of the second contact zone effluent 9 is fed to the first contact zone 3 as the scrub solution 2.

Stoichiometrically, for each molecule of hydrogen sulfide converted to ammonium thiosulfate
in the first contact zone 3, two molecules of sulfur dioxide must be converted to ammonium
sulfite and ammonium bisulfite in the second contact zone 6. The amount of ammonium
sulfite and ammonium bisulfite in the feed liquid 20 added to the second contact zone 6
determines the amount of sulfur dioxide that must added to the second contact zone 6. In the
second contact zone 6, the ammonia and sulfur dioxide form the ammonium sulfite and

ammonium bisulfite. Generally, the amount of ammonium sulfite and ammonium bisulfite in



sulfite and ammonium bisulfite in the second contact zone 6. The amount of ammonium sulfite and
ammonium bisulfite in the feed liquid 20 added to the second contact zone 6 determines the amount of
sulfur dioxide that must added to the second contact zone 6. In the second contact zone 6, the ammonia
and sulfur dioxide form the ammonium sulfite and ammonium bisulfite. Generally, the amount of
ammonium sulfite and ammonium bisulfite in 5 the scrub solution 2 fed to the first contact zone 3 is

maintained&tS5 4R RUISIR tiEE0ES forstOBREERPSFhdRIUAT Beivlertdf HEPABEGHHE $ S the first gas
1. In one agpeeiAfdhss MY@LLR sthBRUWEH - GRRERIMUAHOR afdigsf fiquid 20 may be controlled. For the

purposes of this invention, "sulfite" includes any combination of sulfite ion, bisulfite ion, ammonium
sulfite, and/or ammonium bisulfite. The amount of sulfite available to react with hydrogen sulfide to form

ammoniunithiasuliaiecis o riRdusialiibe aufitaisancenicationisnddhenttowsatei@lithedowigy Hae sulfite
concentration of feed liquid 20 can be controlled on the basis of the sulfite concentration of the first

contact zofRERIREhERT the rRBERQSFS LAY SAIVS ednplrdse Ao BiRatfb QheBH YGifur

dioxide suppliegi{gifthe pacangneoniagt zaned yirthe Searndadikulivenekalaaodnfrarduanalyzer uses
the absorption of infrared light to measure the concentration of various chemical species in a solution.

Alternativety2HHBIE A GRAT: Y S eGSR (o BISUIRRRIHEBh HUATHE T thé RediuRd B8 may be

controlled Ly firoehHatingativh ampat s ulity dieddr sl niirds torse coneaantrst o 8l Giduikesponse to
the oxidation potential of the first contact zone effluent liquid 4. Oxidation potential is the electrical

potential ofth&HGAMrARERNLLE it Berhifits SeBATALEIRG of ARsrisHiGResifena AL bisulfite,

ammoniurasthiessifatewandinaiialenignasns, bypicaliya@xsdatampetestiahisum@asudesupiieandgoxidation

potential meter, which measures the electrical patential of the solution versus a standard reference

electrode.the second contact zone 6 via the second gas 7. In general, an infrared analyzer uses the
absorption of infrared light to measure the concentration of various chemical species in a

solution.

Alternatively, the ammonium sulfite and ammonium bisulfite concentrations of the feed liquid
20 may be controlled by modulating the amount of sulfur dioxide supplied to second contact
zone 6 in response to the oxidation potential of the first contact zone effluent liquid 4.
Oxidation potential is the electrical potential of the liquid, which is a function of the
concentrations of ammonium sulfite, ammonium bisulfite, ammonium thiosulfate, and their
ionic forms. Typically, oxidation potential is measured with an oxidation potential meter,
which measures the electrical potential of the solution versus a standard reference electrode.
The desired set point for the oxidation potential can be empirically determined for each

individual application of the process of this invention.

Referring now to FIG. 2, in another embodiment of the invention, after treatment in the first
contact zone, the first contact zone overhead gas 5 is contacted with a solvent 14 in a first
solvent scrubber 10 to remove carbon dioxide from the first contact zone overhead gas 5. The
solvent 14 employed in the first solvent scrubber 10 may be any suitable solvent known in the
art capable of removing carbon dioxide from a gas. An example of such a solvent is an amine

solvent. The first solvent scrubber 10 produces a first solvent scrubber overhead gas 11 and a



The desired set point for the oxidation potential can be empirically determined for each individual
application of the process of this invention. Referring now to FIG. 2, in another embodiment of the
invention, after treatment in the first contact zone, the first contact zone overhead gas 5 is contacted with
a solvent 14 in a first solvent scrubber 10 to remove carbon dioxide from the first contact zone overhead
gas 5. The_solvent 14 employed in the first solvent scrubber 10 may be any suitable solvent known in the

art capabléisf rOWEUInty FHisRielfolhs §5¥. REVeXaspIBRST HEHA SR Ehiseds atahE dolvent.
The first S@M@Wﬁb?@e&@r%%% %FH&@W@E@&@MB@EW@B@%%&%ﬂ%&ﬂﬁrﬁirﬁgfﬁﬁb’%ﬁﬂvem

scrubber effluent 12. The first solvent scrubber effluent 12 is regenerated in a first solvent regenerator 15

to producelPrédfenEhatitis BEMfEhabH L d tdinpriLimg ot Hiskitrl e esrayRrarddisBIeRt 14 is

returned tg#RgoliEstoivRInsehddRes QubBerteappRpssnafdhisinyReHOR QL waIHDPRK LS dgombination
of towers, columns, trays, vessels, pumps, valves, control systems, and any other equipment known in

the art ustMAS faRlY&tn GIRELoRYSESs a2hdurP AntRe £IHHBSHOVEN IS b BET d9efredd gas 11

may compfisgifyaieearkenawbich mayabadurther purified before being used or sold as a useful product.
The gas can be treated with a reactive compound, such as ZnO, to further reduce the sulfur content of

the gas. In another aspect of the invention, the first contact zone overhead 5 comprises hydrogen sulfide
in additionttaecarfa igdideubbéhisverseadysl agansutbdeissikahirtr heahsonmathinytbe aetvent 14 with

the carbon dioxide and included in the regeneration overhead gas stream 13. A third contact zone 16 can

be used tPHHIESHYIFRFERESIRAOHINT dietciitigh RiRAEE KRSnsah 4L BB MERIRON BB Yas 13. In

the third coptasbaaneud, theregenaiation-everbaadgas dsneamprigiogdydrogen sulfide and carbon
dioxide is contacted with at least a portion 17 of the second contact zone effluent liquid 9. Hydrogen

sulfide in the regeneration overhead 13
In another aspect of the invention, the first contact zone overhead 5 comprises hydrogen

sulfide in addition to carbon dioxide. In this case, hydrogen sulfide is likely to be absorbed in
the solvent 14 with the carbon dioxide and included in the regeneration overhead gas stream
13. A third contact zone 16 can be used to remove hydrogen sulfide from the carbon dioxide
from the regeneration overhead gas 13. In the third contact zone 16, the regeneration overhead
gas 13 comprising hydrogen sulfide and carbon dioxide is contacted with at least a portion 17
of the second contact zone effluent liquid 9. Hydrogen sulfide in the regeneration overhead 13
reacts with ammonium bisulfite and ammonium sulfite present in the portion 17 of the second
contact zone effluent liquid 9 that is directed to the third contact zone. The third contact zone
16 produces a third contact zone overhead gas 18 comprising carbon dioxide and a third

contact zone effluent liquid 19 comprising ammonium thiosulfate.

The third contact zone effluent liquid 19 can be combined with at least a portion of the first
contact zone effluent liquid 4, and the combined liquid fed to the second contact zone 6 as the
feed liquid 20. A portion of the feed liquid 20 can be removed as ammonium thiosulfate
product 29. In still another aspect of the process, the oxidation potential of the feed liquid 20
is measured. The oxidation potential is then controlled by modulating the amount of sulfur

dioxide in the second gas 7 supplied to the second contact zone 6.



reacts with ammonium bisulfite and ammonium sulfite present in the portion 17 of the second contact
zone effluent liquid 9 that is directed to the third contact zone. The third contact zone 16 produces a third
contact zone overhead gas 18 comprising carbon dioxide and a third contact zone effluent liquid 19
comprising ammonium thiosulfate. The third contact zone effluent liquid 19 can be combined with at least
a portion of the first contact zone effluent liquid 4, and the combined liquid fed to the second contact zone
6 as the feed liquid 20. A portion of the feed liquid 20 can be removed as ammonium thiosulfate product

29. In still apgthenaspeetphibaipratess tibeRddatianpatesialat the: lisnbdsgfuisdrsasuied. The
oxidation potential is then controlled by modulating the amount of sulfur dioxide in the second gas 7

supplied to4RRISdcEh e cifeatd SRR 7Sl HABHE (&b It eht Ot Ysrb de ¥ kh knasdd A gas 7

comprising&ytiis dignideiis usvpRligditasherrecanskGaotact zene B BerusfelatsMAihAspdaids wnit is well
known by persons skilled in the art and uses the Claus process to convert sulfur-containing species to

elemental S Hh UEH L Pl GRED 8 HofAD 7S s WORTF dicKidw Hiaddserslipthes peius sespiidnally, prior
to being fedgadhaiseerid eoriaciornbd the @auscondt wheRkop2GMay oxgizediinaan exidagiaqdgactor to
convert the sulfur-containing species to sulfur dioxide. In one aspect, the second gas_ 7 can be treated
with a sulfﬁ?"d‘i’&?fbé@ré%%gqaémefﬁf‘ﬂﬁoé BeRINGE IR AL LEFAHEA B BB 5 L ie M tHE ¥EE8nd contact
zone 6. A portion of the second gas 7 can be bypassed around the second solvent scrubber 21 to form a
bypass gas 22. In another aspect, the gxidation potential of the feed liquid 20 to the second contact zone

6 can be é’&rﬁ?Sll%?P%‘?’rﬁ%ﬁF&f?ﬂd S flofiPrabs sdoypiisd gulwdivkidesamaral seiNebifbadss gas 22

controls the@mewal ensWiihexide pHpPliedeindhtSatoneLeaitashzenede Altexngdiveiy, shahe
concentration of sulfite in the feed liquid 20 may be measured with an infrared analyzer. The

concentratiBrPBf it P he PR RILAIPE IR 156 Wuhirdey syrubber 21 to form a bypass gas 22.

In another aspect, the oxidation potential of the feed liquid 20 to the second contact zone 6
can be controlled by modulating the flow rate of the bypass gas 22. The flow rate of the
bypass gas 22 controls the amount of sulfur dioxide supplied to the second contact zone 6.
Alternatively, the concentration of sulfite in the feed liquid 20 may be measured with an
infrared analyzer. The concentration of sulfite in the feed liquid 20 may be controlled by

modulating the flow rate of the bypass gas 22.

In still another aspect, the sulfur dioxide-removal solvent of the second solvent scrubber 21 is
regenerated in a second solvent regenerator 23. Regeneration releases sulfur dioxide 30 from
the solvent, allowing the solvent to be recycled to the second solvent scrubber 21. The amount
of sulfur dioxide remaining in the regenerated solvent 24 determines the capacity of the
regenerated solvent to remove sulfur dioxide. Therefore, the amount of sulfur dioxide
removed in the second gas 7 from the second solvent scrubber 21 may be controlled by
adjusting the amount of sulfur dioxide 30 released from the sulfur dioxide-removal solvent
during regeneration in the second solvent regenerator 23. In yet another aspect, the amount of
sulfur dioxide released from the sulfur dioxide-removal solvent can be adjusted by
modulating the amount of heat added to the reboiler of the second solvent regenerator 23. In a
further aspect, the amount of heat added to reboiler of the second solvent 23 can be modulated

in response to the oxidation potential of the feed liquid 20 or sulfite ion concentration of the



modulating the flow rate of the bypass gas 22. In still another aspect, the sulfur dioxide-removal solvent of
the second solvent scrubber 21 is regenerated in a second solvent regenerator 23. Regeneration
releases sulfur dioxide 30 from the solvent, allowing the solvent to be recycled to the second solvent
scrubber 21. The amount of sulfur dioxide remaining in the regenerated solvent 24 determines the
capacity of the regenerated solvent to remove sulfur dioxide. Therefore, the amount of sulfur dioxide

removed ifctel KBS Y gREF et YHE SBCBHASEIvBAbEEFubitonlyy the EortrEHe PhYhad&ting the

amount of guificdigrisen B relaasaddiom dbdsulbiuiexdds -semevahsalvenht dingveaRRsdaton in the
second solvent regenerator 23. In yet another aspect, the amount of sulfur dioxide released from the

sulfur dioxialatshavaisHicent el By KERBEbY 3modulating the amount of heat added to the reboiler of
the second solvent regenerator 23. In a further aspect, the amount of heat added to reboiler of the
second solvent 23 can be modulated in response to the oxidation potential of the feed liquid 20 or sulfite

ion concerfratfsT AR b ERENfihioBrarfesstuBaRitns ARl dharafoad: coameisAaRY, théhfow rate of
the sulfur diexige-LropralrRlyeptddimay s Weenaduliesdasamntelrhe anrumhopsbdedigxide 30

released in the second solvent regenerator 23. In a further embodiment of the process, ammonia supplied

to the secHMd LOYRALD SnEFSHOMA rtl‘ﬁranéa‘éogl@‘iﬂ%%%&Wa?stﬂﬂw@éufr%ewﬁsﬁl&o R4BRdnators 25,

26. For the, pnEROSEAIAS] KYStévENiiRD anffasliendQiijsany «A6WNatiQRe0hOWaS ] CRIUMItAfiays,
vessels, pumps,  valves, control systems, and any other equipment known in the art useful in facilitating

separatiorsSRLBHGoRE ARNBRRLHy T BoP VAU FHste dnkails sHEdm eIy <ehnbiig thitonia out

of a gas stigand@lsQONTRIisIRG:HYEOgRD sulfigdsincanaihaicaspeatidhk sewthwaiepeanthe disst distilled
in a first fractionator 26_prior to enterinﬁgge second fractionator 25. The first fractionator 26 produces a

top gas 2 7TWAHER ﬁﬁglh% fb‘éF%ﬁiHmHé ﬁﬁﬂtﬁg@@tﬁr 26 prior to entering the second fractionator 25.

The first fractionator 26 produces a top gas 27 comprising carbon dioxide and hydrogen

sulfide. The second fractionator 25 produces the ammonia in the third gas stream 8.

In still further embodiment of the process, the amount of ammonia supplied to the second
contact zone 6 by the third gas 8 can be modulated in response to the pH in the second contact
zone 6. The pH in the second contact zone is indicative of the ratio of ammonium ions to
sulfite ions in the second contact zone 6. The pH can be measured with a pH probe. In one
embodiment of the process the pH in the second contact zone 6 is maintained at or above

about 6.0.

While the invention has been described with reference to several embodiments, it will be
understood by those skilled in the art that various changes in form and detail may be made

therein without departing from the spirit and scope of the invention.



sulfide. The second fractionator 25 produces the ammonia in the third gas stream 8. In still further
embodiment of the process, the amount of ammonia supplied to the second contact zone 6 by the third
gas 8 can be modulated in response to the pH in the second contact zone 6. The pH in the second
contact zone is indicative of the ratio of ammonium ions to sulfite ions in the second contact zone 6. The
pH can be measured with a pH probe. In one embodiment of the process the pH in the second contact
zone 6 is rh&itted at or above about 6.0. While the invention has been described with reference to
several embodiments, it will be understood by those skilled in the art that various changes in form and
detail maybe mage,tergifonithesilide RPN NG 8RN a5 HEaRe CbHIRIMERTRS: SLCHAIMS 1. A
process for removing compounds from a gas comprising:; contacting a first,%as with a first liquid in a first

contact zom&UEHdIEB pRatifisthgoaretrosrtheisey et Bverh sHirgastiquihending QVeHsER uid with a

second gagoitR$eeANcsHtarfaangittherRbyiredycing scepliionjmhesal) theascpriigaacamprises
sulfur dioxide; and cantrolling the pH in the second contact zone by modulating an amount of ammonia

supplied tSHEICR MG EGNIRE: ssonrd BagromRsisss SBH Bt 1idinand; s eRE R gidhraRS ipikes
ammoniungcRistdfitend Anmeninvdsuities 3n HheopmcIssime@iMsipwiharentthestitshgasaamprises a

hydrocarbon. 4. The process in claim 1, wherein the first gas comprises hydrogen sulfide and carbon
dioxide. 5.”PR& process of claim 1, further comprising measuring the pH in the second contact zone using
a pH probe.

2. The process of claim 1, wherein the first liquid comprises ammonium bisulfite and

ammonium sulfite.

3. The process in claim 1, wherein the first gas comprises a hydrocarbon.

4. The process in claim 1, wherein the first gas comprises hydrogen sulfide and carbon
dioxide.

5. The process of claim 1, further comprising measuring the pH in the second contact

zone using a pH probe.

6. The process of claim 1, wherein the amount of ammonia supplied to the second

contact zone is modulated to maintain the pH in the second contact zone at or above about

6.0.

7. The process of claim 1, wherein the solution further comprises ammonium thoisulfate.
8. The process in claim 1, wherein the second liquid further comprises at least a portion
of the effluent liquid.

9. The process of claim 1, further comprising treating the second gas with a sulfur

dioxide-removal solvent in a second solvent scrubber prior to the second contact zone.
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6. The process of claim 1, wherein the amount of ammonia supplied to the second contact zone is
modulated to maintain the pH in the second contact zone at or above about 6.0. 7. The process of claim
1, wherein the solution further comprises ammonium thoisulfate. 8. The process in claim 1, wherein the
second liquid further comprises at least a portion of the effluent liquid. 9. The process of claim 1, further
comprising treating the second gas with a sulfur dioxide-removal solvent in a second solvent scrubber
prior to the second contact zone. 10 10. The process of claim 1, further comprising fractionating a sour
water in a figst fraeioRAlesdo produie 3 foias COmpRing hvsinarmskifidedrion iAisilingiihe sour
water in a second fractionator to produce the ammonia supplied to the second contact zone. 11. The
process of EASHANLLGHPEBAREHSIAGAb ;T RRESING $HY dershd SaIdR RESEATUB &N IKRe e SBHioHA Y the
second gag; aRcteantralingibs exidatiorenpéantialaiihafpreiseluionbymedilatingéhe flow rate of the
bypassed portion of the second gas. 12. The process of claim 1, further comprising: measuring the sulfite
concentration of the first contact zone effluent liquid with an infrared analyzer; and modulating the
amount of | sulfurpigxjgeceuppliedadentne saeprd-caipastnzons Padaapansaéedhe BRI @euBBiite
concentration of the first contact zone effluent liquid. 11 o ) )

with a portion of the second gas; and controlling the oxidation potential of the feed solution

by modulating the flow rate of the bypassed portion of the second gas.

12. The process of claim 1, further comprising: measuring the sulfite concentration of the
first contact zone effluent liquid with an infrared analyzer; and modulating the amount of
sulfur dioxide supplied to the second contact zone in response to the measured sulfite

concentration of the first contact zone effluent liquid.
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