PRI ORI TY CLAI M [0001] This application clains benefit
of U.S. Provisional Application Serial No. 60/800, 971
wQ 2dorhad43vey 17, 2008. FI ELD OF THE | NVENTI ON POD024007/069192
The present invention relates to a process for
renovi ng hydrogen sul fide froma carbon
di oxi de-cont ai ni ng gas by converting the hydrogen

j amoni um t hi osuSf at e BACKGROUND [ 0003]
PR%W@#’@&N de (H2S) and carbon dioxide (CO2) are
monl y_found together in gases and liquids in the
[OG@Her gy proeapplichiogdeisrdsredit of babstiavisionaffeydicgli@reserial

i ncl ude hydrocarbon gases synt hesi zed from coal,
No.ps/800 8 tledlay @86 2038, oils, shale oil tar sands,

bi omass, and ot her carbonaceous material s. Hydrogen

sul fide is poisonous and considered a pollutant that

contributes to acid rain. Therefore, hydrogen sulfide

F;Em%@mv RigaN rom escapi ng into the atnosphere.

netho s for renoving hydrogen sulfide froma
qui d
10088V ent °f@eg§%ssﬂf:’§a?§&%ﬁe”§%ﬁ? erores s Pl Ben
tions or i.norgani c bases,
U G A1 RRE PP R CONAINE R ea e RGBS Sulide
i ke Sulferox and LoCat. Unfortunately, carbon dioxide
to gramgnisen §udsiBiaéei n nost physical sol vents and has a
greater affinity for al kaline solvents than hydrogen

sul fide. The carbon di oxi de conpetes with the hydrogen
sul fidefor the solvent, requiring increased sol vent

BACKORthaNon rates and regenerati on tenperatures to
renove the hydrogen sulfi de. Therefore, the expense of

[{30:5%”0“ ”g-i 1y é&g%ﬂzfnﬁ% Sﬁaﬁ& QM HSkE AL M LB monly

car bon eis

found togsther in gases and liquids in the energy production and chemical
industries. These gases include hydrocarbon gases synthesized from coal,
petroleum coke, residual cils, shale oll, 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 sclutions of aming, or
Nnorganic baseas, such as sodium hydroxide and direct liquid oxidation
technologies like Sudferox 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



i ncreased. [0004] In addition to hydrogen sulfide and
carbon di oxide, amonia (NH3) is also frequently found
WO p0ogasmag3 and | iquids of the energy producti onP@ErRES2007/069192
chem cal industries. Like hydrogen sulfide, ammonia

nmust be separated and contained to prevent its
rel ease. The separation of ammoni a from i quids and

ases i s often perfor water. The..
for RS SYA o RAFe Bhisolh s EEPug oY betee P TERAP ion
are then separated fromthe water by distillation in a
tempgimtuipi t@rreg‘tqweﬁbg H“}’dfﬁ*m%tﬁ ge. aﬁhéfeffo@ag‘% @W*’F%’% ®fg
amoni a. Di sposi ng of ammoni a can be both expensive
remawvehgiiaydyegen suifSENNMNRY OXTHENCINUENTHONO] 0g0d]e Ehgreatly
present invention provides a process for efficiently
incre@s®yi ng hydrogen sulfide froma gas which conprises
carbon di oxi de by converting the hydrogen sulfide to

[OOGATTONT U LR tﬁﬁyﬁrw&%ﬁ@é‘ ‘éh%i'c%’ﬂ@oﬁ‘ﬁ%&ﬁiec 36RR8nia (NHs)

di'oxi de 1s nearly I'ner e process yields anmoni um

s el Bl ol & Gseth I ES s 0S0S o i an
t hi osul fate c roduce y contacting,a feed
CheFR AP S bR PO S AT ST teSPEPeRRraied and
aqueous stream contai ning ammoni um sul fite and
CONGRITBMN LR ATYieshIts releasadV Batsagasisng! aweoprdtasdiceids #ed
i nvention reduces the cost of renoving hydrogen
gasssli nflen iperfoomnpd byseoastiog e wister ofhepayerarag and hydrogen
orreactive solvents. The amoni um t hi osui fate product
sulficie @él@l@hz“é@ﬁh%@@a@er el tabn caparftbs fbnt e WERE®SIistillation in

costs. [0 I n one enbodinent, the process conprises
f
a s%@%& %Pr %BEhczﬁﬁ%ncgﬁgég n%ﬁ‘{%émnﬁiﬁ‘?é“ é?séa%%g of
moni u bIS Ifite and numsulfltelnaflrst
am%‘&?taa%? n@%r‘?& ?ﬁ%e’?ﬁ“f%?” Gangerous.

SUMMARY OF THE INVENTION

[0005] The presant 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. Patent No. 8,534,030, 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
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contact zone produces a first contact zone effl uent

[iquid conprising amoni umthiosulfate and a first
w@onrasgti4¥one over head gas conprising carbon dPORUS07/069192

The scrub solution can be produced by contacting

amoni a and sui fur di oxide with an aqueous solution in

a second contact zone. The sulfite ion concentration

of the first contact. zone effl|luent, can he controlled, .
roafliyeSur b Ha® BTSN RTALS PRcEf Berteo FEHTERble Which
the second contact zone. Modul ating the anount of
cansefisel thalpeegs C86ispl i ed to the second contact zone can
be done in response to either the oxidation potenti al
[Q0B] t he flhose ayohodiotertche wHtdsremmpnsasheordatting a first gas
concentration first contact zone effluent liquid as

coniising edrbontdiodte iantraidecganalijiae ifh09 8diubrscamirh@smprising
enbodi ment of the process of this invention the first

am@%ﬂtﬁbi%@ PUANERAIIRSUFEE BRIHEQMRA S BAnEat tgé’ﬂrst

ioxide I's contacted wth solvent to renpve carbon
conficd 0P e gl 2PulER ka6 RRRE in 0GB periom
thiosifiatectid & CPRIE ADaE O ot daads BT BeRRO e BanRsice The
t he regeneration overhead gas with a portion of the

scrgesoltion 6A0 a6t Progree@ by Icgstcting @urgons ardeviirijeidgadth
sul fide. [0008] In yet another enbodinent, the sulfur

an apmoltescdutppt ineal séoorichenrdacionuhec ohitaastilfikoive domckntration of
treated in a second sol vent scrubber to reduce

the fifQoehtadt zahexifilere eahert conthfiebeat maddedng %@aﬁ\t@ﬁ@ﬂ dutfur

sol vent regenerator may be nodul ated to contr ol

dio@%@t\%ﬁépl‘?&j S EWe Bh@ ARk %EF%B' L%I%‘tiﬂé‘ﬁ@%ﬁ@&#ﬁ@éﬁﬂr

second contact zone. | ano
oI ERR} S R B R ol S PP GBI e
the ];o:g%%tt,ii@g m%gé%{% %];’ ‘Ejgﬁirgaf@éét;t@hé(;rfgé%lgg%ti Sggtpigfs_utijfftg %otngentratisn
first contact zone effluent liquid as measured with an infrared analyzer.
[0007] in ancther embodimeant of the procass 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 solvent is then
regenerated to release the carbon dioxide. If the first contact zone overhead gas
mcludes hydrogen sulfide, a third contact zone can be used to contact the
regeneration overhead gas with a portion of the second contact zone effluent
fiquid to remove hydrogen sulfide.

[C008] In yet another embodiment, the sulfur dioxide supplied to the

sacond contact zone is first freated in a second solvent scrubber to reduce the

[



anot her aspect, the anmount of ammonia supplied to the
second contact zone can be nodul ated in response to

W0 b@7p571eh t he second contact zone. BRI EF DESORI'PUSIOM/069192
OF THE DRAWNGS [001 O] Fig. 1 is a schematic diagram
of one enbodi ment of the process. [001 13 Fig. 2 is a
schemati ¢ di agram of anot her enbodi nent of the

T D .DESCRI.PTI ON 001] hi invent'on
sulflt 3L c A SRR g oars FADa obEEt coqRiralc? ray be
treating a gas, such as a hy drocarbon gas, . which
MOGYAAG 19LPTHO W%?@PH@EW %LMW’ iciRxigh Eﬁrﬁﬁlﬁmlndh@ﬁaﬁéumheﬁi
contam nants. A scrub sol ution conprising amoni um
to tbaiseoord amctaahmere.um bisul fite is enpl oyed to react
with the hydrogen sulfide to form amoni umthiosul fate

[cO@gicor di ng stid ahbthdr @ninwdimenovies altmosiaddupphied € Md3second
450 + 2H2S +H20 - 3(M#¥4 S2GBAmmoni um thosuifate is a

cm@c’t kehahi 8rRfRaH cﬁgﬂil ¥0Qfew§ﬁ§r% é%e%ﬁé $lactibRatePatter a

treatinhg the gas. tlonal the hydrogen

fsffti%%%iaﬁ?% &% te%ﬁﬂy»fé’ *ag?'%%%n%?@%{ed@ JRSRU @Jse«%r- Ja
njumsul fite and anmonjum bjsulfite in

ancllias a0 b GHICUToF B or e BrNPELHA 1Ak Tshgionad] Zone can
physi cal and al kal i ne sol vents, the scrub sol ution

be medstated ¥ pseapst tceﬁwawgidﬁwﬁsgﬁmd Ytaplezangj ect s t he
carbon di oxi de present in the gas. [0014] Referring
now to Fig. 1, a first enbodi nent of the process for
renovi ng sul fur-containing conpounds from a gas

BREFTBEI%FE‘E@TWG‘DW@BGFH@@RAWNW car bon dioxide is
shown. Thi s enbodi nent conprises contacting a first

DOQ@]S Fig. 1 is a schematic diagram of one embodiment of the process.
[00113 Fig. 2 is a schematic diagram of another embodiment of the
process,

DETAILED DESCRIPTION

[0012] 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
ammuonium sulfite and ammonium bisulfife is employed o react with the
hydrogen sulfide to form ammonium thiosulfate according to the following overall
reaction:

6 NHs + 4580 + 2H,8 +H20 =2 3(NH4)28:05



1 with a scrub solution 2 in a first contact zone 3 .
For the purposes of this invention the term contact

wQwe/131d¢3 udes any conbi nati on of towers, col uPEBEUS2007/069192

trays, vessels, punps, valves, control systens, and
any ot her equi pment known in the art useful in
facilitating the contact of a liquid and a gas. The

Am iSRRI e ke S0 R 4 Shgy PEeclEla Wit the cost

hydr ocar bons. The scrub solutlon i S aqueous and
of f@@?ﬁ@ﬂ@%@%nﬁ&@*lﬂﬂ%)’ s@?fﬁ@@%’ﬂsﬁﬂﬂ%ﬁﬁ epRveted tPraenen
shoul d be readily understandable to persons skilled in
hazehdous matdre. anmoni um sul fite and amoni um bisul fite
are present in ionic formin the scrub sol ution.

[CO0PL | onal Aduantdge & Ragmirudibeieds May-reactiveodis esthbynium
contacting anmoni a and sul fur dioxide with an aqueous

sulf?@'a‘r'ﬁj' DRmloRy u@n PRAMRM ¢ o @&higés%‘ﬂ? 8@.15 hé?@ﬁbr SinRicPYiadel

rom any ot er swtable sour e first

V. e
moghefe! SR Sudinm PhRRE e %M% %&ﬁﬁﬁ%ﬁnga#%% frBaeT
t hi os uI The first cont ne 3 rod ces a first
hyd&%ﬁ%ﬁ‘t’lg REIERIECHRRE Farkan '04“ Bregent IsiNe @t act
zone overhead gas 5 . The first contact zone effl uent
[C0t4lqui d Referpd Bes tafmmbhi afirstsinsaedingneof theerpress for
contact zone overhead gas 5 conprises carbon di oxide.
remdvpe suthm-cohtdihiegfoanspowraistfant zgmecahptisiagthyaleygdresulfide
renoved as the ammoni umthi osul fate product 29. [0016]

and darBos ok @@Qﬂ#mmhns@m%@n@r@%@ﬁﬁ)rfs@é cbﬁ@é’ﬂh@@a first gas
sul furcontai ni ng conpounds from a gas, the scrub

1 wgﬁ:af dr@H sanuegx o %fn%?' UERG DY 598! %ﬁr'ﬂﬁ‘& PBFBB%%%%&‘?@Q

queous sol ut n-'a secon

‘ t Thi d enbodi ment

v BRabe (&80 Erbtet 18bE a}ﬁc Pt bTERbn SR IR R e Solyenns,
and hydr ogen sulflde with the scrub solution 2

tray@oﬁ%‘isaﬁ Ry TRRFOANES 6PEIPFSYSIERR P EhADN PRGN SeLinent kpown

the first contact zone 3 .
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 ammaonium bisulfite are

present in onic form in the scrub solution. Optionally, the scrub solution 2 may

be produced by contacting ammonia and sulfur dioxide with an agueous solution

i & second contact zone 6 or may be provided from any other suitable source.
[0015] in the first contact zone 3, hydrogen sulfide reacts with ammonium

suffite and ammaonium bisulfite fo form ammonium thiosulfate. The first contact



The resulting reaction produces amoni um thi osul f at e.
The scrub solution 2 may further conprise amoni um

W@ bwrasiieat e. The first contact zone 3 produceRCHUS1005069192
contact zone overhead gas 5 conprising carbon di oxi de
and a first contact zone effluent liquid 4 conprising
ammonium thiosul fate. At |east a portion of the first

cantact zone.effluyent 4 be renmpyed as.anmmonj ut
z0rBi BRIERR & I5FbIRCNT BUYST I et B bauIbRene
further conprises contacting a second gas 7 _conprising
oveshgadigag PoxingdirshipeHagt ma%ﬁiga@t im%ﬂmwsmﬁﬂmm
and a feed liquid, conprising at | east a portion of
thioshatei rigie shtanieczome efdrhaedigad, b comprisecosrooantdade. A
zone 6. This yields amoni um bisul fite and ammoni um

porfh bf i@ firfheoraaconshecomitiast magne renmyveduseihedars S0AE
contact zone effluent liquid 9 conprising the anmoni um

thio@P? fdrbgu@ngh anmoni um sul fite. The second contactzone
e uent [iquid 9 can further conprise anmoni um

00} 05U 1A Esectyc G AR b Lo REp SR g RS
corb TN Bt dhe etk waLbans e
ammonium thoisul fate in the firs! contact zone 3, two
congsttieguarediopia gl sufurdiiexidaevifuat apecevhyeltieq in g second
ammoni um sul fite and anmoni um bisulfite in the second

contan zaok & ofies Gecoit endrmimenbéoraprises amisolidg the fardgas 1
anmmonium bisulfite in the feed liquid 20 added to the

con‘jiﬁw@cé%h&ﬁbxia@ RedGyARb QEME NS WA BBETWALDL 8biLSYh bgr

oxi de that nust added to the second contact zone

congﬁ}(i%i(ﬁ g&?\g@ﬂg?ﬁﬂ@&%ﬂfé arﬁé]’ B rﬁ?r?i};{'rﬂ&éﬁt?lg %%Rﬁ %oﬁ{‘élcft Yhne 3.

e anmoni um su
ol B RSl oo R o SRR LT bl
magtf Ifquertl"nfe!rrc%%’zgg'%gtaan%ztno%?unn? tt’?oiisgifartrgi rT]‘thaei fgfgtd cc?rgtagtnzone 3 produces a
first contact zone overhead gas 5 comprising carbon dioxide and a first contact
zone efffuent liquid 4 comprising ammonium thiosulfate. At least a portion of the
first contact zone effiuent 4 may be removed as ammonium thiosulfate product
29,

[0017] 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 yvields ammonium bisulfite and ammonium suffite.

The second contact zone € produces a second contact zone effluent liquid 8

comprising the ammonium bisulfite and ammonium sulfite. The second contact

6



stoi chionetric excess to the hydrogen sulfide in the
first gas 1. [001 9] In one aspect of the invention,
w0 b@748i13 t e concentration of the feed |iqui d POI/E82001@69192
controlled. For the purposes of this invention,
"sulfite" includes any conbination of sulfite ion,
bi sulfite ion, amonium sul fite, and/or amoni um
bi fite. e a nt of sulfite avail.able. .o ct
o HMbenpafiitd SafFitir Smpiiarahitaitbrreed Mt
product of the sulfite concentration and the flow
Pﬁm%ﬂ ef e satendicuitact zeRe afiiveiteis dod se e Bst spniget rengS as
liquid 20 can be controlled on the basis of the
the sotull s@ulteom@ent ration of the first contact zone
effluent 4 . as neasured with an infrared anal yzer, by

[cot@dul at i fgichieneteaint, fof eseH fdledlioxf dedrsypplsuddet@nverted
the second contact zone 6 via the second gas 7 . Sn

to e&%ﬂ%ﬁ@m %nénﬂfdﬁ@i@%e@ﬂ@ &’&rﬁﬁé&%ﬁé@%ﬁ%fé&blé&%f@uﬁur

rared to nmeasure the concentration of various

*@?ﬁg M e Riefido f%?ﬁ@ﬁ#%‘ﬁ' {?ﬁf %Hﬁﬁg‘%%g‘vﬂ? ely " *:e
secg) %géfﬂcg%bﬁg%t ﬁéeiﬂ?éwﬁ Serudbrirt gy g:say ¥ Efﬁ%%fg*@a* Pigutiite
secon contact zone In response to the oxidation

in thp fanst ladid 8P adsediipile seepnchepntasheons ¢ Idgtarminesythegamount
Oxi dation potential is the electrical potential of

of sﬂl‘fa;’ tiogigedhainmushaddedtd thecdacondafortdns zooademt that semsd
of ammonium sul fite, ammoni um bisulfite, anmmoni um

cortdtt 98Hb iRt anfoniBeing 480 eidhdTormTvBidgadhblium sulfite and
oxi dation potential is neasured with an oxidation

amBShiN i\:bg%ulfﬂ%t %net‘gg}yu{ﬁe@ﬁﬁﬂﬁ@& drfifio f\hﬁ]‘f%ﬁlﬂ?@é d ammonium

pot en I'on versus a standard re

b*s@tfeéhr Paseuk it AT B Palten Bt 8 %'g‘ifﬁg“n‘*ed atan
i ndi vi dual application of the process of this invent
stoicBiRn}eite BXCRes f@rthﬁrﬁ‘g’dm@ﬁ %i«”fﬂi‘j% in $he firsha@hédt her

enbodi ment of the invention,
(0019} in one agpect of the inventien, the sulfite concentration of the feed

figuid 20 may be controlied.  For the purposes of this invention, "suffite” includes
any combination of sulfite ion, bisulfite jon, ammonium sulfite, and/or ammonium
bisuifite. The amount of sulfite available to react with hydrogen sulfide {o form
ammonium thiosulfate is a product of the sulfite concentration and the flow rate of
the liguid. The suifite concentration of feed hquid 20 can be conirolled on the
basis of the sulfite concentration of the first contact zone effluent 4, as measured
with an infrared analyzer, by modulating the amount of sulfur dioxide supplied to

the second contact zone € via the second gas 7. In general, an infrared anglyzer



after treatnment in the first contact zone, the first

contact zone overhead gas 5 is contacted with a
wWe00wasti4d4 in a first solvent scrubber 10 to PERDY®07/069192

carbon dioxide fromthe first contact zone overhead

gas 5 . The solvent 14 enployed in the first sol vent

scrubber 10 may be any suitable solvent known in the

art capabl.e of nov,i.n arbon dioxide from.a S. .An
s b A ROR BRI ATt Gh & mean S e falien SFRarics
first solvent scrubber 10 produces a first sol vent
chegpepeciasvierneddli¢fas 11 and a first sol vent scrubber
ef fluent 12. The first solvent scrubber effluent 12 is
[CO0Z@igener dlEdnatvedy. fihe stnisohvensulfisgend eatroenias bisulfite
produce a regeneration overhead gas 13 conpri sing

corganbationt othdeeed hguiteemey dcestsatoredtbylfotigiating tie ahount
to the first solvent scrubber 10. For the purposes of

of shi?h;sdi‘aﬁ ;ﬁmeé t§ %é%&shéc@ﬁné@@ké@dm@@ tQ@the oxd idation

towers, trays, vesse!s purrps val ves, contr ol

o454 e S OELIRRNPETA AQ0, AB
o BB R T e B R b RSB

purified before bei n% used or soid as a usefui o
amposiie sullith angaensan dissilfite camaPniimihigsriéatet Bod their ionic

compound such as ZnQ, to further reduce the sulfur
forrcnntentalipl okidetigapotdri@RB)mbasardiviitT aaspektionpotdraial

invention, the first contact zone overhead 5 conprises

meﬂéy dyegn mnasdirbg e Bleaddial b@f@mh@l SAhBBRIdicPXieius bRtandard
his case, hydrogen sulfide is |ikeSy to be absorbed

refér@nc%{@le%ﬂ’bﬁg ”‘f‘h%éeg‘ﬁ"é@ sét:;'ﬁo g?{op% dlaxd, g@%}&épﬁéﬁ‘ggd

regeneration over as stream
ct zone 1 0 _renpve drogen suj fide
B LT %HP&C?%%HP HeBree e hihg
gas 13. in the third contact zone 16, the regenerati on
invelitidNhead gas 13 conprising hydrogen sul fide and carbon
di oxi de i s contacted
(00213 Referring now to Fig. 2, in another embodiment of the invention,

after treatment in the first contact zone, the first contact zone overhead gas S 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 ant
capable of reamoving carbon dioxide from a gas. An exampie of such a solvent is
an amine solvent. The first solvent scrubber 10 produces a first solvent scrubber
overhead gas 11 and a first solvent scrubber effiuent 12. The first solvent
scrubber effluent 12 is regenerated in a first solvent regenerator 15 to produce a

regeneration overhead gas 13 comprising carbon dioxide. The regenerated



with at ieast a portion 17of the second contact zone
effluent liquid 9 . Hydrogen sulfide in the
WO e@engmai i on overhead 13 reacts w th amoni unPCT/US2007/069192
bisulfite and ammonium suifite present in the portion
17 of the second contact zone effluent liquid 9 that
is directed to the third contact zone. The third
cont.act zone 16 prqduces a.third contact zone overhead
ool L5358 et Bl bt B0t 1 BoBea s Bl
~zone effluent liquid 19 conprising anmoni um
inveriogst Perabber PoYatoTRBatan Of IA¥RBatRiuisive tray s | (RsEe!s.
liquid 19 can be conmbined with at ieast a portion of
puniire vidilvest conintiayssteronearef fihuetier legipintert knoardintthe art useful
conmbined liquidfed to the second contact zone 8 as the
in fActadtihg che dorRBet & Phglidemdad ghve feed liquid 20 can be
renoved as ammoni um t hi osul fafe product 29. In still

[OO%?JM her AarP&e} s@lﬁzgﬁﬂ“@crﬁﬁ@&re&%rhé%@gé iﬁ%é)‘?g?mi%“ al

the feed liquid 20 s neasured. "The oxid

' I I 2 (N e t
yRRbh SR AR REPuB e BB BTl e o B s
eco contact zone 8 . [0025] In still agnother
proé%odi S B Pﬁgfeﬁl%%’éi‘,a ‘E#“%“e@@ﬁ@%& : %U‘rc}b%?ﬂ@r iy
suifur dioxide is supplied to the second contact zone
furtiger fegkra tigp suduneantentoftnagesunit is well known by
persons skilled in the art and uses the C aus process
[C02® convéntarstitdrwspeondiaheiimgsrijpec tresfidtsb cehtenendrad overhead 5
sul fur. The Caus tail gas 28 conprises sul fur dioxide

confttbeRtiiRirogan Sukias ReEHESoRRG LarRin doxiBkl B thiPcdel Mgdrogen
fed to the second contactor 6: the Caus unrt tail gas

. g . . . . | .
sulfeh FikeRibiter &rsoBedh (i St i BF 4% coboh il ond
._.one,aspect, the .second gas 7 can be tr ed with a
nci3fiFs 17 B soehta RGO A 5T odn E0Pamey 4 B3HEE st 2one 16

scrubber 2 1 prior to entering the second contact zone
cangPe Lupegit [gropvahvirees selise f{ﬁ@ the @8@%‘“8&9'&% K¥g the

around t he second sol vent scrubber 2 1 to forma
regbypagongasrirad gas dhoththe hpesniadtiene 16, the regeneration
overhead gas 13 comprising hydrogen sulfide and carbon dioxide is contacted
with at least a portion 17of the second contact zone effluent liquid 8. 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
iquid 9 that is direcied to the third contact zone. The third contact zone 16
producas a third contact zone overhead gas18 comprising carbon dioxide and a
third contact zone effiuent liquid 19 comprising ammonium thiosulfate.

[0024] 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 liguid

9



oxi dation potential of the feed liquid 20 to the
second contact zone 6 can be controlled by nodul ati ng

W b@7fibows rat e of the bypass gas 22 The fl ow re€EUS§007/069192
t he bypass gas 22 controls the anmobunt of sul fur
di oxi de supplied to the second contact zone 6
Alternatively, the concentration of sulfite in the

d Ligui be edvvlt nlnf are
fe%ﬁt%ﬁ%c?oﬂd‘?w%%@ T5 31 Wid 2BoA it Sf e feed fiauid
quid 20 may be controlled by nodul atlnq the flow
20 ‘P%’t Ee alce W@%@OQW ﬁ’ﬁof@f’i"éﬁ]af@(iﬂ(’éﬁﬁt N &b eRether aspect

aspect, the sul fur dioxide-renoval solvent of the
of tbepmuessothmﬁidatmwenﬁaj & the feabbned 20ad nigasara@cdhd
sol vent regenerator 23. Regeneration releases sul fur
oxidhtion steellhifis amr dentsoibdant moaldating fige e by elturtdioxide
be recycled to the second sol vent scrubber 2 1 The

in t@é@e&n@gassw Pk R iesd @R lrsttiprble T egener at ed

sol vent 24 de rmnes the capacity of the regenerated

ount o S ERR Bl P St B8 raBEhE 08 Saed M ges 7
cmn%ér"s?agf ST RO He TS Reip tHE RGP FOREEZaE Baiiaeddaus
fromthe sul fur dioxide-renpoval solvent during
urily Adeitesatiiion well ksavrsly R OS6|skéled zﬁé@eﬁérwsetssthm Glaus

yet anot her aspect, the anmount of sul fur dioxide
procedeasathverianlfuneoniaiting sgeoks de elenental sgiblry difte Chaos tail
be adjusted by nodul ating the anpbunt of heat added to

gasti‘@cét%bﬂse&? Euldr di b;edé epRNShs0s R spbeREN B RiRa) @Spytcﬂ t8
further aspect, the anpunt of heat added to reboil

beifl e HE R tﬁ‘% Eeng golt O'feugattﬁécrg%gﬁHR? et déf%&&&és in an
oxidglion, egalche FORVET s Y BA-Dhim) DarsPRins B Y Fipridne

flow rate of the sul fur dioxide-renoval solvent 24 may
(0020 so be WIS 2RPEE! B2 8FPRO LS HCaAMRRIHEAEH Wilh ARUfur

di oxi de 30 rel eased in the second
dioxide-removal solvent in a second solvent scrubber 21 prior to entering the

sacond contact zone 6. A portion of the second gas 7 can be bypassad around
the second solvent scrubber 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
controlied 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 sscond
contact zone 8. 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.

10



sol vent regenerator 23. [0028] In a further enbodi nent
of the process, amoni a supplied to the second cont act
WQ@e/18714h the third gas 8 is produced by di stPCT/U82907/069192
sour water in two fractionators 25, 26 For the
pur poses of this invention a fractionator is any
conbi nation of towers, colums trays, vessels, punps,
| ves, .can stens er _equi nt .known
100} { e’ 4P EBpteY PP 1 Pl e SR aReBT e T NS
lqgu d and a gas Typlcally, sour water is a waste
SeC@ﬂﬁ SOPH BEF M%@Q” 89/ IS ERAIST Mg ddidoTRCaNE ehst segpnerator 23.
stream al so conprising hydrogen suif ide in another
Regmmeation rdieasssusulivatendidado ront thessoldést alibwgithesolvent to
first fractionator 26 prior to entering the second
be fecpeledab @@ bedond Iheehi sGUbbérart ITRA&AbUABOIIMY eRside
top gas 27 conprising carbon dioxide and hydrogen

remtib g incTRRIPERABY Sbivant batata R8s BIOGRRRy tithe |

|a|n gas stream 8

reg%ﬁ%%‘ﬂ%s@”%ﬁﬁ o5ty ® U RS ke BR ol gfsuior
dioxiffe rEmBiied i i SRR BRS BTorTis SAG0TR SNErt Sebilper 21 may
contact zone is indicative of the ratio of ampbni um

be ¢enplied Buadivsieng esamautty séfvodpxent@etieaspirgm the

The pH can be neasured with a pH probe In one
sulfamiodideermofal sbivept dodss rédenepitiomintthe ssecnddobent act
zone 6 is maintained at or above about 6.0. [0030]

reg¥héraort 38 I Rinoebrapebe efe éﬁﬁﬂn&t beduMrtdioxigé @él@@@@d from
to severai enbodinents, it will be understood by those

e S g e SRR g P o
hest Bd d & de rebNe: 8{ thtehseeclarr]]\ées%ﬁvent regéar‘wle'\r/ast'@r 23. Inafuther
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 feed liquid 20, measurad with an infrared analyzer.
Additionally, the flow rate of the sulfur dioxide-removal solvent 24 may also be
modulated to confrol the amount of sulfur dioxide 30 released in the second
solvent regenerator 23.

[0028] in a further embodiment of the process, ammonia supplied to the
sacond contact zone 6 in the third gas 8 is produced by distilling sour water in
two fractionators 25, 26. For the purposes of this invention a fractionator is 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

11



1. A process for selectively renoving
sul fur-containi ng conpounds froma gas conpri si ng:
w@onwrasting a first gas conprising carbon di oxPOBEUS2907/069192
hydrogen sulfide with a scrub solution conpri sing
ammoni um bisulfite and ammonium sulfite in a first
contact zone to produce a first contact zone effluent
Lum thiosul fate and,a fi.rst
i B GERon eb SoLE O W TP & i e PO R truobing
The process of claim1 conprising; produm ng the scrub
am@enis ?Mf@/@%ﬁm@n 5H’§0 SRRBRBRIANErageT Bvifige ok asothier h
an aqueous solution in a second contact zone. 3 . The
aspprh dles soof welatioan bectinspdissiied)irca fitat disctiogatoh 86 wikor to
the second contact by nodul ati ng the anount of anmoni a

entstRptHeeskdopdtfhactippamn@ e ahkdl st Zanonatbr ZBropueseasopias
claim 2 conprising controlling the anount of sulfur

27 é’érﬁiﬁh@iﬁ t i trLSﬁdeé éﬁk?h?@r%%@nq sGf aclthez d“fga%ctlonator 25

respons e oxidation potential of t

gt eg e Hﬁqéﬁrisﬁé‘sﬁr%%ﬁﬂeﬁﬁd2°¥ r 2?}! 2 gas
10088 bon " dNaHELHRE RyGPEGGR LSS B65:meen e SEPUBHof ammonia
sol ution conpri sing ammoni um bi suI fite and amoni um

supplied ie e spepnd sxtagdgionad by diethirg! gasolgae bermedulaiad in
thiosulfate, the first contact zone producing a first

respomsaiet thegire irotherdezadd gasiad rpne €. Tgegdd boinedsemondesontact
and a first contact zone effluent |iquid conprising

zor@ TRtk Viehbiape PARS 6f a&whﬁorﬁ@mt 864 tdlguzﬂzes.@ﬁgnﬁitrg,ﬁss@com

conprising suifur dioxide with a third gas, the third
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.
0030} 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 detaill may be made therein without departing from the spirit

and scope of the invention.
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gas conprising anmmonia, and a feed liquid, the feed

gas conprising atSeas! a portion of the first contact
waQeee/1&f1fi3 uent liquid, in a second contact zonkCT/US2007/069192

produce anmoni um bisulfite and amonium sulfite, the

second contact zone producing a second contact zone

effluent liquid conprising anmoni um bisulfite and
Ch%amgniun1sulfite; and (c) feeding at |least a portion

he second contact zone effluent liquid to the

first contact zone as the scrub solution. 6. The

process of ciaim5 conprising the step of controlling
1. A pcegs fon seledivebnan@ving sgfurerntgiony ¢ormpeends7iraines gas

corfiRid RaflagiinB i BT bbb ilo RRIM AP AT "

sulfaowi dudoatih BElLtibR caruRingamsdriiunh HeRictend Bpphdradm

to second contact zone in response to the oxidation
SUWﬁ@t”é atfirsl canded genedp araduenud firstcoptind gppe afffusmt datiche

conir]’wfs%ﬁng %%ﬁ&%mztﬂ%_u%{é éﬂ%‘é firét%ﬁn%ct%ony&eﬂﬁé‘éi?égs of

cormmmmtar&tommnﬁefl rst cont act zone effluent with an
infrared anal yzer; and nodul ating the anmount of sul fur
di oxi de supplied to the second contact zone in

sulfite concentration of the
2, Tffrl%rs@t%é& 5Pci Eal?ﬁ*i'@ﬁﬁ;%&f

contact zone e nt |iquid 9 The process of
progiigingnt!®e eampricsitg by onmtactim@ gritrhenifiiarst sutfon daeddez eiib an
in a first solvent

[ v
s BPEs RoRofgn At PeR SRR OnERi G from the. first

contact zone overhead gas,

3. The process of claim 2 comprising controliing the pH in the second contact by
modulating the amount of ammonia supplied {o the second confact zone.

4. The process of claim 2 comprising controlling the amount of sulfur dioxide
supplied to the second contact zone in response o the oxidation potential of the

first contact zone effluent

5. A process for selectively removing sulfur-containing compounds from a gas
comprising:
{a) 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 to produce ammonium thiosulfate,
the first contact zone producing a first contact zone overhead gas
comprising carbon dioxide and a first contact zone effluent liquid
comprising ammaonium thiosulfats;
(b} contacting a second gas comprising sulfur dioxide with a third gas, the third
gas comprising ammonia, and a feed liquid, the fead gas comprising at
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the first solvent scrubber producing a first sol vent

scrubber overhead gas and a first soivent scrubber
wekdoragny3 | i qui d; and regenerating the first sPCTESL007/069192

scrubber effluent liquid to produce a regeneration

over head gas conprising carbon dioxide.10. The process

of claim9 conprising: contacting the regeneration

over hea s conpri sing.hydrogen_sul fide d .carbon

i oxi do fein BoIBRAZ R i FORERT a3t Bl BSChrR Sesond
zone ef fdguestt Zohgub Produce AhichiGRHiIaiteZtPabtonium sulfite,
produce a third contact zone overhead gas conprising

carbesedpoy caetaghaonre pridugingh saetne oprtast zonreaifluent liquid

liquid ¢ i S nj t.hi.o f 11, The. :
pr ocess SrT B R Psb Rl S Bl Fonig e
(c) eairarst lzases pbftlonesttithé isebbied whitlacBtoheafiucat QLY t@the first
of the first contact zone effluent liquid to formthe
confaid FOPE RS tHe SGHP PRHIOD t he second contact zone. 12.
The process of claim11l conprisingneasuring the
oxi dation potential of the feed liquid; and nodul ati ng
8. The paroasstof efaisub Eompdisogitde sseppf cadraiing the sdfttend

contact zone response to the oxidation potential.
COnggNiraiiRn B?“S@éfg?dgﬁgﬁ?ai m 5 wherein the second gas

supplied to the second contact zone is a Claus unit
tail gas. 14. The process of claim 13 wherein the
7. Thegurscass of clainh Sgasnprsioxi di sed prior to entering the

second, cont act zone...15...Th rocess_of cl.ai 3.
megEPE e s SR o e Frsheatien £ s Sufiefpduic: and
modliaxhgerd 8Vl ofQUINe Riodide 8uSHIRRING RRLWETontft ¥BAGNN

prior to the second contact
response to the oxidation potential to control the sulfite concentration of the first

contact zone effluent liquid.

8. The process of claim 6 comprising:

measuring the sulfite concentration of first contact zone effluent with an infrared
analyzer; and

modulating the amount of sulfur dioxide supplied to the second contact zone in

response {o the measured sulfite concentration of the first contact zone effluent

figuid.

8. The process of claim & comprising:
contacting the first contact zone overhead gas with a solvent in a first solvent
scrubber to remove carbon dioxide from the first contact zone overhead
gas,
the first solvent scrubber producing a first solvent scrubber overhead gas
and a first solvent scrubber efffuent liquid; and
regenearating the first solvent scrubber sffluent liquid to produce a regensaration
overhead gas comprising carbon dioxide.

14
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zone. 16. The process of claim15 conprising bypassing
t he second sol vent scrubber with a portion of the
weewonsighs to forma bypass gas. 17. The pr oceBGI/G§2007/069192
claim 16 conprising contriiing the oxidation potentia
of the portion of the feed liquid to the second
contact zone by nodulating the flow rate of the bypass
gas 18. The process of claim 16 conprising: measuring
the concentration of sulfite in the feed liquid with
10. aPhéd Rfdcise &f RRANMYT BhmpaAsiAgeont rol 1ing the
concentration of sulflte |n the feed liquid by
contasdinoabe rﬁ@gm%“afwr@wvemdcgaa PN PYPag Sy mem@lﬁdﬁ]@m

el RPN I SR RS PERASERL Ml Wt e

a tmeimcﬁtz@he tandoGaty & ehikd wrébmc&@ummeéd Sk fdemprising
di oxi de renpved fromthe second y adj usting the

carbem gioiast 28 pROYC gpotachieone Eﬁ’é@ég“(ﬁ# IS FOMHEISEY gFoonium
de-renoval sol vent during regeneration. 20 The
tl'm%lr’l@%tlgss of claim 19 wherein the anmount of sul fur
d| oxi de rel eased fromthe sul fur dioxide-renoval

| vent is ust nodul ati ng t he anount of heat
. a R ATIGESE Wga%%PU%'HE regenerator 2 1. The

Hi‘ﬁ%gﬁe i &E@ht‘gb}l‘?or‘{@@ BleRt f @gﬂ?\“&tle%t esﬁorft/zglﬁ of the first

| oxide re ease romthe su oxi de-re

condaitwene daffuad|jligsiddd foym ol (et §qugd shppliddio thatsscohd chetact
sul fur di oxi de-renoval solvent. 22 The process of

%t ai m 19 conpri si ng:

12. The process of claim 11 comprising:
measuring the oxidation potential of the feed liquid; and
modulating the amount of sulfur dioxide supplied to the second contact zone in

response to the oxidation potential.

13. The process of claim & wherein the second gas supplied to the second

contact zone is a Claus unit tail gas.

14. The process of claim 13 wherein the Claus unit tail gas is oxidized prior to

entering the second contact zone.

15. The process of claim 13 whereain the second gas is treated with a sulfur
dioxide-removal solvent in a second solvent scrubber prior to the second contact
zone.

16. The process of claim 15 comprising bypassing the second solvent scrubber
with a portion of the second gas to form a bypass gas.
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nmeasuring the oxidation potential of the feed |iquid

to the second contact zone; and nodul ati ng the anount
w@Roonasti4hdded to a second sol vent regener at or PCEDSI00E069192

in response to the oxidation potential.23. The process

of claim 19 conprising; nmeasuring the sulfite

concentration of the feed liquid Io t he second cont act

h d I | .|
PR R S A BT B ey CBlBRAcE PRI BRI R of the
porf @b@f $R febh IGERPONEE delohB@optch kéﬁe Ea?' MERlaBRd 811 fidd rate
The process of claimb5 conprising distiliing sour

of thgbgpasmgas.second fractionator to produce the anmonia
supplied to the second contact zone in the third gas.
25. The process of claim 24 conprising fractionating

18. e [FouEsyet @aint NGaohtgriding:r act i onat or pri or to
entering the second fractionator to produce a
mewfmg @ﬁ@ﬂ@?ﬁ?@‘gﬁ@h‘}%ww fedB 10 fe@ﬂ‘l@qtﬁ@ SiEsa B r@éﬂ?‘%\ﬁﬁﬁb’zef
dDSI ng controlling the pHin the second contact
zone y nodul ating the anobunt of ammonia supplied to
corwtrlmemgdbe rancemtaigin afondfitea the faearciessd bpmakliaiig thel fow
n%ﬁsul f ur-containi ng conpounds froma gas
rateC% ?lty §° 9P8) contacting a first gas conprising

carbon di oxi de and hydrogen sulfide with a scrub
~_solution conprising amoni um bi sul fite and anmoni um
19. sTihé praeass ol cldimstd canpdasingzone to produce anmoni um

thi osulfate, .th rst con t zane producin [ st )
reORGALEE 150 A B HE R SRS L e e e Yot B g erator.
ancgnd a first contact zone effluent Iiquid
controlling the amount of sulfur dioxide removad from the second gas by

adjusting the amount of sulfur dioxide released from the sulfur dioxideremoval

solvent during regeneration.

20. The process of claim 18 wherein the amount of sulfur dioxide released from
the sulfur dioxide-removal solvent is adjustied by moduiating the amount of heat

added to the second solvent regenerator.

21. The process of claim 18 wherein the amount of sulfur dioxide released from
the sulfur dioxide-removal solvent is adjusted by modulating the flow rate of the

sulfur dioxide-removal solvent.

22. The process of claim 19 comprising:

measuring the oxidation potential of the feed liquid to the second contact zone;
and

modulating the amount of heat added {0 a second solvent regenerator reboiler

in response to the oxidation potential.

16



]

id

L% 43

&

i~

el

i3

(P8

(]

13

b

fpd

T4

= O S B )

conpri sing ammoni um t hi osul fate; (b) contacting a
second gas conprising sulfur dioxide with a third gas,
W0 b@7t1biedl gas conprising anmonia, and a feed PCTURH07/069192
a second contact zone to produce amoni um bisulfite
and ammonium sul fite, the second contact zone
produci ng a second contact zone overhead gas and a

cond contact. zope effluent |iquid conprising
23 JRERPERT DO IRFT 18 COMP IR um sul fite. (O feeding at
med@atg MelUiith @BneEnt AR ECBRAcEQNE Ao 298 8cdid BEMECt zone
liquid to the first contact zone as the scrub

solwith aninflarpd cowiyaetiag t he first contact zone

corgLFRRRN 988 et R PR H A Sl P

in régramsehte the seffite aohesitratione overhead gas, the first
sol vent scrubber producing a first solvent scrubber
overhead gas and a first solvent scrubber effluent

24. I ces P IR B g RO Refh GG oo
fractionpior $0 peodiasiibe amovhdesugpdied ytd tiog eacand tordact £die in the
.contacting the regeneration overhead gas with a second
th*"g&?ﬁ on of the second contact zone effluent liquid in
a third contact zone to produce a third contact zone
over head gas conprising carbon dioxide and a third
25 ctime poacese né cefifhl Afeoempiigiogdracbnpaling g srarovdtenin a first

ackPhATAOL a0 RBOTS CHEORY P EEIUAHIPAIt PIo0HG® &rPP et
compritithd nb@obenmeuiie feed liquid to the second contact
zone; and (h) renoving a portion of the feed |liquid as

product .
26. The process of claim 5 comprising controliing the pH in the second contact

zone by moduiating the amount of ammonia supplied to the second contact zone.

27. A process for selectively removing sulfur-containing compounds from a gas
comprising:
{(a) contacting a first gas comprising carbon dioxide and hydrogen sulfide with a
scrub solution comprising ammaonium bisulfite and ammonium sulfite in a
first contact zone to produce ammonium thiosulfate,
the first contact zone producing a first contact zone overhead gas
comprising carbon dioxide and a first contact zone effluent liquid
comprising ammaonium thiosulfate;
{b) contacting a second gas comprising sulfur dioxide with a third gas, the third
gas comprising ammonia, and a feed liquid in a second contact zone {0 produce
ammonium bisulfite and ammonium sulfite,
the second contact zone producing a second contact zone overhead gas
and a second contact zone effluent liquid comprising ammonium
bisuifite and ammonium sulfite;

17
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28. The process of claim27 conprising; neasuring the
oxi dation potential of the feed liquid; and
w@ongiihd ng t he oxi dation potential of the ferdl/Ubmpoi/eb9192
by nodul ati ng the amount of sul fur dioxide supplied to
t he second contact zone. 29. The process of claim 27
conprising; treating the second gas with a
ul fur-remova econd, sol ve

(©) Gaclid 2SERS ol b sBeind EReRt S SRR IRd T e it

sol et SehbRaheWchlh 8oR@sh1 on of the second gas; and
controlling the oxidation potential of the feed

(d) sontaciing theyfinsbaontact mena fesrhead gaatvaiiod firsisobEpdssadirst

solEH: tsir:PurEb% tcg em&?g 85%0%6‘5‘@;(@@ and hydrogen suffide from the first

contact zone overhead gas,
the first solvent scrubber producing a first solvent scrubber overhead gas
and a first solvent scrubber effiuent quid,

{e) regenerating the first solvent scrubber efffuent liquid to produce a
regeneration overhead gas comprising carbon dioxide and hydrogen
suilfide;

{f} contacting the regeneration overhead gas with a second portion of the second
contact zone effluent liquid in a third contact zone to produce a third
contact zone overhead gas comprising carbon dioxide and a third contact
zone efffuent liquid comprising ammonium thiosulfate;

{g) combining the third contact zone effluent liquid with the first contact zone
effluent liquid to form the feed liquid to the second contact zone; and

{h} removing a portion of the feed liquid as product.

28. The process of claim 27 comprising:

measuring the oxidation potential of the feed liquid; and

contralling the oxidation potential of the feed liquid by modulating the amount of
sulfur dioxide supplied to the second contact zone.

29. The process of claim 27 comprising:

treating the second gas with a sulfur-removal solvent in a second solvent
scrubber prior to the second contact zone;

bypassing the second solvent scrubber 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.



