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ST e i r el PROCESS FOR THE PRODUCTI ON OF
SULFUR *~ss~ss* FI ELD OF THE | NVENTI ON The present inventiop rghvah to
pr ocess¥™0 0183069he production of elenmental sulfur from an acmgjgmgo@j
cont ai ni ng hydrogen sul fide. BACKGROUND CF THE | NVENTI ON C aus technol ogy
is wdely used to recover sulfur fron%hydrogen sulfide-containiﬁm sour
e

feed stocks such as off gases produc in natural gas processin Hmmmmmﬁﬁ”m
reated to concentrSRaCERe ok i, Hamtih B Rk RobetRbout 20 mol s
percent or nore in an acid gas feed streamthat is then directed to the

sul fur recaeveipb W tegt NTRvERPYSKHL i onal 15 d aus plant, part of the
hydrogen sulfide content of the acid gas feed streamis conbusted (i.e.,

oxi di zed to sul fire doxsery invantéaot redatesnace pxuppldsess Widld whe

accordi ng i on ). H2S +_ 3/20z _= > SOz + H20, (1) 20 Due to the

i nert IoadE§¥§ﬁ#%£%3hﬁ%§t?%ﬁmﬁPFéﬁtﬁ8i€8FﬁﬁEPPiénHQShQ(ngmareaction
furnace codohteeiimeenydabgeh sheraged gas stream and the equi pment of the

sul fur recovery unit nust be sized to accommodate the increased flow The
anount of oxygen introduced into the 25 reaction furnace is carefully

control | ed gy h$ OPRESY R Qéhnately one-third of the hydrogen

sul fide coﬁT€ﬁrigghﬁ%ﬁ—aggg—gagggn%—provide a conbustion gas containing one
nmol e of sul fur dilmdislecéchnelegy Luowidkdy USBEMWUEDverl Sl 2004 WO
011 30692 P%g;US 0/%9022 2 of hgdrogen sulfide in accordance with the

wel | - known "R ER $onSERFi eaferLRIBAREr BPUST Jasnieed GrE Qs
> 120 (2 r R T P R Bst e, S kAL e pegh e Al Ly
di oxi @ comedmolgum thef tohascpenagasneeacts in the furnace under
combusti on Conmf§ﬁ¥gﬁff§fOéﬂgsgéﬁgrgas feed stock is treated to
concentrate the hydrogen sulfide content to about 20 mole
percent or more in an acid gas feed stream that is then
directed to the sulfur recovery unit. In a conventional
15 Claus plant, part of the hydrogen sulfide content of the
acid gas feed stream is combusted (i.e., oxidized to
sulfur dioxide) in a reaction furnace supplied with air

according to equatioh (1) .
H,S + 3/20, === > S0, + H,0 (1)

20 Due to the inert load of the combustion air, the
volumetric flow to the reaction furnéce could be twice
that of the acid gas stream and the equipment of the
sulfur recovery unit must be sized to accommodate the
increased flow. The amount of oxygen introduced into the

25 reaction furnace is carefully controlled in order to
combust approximately one-third of.the hydrogen sulfide
content of the acid gas and provide a combustion gas

containing one mole of sulfur dioxide for every two moles
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and water. The gas exiting the reaction furnace then enters a waste heat

* boiler where sone of the energy from 10 the exotherm c oxidation of
hydrogen sulfide is recovered. A sulfur condenser is placed ¢ glaromng the
wast e h&eo otizdeéder to renove sul fur produced in the reacti aCcTusooase2and

| ower the dew point of the cool ed process gas stream This gas is then fed
to a catalytic 15 stage contai ni ng 3 Cl aus conversion catalyst (e. g.,
activated alum na, bauxite or titani"um di oxide) for pronoting the reaction

bet ween hydrogen sul fide_and sul fur dioxide. Prior.to entering the
catalyti o5 BPERogHn §HTRES 3N AHadr et R EaP QR TS RERm o that 20
. sul fur doesanotegoadense (aNd dergldfdll edhersntef Yebmblhiatibe rlgetsal ytic
stage, the O aus reaction takes place again to formadditional sulfur and
wat er, th$soicheonetsyt eapémirzese aunSE REem| 50 | swkfurhan in the reaction
furnace. Product sulfur is renoved in a sulfur condenser 25 downstream of
the catalytic stage. Since the Caus reaction is equilibriumcontrolled and
hi gher convers2oH,s is d@ayvored-y 34 ove/NtgnperatHives, a (@urality of
reheater, catalytic stage and condenser conbinations (typically three) are
enployed in series to inprove the 30 overall sulfur recovery. .. WO
01130692 3 1 8 0 CT/ YaQ6/,230 The, tial exl,bi t ondenser
foll %\/i ng the %ggfxrgagélgf i'clés%t g’g%%st%ﬁ I%n@éﬂ‘g&%ﬁlp%g%?g%&gﬁdc
concent r agibfigr ofiieuliflar ebaaentg oo ncsnbust Lo ngasnreacted imydr ogen
sul fide and spl fur dioxi.de, catrbon s sulfur, species such as r bon
di sul fi dev3Rd %EPﬁSEyPnQGFfF&éhWﬁ \ﬁﬂﬁéh %%a?ﬁoggr5r§u§§€§ént inthe
aci d gas asdWehteds SthbubavaRitiHYhd rOdhelohOrGORRLY Whih em ssion
standards, it is necessary in nost cases to treat the tail gas in sone
f ashi on tentexsce whsteoheascdoidey where t¢eme ofil the epecsows fporor to

i SCIFT O D BEoL ALIORS LIS Bt TP BE Saa b Tl p9gR Lon system wi th 2

reduci ng gas generator and cataly coBaIt-nDbedenum

cat al yst neyoveredp! oxegul furaidorgimddeal srgpilacddiefbylioagagathen 15 system
reduces both sul fur dioxide and sul fur vapor to hydrogen sulfide while
hydr ol yzi ¥iaSear p8AtdPil £FdE Cam@MOHh A L Bredueedniar 658n sul fide. The

hydr ogen subit densteALLES ahAT SANC AL HER sk SBE! kniSLRgIgn ani ne

absor bent process, a en recycled to e inlet 2 the su r recovery
unit. Al tboogéssogasnstoeahn.Cl asid asliattile s feadetseavedthbgtdal f ur
i ndustry wel |l ' ears, .such install ations Cfn be very costly, both

for man ,g ,
in terns 5Fa9ﬂeCPﬂF?F§F Gafi CHAUSUIORY SRR Fhgor ryl ¥per 481 By expense. 25

Wth incrgagipgrall h¥hmeARY e Haudi td Wie 0 dadiith N@i gk @heP2gorPOt N petrol eum
refiners and natural gas processors are pushed for acid gas processing

capaci ty. premehaong Fbseregesticn dgtivwass hydmeogenfsulfsdeeandof natural gas
00 acegfi byl salbEL OSSO e S LPELFSER, 2SpkEtaLI0 ALAERCLUe,
regul ati opredgaBndsl eypicandyl awfestidd Uin est @6l ops. enbage thaees are
CaUS£gg agulfur does not condense and deactivate the catalyst. 1In
the catalytic stage, the Claus reaction takes place again
to form additional sulfur and water, this time at a
temperature considerably lower than in the reaction
furnace. Product sulfur is removed in a sulfur condenser
25 downstream of the catalytic stage. Since the Claus
reaction is equilibrium controlled and higher conversion
'is favored by lower temperatures, a plurality of
reheater, catalytic stage and condenser combinations

(typically three) are employed in series to improve the

30 overall sulfuf recovery.



, WD-011 30692 4 1 8 MAY 200b PCT/ US00/ 29022 increasing interest in new

‘" apptoaches capabl e of achieving high sulfur recoveries and increased
process capacity within capital and operating cost const rai nk& MAS bsed
sol ution‘é’OioﬂF‘B?%ed to decrease the size and 5 increase thePERF§003%220f a
Claus installation include conbusting the tail gas to oxidize the sul fur
speci es present to sulfur dioxide, recovering a concentrated stream of
sul fur dioxide fromthe conbusted tail gas and recycling the concentrated

sul fur di oxi detho 8,2p9i Bhs1@URSIHELAFRO cdhiferssbf UET SEQYREY cHAI L. I n this
fashion, it is possible™to substantially avoid the inert |0dad acconpanyi ng

-air used lasoxtdtadyhydr sgegestfilde aantradisirappoecidebarnd t hereby decrease
the size of sulfur _recovery prqcess equipnent and/or increase plant 15
capact 1y, SPRCEREHRSIEHE B M BRSPS tR s AL SR ed i c 1
preci se, €RAS48PEACEPERBLeR SN1E I idhdfsdVEli P08 ToRUHE] deak-®onul fur
di oxide to optim ze the aus reaction may be elimnated. Mreover, it has

been SuggestEdrt 8Peepeacsuche a@ Aarhanddivnl fideasrdanarPonytl tipl e

su PepPacSuCk _ ecanar] o
{reat vent Sy L am, FEHReA St Tyl cns A0 SPPRRAR 4l He"ab o™

stream t ogabeasawalyt be swlfeit erapcitich Thiss) fim sedeyety wobmpliys di scl osed
in US. Patent No. 5,6628,977 (Heisel et al.). 25 Rec¢ycle of sul fur dioxide
fromtai |WhsR EPeSEALR SCENLATESH Wb A HMSFRIFITY FBCHOEEY CAFRE (85 t he

potential¢f@atedieecgani Lals ri?ﬂ‘é&n@%‘%slﬁ?%&@ &cf;‘%é&é@e%ﬂ@ess capacity.

However, such potential has not been y realized. The high tenperatures
accobpany¢ogceperation 8f ahemecatl iy cspermies terion teacti ng concentrat ed

ecyel o stirapeniintolhastadts B 1 (Fhe PEARRESHRA Wb 01/ J0602
PCTI USO0/ #9828genst 8Bhf ky@tlent Qi tHRN tr &R d D8d; Ofa HT §8heFBtokaRnd | 0ss of
catalytic activity due t0 hydrothernmal aging of the d aus

catalytic bed containing a cobalt-molybdenum catalyst may

be employed in tail gas treatment. The hydrogenation

15 system reduces both sulfur dioxide and sulfur vapor to
hydrogen sulfide while'hydrolyzing carbon disulfide and
carbonyl sulfide to hydrogen sulfide. The hydrogen
sulfide stream is then concentrated, typically using an
amine absorbent process, and then recycled to the inlet

20 of the sulfur recovery unit.

Although conventiohal Claus installations have
served the sulfur industry well for many years, such
installations can be very costly, both in terms of the
initial capital outlay and ongoing operating expense.

25 With increasing sulfur content of crude oil and natural
gas, both petroleum refiners and natural gas processors
are pushed for acid gas processing capacity. As known
reserves are depleted, the sulfur content of natural gas
and crude oil is likely to continue to increase as less

30 attractive reserves are exploited. At the same time,
ever-tightening environmental regulations demand lower

and lower sulfur emissions. These forces are causing an



conversion catalyst and reduced sul fur formation. Thus, in the - _
* above-referenced patent, Heisel et al. teach that 5 an inst IIaRj%% '
i ncl udi | e catal ytic stage and recycle of concentr S%EV% gq

di oxi de%f@r‘r@b@?l gas treatnment can be used to process "re §q9%70 eaner”
acid gas streans containing no nore than 20 percent by vol une hydrogen
sulfide. This restriction places a 104considerable limtation on the
flexibility and capacity of the system Furthernore, regardl ess of

confi gur at Laare€lsauy Iitiatdt | DISnéw eappseaphibl eababaad aliyst foul i ng and
deactivation resulting from hydrocarbons present in the 15 acid gas feed
stream EvéﬁhFLﬁV&.n@oﬁVé%’tiﬁ#ﬂa{u’O HRGOVALL 8P| aRfoANCHRFEShABRALTH the aci d
gas my nho ' [ f .apd S gﬁg@ t he
downstreamtzgt ?&F&W?Aﬁ@gﬁeg&éﬁ% a%y%l?% géggé?ﬁggofcg%za\ﬁ%{ y r%égsa'r bons
such as n-oct an®Prambssdadlwctsican 2Atépdddt bosdetrease tihed endexd adnadar bon)

deposits on the Cl aus conversjon catalyst. Carbon-sul fur species can al so
| ead tB® sodFCFEATSE iTIF CARATOREP a?a&i@?snﬁ?séﬁﬂiﬁFPQQHﬁﬂﬁ%Pé%nivity and

i ncreased PERBBWLE dY Hhe WS Wb edo hydiagacbens istgleyd nghddnear and
branched 25 olefins (e. g., al kenes) and aromatics such as "benzene,
t ol uene, ephrgeatzée sandwy | diexidenereqeverifigr regoncentBIERd are

particul arly_troublesgQ since th p nerize and, for.m qumry deposits
Phat ult ) mEEEER bR R i, o LekbrY  FESTRERY) Eprbld e, i SR i g 30
catal yst f gdch@g iffcprBHy dicebonsteéd slheraei digasideced o mrRAM@re
especially present I1n a catalytic only sulfur recovery unit wherein the

acid §8s | ypEsEeaRpefed-id IWeEUr \IEPOAVEDEIRNEtE g IMAYHIGD FasHIIB00/ 29022
combust i on ;¢ondi &a‘o‘Hﬁb"Ee &4 e&%é?&néi’éfi‘?eavyﬂﬁ EARL s3R3ch ULl W th
frequent cdatalyst replacenent” or regénerati on can add significantly to the
operati ng aesbmpainerd air insédl tat bribdizeAhydebogeat e ldidorcsyst em has
been reported for use in renpving aromati cs and heavier hydrocarbons from

aci d gas sBMe&NE EPRide aAULRERePX| AaFrEASe the RdAeudE ulfur

"Activated r@%%@}yp?&%ises@sé mé¥it daffdPol eARHRaseliph £LiGas Journal,
June 24, 1996, pp.” 31-37. Si Igély, ?. Pl
15 capacity. In such a system, the complexity and expense

associated with precisé, constant control of the ratio of
hydrogen sulfide to sulfur dioxide to optimize the Claus
reaction may be eliminated. Moreover, it has been
suggested to replace the Claus reaction furnace and

20 multiple catalytic stages with a single catalytic stage
combined with a tail gas treatment system to recover and
recycle a concentrated sulfur dioxide stream to the
catalytic converter. Such a sulfur~recovery unit is-
disclosed in U.S. Patent No. 5,628,977 (Heisel et al.).

25 Recycle of sulfur dioxide from tail gas treatment to
a catalytic only sulfur recovery unit has the potential
to reduce capital requirements and increase process
capacity. However, such potential has not been fully
realized. The high temperatures accompanying operation

30 of a catalytic converter in reacting concentrated streams
(e.g., as high as 90 mole percent or more) of hydrogen

sulfide and fecycle sulfur dioxide would result in



10 *hydr ophobi ¢ polyneric resin systens can be used to renove unwanted
'"hydr'ocarbons fromthe acid gas. However, both of these systens suffer from

the fact that they remove hydrocarbons on the basis of vapod 8pMA% e

rat her YYRAMA%3%tivity. Thus, |ower nol ecul ar wei ght ol ef PRI/USIBRI03Z 15

et hyl ene or propylene would tend to pass through both processes virtually

unchecked. Therefore, a need remainssfor further inprovenents in existing

Cl aus practices and solutions to problens faced by the sul fur industry. 20

SUMARY CF ik Aeaic { Beut BRESROLOr A S GO | sl ik aT8g1 groas 25
provision of such | NVENTI objects of the present invention, the provision
of an i nprartRilytbeeastiyd tyf duel fugr Hydoathedmegjeragind o thhat@laed feed

st ream by reaction, th a process .including a catalytic only
sul fur rec%é\}g\f%%#lg? Eﬁgﬁhgﬁtwafﬁ F@Eﬁﬁeﬁﬁulﬁﬁ 0’6‘?%‘3&%%'- enﬁ“&ﬁed gas
fromtail igasthe eabobat regpabhnecd pateeRssiHg U0y LONCEM FRt €Habydr ogen
sul fidecontaining acid gas streans and providing i nproved 30 process

flexi B |it3P aeseapbabion tRelpddvissiaosislolaucatalyftoicesstageiagda hi gh

sul fur re 1 EFEECI Low_. .1, .011.306 PC ~500/ 290~22 7 sul fur
em ssi ons;crcét/ eé/p€o{>/{|': s{:gﬁeéfﬁgggﬁga Sblrlgglé:}s/\?%%#aﬁ%%c%ﬁr%% t'Tar"nJgJ?asﬁ%d and

oper at ed atreavmentosant benusedvent paradesd aue liatsivallatd eendavi ng a
reaction furQ§ce foll owed b plurality of catalytic stages and a 5 tai

gas treat e AT eRF T EAYSt \é@%ﬁﬁc}%@% fMoEe ithfTh e RR%RRS P%r the
product i oR,fiudéll Apdrbgem Budreden suiiidleddijuding, HGataLviic stage

wherei n the probl ens caused by hydrocarbons i n the hydrogen sulfide
cont dithi nFes epabie el amfisatdbad om thec Ftexdffidditiw arld cmpaeity
of the system.

Furthermore, regardless of configuration, Claus
installatioﬁs are susceptible to catalyst fouling and
deactivation resulting from hydrocarbons present in the

15 acid gas feed stream. Even in a conventional Claus
installation, hydrocarbons in the acid gas may not be
burned in the reaction furnace and pass through to the
downstream catalytic stages. Catalytic cracking of
heavier hydrocarbons such as n-octane and aromatics can

20 lead to soot (i.e., elemental carbon) deposits on the
Claus conversion catalyst. Carbon-sulfur species can
also lead to soot formation. The coked catalyst may
exhibit reduced activity and increased pressure drop.
Unsaturated hydrocarbons including linear and branched

25 olefins (é.g., alkenes) and aromatics such as benzene;
toluene, ethylbenzene and xylene, sometimes referréd to
as BTEX, aré particularly troublesome since they may
polymerize and form gummy deposits that ultimately block
the pores of the catalyst. The concerns regarding

30 catalyst fouling from hydrocarbons in the acid gas feed
stream are especially present in a catalytic only sulfur

recovery unit wherein the acid gas is not exposed to the



Bricefly, therefore, the present invention is directed to a process for the
* production of elenental sulfur froman acid gas feed stream containing” '
hydrogen sulfide. A feed gas m xture conprising the acid gas gf ged 200 stream
and sul MPOH}WRI de is contacted with a O aus conversion caRGIASe/i9N22
single Claus catalytic reaction zone at a tenperature effective for the
reacti on between hydrogen sul fide and sul fur dioxide to forma product gas
ef fl uent conprising el enental sul fur and water. The 20 product gas effluent
is cool ed e.and. rat ukfur from the product gas
ef fl uent a%\ g??nggﬁt g?’ﬁgégggg!f? f |°§e% %%Q%g%?ﬁo%u%f’af: Fe t iqe gcaossdteffl uent

i s conbustaslseciatedswithe frkquergercdtabysonbeslaeameane dro oxi di ze sul fur
species present in the tail 8%)3 ef fluent 25 and form a conbustion gas

ef fluent coORPFRETAGLSH FAP BROXSIENIAECRRRbYsEPoRN§aoPErALIAE GaStS
contacted y¢th @1higukdsalsorhenrt, for sul fur dioxide in a sul fur dioxide
absorption zone to selectively transfer sul fur dioxide fromthe conbustion
gas ef3 | uent toArhechbvecbdntaaibr3Gymnenckasnbesharepogaed rfon Weeh

sul fur di o]>_<i de hag. been subgtanti ?’Hﬁ} renpved and a sul fur dioxide-rich
absor bent . “Suf FUPVaiEx PEEMRE 1EFe A ﬁ?p‘éhe?r%}ﬁa?ﬂﬁa’r" eRs fReHAGFE2 8 ' |
g MAY 20045 067T449800529022£ 8080 IO 1 it ST AL ofll X dB Sti:mRidI0 gone to
produce a | ean absorbent and a sul fur dioxide-enriched stripper gas. The

| ean absordknt {'AcEi¥pteddCazbome Pasisfas Teoki fier absbdpGasn Cleaauipdr,

further seé%t'vg?%b § E gn f | furygioxide fromthe_conmustion gas
ef fl uent. & SLBh - gﬁ(r?llec%gd g’tgr?ép‘p pgaéii ?m xgén{;ﬁﬁﬁf *He acid
gas fked shyérophodithpotleneirideresfin heydtémhs geaneht! usel e remdve feed

gas mxture int roguced into the Caus catalytic reaction zone. The

propor ti on'BY2EHe 18YegPraghens: FreShtthet2GtRiceas i nt Bovpwed: abotéat al yti ¢
reaction 29p°cR8sPLysRbnkguked Gadaioid fals SHALT EREY! cEfopderate the
tenperature wthin the Caus catalytic reaction zone. e’invention is
further dikedredatbomspoocehe basiks dfhergpamdustéssuné ehehent zhasul f ur

froman acid_gas. feed sfream ¢ontai ni hydr ogen, sul fi de_and an unsat ur at ed
hydr ocar boﬂe%‘gﬁb%h'éxt sghﬁt egof”FEm“Pﬁ% ]tﬂ}bg“é%h%]ﬂ%t? gEors| BRER a8 ef i ns,

brancied odehyDéne abeMBELEY IEAROGRINGN ¢ SHW ia?galés%ltz%ﬁgaf pokdr ogen
sulfide from20 the acid gas feed streamis oxidized to elenental sulfur in
a cat al yt iRXreeeggednvishuasdnt snghegked .oxi dation catal yst and supplied

Wi th an oxi dant n_accordance Wt.h th resent invention the acid gas
feed streamis Tplf'q%??géfgd apQFF amh SR e %ﬁfﬁ%@?eh@?frﬂfegﬁﬁgsto 25
reduce theigoskestinyi Cladk phactiselsul=aie kMo D6rs be® sespeBagt and
thereby inhibit deactivation of the oxidation catalyst. The pretreatnent of

the aci d gsRCFReAY stheafieSrEr isedsEaMt-acti ng at | east a portion of the
acid gas feed streamw th an aqueous acid wash to 30 react unsaturated
hydrocarbons with the acid and forman addition reaction product.
Ther i t er , SUMMARY] | BH ENTIVOX 2004 WO 011 30692 PCT/ US00/ 29022 9
reaction produc& i s sgﬁgra ed fromthg1 aci dsgas feed stfeam O her objects
and features of *THE eAPIBAtS Af fhe present invention,

therefore, are the provision of an improved process for

the production of sulfur from hydrogen sulfide contained
in an acid gas feed stream by the Claus reaction; the

25 provision of such a process including a catalytic only
sulfur recovery unit coupled with recycle of sulfur
dioxide-enriched gas from tail gas treatment capable of
processing highly concentrated hydrogen sulfide-
containing acid gas streams and providing improved

30 process flexibility and cap&city; the provision of such a

process havirig a high sulfur recovery efficiency and low



in-part apparent and in part pointed out hereinafter. 5 BRI EF DESCRI PTI ON
"OF THE DRAWNG Fig. 1 is a schematic flow sheet illustrating one enbodi nent
of the process of the invention for the production of elene ag§f%mﬁur from
an aci d YO91BEEd stream cont ai ni ng hydrogen sul fide. 10 DET(ET/U /29022
DESCRI PTI ON OF THE | NVENTI ON I n one enbodi nent of the present invention a
process is provided for producing el ntal sul fur from hydrogen sul fide
contained in an acid gas feed stream wherein hydrogen sul fide and sul fur

di oxi d .0, |yt ic. onl | [ i.e.,
it w thott 50e a4 PaBRel o FHE e SRt oY oo PR B st i ¢

converter cantheningtalCeduarmihiciatdtted eREL1OReZ0A8stAHdnf Ur
di oxi de-enri ched ﬁas recgvered fromtai| gas treatnent is recycled and
i nt r oduced“PRVBERENEAt SHRNISC 1945 bdded b BRS eV aBIpar reattioreed gas

m xture thayrahse Epghudes e £ :ﬂh § e&'fsé':%@é‘ﬂlétk@ CRAHARSL AL o
t yEi

previous teaching, tenperatures in the cata Feéaction zohe are
ef fect Pvel faibdgast sdeatmemat syisfremnorarehttla | pnevosibydodgen sul fide in

the acid g ed .25 stream_can be tol erated and_i ved process

f1 exibil i tgﬁg%%"%%p%f’f:?s&r EFe NS HFC W%%%r‘_agnggigﬁ:hf RBt her

enbodi ment hofirb§enpeaigntiel AYRNUAIMG & RFACEEFeis BEQY¥LIGHMAGLEIR L he
del eterious effects of hydrocarbons 1n the acid gas are dimnished. Mre

speci fi cal PyoPaeg geuges dyntwidrionpubena uinat e hpddvogebosslfigecan WO
011 30692 1 - 2 PCTI U pol rize and/or _l.ead.to cokin
and deact i (\Q/gl'gl}:gﬁyg?{gt %gigxgégt ?%(r%’[ é?tqg%f/ﬁ%%geb?e?rga?gaeaﬁgf: e of t hg

catal ¥0i c meanéron zone to reduce the concentration of the unsaturated
hydr ocar bon congoneﬁi and inhibit 5 deactivation of the catalyst. Al so, the
condi ti ons wi t hPRiEReYeatReyeforteadthooPotrntar EN¥ERELOR 8 to i nhi bit

coking of §heeesbal ¥t a2RdedsC FRUE (G POPGRSqE! ATkfgled catal yst .

These features of the préesent invention 2re escrl_ea in bel ow. 10
Fig. 1 is ausfnenfirpm ahowcskdeghsoffesm iddnedm atoneabnibngi hpdtroaternt he
process of tfgagéese t .invention .for the(yroduction of el emental sul fur

froman acfd contaf RfAg IR M RIS I GTHRE LR chRe gasifegass £888m 1 fed

to thesprogepeamsanll bUREG QY okaHey ad R6HRUGES r@t £ RYat Bealiudr ogen
sul fide content of a sour gas feed stock such as natural gas or an offgas

from pet r oF @UWP¥SL PRI Agtadyst! iguef svmdde Glawbbeatalytani reacsion

ti I tent of_th f t K i
Dot cal 1y 3R Scacaf: CaBsRHurss Rt e o e FedohioR B tuReRe
absor bent hpdsegent suzfyder ansf el isskidd fislefdFramt Beoliged staeck to

t he absorbe g and subseguently stripping hydrogen sulfide fromthe
resul ting ﬁg TOGRR SAMPFAEiRE; R1FES HEntSYIS Werandt ¥ataE - acThegas teed 25

Streag MopRustct| basheskd aneuadersianh WAt alanal  2hioBefib bie hydrogen

sul fide content of "the sour gas ed stock, it enp Imted to
am ne absoeperentslrsppEny, fhom che prddws gdwre£fikuenal amd~form af

prer oot TERTE: ol BERRREET S poIRAS, B M 5 P RS gRen g ot e
stream 1 neymbestalinwethch eBURRREHS cSHLrdSif H hodmbudOi8a! 28682¢0
oxidize sulfur species present in the tail gas effluent
25 and form a combustion gas effluent comprising sulfur
dioxide. The combustion gas effluent is contacted with a
liquid absorbent for sulfur dioxide in a sulfur dioxide |
absorp;ion zone to selectively transfer sulfur dioxide
from the combustion gas effluent to the absorbent and
30 produce an exhaust gas from which sulfur dioxide has been
substantially remoVed and a sulfur dioxide-rich

absorbent. Sulfur dioxide is then stripped from the rich



11~ $ MAY 2004 PCTI US00/ 29022 di oxi de, water vapor and hydrocarbons in

' varying concentrations. However, the ability of the process disclosed "
herein to handl e high concentrations of hydrogen sulfide in{tgeayn2en ng
stream makets30692 5 particul arly advant ageous i n processi ng get/fls@moieed
streans containing at |east about 30 nole percent hydrogen sul fide. Mre
preferably, the hydrogen sulfide content of the acid gas feed streamis at
| east about 40 nol e percent, at | eas® about 50 nol e percent and 10
especially. at | east about Ggfrml e .percent or, even higher. As shown in Fig.

1, at | eaSPSPLRFRG ol of FHELRE G Fo it StRRERY 12988 fiPr BYREEES Rt o a
pret real Mlar? Ui Srioin@Nafd BeLUAE Y ik L CGUEPChOR ERRERRREALI ON Of

unsat urat ed hydrocarbons contained wthin the acid gas 1 stream and
i nhi bit dgast.i viiieonleént Absoxbeati ds cargbed Tbethasatlifated hydrocar bon

component @of ft.he feed streamnmay c rise linear or branched ol efins (e.
g., ethyl éﬁ‘é’,’élpcf%p%%ﬂgy{;lafoﬁﬁﬁec% d Ib%ﬁssfﬁ?cb.l‘,’ebéﬁfeﬁ?}:lpﬁl uene,
et hyl Benzeyge suvih e ed i SRIART Xtbhe s he0 ddiﬁi@é)éior&\”%&g &egathat edrhe

hydr ocar bons, tol uene and xyl ene are believed to De particularly

pr obl enat ity «dkexider agréaheldy sttsippar @as r batmenedzwath3the shown in
Fig. 1 as ri.sl % 5 Vi as- pernmeapl e mst . 25 elimnation
device 7 &%ﬁgﬁé %?%?nsﬁigémer?ﬁ%r é:@%egrse alllgg?ﬁéa?’?t?agegaf' ghsur e

m ni mal wetfflwandensafoon themfiekd agigl wiascdeedi st Feadredningueets aci d
wash 9 is. introduced into the vessel and distributed over the m st

el i mi nat i GakR i SREBLYEDFafeRGEAOSS ZPRe As THR REPROKEEOB0OEcERSSt r eam

f 1 owg qupwardlly 444 ough1 hBREYesR T LASHES thd héP%%Q Eaeaggr;&ed m st

elimnation device, It contacts the aqueous acid wa nsat ur at ed
hydr ocar bareaateiaon zome aB/ pa@®2 of2 thed fded 290d AL WB80489022 with the

acid to for additjon reaction product having a vapor essure

consi derabﬁ‘{fn'ﬁg%e?mt" hGR PRESZRES & (feé‘?l?ﬁﬁﬁ“?’égﬁy‘&gﬁéPbghergiéPénts so
that the reacdiwi@reduet iBRY zBeg.€adily separated fromthe acid gas feed 5
streamin the mst elimnation device. An organic waste stream 13

cont ai ni ng t he Bee dinvention dsaduirdhey ctingctedi e drpnoaess &bini nati on

devi 7 i f he b i | 5_whjl d acid
Gas Foeq HProETNERR 8 radTelE Ao Rl S T om ¥ s Be e etesg ¢ °
hydr ocar baitsresath t Sohbaihdfg Mydircglenmigidlf iale davd Cen unBdtuede gt hin vessel

5 may takwarious forms known in the art including a nesh pad, fiber bed
i st el i mMtAETRCIFPSRNEPTPRPEEL Gelearad. [7OR ok I¥Per preRpéaEABEL zone

oy Sy LSS STl Al an g JebagR gl ey Wi s

t he pretrdégtdmotasbensnmapdbeicauriesd theres f ectHydtgygensi agl fiidar Eeby of

appaeﬁ}us158gf;gféa%ggn§ée§0%tream is oxidized to elemental sulfur

| in a catalytic reaction zone containing an'oxidation
catalyst and supplied with an oxidant gas. In accordance
with the present invention, the acid gas feed stream is
pretreated upstream of the catalytic reaction zone to |
25 reduce the concentration of the unsaturated hydrocarbon

component and thereby inhibit deactivation of the
oxidation catalyst. The pretreatment of the acid gas
feed stream comprises contacting at least a portion of
the acid gas feed stream with an agqueous acid wash to

30 react unsaturated hydrocarbons with the acid and form an

addition reaction product. Thereafter, the addition



exanple, the acid gas feed stream may be contacted 20 directly with a spray
"of the aqueous acid wash or contacted in a gas-liquid contact ngﬁg (e.

g., packed tower or tray columm) containing nmeans for pronﬁk?@ﬁ%

transf eWQBYH&h t he gas and 1iquid phases before passi ng RATEY§RIR2
downstream m st elim nation device such as a 25 centrifugal separator to
separate the addition reaction product. The aqueous acid wash may conpri se
various inorganic acids such as hydrobrom c acid, hydrochloric acid,

hydr of | UOkL £-BELH, pRblkicE 3E GegtOSPR! f forCtKle 8883 40484l el aci d.
However, due to its reactivity with unsaturated hydrocarbons, |ow cost,
ready avastadamity and conpatibility with the rest of the process, sulfuric
WO 01/ 30692 13 MAY . P 2. acid.ls.the st. pr.eferred acid
for use in pr e?g"relg mcs%tj%%f(yét ﬁg“{at#se%%’g’ggge%g ﬁsﬂ%%a]mgbgﬂﬁzﬁﬁ g’lggi S eacts
W th unsainrphed hpgacedtbeisl iim thertcpdigesdfeet heéreamatfeekar m an
addition reaction product conprising al kyl and/or 5 aryl sulfates.
Additionally, the sulfuric acid wash will also renove al cohols, phenols and
basesssuchngaﬁhg@?I@&gyﬁmaye% ARG f rom the acid gas feed stream
The conce i ‘ﬁ“rﬁéﬁ%qU€6U§“acid wash may vary considerably,

it being underBigodlt hat armahehiattid uf bowosineat ralluasratiag éneay require

an increased flow rate of wash for ad at e, pretreat nent ile higher acid
R oFt

concent r 28 TORSIMEPCi REr & REAGSRS Pr HERREGhi pRENENEND require nore
expensi ve, paligkrtabs eff canMdricdl o8l Adr 2PPERPSH 8581 8CLEsCeaegNt ration can
be 15 readily determned and is selected in |light of various
consi der astvasn cporadiniga hydrsdgertsekfidew rate of incoming acid gas,
the type and concentration of unsaturated hydrocarbons in the acid gas and
the gasliquid contact apparatus enployed in the pretreatnent 20 zone. The

speci®s apHTRULERPNDEFCRIPIIONEIGE ofghyINwERTDORS contained in the acid gas
wi |l depend on_the origin of the sour. gas feed stock and the techni que

enpl oyed to coRBeRPLasERAL NIRRT GYentle Pre@eRbNiBYENEEORNE PERFSFSS. In
many 'n5t$90§§ov§.‘dé'dg'f'&cr‘ dL&ijr%é 0Ly e gygﬁ?fg{:b@?é phgﬁ‘%%eh“ the
ee may be C ?o ? gas Pee St

sour gas St oc arried over e acl eam al ong
wi th hydregifidel toticaifiadiicalambsoidems fised stireamceheratinng sour gas

feed stocks are kno t.o, be rticularly prone to hydrocarbon carryover. In
t he case éﬁdEPQEBI?§m§545ﬂqﬁghﬁﬂﬂ'9Ft$%b¥§§% %¥ep¥éFFEﬁanéﬁtaapparatus
shownsi n Ekga1ftidn cddhd KONGENtFaddPery uhle (i VO, 01430892 #4thbu® MAY

20Q4 PCT/ US00/ 29022 wash of from about "1 percent to about 50 percent by
wei ght i sasGlaasl sepet imstfup@deht ¢ompy L 9keg har sénghet cakadyitdcgas f eed

stream shquld b retreat.ed in acgordance wth.th [ t _inventi,on to 5
reduce th8°83ﬁ5§ﬁ%r§ﬂﬁ§?%ﬂlaﬁnﬁu %F%dgﬁs%;%gﬁébgﬁgc?§8§e38§§rne& on a
case- by- caae fhas ds ofdpRNEn cHed) 44 £OEPeetéd ofrom thcelagad gas, the type

of catalyst enployed and its susceptibility to deactiyvation, .the conditions
prevai | i n§TRACIREtddAnFigBehadiiand irerednged into the catalytic

20 reaction zone as part of a feed gas mixture that also
includes the acid gas feed stream. In contrast to
previous teaching, temperatures within the catalytic
reaction zone are effectively moderated so that high
concentrations of hydrogen sulfide in the acid gas feed

25 stream can be tolerated and improved process flexibility
and capacity are realized. In accordance with another
embodiment of the present invention, a process is
provided wherein the deleterious effects of hydrocarboné
in the acid gas are diminished. More specifically, acid

30 gas containing unsaturated hydrocarbons that can



10'unit and the relative costs associated with pretreatnent and repl acenent
" or regeneration of prematurely deactivated catalyst. For a catalytic only
sul fur r"gf’%iﬁf’é unit, pretreatnent is generally desirable wifeh MAYe2004
concent rati ? unsaturated hydrocarbons reaches 15 about POBRSHAN22 Waen
enpl oyed, the pretreatnent step. is preferably carried out in a manner so
that the concentration of the unsatoated hydrocarbon conponent in the
pretreated gas is | ess than about 40 ppnv, nore preferably | ess than about

30 ppnv amdblespacd |and 66 POaihes abRihg2@nPeadiiwit PhRt KeatARNt, acid
gas feed stream 15 i s heated agai nst high pressure steam hot oil or other

heating fQ¥idatih sarlvet heaprekenakgsr UPBt IR | Bheul f ur

di oxi de- eny. St rj . 0As (the ri Qkns ich wll be described
bel ow) i sraﬁtgel% s_lzé h)}e%l%)cg{dl %g gélglemEPaFa? grgrgerqg’t%urcg&?‘gnmﬁ%ﬂ??%%? Reat
exchanger t2le uUbeathec eed doydrgaarbeadcsmpeasmndarndcyth fboxi dant gas are
conbi ped H} a st ati,cqgas m xer 23 &e. g., i{ baffl ed conduit) to produce a
feed das Sqq ey ‘_&%n’bﬁ?s?ﬁ&? K8taci #'§8s s QRERReRE sul fur

di oxi de. Thedieed sl XIPE Sci SehBEEGHUGEH LI BHQ B &HALYILE £gnverter 27
defining a single Claus catalytic WO 01/30692 15 ~ a Ma, Y 200a

PCT/ US00/ Agdgdbitte axnk mg zofiet hadcatal wsts aadficausremomeersavbox at al yst

di sposed therei.n. id gas _feed stream 15_and sul fyr di oxi de-enriched
stripper éfaégofglr%as_r gﬁ%‘&t%@‘? ﬁ%_g?ig?g]hanrgrg??el%%#dnﬁ? ?gsbké%ti vely, such
that feedpgassentn ddvest 26n eater 88ceabaky ihC qedamer tHd1f, contacts the
catalyst at a tenperature effective for the Claus reaction between hydrogen

sul f *8e and sulBig. dk oks de. sghemar hasfiony eheietn afatat yiskluserat iive he

catal ytic n&fo%'i-ﬁﬂ !IZO Lse nventi onal .activated 10 al um na or
bauxi te cae{a stt. ter n%vé?%ééa% 8gyg§ﬁr ggie?teél% 10%\{%r|1t§135?ns th as a
titani um wheematwdtysén el dbementayedul Puti fgoaoramlaoi@rgdson, the nol ar

rati o of hydrogen sulfide to sulfur dioxide in the feed gas .; mxture
typically Mol en-gulbidBout 5:1 and, 15 a per pass conversion

ef ficiency of GOl AReUSa2026LE S0P/ 9% HASED Uhd N dugipugy sul fide

content of the feed gas  mxture 1s attalne ytic converter. A
proddibt g&ypefdalientdesi cadpby scogeehtratangi thepihydirdgeandhlfidact ed

conponents _of_ the feed gas m xtuge 20 exits the converter and is cool ed

bel ow thecﬁﬂtfeﬁ{% @eﬁ/ﬁ)og%friﬁa§u£?%$ %Eﬂﬂ%n?HF?’stt FAIHFNSFRARF separ at e

nost of t g JFFRIY atr&hl ek rb1 &0mt REEPROHYCE fdded it 4 fur stream
33 and forma tail gars efél ulé{)lt 35. 25 Thegﬁeg?%;elﬁ'gﬁdat ed %{/ﬁﬁée%exot herm c

reaction Bakesh Widranjieration i dpenationkt ur Thieohyderogtimbsutl tide y rai ses
t he tenper of _ por o s_eff t 29 exi.ting catalytic converter 27.
c%&t"{:re%t .Of.p ﬂgé'l éo h%g%a%éga Sgoggn\}gr tgflplicr??.rl

The tenperature rise across YtTC t dases as the

concent r aidoorcerft 3k & dsposonsatting thet beetine®dcry wAGH Haamiid eases. At
hydr ogen sul fide concentrati ons bel ow abgut 30 nole percent_in the acid
gas, the O &9 i S2lecrbeely trapsfersbydrogen suliidde dpm

i s, Honsy e T o g B e TP Pahe ahd BBty C e th s
| evel , heatmjigpirg erydrogém sulfide from the resulting hydrogen
sulfide-rich absorbent to generate the acid gas feed
25 stream. However, it shouldlbe understood that
concentration of the hydrogen sulfide content of the sour
gas feed stock, if employed, is not limited to amine
absorption/stripping, but can include other chemical
mez .z, physical means, physical-chemical means as well as
30 adéorption and other known techniques.
In addition to hydrogen sulfide, the acid gas feed

stream 1 may contain other components such as carbon



converter may begin to push the tenperature within the 5 catalytic reaction
" zone outside the desired operating range. As noted above, high tenperature
excur si ({g% i)agépe catal ytic reaction zone will greatly accef GrMA\ég&éi ng of
the d au¥9d sion catalyst, lead to corrosion probl ens BGI/B3E8E3
equi pnent and suppress sulfur 10 formation in the equilibriumcontrolled
exotherm c Claus reaction. In accorgdance with the present invention,
tenperatures within the Caus catalytic reaction zone are noderated so that
aci d gas fEetkisdle, ears x0RAIdY Nendli Bd26ceebea8t hat vaRs iRy 9., at |east
about 30 nol e percent and up to about 90 nole percent or nore) of hydrogen
sul fi de NMEPFERTTGFETE. Y ur Bheoabidditgnofi thien pueseg al yti c
reaction i i VAl Ci. hgi.a i ol _diluent gas into
t he cat al %@@a‘%?ﬁ@%‘ t}oorleﬁglff’c?g%etrlggbyFgghgkk\é%érog]t%uroefdof t he dil uent
gas i s behywrdgen culifislerioduciie ghscehlihgest rexnt mageishdtconverter and i s
free _of nolecul ar oxygen, en can lead to sulfation of an

essent.i al | xy ; j
act i v(%lt ed pérl'frﬁch’&a(ﬁl%mat@acﬁ ‘F?/s%naﬁﬂgﬁﬁ§ﬁlpﬁi scighgast feadhlyst is

used, 25 ihe-datAloth A A0 ZoNs: shpyld B8 pRLAt ?e%%rﬁssen“ ally free

of oxygen. Even in the cas€ of an oxygen-re::.stant Catalyst, oxygen in the
convert er hydrodgemd g fiidsh. hiMpee prefsrablygatheohydsogere sllf iafe dir ect

oxi dation of _hydra sulfide to sulfur. 30 Preferably, as shown in Fig. 1,
the flow 5f°”tt§¥’1 ot (it I XPEF G EGRFUL ScBhd ST FPRE &0 ¢ with
a portionmdleheeiddry Waitdakds tabbugasot meaknpai-cand by 1 8 MAY 2004
WO 011 30692 PCT/ USOO 29022 17 renmai nder 39 being recycled and used as the

di | udft g&SRSFHRddICEAF iTRaPt MPRE af Yt MelPeREFFERT, o even thdghamat ur e
control. Tail das glddyiant deymindes. 39.La Mxgd-pibl 8% digagdepd stream
i e e I

15 and sul fur oxl enri Strr1ppéer gas gas ‘mxer o form
feed gas gast feedstmamoduded imt rodoogdr tato2d. pbetueiattent dfeOCeSS

schene, the only additional pieces of equipnent are a recycle conduit for
o ekre

tail gas ef PuéRt Shdeedast \Ras <O bF oEh§t FERCERS TRdLARy evi ce (not
shoun) ! 0 HBRVRLRAP M UAIHE iRPaPheliNGiEATHCERR! LRAG S Ur

condenser. Attention should be given to proper heat tracing o e recycle
gas @&6nduifeeshdtidean endelimtbllmterdéacbivetion efisthe blkdddathert enper at ure
of the tai] s efflyent does not_fall below the sul fur dew point and 15
lead to s&laF%?-YE derfs¥s @‘B}?ag‘r%%ﬁld?\"?’_é%% F’n_THB“‘BPE}ﬁ&Et e the tai
gas ef fl ugrled Bitred ety Hondfiasal ohdhtCoreBehheRed0BR eFimart of the
feed gas mi xture should be sufficient to noderate the tenperature within

the cat al y&-@-re&&YdeneonPEARY AL ai Aremat 20 bydapgsrbosmpeieatine within
catal yot | ERZRey SAA° SIS ke BITEHER SR BRI T T eact on
zonez2ar e theireolfl.ed Amoraydjursid mgrd thed anpdnbcatbbasl, galuetid wayd recycl ed
to the Catx?/llyegec aCr.%mi)eerltieef\ied to be particularly problématic in
deactivating catalysts.
The pretreatment zone 3 is shown in Fig. 1 as
comprising a vessel 5 having a gas-permeablé mist
- 25 | elimination device 7 mounted therein. The entire vessel
is heat traced to ensure minimal water condensation from
the acid gas feed stream. An aqueous acid wash 9 is
introduced into the vessel and distributed over the mist
elimination device by spray nozzles 11. As the acid gas
30 feéd stream flows upwardly through the vessel and passes

through the wetted mist elimination device, it contacts

the aqueous acid wash. Unsaturated hydrocarbons react



25 The anmount of tail gas effluent recycled to the converter wll depend
upon and vary in direct proportion with the hydrogen sulfide content of the

i ncom ng acid gas. A sinple feedback tenperature control |o used
for adj wah onspedhe anount of tail gas effluent recycled to ﬁ(ﬁ%ﬂgﬁ verter.

The neasured control tenperature may be the tenperature of the catalyst
within the catalytic reaction zone or the tenperature of the product gas

ef f |l uent ~ a MAY 200 WD 01130692 PE| LJSOO 29022 18 exiting the
converter, the latter typically being sonmewhat |ower than the former due to
heat |o0ss&8th Fhiteaghdetor fanmaan wadid ipunrercionl produche heatiaigy st

- tenper at ure .t hi a .G A, 8] i ef erabl.y mai.ntai ned
bel ow abOlﬁ o‘g%fb%%ﬁ%%elf é%lg’%ldf%%%&r}? gb&o'ﬁ%]]??gga% oeaﬁgﬁg%‘oﬁn& For an

oxygen resiinaticadtpiiystashoh aearteaital b CoPrtBé Nngedckibani um

di oxi de- based caé alyst, the %gtlal yst tenperature within the catalytic

reaction FFREYSE JPRY PEbF§a s LifniSeRatatE bl TR dbet 2686 gasniesd
pr ef ersabl s tfrim aboUE L5 ; Grt @13RAMAtIY, Gef¥ &L €T 3R] Yo Q?i%ggza gperature
u

within the catalytic reaction zone 1s malntained from ag% to about
400 C. ' HEWEguRtldncontaaningashef fAqiehtadyifiomareadtion pFotlack gas

treatment gontain vat et i{ag?r. trace arsg)un.ts of sul fur, unreaﬁt%d sul fur
di oxi de afd HyH? ogen" sUtFFde AT ESHARE £ tdntfit SeBPVERe EFARoN ng

acid gas i st €6hbes dé@ééiesaﬂl#lih)éd@?t‘%tgﬁ'i§-;9asga§ £eBlr oduced
into a conbustion zone of an incinerator 40 20 along with an excess of
conbust i oftdieam 1l prhavingr asgecusest aonaant ratui euppf ennaanhrated gas 43

as nq%ded.hr}}e&%é(l 59 ug;&ggf E%@e.’tg ul fur species present in the tail gas

effluent a I'zed to sulfur dioxi'de and any hydrocarbons present are

oxi di zed to carMiet debiindrastidn?Gendicdr 7 Mduie: X GeBShahl vyl opment to
forma conbustiaon gas effl ugnt 45 conprising sul fur dioxide. To noderate
qfu@ﬁ e

t enper at uf&Y quEREhTAG* MRBefr AR BFEoWEY (idy atht e Hedingi Aemashr .
Al ternati g, _{béi‘ebga' fli 88S o1 nik ttrcﬁat&dcgdﬁ\ﬁaxghnﬂ?{ a§9§aﬁygé{r§g .

hydr ocar bons using an 30 aqueous sulturic aci escri bed above, the
or gani ¢ s@dlftheugmstibespreamea8meat lzorfeeds Rigyi rci iehhdes48 tbstool the
i nci at ar, .by. bot h é 8, MAY 2~~ \d/\f)) Q1/ 30692 PCT/ US00/ 29022 _19 evaporati on
of wdter &id THEF mhP™ dREBHEs MELGRDAMRE Y td \asTRE#t O sEheur

di oxi de, @y@RIuaNs:YatQhsht BRk WRShQ 3 rigarEhd rom ther | nepabbaihea may
also be fed to incinerator 40 and used for their conbusti ble® content 5
i ncl udi ng B@k Wee epretreppoensf Breps mar ibeeddrmiedarun| efifect ivklivg

oper 2 oS L8, B8 B SSRIG Ash st 0 g heer
exchanger eecampenttheahslgsyabofleiedy sk a0 mas i dntacted
20 directly with a spray of the aqueous acid wash or
contacted in a gas-liquid contact device (e.g., packed
tower or tray column) containing means for promoting mass
transfer betweea the gas and liquid phases before passing
through a downstream mist elimination device such as a
25 centrifugal separator to separate the addition reaction
product.

The aqusous acid wash may comprise various inorganic
acids such as hydrobromic acid, hydrochloric acid,
hydroflueric acid, nitric acid, phosphoric acid and

30 sulfuric acid. However, due to its reactivity with
unsaturated hydrocarbons, low cost, ready availability

and compatibility with the rest of the process, sulfuric



10'process. equipnment. Typically, this is a very troublesone streamto

“ proctess in Claus installations since it contains anmonia in addition to

hydr ogep sul fide. Conplete destruction of amonia is requir &8 MAY 3004
conventlal&@fw@ aus plant,, since ammonia can formsalts 15CTARPAYP2R,

pl uggi ng and corrosi on of downstream process equi pnent. For conplete
destruction of ammonia and m nimall¥ ormation of nitrogen oxides (NOx), high
tenperatures (e. g., in excess of 1200 C) and reducing conditions are

needed. Lnrdbusd i tie ands¥ lprafebeeduppliicedE RO ussleln ppeesyeatin@nitnci ner at or
40 in two_ zones, one which i s operated under reducing conditions and the
. fol | owi Rf 7dHe ¥kt 928 LRedr SbXrPamzi nFUldith G oxeid L B8SFR§ MWakhnerator 40,

hot comyuysdd f LS :CO j . | hd} t exchanger 47
Dependi ng 2%%%%?%}/&%??%55?5?%61%2{11 %dlda%%‘%é‘%e%%ggx% g%é‘é‘r é%? may take
t he forrfiafm anesdditeah beatedloar predupsr atampr Codhegdatrpuandgomrgas 49 is
t hern. del i ver ed ff a syst§$1fot th? sel ective renoval an recovené of sul fur
di oxi de QLSS deshAtbEAOPAR LYY, SHIRYE1G 8539088580 WERdr nast er
et al.),aldw e&hdbve £i&6hO3Y! eﬁatanmlscfadcf BA¥Y POk Ak edshgmehBsbwr _
reference. In such a system the conbustion gas effluent is introduced into

a sul f urammeRla| ¢IRBOWNds frgmyaie?@g4 doREERSDOSRreamxi de absor ption

zone and cont e i L qui dea rpent .f,or sel ective_ahsorpti on of
2T oot oL Bt LA e BRIDS I SRESHE Y ECH! o‘ﬁ'aég‘s to the
absor bentaynda py ocomei derashayst tode inprinddrde Sod ftha® fbesi de has been

substantjally renoved and a sul fur dioxide-rich absorbent. Sulfur dioxide
i s 18 ri phethe oRPRARNErahiaBSoPEeRC Lt MR STHLER AR dENSERRBBRNgG zone to

produce & Le SQED apd..a |£un digxi.de- iche i as. The
regener at ed ?ggﬁga so?géﬁtfgg 92% c%gg-H?%é?%é%ﬁ%%gdg%g?%nﬂgghggfor
further aseidctoneenbsatponsnmaly sunlchrerasd woxieodiom dhepeoobrsti on gas

effluent. The sxsten1disclosed by Burnmaster et al. [s_preferred in the
pract i ceBFLRRGDr BRANFERRYER MG eaﬁﬁﬂﬁﬂsﬁﬁﬁrﬂﬁﬁ%?iﬂlghﬁffoIIomﬁng

descri ptéoist Pactissl ar Afz%%b%&@%ﬂa%e”%& CorpedAter #01 bh0Bafl behat
di scl osure at col. 4, line tocol. 9, line 52 wth any nodifications or

speld fi creardibyréetersainedsand: iosed antiasiy irHolkeght  of t vahdahd be

1 . i oxid ‘ 4 el S oxi d
inder st ooshabalyerbay: s ot MOSHRGNS ARty S g X0
i nvent i oimcémbhgdaeodbgabi othgasype ar@induiiereedel@grof7 is typically

condi tioned prior to entering the sulfur dioxide absorption zone.
Condi t i PPt eFatad ByAbaserbengadining miioas camd nghendagas to renove

entrainefli quid contact apparatus employed in the pretreatment

20 zone. The species and concentration levels of
hydrocarbons contained in the acid gas will depend on the
origin of the sour gas feed stock and the technique
employed to concentrate the hydrogen sulfide content of
the sour gas. In many instances, a significant portion

25 of hydrocarbons present in the sour gas feed stock may be
carried over to the acid gas feed stream along with
hydrogen sulfide. Physical absorbents used in
concentrating sour gas feed stocks are known to be
particularly prone to hydrocarbon carryover. In the case

30 of sulfuric acid used in the type of pretreatment

apparatus shown in Fig. 1, an acid concentration in the



25'inpurities and sulfuric acid m st that may hinder downstream processing
and further cooling the gas to a tenperature nore favorable, for sul fur” '
di oxi de absorption. Removal of sulfuric acid mist is of par?$8cWaR00k

i mpor t aWOP1{386920r der to reduce corrosion of process equi pRERUSIBZOR}cr ease
sul fur dioxide solubility and decrease absorbent deconposition. Conbustion
gas conditioning in gas cooling anggscl eaning zone 51 may take various
forms. For WO 01130692 21 1 $ MAY 2004 PCT/ US00/ 29022 exampl e, the
conbust i phsJaSF MRY-oRE abRAY L Fﬂ'@fhér’i‘t 0§ QbofiBr Sof p¥eest &y SCr ubbers of
the type sold by Monsanto Enviro-Chem Systens, Inc., Saint Louis, Mssouri
under theeightenar BuibudwAVier mosta appliaatgyassscrubbing 5 device and

thereafter p i t he gas .through a fiber bed pist elim r or

el octrostat | oHBFEORS X 5Pt G GOV SHFT EPPG SEFAM SECUCEndIS | oned
conmbust | 9Re gpsabEde%nt ke Hafa kel v 1¥h afde CheaBn8 20R@ntLdrS tigit roduced at
the bottom of a 10 sul fur dioxi de absorber 53 containing a sulfur dioxide

absdr pt i peduenetini lconidenting tiswroenensstusatadr sydeegambanse itsop of the
absorberdeﬁgﬁgggga 2% TR NG & C}P_afégg LYEL 8k 8%1'&?.559?1 orl Q:ttll{%ed cont act
a S not1 NY er petween

devi ce coOntarning nean or pr Mass trans : e gas and

| i qui d 15oppesesiohs ofhe eordutisd igds pashpasgpe ofivaadhal yistr ough t he
absorber, it contacts a countercurrent flow qQf the liquid absorbent and

sul fur dPBRIG¥SHsapdadsfeFURFIRoirt ket ¥ohBuSeRER 1YAS 108 1t Fd'Sbsor bent . An
exhaust ; which 1S; 110X n J ey, enoved 20
passes tﬁ?@ﬁgﬁléﬁ%‘in?t el rlnj’lsllﬁﬂ ;grng%}g%igﬁwgtgéfﬁgﬁt qulg?‘&?%é;dﬁ)s}%er to
renbve augitnandi nthe lreduitd weforstdeamgodiasthdr yédht prewxgrearmsrdck. Sul f ur
di oxi de-riéh abior bent 59 is withdra f the absorber. As

wn_at the_ bot ttom(i
noted ab®%e, TERFREETSNN Qfr HEITEr0hRBr BENPECPRHET e used in the

practi cegehct N9apeds @altd1RMAN! | OFor | acbaawgtbet Bnaesadurand physi cal
absorbents. However, due to the fact that the Erocess disclosed herein
utili zesreapyerysimgite Craireaiinenti tsrggneranlyofesimableuMhen di oxi de

Ponvent | BhE: SehEsblziaof SPTECOPaPES hodrBERCRRES Faat ol 0ot
| eaps abapbbub BpobE .eNtWHEnN reamsl Syl Jr tHeoprde reAtt mendOstHp3GR02 22 1 8

MAY 2004 PCT/ USQ0/ 29022 these el evated concentrations, a chem cal
absor benPTe5QEADAY SRTHIRD AUEM2 RAYNSH! Per EPASMEREI fur di oxi de

R e e i S e R lioe
t hi onat eshei preheeatleddirgad aixs deess cthahsabbeht 4angpdwf,f mexdet i es i n

subsequent regeperation of the absorbent. Accordingly,. e ljiquid absorbent
cgnt ag'tj eBrﬁﬁfFﬂ'agﬁr@ I {5 BROYYE €$eP8W¥bF§}dale %&%i"@é’lrlysﬁ% di oxi de

abspgbentnaf BBY&iCAo Hpmrpsor ption-based sul fur di oxide recovery nethod is
better suited for treatnent of tail gas froma catalytic only sulfur
recovery unit Afwerh prefinastvaentul agrddgagi feedbssmeam 15nd heni cal

reaction,occur.s, such _.as di.sproportionali o] ul f,yr di Qxi In fact, 15
i ncr easi Hsagﬁg Bgtatlineﬁt S’f’e%réuﬁ”ég%?“’é% gh%g@l’ oi?loge o|J'lr:1l tO%Ie%(%%te)rusti on gas
actual | yheabangeF1eMet ald &l {indireeevhentebkchagey Wren & physical

absorbent systemis enployed, Suitable physical sulfur dioxide absorbents
for use FRSYRéepsadifiue Hkoxide pepsiahefnFERLPER*c GRS 1S Hihe

25 origins of which will be described below) is likewise
heated to a similar temperature in indirect heat
exchanger 21. The heated acid gas feed stream and
recycle oxidant gas are combined in a static gas mixer 23
(e.g., a baffled conduit) to produce a feed gas mixture

30 25 comprising the acid gas feed stream and sul fur
dioxide. The feed gas mixture is introduced into a

catalytic converter 27 defining a single Claus catalytic



201 east one substantially water imm scible organic phosphonate di ester of
“the formula O Il R30_ I-Rl1 ORZ wherein Rl, R2 and R are inde ly aryl
or Cl1 t%ﬁ§€uﬁk5¥' and are sel ected such that the organic pﬁb%?ﬁgﬂgﬁ 25

di ester has a Vvapor pressure |ess than about 1 Pa at 25 cPefPRofya022
solubility of water in the organic phosphonate diester is |ess than about
10 wei ght percent at 25 C. In accolBHance with a nore preferred enbodi nent,
t he organi ¢ phosphonate diester is a dialkyl alkyl WO 011 30692 23 1 8 NAY
2004 PCTr&s866429022nghesphamttactsl RIC1&AZs anonfR8ratieni adepagadently ClL to
C6 alkyl..In an especially preferred enbodi nent of the present invention,
the |iquit§SBBSERLERE T r | A HiIFRS yieedit SFTPABs pRoAREe SUBEBP) . O gani ¢
phosphonat Hes i h I ySiC bsorbents in
sul fur d?%éfgggrE?géégﬁggﬁgn?%ghﬁfﬁ%ﬁ%gﬁ% %gﬁe ??Eggrghsgka?orth in US.
Pat ent NexcBaggerz63 7r efrat radd trespevieiaellyj nsochothaedfkredeigas An

alternatjve si.cal__sul fur diaoxide absorbent is one. conpri sin
tetr%eth@f%ﬁgg y@%lQﬁ%ﬁﬁ%ﬂﬂ(ﬁéﬁﬁfgﬁﬂﬁl%@PY%rH?gc%gsﬁanﬁﬁﬁg%tF%Figd in the
sul fur dtagallgsteadver t 4Maeastse desEstbefe | flok. BhePollgls No. 4, 659, 553

(Linde) and U S. Patent No. 4,795,553 (Heisel et ~al.), the entire
di scl osuF8&CEfophPelwaen ihndrqasateul hide| andysubinsf diendde.The |i quid

et 1 aot T eneaPycor h b crar e e 4l e PRRRIEFARY o nbsor bent

sui t abl yreaaopibsiezonen naydraomed e  Dasdvertt Dohabodet 89¥tka about 80%
tet£aethéiene | ycol .20 di nmet hyl et her, from about 15%to about 25%
trit?hyl B@Pg‘éop?’dﬁweetqﬂ?éé}lx%m AbtRrDatiyedy ahsht OXYIGN -

pent aet hyb gngglyeolaliaBldY I idieradnel {104 AlRUL238%:50adlaul nky5% Mono

et hers. Like the physi I oxi de absorbent conprising an-organic
phosphonheeerploivesit-er Dutieig incemhal i operat iaet hyheneglyrolratio of

o SR 0 YL 081 o MBSk oI ©. 1P 10
t et r aet hyleoagey egbidiaTahWaeidis fo epabsos pLi 08 apgust 5iRPhRAA St ages of

a 30 sul fur dioxide recovery system including the process equi pnent and
opetati n§ BPBRdPESEnsoasrRian eifiguencperf i FromabeateBO¥NGS. 4, 659, 553

3, 705, 53 Chei 297 oS 1 e HAOSE g8 RRRReRF IS8 PR fe art 11

the pracfeed ghsthéxpigsenls iavwiinad. irPWiarcst xyeecr e6hvakserhent 59
exiting the 5 _absorber is punped through an absorbent heat interchanger 61
and a rich abBoPBeRUCkefas eFf RNt MY RrREisbag ERe repcbior sul fur

di oxi de gs&aeegl Gra Rahany %pér%ﬁé’wgﬁge 6éeQ&g Sst RexELE

absorbent 59 while coollng regenerate ean absor bent passing from
sul2Qr deskFdethe somvexheshihcle tapebsdrielo®3th® shlfbsodkent heater 63

brings the.rich_absarbent to. the desjired stripping_t erature. In the
process P&f‘ﬁ%t F5Y &ﬁi ﬁlﬁ:icé?ndfnss%zé:ﬁl 67 i?ﬁr?%%‘g%%daﬂgggeibﬁﬁag& t om of
strippermébti ®fugthte 23 dmntHl il Mor aEedth ke Shroduét! 4 di oxide fromthe
rich 15 absorbent. Although not shown in Fig. 1, a rebolier associated with

st ri pper @661usnitd ipe sidun Etxparm @3 andufemmod tailpgaageffdusntAs rich
absorbengspasses down through the stripper it contacts a countercurrent
flow of TTSing steamin a sulfur dioxide stripping zone and 20 sul fur
dioxsde is trahef beatd denddutdd @y dhstiaaitheii€c reaction

between hydrogen sulfide and sulfur dioxide adiabatically
raises the temperature of product gas effluent 29 exiting
catalytic converter 27. The temperature rise across the
catalytic converter increases as the concentration of

30 hydrogen sulfide in the incoming acid gas increases. At
hydrogen sulfide concentrations below about 30 mole

percent in the acid gas, the temperature rise across a



the sul fur dioxide absorber 53, stripper 65 may suitably conprise a packed

" tower or other gas-liquid contact device containing neans for pronoting
mass transfer between the gas and |iquid phases. A mixture dfg MY s¥¥ ppi ng
st eam aWwO el306920ed sul fur di oxide 69 exits the top of the mtrusgoevornd is
cool ed in an overhead condenser 71 wherein nost of the steamis condensed.
The condensate and non-condensed s are separated in gasliquid separator
73 to formsul fur dioxide-enriched 30 stripper gas 19 and condensate stream
75. The di.oxi de-enrj i ppe ferahl.y contains at |east
about 8B§§%Fg&ge9gérﬁ%%§u f%"%@%e@ HEygiealiy Widhih """\ 011 30692

PCT/ USOQ428023b25- priefiersabl Hakevenstagbede BQdrdemengemdsul fur di oxide,
and is recycled to gas mxer 23. In order to I nprove the efficiency of

st ri ppefeB5ens LRgEFERSehHPRakaumbinkevelsi AeRsr JeaEraced i Bee enpl oyed
to stri diQx) r r t I erating

pr essurgéﬁyéggéghhgﬁ) g)er?t?gcﬁ ntgérné&%eé%%eggﬁp%gg%&%%sl‘ffrlg:q{v&clf%rggt he sul fur
di oXi decatailppiing reeu: ich Eeierabt yidai thai dediated opamwitig 50 kPa to
about 60 kPa absol ute. Cg&ggnsate, tream 75 conpri sed of,nnst%% wat er and
10 sone®&B96r befi MO %F5t¢*£$¢?57§eFBtP§ﬁD$§qHE§%Rﬁﬁ | fur

di oxi degh8s cahaWtii% Fdhctlho Zodd w11 NGEedyaed ARean d+ o g of
stripper 77 and used to strip sulfur dioxide fromthe descending Tl ow of
condens@feths EdamsercnnveraidmstrttalySeri ppad P worriBimntably be in the
formof_a ked.tower or other. gasliquid contact deyi cont ai ni ng neans
for proﬁﬁ?ggémﬁa§§'ﬁﬁ§ﬁﬁ%ﬁ ?ﬁﬂbéhﬁpqH@ngagugﬁaeﬁﬁmiﬁyﬁﬁﬁwes. Air stream

8ligont abminag isul fity e Xddlel Bivt PapRdcbhopbl Dedcendtheding &Xdtsud he top of
stripper 77 and is recycled and conbined 20 with the conditioned conbustion
gas 52 ERBEERAF-sul fur dioxide absorber 53. Stripped condensate 83 exits
the bottom of._s r'QHQJ 7 B, r. d in condeneate
purifier 85 ) %gLarafgué%gﬂﬁécng$%%%g%%§§r%§%%%§§%§3n187 and purified

wat er 88empezatudleisewiathitel the alldusigbatalyshewrearthiich Zond hereondensat e
stream 75 coul d be refl uxed back to strigggr 65. I n suych an enhodi nment,

stri ppeMOBSTEE6Cd S ithath aft A HART | Tred eaWe: COR LG PhkitHF hat er i al

abeoye i f € nd LS dyge 0 ent 55 is
B M R T S

absor berp58oakbmgtwiStth moden \pe ecenth sor bsore st oéalmysizogeet yallefiide

may be processed. Temperature moderation within the

catalytic :eaction zone is achieved by introducing a
relatively cool diluent gas into the catalytic reaction

20 zone. Preferably, the temperature of the diluent gas is
below that of the product gas effluent exiting the
converter and is essentially free of molecular oxygern.
Oxygen can lead to sulfation of an activated alumina or
bauxite catalyst and when this type of catalyst is used,

25 the catalytic reaction zone should be maintained
-essentially free of oxygen; Even in the case of an
oxygen-reszistant catalyst, dxygen in the converter will
induce much higher heats of reaction as a result of
direct oxidation of hydrogen sulfide to sulfur.

30 Preferably, as shown in Fig. 1, the flow of tail gas
effluent 35 exiting sﬁlfur condenser 31 is split, with a

portion 37 being forwarded to tail gas treatment and the



1 8 MAY 2004 WO 011 30692 PCTI US00/ 29022 26 absorbent is partially cooled in
"absorbent heat interchanger 61 and then further cooled in absorbent cooler
91 to a tenperature favorable for sul fur dioxide absorption MY e2Bei ng

i nt roduc®8 %4082t he sul fur 5 dioxide absorber. Various met MEHYSHN2982% i ppi ng
absorbed sul fur dioxide fromthe rich absorbent may be enpl oyed. For
exanpl e, sulfur dioxide may be stripped using air or other noncondensabl e
stripping gas as described in U S. Patent No. 10 5,851, 265. However, in

instal | at-bRRs nldhat ;UMM PN-GHE VaE enal UBkRa /@ BRI, &at abyst in the
catal ytic converter, the stripping technique should not Introduce

appr eci abhsredgivcedt riatioridhefcasalepi ¢ nreasaitm zdinexifer enri ched stri pper
gas 19 i r tQ avoid catal yst. 15 sulfation. In _such ljcations, steam
IrT1 ppi ngereeE s del P AT o8 ERERes G ER AE A Th o
aqueous adixédvadltmaddes gddefeadoyerehmetti wady siadusesgideideoncentrati on
of unsaturated hydrocarbons in the acid 20 gas. However, saturated

hydr 8car B8%3chedy SLUIRRaR I#S bkankhedasl RAKES) 23 ndioTenirrd $3Sthi s
LT eat menty; 3ad, A% P AR ETT1 S NoLAIBEEL AL 975000, QLIMI G g the
catal ytic'reaction zone. IS I's especially {rue ‘of Heavier- saturated

hydr ocar banselsayisahente | adsd Ity Z3dLeibaalabiereUTE asquipmdrane. | n
accordance with the present invention,_ it has bgen det erm ned t hat

i ncreasi Aget fe “SOVAH® AV HE ehttht F8f PéfalioRt 30d He TRA¥F@mount of
reduced gaEben UESEH dihdie Ll aksy SAEVEESh AR GalcRl o) IS0 oxi di ze

hydr ocar bons conpl etely to gaseous carbon di oxi wat er and sone carbon
nmondRi de overcameadds arasahraitdrenl ofi tbher gorwertercarsttswlafwd al uni na

condenser. Attention should be given to proper heat
tracing of the recycle gas conduit and the recycle blower
in order to ensure that the temperature of the tail gas
effluent does not fall below the sulfur dew point and

15 lead to sulfur condensation and solidification.

The proportion of the tail gas effluent introduced
into the catalytic reaction zone as part of the feed gas
mixture should be sufficient to moderate the temperature
within the catalytic reaction zone and maintain the

20 catalyst temperature within the desired operating range
and inhibit premature hydrothermal aging of the catalyst.
Gas and catalyst temperatures within the Claus catalytic
reaction zone are controlled by adjusting the amount of
tail gas efflueht recycled to thé catalytic converter.

25 The amount of tail gas effluent recycled to the converter
will depend upon and vary in direct proportion with the
hydrogen sulfide content of the incoming acid gas. A
simple feedback temperature control loop may be used for
adjusting the amount of tail gas effluent recycled to the

30 converter. The measured control temperature may be the
temperature of the catalyst within the catalytic reaction

zone or the temperature of the product gas effluent



WO 011 30692 27 ~ 8 I dAY 20Q4 PCT/ LJS00/ 29022 catal yst, no soot formatjon

* was observed when the nolar ratio of carbon to sul fur di ox glewAa2i04

mai nt avoeridsetow 1 (e.g., 0.45) . In order to inhibit angéprshRiseyLe

el emental carbon 5 deposits on the C aus conversion catal yst due to

i nconpl ete oxidation of saturated gr unsat urat ed hydrocarbons present in
the acid gas, a stoichionetric exC8ss of sul fur dioxide over all reluctant

gases is majntajped in the catalytic reaction zone. In addition |0 to
hydr oge%‘?”s‘iﬂ??dtget ﬁ8nb’|eir%tﬁ§/' M‘Ec 3hteHas¥RiFACLYdOHWH ocar bons as wel |

as car hinswhi tr 16QBROURGES, D @érﬁéfbeaed}céuhéia@el%%%e%@r bory! sulfide.

Preferably, this treatnent is conducted while naintaining a tenperature of

at | eadtheaerge 300 eni actiivvaiedisabamahgt cetadgsti, othks czored.ysthe

t enper i l.Lyti.c reaction zone nmay.be increased as needed by

r educi %eﬁgﬁ%fgtn%ggt %g%%tl | Itcr'beasc ??fﬁ%h? F@é?%?@& #8"the Tatal ytic

comver tpfefdsashpwhainthiiied .bd Tewsabbue dboxi de. poReeRetdrabiyn t he
Claus catalytic reaction zone may be increased by 20 a bypass |ine 95 which
bypassdF At #A4E a5Por €i 6F @PaAtfe 4R 0IF ng BR¥ dagaexyged-st ream 1 ar ound

cataly'-Céq{?{ t dJ oduces | L Lectly into _incinerator Hydrogen
sul fi dfazlelcsnlt eﬁ%c?étégﬁ?s é(%{)gk([jiéz%dgt%éé%??ég %P}é%r&glinrg tthe i nci ner at or
and f ed Hzokidwo dhex28eChassd atat y1yst | eanéi 0AtaQRe ta% apdrafursdll fur

di oxi deenr.i ,cheo%stri Egir %as 19. This techni que of renoving soot deposits
from t f& G usERBnGRFSL YR 1A =R 3Rt 1 OR f EPRE Ay PEGESFERISS over previ ous
appr oa ; a r i ON.~ 3 vent i , enerati on of -
e b B P o e eebrE R abLY: SrEAT BB ™ g
smal | &fintC dfo adlbount 500ReCcat Anefieratinuertles gis t¥@perA80682 28 1 $
MAY 200w4.tPCT/L£OO/29E2ﬁ e erattges of approxi mately 500 C. Careful

at t ent "o HUStCBE FARBRYHLEh BRGCT EQRNECRE ofi MRLRGALTET dRR® to ensure

t hat t k@ReiPIEnhtci songbodamaaed ley, exposure to high tenperature or
thermal stress. Likewi se, the 5 catal yst nust be protected from possible

i rreversi bl ERQIPA¥tdanoPLhE@ridt Ikt ses £ fhuent e3 7Mspzwaadeditiid e t he

I i t Ls ti t t be tak f
vy Lea it SR TPERRLRERs RBpTRY P YERORT TRBGR RO D At udi ng
sul fur stilddmde werexetydf samfiat |digncide eahdenydabhens ssllfide dHxi de

instead qf oxygen to be used for oxidizing elenmental carbon found in soot
deposi #&€1hnash Qkhetr camBRrgatss ahehmi inexningt acddr Basacasis asbnpounds
can be ghfecti . OXi dj. ze t eratures wthin the nornal
oper at ic%gfftenpde/%%hgé %%’écﬂgﬁgéééﬁ%?%?bneg% I%gtgsisFurther nore, problens
w t h siftatddurced iheocat abydiusariomvebiiedof At haeiaddiatdaanalo benefit is
;[NH t sul.fur di .o%de oxi dati on _and ﬁat al yst regeneration_can be achi eved

| e PHETE MS-BPREAFFERC CloRAIMIFL I el HE £h 9&r PLEET FRYTAR
modi [l & it AdaRh bl Atierilal NE,dT Q525525 4LSaLARRE aDaMP

possi bl e. For exanple, gas streanms nmay be heated by nmeans other than
i ndi r ecoTHRERL ko® havge , weuh fsie aperies eresenti Ay thei daslictgass. by 25

electri. resi stance heaters or diyect fired.burners. Energy savings may
be obt 5&?&&% i?‘nﬁ?r%ﬁ'gﬁésfi &t Hbef h%’éhdﬁr B88s8Mt reans, such as by
usi ng HyRIMiaKeoRy ShreBeaes a8fd |dteidi £t £ 80chbBohNaivalid P ardP heat the

sul fur dioxide-enriched stripper gas and/or acid gas
25 water in the excess air environment to form a combustion

gas effluent 45 comprising_suifur dioxide. To mbderate
temperature, quenching water can be introduced,into the
incinerator. Alternatively,_if the acid gas is
.pretreated to remove unsaturated hydrocarbons using an
30 agueous sulfuric acid wash as described above, the
o;ganic sulfate waste stream 13 can be fed into

incinerator 40 to cool the incinerator by both



30 feed streamfed to the Claus catalytic converter and/or the conbustion
“air fed to the incinerator. Furthernore, rather than using tail gas

ef fluent as the diluent gas 1 8 MAY 2004 WO 01/30692 PCT/ 4 BSPRY 28822 29

i nt r oduPEH0Y/IH6R t he catal ytic converter to noderate the teenerbhgdr2W thin
the catalytic reaction zone, steamor. inert gases such as nitrogen, carbon
di oxi de and argon can be used. Howeygr, use of these alternatives is nuch 5
| ess preferred in terns of operating costs. In addition, introducing steam

i nto thegQatpdd o 63EL 0 I ppyess_sul fur production in the
C aus eqSH}Q§iLM%Oﬂ??%I*gge%eggfrg#éﬁﬁaiﬂéﬁf?Q?q%ﬁ&ﬁoﬁdﬁ eFBer
ef fi ci ensldfati) wistmubht o hsupfetr edtoxerie pro3ceis aind heapeesent invention

for redugkg%tlwacgwmentrati0£ of UE%ﬁLurated hydrocarbons is described in
connect i 6 Wit i3 Cat A YT eS8 ohF§ls GPeul It Edviarti ahinah a4 o hesfedl e

catal yi| eccamesiideardt s00uhd Bgedndesthond.! Nabwlli AIAL reghEENL 15 step

has general application in a variety o ur recovery unif configurations
wher i n R} SHJudewdtem sheipped gfs -igead Ririeasd i Sroxi di zed to
n, oxidatio .catalys%&in a catal ytic reaction zone

Suppl 1 eaPar i it KAl 8K S86LRR 1 80l Y B et S b ay e

supplied an oxi

enpl oyedaspeicisvadiwitle sehdingi Sosadask Oftd- igyaetdonal o C aus
i nstal |l at ding a reaction furnace wherein"the oxi rﬁ gas supplied

| on incl
to the. EgFEPﬁﬁ g8sd funcreaeyesyl fum tdisohd @ sproddigerichd rof heedtur nace.

Al t er nat bxehw, éé@e%g L ren p .be used upstream of _a sul fur
recovery unit nl ncl ud ngﬁrg&gg?e%?lggé§%gi 5%?%&%%2%?&00:{%%%&%%“1 bed in
U. S10Pat PHOCKSS £REAQ@BB: ( BeRypnrabhern eichily dsogerrext) flsubTeddige aci d gas

streanllstoxidiégd to sul fur using an oxidant gas such as air or other
oxygen 3056t EC ARPTIRS el ThBAt LpFtRd latioss alewayit he fol | owi ng

exanpl escohtelndl Pl 1972488t PURPREC hOlrogen sulfide.
Complete destruction of ammonia is requifed in a
conventional Claus plant, since ammonia can form salts
15 leading to plugging and corrosion of downstream process
equipment. For complete destruction of ammbnia and
minimal formation of nitrogen oxides (NOx), high
temperatures (e.g., in excess of 1200° C) and reducing
conditions are needed. Combustion air 41 may be supplied
20 under pressure to incinerator 40 in two zones, one thch
is operated under reducing'conditiohs and the fbllowing
zone operated under oxidizing conditions.
Leaving incinefator 40, hot combustion gas effluent
45 is cooled in an indirect heat exchanger 47. Depending
25 upon the size of the installation, heat exchanger 47 may
take the form of a waste heat boiler or recuperator.
Cooled combustion gas 49 is then delivered to a system
for the selective removal and recovery of sulfur dioxide
‘such as that described in U.S. Patent No. 5,851,265
30. (Burmaster et al.), the entire disclosure of'whichlis
' incorporated herein by referénce. In.such a system, the

combustion gas effluent is introduced into a sulfur



1 8 MAY 2004 WO 01130692 PCTI US00/ 29022 30 illustration and not to be
regarded as limting the scope of the invention or nmanner in which it nmay
be practiced. EXAMPLE 1 Accelerated rate calorinetry testinggomAy gious 5
hydr ocarWén¥/38683r an activated al umi na catal yst saturated wCrhussok90az

di oxi de was conducted to determ ne C aus catal yst fouling conditions that
result in soot formation and cataly deactivation. The nolar ratio of
carbon to sul fur dioxide was nai ntai'ned at approximtely 4.5 as 10 shown in

Table 1 bel.ow. TABLE 1 _15.20 2 0 _Hydrocar bon Tol.yene nzene Xyl ene
n-Pentane#%Qfﬁ%éL? géf?gh n+z§ﬁ§e9 a§8p%65&56%35%§t632§%981 .74 4.77 4.29
4.29 4. 36 dbddrn fier Feel £681iPel Febpatiican Jfong 1900k FosRBEEORcNONe Soot
Formati on Soot Formatjon The npst troublesome formof catalyst fouling is

from pol yriasigors et L¥5| dbpsidenfrrs 66t coghvtinn ams choi Ahgost
A O & S ik f
St ances b $hacsehacar A oo 0 ey PORVERLEGR! | 01 ©

unsat ur at ons w ultimate pores of aus
convelssi omdicatialey shas Toéernsubstheakialéy tremovéet gmd apseXfueacti ons with

sul fur to form di phenyl et hane and stil hene gl ong with hydrogen sulfide
accor di ng 4% 1?%&% ?@?OQHQnF4).Sﬂ&%PFiéﬁﬁﬂ%ﬂet#ﬂaiﬁ%ﬂﬂ%ﬁdoﬁrPﬂese

s ng D00 Akl bencs, ca B0 o1l LKL AS°EhE" o
produce a lean absorbent and a sulfur dioxide-enriched
stripper gas. The regenerated lean absorbent is recycled

10 to the absorption zone for further selective absorption
of sulfur dioxide from the combustion'gas effluent. The
gystem disclosed by Burmaster et al. is preferred in the
practice of the present invention and fof purposes of the
following description, particﬁlar reference is made to

15 the portion of that disclosure at col. 4, line 5 to col.
9, line 52 with any modifications or specific preferred
features set forth below. However, it should be
understood that various sulfur dioxide absorbents and
sulfur dioxide recovery process schemes may be employed

20 in the practice of the present invention.

Coocled combustion gas 49 from heat exchanger 47 is
typically conditioned prior to entering the sulfur
dioxide absorption zone. Conditioning of the combustion
gas may include cleaning the gas to remove entrained

25 impurities and sulfuric acid mist that may hinder
downstream processing and further cooling the gés to a
temperature more favorable for sulfur dioxide absorption.
Removal of sulfuric acid mist is of particular importance
in order to reduce corrosion of process equipment,

30 increase sulfur dioxide solubility and decrease absorbent
decomposition. Combustion gas conditioning in gas |

cooling and cleaning zone 51 may take various forms. For



WO 011 30692 2 C6HSCH3 + S --- > 2 C6HSCH3 + 2 S --- > 1 8 MAY 2004

" PCT/'US00/ 29022 31 C6HSCH2- CH2C6H5 + HZS CBHSCH=CHCG6H5 + 2HzS (3) (4)
EXAMPLE 2 5 A conputer nodel was used to assess the performgrgeaaefos C aus
I nst al | awioda/30é92accor dance with the present invention i nclpgragoseeszs al ytic
only sulfur recovery unit conbined with tail gas treatnment to recover and
recycle a sul fur dioxide-enriched aarean1to the catalytic zone (See |10 Fig.
1). The nornalized flow rate, tenpérature and conposition of the rel evant

gas stre e s rj low in_Table.2. The, .reference nunerals used
bel ow an%qglsdr‘lﬁﬁla% (Lagggc%%‘rﬁg‘éggﬁgnt 83thbed E?e&qrﬁlﬁld?nﬁé]am MR8 PBFeceding
descri pt imore Meviewseojlet sasubheed ofi aheydregenssid hyevemsaghed aci d gas
feed str |@(¥0j e ty@g grodu&fd in g ﬁstroleun1refiner and use of DBBP as
the sul f A di"oXi d&RbeoT AT wrBhi- st 8&MRSt HOp3iShg MirSSQHF 1ruRieXi de from
the rich tafes areddmak nepYNARARE dogas Eeed 13k ea® Guthatwasgonly 20 |ight
saturategih,drog&&iqgﬁ?éneghane and et hane), the pretreatnent step

descri be ¢_HCCFUPRAREREr ERehaias Qe ahdf eemnkedo not

react w I h O I N, : |C rafti
t enper at ﬁléitueér}g%%%%%ﬁ?f p%%gétt:ﬁ?%)ggﬁatbhg%%%ﬁ\?g’%ta% ﬁﬁ'ﬁ%@?nci ner at or

wher e t hepldfurisxiattzddnist car bon di oxi de and water. Thus, these

hydr ocar bons not. contribute to,soot fo tign . and it was not necessary
to bypass feeg'%grécgltrﬁ%% ec?'BbFﬂ‘él?ﬂcgﬁ@r55_‘3@*&&%%8@%&? ngj 8 MAY

2004 WO QHBA%aRGY Undé 290225 32nep8aaRbHALIOR K FaHddHh & oxide in the

catal ytic reaction zone. The acid gas feed stream 1l was heated to 177 C
usi A§ an Sy idpxifierbserberhs3 heantdindng gasuldarr slixiden was ni xed
with rec | fur, di oxi ngich ripper.g 19 that_had been heated
to & of meESohcH s NRE EMAGUE] SKELRREREARS AR itrqiii eSS o

produce faedlgastap xdfirtheSabgyrbara nhkgdrbes EEMRERALY & GadiéddC.' The
.fried gas m xture was 10 introduced into the catalytic reaction zone of
convert et¥EI B TG IS 2kt dvdd cBCBFAREnECVACS Fontiad IHmshoreaRRact i on

bet ween A QARid dfa 80 S4hd HEr WhOXLEER! 8nl" GAC AR I iuaRd vater.

15 phases. As the combustion gas passes upwardly through
the absorber, it contacts a countercurrent flow of the
liquid absorbent and sulfur dioxide is transferred from
the combustion gas to the absorbent. An exhaust gas 57
from which sulfur dioxide has been substantially removed

20 passes through a mist eliminator section at the top of
the absorber to remove any entrained liquid before being
discharged through a stack. Sulfur dioxide-rich
absorbent 59 is withdrawn at the bottom of thé absorber.

As noted above, various sulfur dioxide absorbents

25 may be used in the practice of the present invention,
including both chemical and physical absorbents.
However, due to the fact that the process disclosed
herein utilizes only a single Claus catalytic reaction
zone, the sulfur dioxide partial pressure in the

30 combustion gas is increased as compared to a conventional
Claus plant. Typically, the combustion gas will contain

at least about 5 mole percent or more sulfur dioxide. At



converter resulted in a significant tenperature rise such 15 that the ,
product gas effluent 29 exiting the converter had a tenpera%gre of 372'C,
wel | abg&i ﬂ¥ﬁ$§U|fur dew point of approximately 309' C In cMAY dlhce with
the preden! ention, the tenperature within the catal ytiCHESR202 zone
was controlled by adjusting the flowrate 20 of tail gas effluent 39
recycled to the converter. The prodixt gas effluent exiting the converter
was cool ed in sul fur condenser 3l to condense and separate sul fur 33 and
produce kheser edsvatsd etdhcdnteabipad Wd hiHedies BUlbsbreendensgenensur ed
m nimal sulfur 25 entrainment in the tail gas effluent 35 exiting the
- condensefS e 3BIRTWH YPLRPe TaY| syisest inpmnisitwotdiesyéeed to the
convert et Rt o MRt i1 Ouhath 9R3JUY Pl £ ALORG,WHED coMbustion
air 41 and sour water stripper gas contal ning annmonia, water Vvapor and 30
hydr ogen ssuliffirdespefuidsir (spgci esupfesest, ibigddile igoses §etfaveshe

I Nci per at.or, _wer. xidized to | fur dioxide and a m nor anmount _to sul fur

triogide.%ﬁfﬁﬁ _ esﬂ.Qyﬁﬂﬁuggbﬁeﬁ[ﬁﬁf¢§g§§P9ﬂ§ﬁREKE]?@BzéuééufonbustibIe

content @fickhield-atilcrash£5Fbheht aaHo R Fead D) stde ﬁ?uéuﬁ\@ég{xeﬁér;ﬁpﬂ gas,
or. e

there was no need for supplenental fuel gas in the iInciner
conbust | FRIGAS AR iON t9hchdeabaprbgas .5 Amamtiataly washeobigdidnd cl eaned

to produ (110 onbustion gas.52. .Sulfuric, acid pist S
Forbved FESREASEY A d oHLER, EBY, Bamotnith heltan R Ertopty

el ect r ostabhysirced philter - dIbrigendbsicetraAtCoOMUihwd a8 was fed to
absorber 53 of the 10 sul fur_di oxide recovery system The exhaust gas 57

exi tPng PRECIBSHBEPARRA heat Bar pdioxide mEdRySral method &8 deqtEer

di schar gg,t h Lgh o] fra o I was heat ed
prior toggggﬁg'?ﬁ?%o uce ?%%g%gu ?8? |gﬂﬁagg%f%ié%é§f¥§#@végﬁ%in sul fur

di oxi de Shlfasr stedppedy funit t heWithhaalphydienl wilthstéboxidde m xture of

strippingﬁétegﬁ1and desqrbed sul fur dioxide 69 exiting the top of the

stri pper *RESTEEEed 1% FREr T93CES OB SFRE HulFHFE ABxi de- enri ched
StripPer ddaprbiotidhaiio s WP SaefraRd SAK! eqyidad rotary |obe 20
conpressor. This exanple clearly iIllustrates use of tall gas recycle to the
cat 4Byt i éncopeeing the it tal phessumperdt wud fiid ioxtide cih atlyéi c
reaction z%ge.th vi ew of thegﬁbove it wll be_seen that the 25 several

obj ects SPYPRESLRIL DR HiNi ghBances OVETAT S eSETNR W be nade

in the ab@féciency when a physical absorbent system is employed.

Suitable physical sulfur dioxide absorbents for use
in the practice of the present invention comprise at
20 least one substantially water immiscible organic
phosphonate diester of the formula

o
I
Ry0—P—R,

OR,

wherein R!', R? and R® are independenﬁly aryl or C, to G4
alkyl and are selected such that the organic phosphonate

25 diester has a vapor pressure less than about 1 Pa at 25°
C and the solubility of water in the organic phosphonate
diester is less than about 10 weight percent at 25° C.
In accordance with a more preferred embodiment,'the

organic phosphonate diester is a dialkyl alkyl



descri bed processes wi thout departing fromthe scope of the invention, it

“"is intended that all matter contained in the above description be

i nterpr illustrative and not in a limting sense. 1%&#%%;% 2 34
VHAT |S®He‘ﬁf3 IS: ~ g MAY 2004 PCT/US00/29022 1. A proc&S /
production of elenental sulfur froman acid gas feed stream containing
hydr ogen sul fide, the process conprixing the steps of: introducing a feed
gas mxture conprising at |least a portion of the acid gas feed stream and
sul fur dighddishdrd e aagingt e 1@ au] Gt akgl iihdeaasideait Zpne, teommacting the
feed gas m xture with a O aus conversion catalyst in the d aus catal ytic
- reacti on 3dfel at B t@ApEFREGLaLldYT xeiRraest eReCEBeRE oA bERReen hydrogen
< SUl T de At W diendi 8% denkO1GORTR SNANGLNO3SaRbEL LEB! agBABYE ST NG
el enental” sulter and water; cooling the product gas € uent to cbndense
and sepaiatteylkelpresphdnauef YDBBPOM t I@rgaroidugthgsshefidteedieandrorm a tail
gas effluent; conbustin? a.gortion of the,tgtl gas ef f | uent mﬁig a source
of o%&geﬁ iTES CofBtist FBRIT UF8 66 SRR LARTPTREREFeINpFBLEHF in t he
tail gas gfdtintr88evEeyMhAdC eHRUSIHtRhdRS: Shdheeit s CQpBr ket NBogthf ur
di oxi de; contacting the conbustion gas effluent wwth a Iiquid absorbent for
sul fur dilgxiWeS i rParentfNe.dbeRiSde 285 crgficwired ore a2bovel aBdi vel y transfer

sul fur diQxi r hg combusti on gas effluent to the absorbent and

pr oduce ﬁﬁégﬁ%%§$€%§sﬁ?rsggwhich sul fur di oxi de has been substantially
removed and a mwldltedhaxide- phesiakgordignur siiopPpdegabubtbendi 9xi de from
the rich absorbent in a sulfur dioxide stripping zone to produce a | ean

absdrbentOhERYE LRI sk raerdydianeal ¥ael shEregagleEBey PR BFe | ean
boorpent o ) ' .
absor bent; 4 gﬁf%ﬁ}?ﬁéégégﬁz gg'lg‘iz%*asqfxpteﬁ m&£0a1££§§ge£eésbsgg' Vel o

absorption romthe conbustion gas e uent; a
MAY 2004 pi s 386 98e PETLUSA0/ADOMR B 3P atienNe het s€59 ub58i dkiddegnri ched

stripper gas with at least' a pqrti of , t he id g eed, stream and t he
remai nderaqrbcf Qfmfé tg?Fe_Bgsi‘]@f'f I‘ﬂj&ﬁ%’ '%%’% oﬁﬁlt%%ff%"edaaga;' nEQ?uFﬁg?ﬁ?_roduced
into the {J fePosatabybECwheat! a2 InccHordded HOpOihiBp of the tail gas
effluent introduced into the Claus catalytic reaction zone as part of the

f eed yas mikexercedei nFheulfimiichsulEumdeiroxiede habserpentt ure within the

d aus Catﬁ-é’f' C gfactl on_zone,

tetraethyleneglycol dimethylether. Such a ligquid sulfur

erably ‘contains more than 50% by weight
dioxide absorbent suitably comprises, on a dry weight
basis, from about 60% to about 80% tetraethyleneglycol

20 dimethylether, from about 15% to about 25%
triethyleneglycol dimethylether, from about 2.5% to about
7.5% pentaethyleneglycol dimethylether and from about
2.5% to about 7.5% mono ethers. Like the physical sulfur
dioxide absorbent cqmprising an organic phosphonate

25 diester, the circulating tetraethyleneglycol
dimethylether-containing absorbent may contain water, for
example, up to about 10% by weight. Use of sulfur
dioxide absorbents based on tetraethyleneglycol
dimethylether in the absorption and stripping stages of a

30 sulfur dioxide recovery system, including the process
equipment and operating conditions employed, is described
in U.S. Patent Nos. 4,659,553 (Linde) and U.S. Patent No.



2. 'The process as set forth in claim1l wherein the tenperature of the Caus
conversion catalyst within the Caus catalytic reaction zone is maintained

suffi ci %gélog%‘i&fot o inhibit hydrothernal aging of the catal g%g{%%%;the

process rth in claim2 wherein the O aus conversib

conprises an alum na catalyst, the Caus catalytic reaction zone is

mai nt ai ned essentially free of oxygea and the tenperature of the 5 catal yst
within the Caus catalytic reaction zone is naintained bel ow about 480 C

4. The pro&cess, B53sdHefiartlh dtn a1l Ji rard whey ebe appltedpeyatane of the O aus
conversion ¢ %al yst within the C. aus catalytic reaction zone is maintained
from aboutk350e8 18 sbSuRXFodTCEDS PRACHIGRRE BhesBreE@Tth in claim 2
wher ei n thg,Lhassnpconversion catal yst conprises a titanium oxi de catal yst
and the tenperature of the catalyst within the Caus catal ytic reaction
zone i s nmai nt afuddulre dowxalsiatir i Gbadrberit 85 4P¥x200Ag\VWBHEL/ 30692

PCT/ US00/ 29022, 36 6. Th t forth i im5 wherein th
{ompet at UF 0B bR 81 RUSTRSh TSGR cit dH9EPTRFRR, Repe LOCRRSERAAS 1|
reaction gongnésanetehaiabebrived® ate A3 GAE 2REVLIRMRLChehr Hike Process

as set forth in claim1 wherein gas tenperature within the daus catalytic
reacti on ¥@ReCf s2nfHALah&d oxisla EfetiPRso €5t o Absarbedd Gead. The process

as set fo | ' rein . the aci feed stream.cantains _at | east
Sbout 30 TBrerBarbasE Rratsate ik A BN 5EHsC e M T

cl ai m 8 whegenhsrabedaltiednjabdcaterti TR PLORiRd NSrafn baaTuralWxide nol e
percent hydrogen sulfide., 10. The process as set forth in claim9 wherein

the Hti d $5E1PRRY §Fr PATKC & abaorher &kt Jbbelk absavbengeheaternydr ogen

sul fide. g3 brings the rich absorbent to the desired stripping

temperature. In the process illustrated in Fig. 1, steam
67 introduced near the bottom of stripper 65 is used as
the stripping agent to strip sulfur dioxide from the rich

15 absorbent. Although not shown in Fig. 1, a rebolier
associated with stripper 65 could be used to provide a
gource of stripping steam. As rich absorbent passes down
through the stripper it contacts a countercurrent flow of
rising steam in a sulfur dioxide stripping zone and

20 sulfur dioxide is transferred to the flow of steam. Like
the sulfur dioxide absorber 53, stripper 65 may suitably
comprise a packed tower or other gas-liquid contact
device containing means for promoting mass transfer
between the gas and liquid phases. A mixture of

25 stripping steam and desorbed sulfur dioxide 69 exits the
top of the stripper and is cooled in an overhead
condenser 71 wherein most of the steam is condensed. The
condensate and non-condensed gas are separated in gas-
liquid separator 73 to form sulfur dioxide-enriched

30 stripper gas 19 and condensate stream 75. The sulfur
dioxide-enriched stripper gas preferably contains at

least about 80 mole percent sulfur dioxide, more



11: The process as set forth in claim10 wherein the acid gas feed stream
"contains at | east about 60 nol e percent hydrogen sulfide. lf. %Eﬁ@@ ocess
as set gaéhgakg claim8 wherein the acid gas feed streamis 8¢ *froma
sour ga % ock conpri sing hydrogen sul fide, the procePscsT/Wﬂ”Fﬂ@F
conprising: 5 contacting the sour gas feed stock with an absorbent for
hydrogen sulfide to selectively trapsfer hydrogen WO 01/30692 37 1 $ MAY
2004 PCT/ US00129022 sulfide fromthe sour gas feed stock to the absorbent

and produpeefiehptilggen Sdddtdeabowth absasbenperasdtssuilming insdrdqegen
sul fide fromthe hydraogen 10 sulfide-rich absorbent to produce the acid gas
feed stre@Rf 18 TPRYTPstdess IaS JeiXxeBHr2Rh- i nIB| QFALT2 behdmAnPeh&hsour gas

feed stockeksc3ghag! off ISQMId, A9/, CPNGhEL! AOAGM AN AAS N of T gas

frompetroleumrefi'ning, gas Tiquefaction or r vul caniczatl on 5

oper at i onsimidarThevirae exsilad seterfiplopedntol atmip whdrfeim dsidxfide di oxi de
S stripp%d fromthe sul fur dioxide-rich absorbent b%gpontacting the rich
absor Bent THPPh t8fe&hGh RO ura ki BRuee St PPEpRRNZo ¥ S8t 4She sul fur

di oxi de S1aNELERCArS nRRBMAIRS, CORd abperat ihg§aptedbove 81 tHE iRy cent
sulfur dlgﬁ&%if dioxide stripping zone is preferably maintained at
from about 50 kPa to about 60 kPa absolute.
Condensate stream 75 comprised of mostly water and.
10 some absorbent is fed to a stripper 77 to remove
residual sulfur dioxide. As shown in Fig. 1, air 79 is
introduced near the bottom of stripper 77 and used to
strip sulfur dioxide from the descending flow of
condensate in countercurrent fashion. Stripper 77 may
15 suitably be in the form of a packed tower or other gas-
liquid contact device containing means for promoting mass
transfer between the gas and liquid phases. Air stream
81 containing sulfur dioxide stripped from the condensate
exits the top of stripper 77 and is recycled and combined
20 with the conditioned combustion gas 52 entering sulfur
dioxide absorber 53. Stripped condensate 83 exits the
bottom of stripper 77 and may be further processed in
condensate purifier 85 to separate and recover an
absorbent stream 87 and purified water 89.
25 * Alternatively, although not shown in Fig. 1, the
condensate stream 75 could be refluxed back to stripper
65. In such an embodiment, stripper 65 could contain an
additional top section of packing material above which
the refluxed condensate is introduced.
30 Lean absorbent 55 is withdrawn from the bottom of
the stripper and recycled to sulfur dioxide absorber 53

along with recovered absorbent stream 87. Recycled



15: The process as set forth in claim 14 wherein the sul fur

di oxi de-enriched stripper gas contains at |east about 90 nol e percent * ‘
sul fur dioxide. 16. The process as set forth in claim1l14 mh&ﬂeaﬁ{ﬁﬁE sul fur

di oxi deVQ M3W2g zone is maintained at a pressure of frorRGHYR028B2kPa t o
about 60 kPa absolute. 37. The process as set forth in claim1 wherein the
nolar ratio of hydrogen sulfide to &l fur dioxide in the feed gas m xture

is fromabout 2:1 to about 5: 1. WO 01130692 38 7 8 MAY ~I | ~~

PCT/ USO0/a20b et T8epatecadsyasorled oid bgosbaht hewherein the d aus
catalytic reaction zone is operated at a conversion efficiency of from

about 50%R%EEHRRITOS baded shehdunfdiargerreledi da sbspybensf the feed

gas m xt .aqThe pro f ' laim 1 erein the liquid
absor ben;g?eoo]?éxgu?%E?Od%oﬁggléego%rﬁl?c etg‘r\;vé%%&%efég]rrﬁﬂiﬁlgnddggl fluent in
t he sul f bbbt ten absbopei be izend itrRiydydi Det ostheusudifexi de absor bent .

20. The process as set_forth in claim19 wherein the conbustion gas
efflé%nt‘%kﬁﬁﬁq%e§b%?rp%§st about 5 nol e percent sul fur dioxide. 21. The

Ul T ur ot de” canprs < B s ey SRt PPy o S e
organi c mﬂnmeMQngdheabsorbbnmhmdymhaﬂemﬁld?eam%‘Fbr-Eka@BZe,
sulfur dioxide may be stripped using air or other non-
condensable stripping gas as described in U.S. Patent No.
10 5,851,265. However, in installations that employ an
activated alumina or bauxite catalyst in the catalytic
converter, the stripping technique should not introduce
appreciable concentrations of oxygen into sulfur dioxide-
enriched stripper gas 19 in order to avoid catalyst
15 sulfation. 1In such applications, steam stripping is
preferred.

Pretreatment of the acid gas by contact with an
aqueous acid wash as described above effectively reduces
the concentration of unsaturated hydrocarbons in the acid

20 gas. However, saturated hydrocarbons (e.g., linear or
branched alkanes) are not removed by this treatment and
can pose problems with respect to soot formation in the
catalytic reaction zone. This is especially true of
heavier saturated hydrocarbons having at least four

25 carbon atoms such as n-octane.

In accordance with the present invention, it has
been determined that increasing the sulfur dioxide.
concentration relative to the molar amount of reduced
carbon present in the Claus conversion catalyst will

30 oxidize hydrocarbons completely to gaseous carbon
dioxide, water and some carbon monoxide. In an

accelerated rate calorimetry test over activated alumina



wherein Rl, R2 and R are independently aryl or Cl1 to C8 alkyl, the organic
" phosphonat e di ester having a vapor pressure |ess than about Pa at 25 C
and theygQiHbdehi ty of water in the organic phosphonate di est B MAYC20BY | ess
than about 10 wei ght percent at 25 C. 22. The process as 8eTUSBV#M23 n cl ai m
21 wherein the at | east one organi c phosphonate diester is a dialkyl ~ 8
MAY ~rt~ WD 01/ 30692 PCTI CIS00/ 29022 39 al kyl phosphonate and Rl, R~ and R
are independently Cl1L to C6 al kyl. 23. The process as set forth in claim 22
“wher ei n ¢akalygti dnebsodte forfrert o fwa s dbbxé gee o mplens ehedinitag  but yl
phosphoqgéfi 24 Thebgro ess as.set_forth in claim19 wherein the liquid
absor bent 2t %? Rht FEFPEFoXCIE i QEX14e WREhPRréREGIPES balRs Hyl et her .
25. The pgogessoagsset forth in claim?24 wherein the |iquid absorbent for
sul fur dioxide conprises nore.. than 50% by wei ght tetraethyl enegl ycol
di net hyl et her IR 28TA¢RKe tpr dadsid ids and/dor rémoveceaipmebtallerceinbdrhe aci d gas

feot st nsamizten EABPLISES Adsaliialede  hydrogarbon component

sel ecte om fhe group consistin USr &Rched ol efi ns,

aromat i cirkcdypllecar bridatdet Wixtdy@srated eof, uhBgrnraeass further
conprisiqyzgéetreatin the acid gas feed stream upstream of the O aus
cat al yt iy FERERTBRANS oREeEE Nt dic £hh QA cBas r a2 i 8ROSChibmeradat ur at ed

hydr ocarbgie n d 4i;snhi:by tivati the G aus .conversion 10
catal yst, prgefpﬁgt ?rg%tfagf dtl%glgicelté gas %ie/gdfés)@‘%gé?‘r{lgoﬁﬁfsfagi 1§ contacting
at | eastmaimprined dh the aaitdlyds d essheticanzehéh amnagdaa#scaci d wash to
req&} uq;ahyngted hydrg%arbons wth the acid and forman addition reaction
15 “r odue? : AN EPaP HEFAT S h& R RTHTRTY cEREVORAREogRsE ST EoRlREe

hydrocarbons as well as carbon-sulfur compounds such as
carbon disulfide and carbonyl sulfide. Pfeferably, this
treatment is conducted while maintaining a témperature of:
. at_least about 300° C in.the Claus catalytic reaction
15 zone. The temperature in the catalytic reaction zone may
be increased as needed by reducing the amount of tail gas
effluent recycled to the catalytic converter.
As shown in Fig. 1, the sulfur dioxide concentration
in the Claus catalytic reaction zone may be increased by
20 a bypass line 95 which bypasses at least a portion of the.
incoming acid gas feed stream 1 around catalytic
converter 27 and introduces it directly.into incinerator
40. Hydrogen sulfide in the acid gas'is oxidized to
sulfur dioxide in the incinerator and fed back to the
25 Claus catalytic reaction zone as part of sulfur dioxide-
enriched stripper gas 19. | |
This technique of removing soot deposits from the
Claus conyersion catalyst offers many advantages over
previous approaches to catalyst regeneration.
30 Conventionally, regeneration of coked cataiyst in Claus
installations has been accomplished by admitting a small

amount of air into the catalytic converter at



acird gas feed stream 1 $ MAY 2004 WO 01/ 30692 PCT/ US00/ 29022 4a 27.. The
process as set forth in claim26 wherein the aqueous acid wash conpri ses
sul furig acid and the addition reaction product conprises a18uM@%E®“
reacti o PHME . 28. The process as set forth in 27 whePETAONEINAdI ti on
reaction product separated fromthe acid gas feed streamis introduced into
the conbustion zone. 29. The proceggs as set forth in claim26 wherein the
acid gas feed streamfurther conprises a saturated hydrocarbon conponent,

the pr 00%%@%&1%@0@9%@9%1&3&@@@ TR0 .St AU CotXE8RS Of
sul fur 5 dioxide over reductant gases’in the Claus catal ytic reaction zone;
and mai nfaist e Lakepevitr aiwi regenems tioac mMahadmel mforadetretst about

300 Cto _co etely oxidi ze saturated hydracarbons ,10 feed gas m xture and
St b ¢ CFEEIRE A e £2.PRRAREL 8 AL BEALRRID o aReeaiEs BNl Vet
Cl aus catdlgy ivermpdsdtnté abkycheemant siciedae sagtkedeinns) tsheonver si on 30.

The process as set forth in claim?29 wherein a portion of the acid gas feed
stream i SAFIATedFoUPe PRetersad Exem pose s tiwrevereinh® int roduced

direct |y hlend4i6n COMDUPELIEREONE. ! BalIRERY hf FGagt THhe > i Oxide
concentration 1n the Claus catal ytic reaction zone. 31. € process as set
forth inceltalydt wereegehéranedd ghe tedsdlytriearndnuditesr coupti bes a
hydrocar@g&en out of service.

In contrast, the process of the present invention

10 including sulfur dioxide recovery from tail gas treatment
allows sulfur diocxide instead of oxygen to be used for
oxidizing elemental carbon found in soot deposits. With
sulfur dioxide as the main oxidant, carbonaceous
coméounds can be effectively oxidized at lower

15 temperatures within the normal operating temperature of
Claus conversion catalysts. Furthermore, problems with
sulfation of the catalyst are avoided. Another
additional benefit is that sulfur dioxide oxidation and
catalyst regeneration can be achieved while the Claus

20 catalytic converter remains in service.

Various modifications and adaptations of the
processes disclosed above are possible. For example, gas
streams may be heated by means other than indirect heat
exchange with steam or other heating fluid such as by

25 electrical resistance heaters or direct fired burners.
Energy savings may be obtained by indirect heat exchange
between process streams, such as by using the hot
combustion gas effluent exiting the incinerator to heat
the sulfur dioxide-enriched stripper gas and/or acid gas

30 feed stream fed to the Claus catalytic converter and/or
the combustion air fed to the incinerator. Furthermore,

rather than using tail gas effluent as the diluent gas



'~+g MAY WO 01/ 30692 PCT/ US00/ 29022 41 conponent sel ected from unsaturated

" hydrocarbons, saturated hydrocarbons and m xtures thereof, the Claus 5

conversion catal yst having soot conprising elenmental car bont 8l MAYs 2a0ed

t her eon WA#1BRnconpl et e oxi dati on of hydrocarbons cont ai MEXUSG/2008 aci d
gas feed stream the process further conprising: renobving soot deposited on
the C aus conversion 10 catal yst by,meintaining a stoichionetric excess of
sul fur di oxi de over reductant gases in the Caus catalytic reaction zone

and a te”@ﬁ&% [&ed iqfd %”}ﬁ ARoH 890G bQ&eefch%o%la% teAlogtd C

reaction zone or atinme icirent“to ox ize el emental carbon present in
the 15 sooempebratieepevriathire whd hcatabet Ot aveacatahy zioher,eattdaon czone bei ng

mai ntai ned at a te era re of at | east about 3QQ C%é coréarolllng t he
propor t i oANGFtt e 3t fPLRPIRRL r 5AHERH FPAPH: FF9Cht al ytic
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produced in the furnace. Alternatively, the pretreatment
25 step may be used upstream of a sulfur recovery unit
including a selective oxidation zone of the type
described in U.S. Patent No. 4,279,882 (Beavon) wherein
hydrogen sulfide in the acid gas stream is oxidized to
sulfur using an oxidant gas such as air or other oxygen
30 source.
The present invention is illustrated by the

following examples which are merely for the purpose of
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10-u sulfur dioxide was maintained at approximately 4.5 as

10 shown in Table 1 below:

TABLE 1
Hydrocarbon Carbon/S80, Ratio Alumjina Fouling
Toluene 4.74 Polymerization
Benzene 4.77 None
15 Xylene 4.29 Soot Formation
n-Pentane 4.29 None
ri-Octane 4,36 Soot Formation
n-Octane + Water 4.51 Soot Formation
Vapor ' '
20 The most troublesome form of catalyst fouling is

from polymerization of toluene. Unlike soot formation,
which in most instances can be oxidized to carbon dioxide
and water, polymerization of unsaturated hydrocarbons
will ultimately block the pores of the Claus conversion
25 catalyst. Toluene is believed to undergo complex

reaétions with sulfur to form diphenylethane and stilbene
along with hydrogen sulfide according to reactions (3)
and (4). Additionally, the product of these reactions,
mosf notably stilbene, can enter into further reactions

30 producing even higher aromatic polymers.



1010 10-#109& ()- !-#10%& ()- , 10%0& ()- %t10%08 ()-! %109& ()-') E#}[ 9SH=

© 100'f Z940%& () - 2! f ZYA0%WMVE () - 2! | "10%<<& () - sS10%&" () - &10%& (RJ- | f 100Z<Z<&'
() -#) > | ZX6SH= 18 MAY 2004

|2 f Z94 090 0338692 704 098 () - 2! f ZYA0%&' () - 2f ZYAOYR' () - 2! Cf ZOREIASW2892221 Cf Zod
0% & ()-2xY7 !! @10988& ()- @ 10%&Zx& ()-1"109%Z& ()-Ls109%Z& ()-109%Z& ()- 10

10 10 =r1}7?2xY7 1 "109%Z& ()-3109&& {7 -

109Z& () - SH109&Z&' () -! SH109PP&' ()-!'K, ! 109& ()-yl"]aBxY7 !!+MLO%Z& ()-1 (@

109Z&' () - F9%6 1098 tf ypz! F% 109408 & APB4 10
10mm 10mm 6#10%mk5%:)H 3510%2&'() (5)5160 & ()-! é ?Lim)%ﬁzigf/?’ 9()10?/5&'() o} FTPB4
10mA109& ()- 'Nt!109& ()- 3 , 109& ()-

10%& ()-!{F"10 C1LET100& ()-IXc, ! 3t 10%&' " 109&!
!!FM&%%{&'(){&CM) # §T6ty) ﬁa‘%&ﬁ '%D%Sr* ##}[égil 0

10!, |, 2#109%& ()-!| 2#100/&' ()-! &Y+nt 0%&' ()-1 Y+ 10% " & ()- & 109& ()-
(109& () - #####57$SgHA 101, 1, 2#1Y 1 10%
& ()- YGLO%&' ()-Y'L10%& () - Ys109%& () - 10%& () -

EXAMPLE 2
S A computer model was used to assess the performance
of a Claus installation in accordance with the present
invention including a catalytic only sulfur recovery unit
combined with tail gas treatment to recover and recycle a
sulfur dioxide-enriched stream to the catalytic zone (See

10 Fig. 1). The normalized flow rate, temperature and
composition of the relevant gas streams are summarized
below in Table 2. The reference numerals used below and
in Table 2 correspond to those used in Fig. 1 and the
preceding description. '

15 The model was based on a hydrogen sulfide-enriched
acid gas feed stream of the type produced in a petroleum
refinery and use of DBBP as the sulfur dioxide absorbent
with steam stripping of sulfur dioxide from the rich
absorbent. Since the acid gas feed stréam contained only

20 light saturated hydrocarbons (methane and ethane), the
pretreatment step described above was omitted.
Furthermore, both methane and ethane do not react with
sulfur dioxide in the catalytic zone at the operating
temperatures employed, but pass through the converter to

25 the incinerator where they are oxidized to carbon dioxide
and water. Thus, these hydrocarbons do not contribute to
soot formation and it was not necessary to bypass feed

gas mixture to the incinerator to increase the
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stripper gas 19 that had been heated to a similar
temperature and a portion of the tail gas effluent 39 to
produce feed gas.mixture 25 having a mixed gas
temperature of 165° C. The feed gas mixture was
10 introduced into the catalytic reaction zone of converter
27 cohtaining an activatedlalumina catalyst to promote
reaction between hydrogen sulfide and sulfur dioxide to
prodﬁce sulfur and watér. The eXothermic-reaction in the
converter resulted in a significant temperature rise ‘such
15 that the product gas effluent 29 exiting the converter
had a temperature of 372° C, well above the sulfur dew
point of approximately 309° C. In accordance with the
present invention, the temperature within the catalytic
reaction zone was controlled by adjusting-the flow rate
20 of tail gas effluent 39 reéycled to the converter.

- The product gas effluent exiting the converter was
cooled in sulfur condenser 31 to condense and separate
sulfur 33 and produce low pressure steam. A mesh pad
within the sulfur condenser ensured minimal sulfur

25 = entrainment in the tail gas effluent 35 exiting the
condenser. The portion of the tail gas effluent 37 not
recycled to the converter was introduced into tail gas
incinerator 40 along with combustion air 41 and sour
water stripper gas containing ammonia, water vapor and

30 hydrogen sulfide. Sulfur'species present in the gases
fed to the incinerator were oxidized to sulfur dioxide

and a minor aﬁcunt to sulfur trioxide. With the
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5 incinerator was cooled and cleaned to produce the
conditioned combustion gas 52. Sulfuric acid mist was
removed from the combustion gas in a fiber bed mist
eliminator or electrostatic precipitator. The
conditioned combustion gas was fed to absorber 53 of the

10 sulfur dioxide recovery system. The éxhaust gas 57
exiting the absorber was heated prior to being fed to the
stack for discharge to the atmosphere. Rich absorbent 59
from the absorber was heated prior to beihg_introduced
into sulfur dioxide stripper 65, wherein sulfur dioxide

15 was stripped from the rich absorbent using steam. The
mixture of stripping steam and desorbed sulfur dioxide 69
exiting the top of the stripper was cooled in condenser
71 to produce sulfur dioxide-enriched stripper gas 19
which was compressed and recycled via a rotary lobe

20 compressor,

This example clearly illustrates use of tail gas
recycle to the catalytic converter to moderaté the
temperature within the catalytic reaction zone.

In view of the above, it will be seen that the

25 several objects of the invention are achieved.

As various changes could be made in the above-
described processes without departing from the scope of
the invention, it is intended that all matter contained
in the above description be interpreted as illustrative

and not in a limiting sense.
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conversion catalyst in the Claus catalytic reaction zone at

a temperature effective for the reaction between hydrogen
sulfide and sulfur dioxide to form a product gas effluent

comprising elemental sulfer and water;

-cooling the product gas effluent to condense and
separate elemental sulfur‘from the product gas effluent
and form a tail gas effluent;

combusting a portion of the tail gas effluent with a
source of oxygen in a combustion.ioné to oxidize sulfur
speéies present in the tail gas. effluent and form a

combustion gas effluent comprising sulfu:.dioxidé;

contacting the combustion gas effluent with a liquid
absorbent for-sulfur dibxide in a sulfur dioxide
absorption zone to seleqtively_transfé: sulfur dioxide
from the éombustion gas effluent to the absorbent and
produce an exhaust gaé from which sulfur dioxide has been
substantially removed and a sulfur dioxide-rich |
absorbent; _ ‘ |

stripping sulfur dioxide from the;fiéhfabsorbent in
a sulfur dioxide strippiné zone to produce-é lean absorbent
and a sulfur dioxide-enriched stripper gas;

recycling the lean absorbent to the sulfur dioxide
absorption zone for further sélective absorption of

sulfur dioxide from the combustion gas effluent; and
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xture introduced into the Claus catalytic reaction
35 zone, the proportion of the tail gas effluent introduced
into the Claus catalytic reaction zone as part of the
feed gas mixture being sufficient to moderate the

temperature within the Claus catalytic reaction zone.

2. The process as set forth in claim 1 wherein the
temperature of the Claus conversion catalyst within the
Claus catalytic reaction zone is maintained sufficiently

low to inhibit hydrothérmal aging of the catalyst.

3. The process as set forth in claim 2 wherein the
Claus conversion catalyst comprises an alumina catalyst,
the Claus catalytic reaction zone is maintained
essentially free of oxygen and the temperature of the
5 catalyst within the Claus catalytic reaction zone is

maintained below about 480° C.

4. The process as set forth in claim 3 wherein the
temperature of the Claus cbnversion catalyst within the
Claus catalytic reaction zone is maintained from about
350° C-to about 400° C.

5. The process as set forth in claim 2 wherein the
Claus conversion catalyst comprises a titanium oxide
catalyst and the temperature of the catalyst within the
Claus catalytic reaction zone is maintained below about
5 600° C.
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9. The process as set forth in claim 8 wherein the
acid gas feed stream contains at least about 40 mole

percent hydrogen sulfide.

10. The process as set forth in claim 9 wherein the
acid gas feed stream contains at least about 50 mole

percent hydrogen sulfide.

11. The process as set forth in claim 10 wherein
the acid gas feed stream contains at least about 60 mole

percent hydrogen sulfide.

12. The process as set forth in claim 8 wherein the
acid gas feed stream ig derived from a sour gas feed
stock comprising hydrogen sulfide, the process further
comprising:

5 contacting the sour gas feed stock with an absorbent

for'hydrogen sulfide to selectively transfer hydrogen



10== 10==

"10==7i uzX6uS1! | 4L#109%7WW&' () - 9% L#109%228&' () - %#10%gU&' () - % : L#10%

L& ()-9% : L#10%@@& () - % L#10%ECEC& () - UCDEFUVOPLF S 10%<& ()-8 MAY 2004
10%<& ()WO'010062 () -1 "10%<& ()- 10@ 10@® 10@D OL#10%@EE ( petMsspioIpPLlF S
| #10983$& () - -

109% ()-2 ! 10%& ()- LGLO%& () - &10%& ()- 2! f " 109Z<Z<& () -zN, Yn} [ <oP1+
109%<& () -1 198 10%<& ()-! |1 9% 10%&' (V- # 10%<& ()- "10%<& ()-!"#10%& ()-m
Dl aB71 10<33.10%<& () - 810%& ()-3. 710%& ()- y510%& ()-3 1QU<& ()-!

/" 109%& ()% gﬁé%elgé’&“ RURL (§2% %eg#(f)é% PF& ©°9 ﬁbsorobent dnd
g#10% ( & probb0U& Hydrdten 03a Lf ide {+ichOabsBrPetEBl aHx! 10% u& () -

10% u&' ()-s510% u& ()-10% u& ()-9z 10% u& ()-!10% u& ()- 3Z ~<Bl
10! 95" 10% f & ( PHFi®Pigg -yydgeges  3wbRide. £xoroihes YA v us' () - (

10% y§ () 50323801 AL bt (3 (FPYrtiBe( Lrb( 10%% 49 - ddd0% u& () -

stream.

13. The process as set forth in claim 12 wherein
the sour gas feed stock is gelected from the group
consisting of natural gas and offgas from petroleum
refining, gas liguefaction or rubber wvulcanization

5 operations.

14. The process as set forth in claim 1 wherein
sulfur dioxide is stripped from the sulfur dioxide-rich
absorbent by contacting the rich absorbent with steam in
the sulfur dioxide stripping zone and the sulfur dioxide-

5 enriched stripper gas contains at least about 80 mole

percent sulfur dioxide.

15. The process as set forth in claim 14 wherein
the sulfur dioxide-enriched stripper gas contains at

least about 90 mole percent sulfur dioxide.

16. The process as set forth in claim 14 wherein
the sulfur dioxide stripping zone is maintained at a

pressure of from about 50 kPa to about 60 kPa absolute.

17. The process as set forth in claim 1 wherein the
molar ratio of hydrogen sulfide to sulfur dioxide in the

feed gas mixture is from about 2:1 to about 5:1.
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liquid absorbent for sulfur dioxide contacted with the

combustion gas effluent in the sulfur dioxide absorption

zone is a physidal sulfur dioxide absorbent.

20. The process as set forth in claim 19 wherein
the combustion gas effluent comprises at least about 5

mole percent sulfur dioxide.

21. The process as set forth in claim 19 wherein
the liquid absorbent for sulfur dioxide comprises at
least one substantially water immiscible organic

phosphonate diester of the formula

wherein R’, R? and R® are independently aryl or C, to C,
alkyl, the organic phosphonate diester having a vapor
pressure less than about 1 Pa at 25° C and the solubility
of water in the organic phosphonate diester being less

10 than about 10 weight percent at 25° C.

22. The process as set forth in claim 21 wherein

the at least one organic phosphonate diester is a dialkyl
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tetraethyleneglycol dimethylether.

25. The process as set forth in claim 24 wherein
the liquid absorbent for sulfur dioxide comprises more .

- than 50% by weight tetraethyleneglycol dimethylether.

26. The process as set forth in claim 1 wherein the
‘acid gas feed stream further comprises an unsaturated
hydrocarbon component selected from the group consisting
.of linear olefins, branched olefins, aromatic
5 hydrocarbons. and mixtures thereof, the prbéess further
comprising pretreating the acid gas feed stream upstream
of the Claus catalytic reaction zone to reducé the
concentfation of the unsaturated hydrocarboh cbmponent
and inhibit deactivétion of the Claus conversion
10 catalyst, pretreatment of the acid gas feed stream
comprising: | _
| ‘contacting at least a portion of the acid gas feed
stream with an aqueous acid wash to react unsaturated
hydrocarbons with the acid and form an addition reaction
15 product; and | o
separating the addition reaction product from the

acid gas feed'stream.
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25. The process as set forth in claim 26 wherein
the acid gas feed stream further comprises a saturated
hydrocarbon component, thé process further comprising:
maintaining a stoichiometric excess of sulfur
5 diokide over reductant gases in the Claus catalytic
reaction zone; and
maintaining a temperature within the Claus catalytic
reaction zone of at least about 300° C to substantially
completely oxidize saturated hydrocarbons present in the
10 ° feed gas mixture and inhibit formation of soot deposits
comprising elemental carbon on the Claus conversion

catalyst.

30. The process as set forth in claim 29 wherein a
portion of the acid gas feed stream is bypassed around
the Claus catalytic reaction zone and introduced directly
into the combﬁstion zone to thereby increase the sulfur

5 dioxide concentration in the Claus catalytic reaction

zone.

31. The process as set forth in claim 1 wherein the

acid gas feed stream further comprises a hydrocarbon
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component selected from unsaturated hydrocarbons,
saturated hydrocarbons and mixtures thereof, the Claus
conversion catalyst having soot comprising elemental
carbon deposited thereon due to incomplete oxidation of
hydrocarbons contained in the acid gas feed stream, the
process further comprising:

removing soot deposited on the Claus conversion
catalyst by maintaining a stoichiometric excess of sulfur-
dioxide over reductant gases in the Claus catalytic
reaction zone and a temperature of at least about 300°C
within the Claus catalytic reaction zone for a time
sufficient to oxidize elemental carbon present in the
soot, the temperature within the Claus cétalytic reaction
zone being maintained at a temperature of at least about
300° C by controlling the proportion of the tail gas
effluent introduced into the Claus catalytic reaction

zone as part of the feed gas mixture.

32. The process as set forth in claim 31 wherein at
least a portion of the acid gas feed stream is bypassed
around the Claus catalytic reaction zone and introduced
directly into the combustion zone to thereby increase the
sulfur dioxide concentration in the Claus catalytic

reaction zone.



