WD 01130692 PCTI USO0I 29022 1 PROCESS FOR THE PRODUCTI ON OF SULFUR FIELD ,
OF THE I NVENTI ON The present invention relates to processes for the b
producti on ntal sulfur froman acid gas 5 contai ni en

sul fi de. w&%ﬁo OF THE | NVENTI ON d aus t echnol ogy isb\?ug’ggm%ﬁ%ed to
recover sulfur from hydrogen sul fide-containing sour gas feed stocks such
as off gases produced in natural gas ptocessing and 10 petrol eumrefining
operations. Typically, the sour_qgas feed stock is treated to concentrate
the hydrogen sul fi de EBRAEERE ?QB%HH%FmQ@UFEFBN PE; EBHFUBr more in an acid

gas feed streamthat is then directed to the sulfur recovery unit. In a

conventional ¥prfhays wmninved@irionof the hydrogen sul fide content of the
acid gas feed streamis conpusted (i.e., oxidized to sulfur_ dioxide) in a
reaction furnace sTURPIPERESAL HEientigBcERURFRS t'o° RfirAeviey £or ths + 3/ 202
> S + H20 ( LkodfcPén tOr tdiendi@al Lagduel eihie &@rﬁ&aﬁi'gﬁh air,-the
volunetric flow to the reaction furnace could be tw ce hat of the acid
gas strea an@onhaiping grednogsm smdfidglfur recovery unit nust be sized to
acconmodate the increased flow The anmount of oxygen introduced into the
25 reaction furnace is carefully controlled in order to conbust

appr oxi mat el y BAGEGROUND (Hre INVANIGEON sul fide content of the acid gas

and provide a conmbggl On Jas, . ;n%@ Sf ety dheyi-de for
every two nol es WO 313088 3&%3%%/29%389%%%yd1’r ogen sul i
accordance w fhomhbygrtderk mwifide-containing sour gas feed stocks

such as off gases produced in natural gas processing and

10 petroleum refining operations.

- Typically, the sour gas 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 eguation (1).
H,S + 3/20, === > 80, + H,0 (1)

20 Due to the inert load of the combustion air, the
volumetric flow to the reaction furn&ée 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



Cl.aus equation (2). Careful control of conbustion gas stoichionetry
maxi m zes conversion to sulfur. 2 H2S + S2 < === > 3 /N Sr, + 2 H0O (2) 5
A part (e.g., 60-70% of the hydrogen sulfide and sulfur dioxide content

of the conbyghisgenas reacts in the furnace under corrbustl,icqﬂjsﬁ%gbtions to
formsul fur and water. The gas exiting the reaction furnace t enters a
wast e heat boiler where sonme of the energy from 10 the exotherm c oxidation
of hydrogen sulfide is recovered. A %ul fur condenser is pl aced foll ow ng

the waste heat Ller to,r ve_sul fur .produc in the. . reaction furnace
and | ower thégdheﬁ&bo it sélflft%ﬁ% &80?88“%%6%%%% 5?"& F’@&%‘E‘i’ﬂ‘i’% gas is then
fed to a cat@alytscedifatsicage2¢ont eapefgl acdntans]l edncembusticatgayst (e.g.,

activated alu 'Q%g.ba xite or. titaniumdi oxide) fo gronoting t he reaction
bet ween hydrag%?‘l TP TREFTMGPP uPCUY G B U8 P S -entering t he

catalytic stage, the gas is typically reheated in order to ensure that 20
sul fur does not c gggnse gnd deactivate the catalyst. | the catalytic
stage, the C aus $ t ¥ ofl t akeS Pl ce>Aatn * LoBOr m ad®ti onal sul fur and
water, this tinme at a tenperature considerably |ower than in the reaction
furnace. _Product sulfur js renmyed %? a_sul fg_&r}{ condenser 25 downstream of

the cataPytic st 935 feSrhne®lrife) ooddts dydregequrribidemndntirol | ed

and hi gher ceuYEssidibxide kaveeat by tRuedorlRiMRebAl a8Sredcds Uil ity of
reheater, caggly i c stage and condenser conbinations (typically three) are
enpl oyed i n 58Fi &5 135S e CPRRUSBPOR it 1omst fP FeeBvaRlfurirp 01/ 30692

PCT/ US00/ 290824 watihe. t ale gas exiting die reerdgpnacruinhbovinun the | ast
catal ytic Stgggeﬁéiélwég¥y:%ggg ﬁgfigg'ﬁﬁﬁéi some of the energy from

10 the exothermic oxidation of hydrogen sulfide is
recovered. A sulfur condenser is placed following the
waste heat boiler to remove sulfur produced in the
reaction furnace and lower the dew point of the cooled
process gas stream. This gas is then fed to a catalytic

15 stage containing a Claus conversion catalyst (e.g.,
activated alumina, bauxite or titanium dioxide) for
promoting the reaction between hydrogen sulfide and
sulfur dioxide. Prior to entering the catalytic stage,
the gas is typically reheated in order to ensure that

20 sulfur 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 sulfur recovery.



concentrations of sul fur-bearing compounds including unreacted hydrogen
sul fide and sul fur dioxide, carbon .5 sulfur species such as carbon -

di sul fide and carbonyl sulfide formed when hydrocarbons are present in the
acid gasvasowsbdz as sul fur vapor. Thus, in order to conptyusoerdelz eni ssion
standards, it is necessary in nost cases to treat the tail gas in sone
fashion to reduce the 10 concentration of these sulfur species prior to

di scharging the tail gas to the atnbsphere. A hydrogenation systemwth a

reduci ng gas gemgrateli afek &akahy! thie PESEHYA! HdofifgPEAL - MOl ybdenum
catalyst may be enployed in tail “gas treatnment. The hydrogenation 15

syst em r edd@8§ BRERALBEA S Rtaticositdé lanentains anpyssiabde hydrogen sul fide

whil e hydr elyebRg-ga{508 &k SthiEldenaRfing Edpdinagulhbdgal gy hydrogen
sul fide. The hydrogen sulfide streamis then concentrated, typically using

an anine dp3eRBERT pPrdecaan swididnennd eeykiun diexide.i arelo20 of the

sul fur-éec%‘?‘cﬁér“@béciéé theoh C?Q\fﬁaﬁ'&’ﬂﬂlﬂd@%ﬁ”%i‘tw} ons have
served the sulfur Tndustry meIF or many years, such 1nstallations can be
very cost| ypulbadh fermed mhegf hyHzocanbens|axsapiregensut hayharmrishgoi ng
operaling gxgenseye?d M LhiAer easbig SHLI (GOBLARL of £ode of I and
natural gas, both petroleumrefihers and natural gas processors are
pushed f or wvithdegasspwoisidagdsapati 1y . needaaawn inr nest veases écdepl et ed,

the sul fur tg-ggt:egfxaoéa{@%salinggameaflgs}?{&}getooyedhéel Lﬁg‘ty to continue to

I ncrease as less 30 attr I ve reserves are exploited the sane tine,
ever - tight ephagnenat iommehttiiesee gul St osreci@sapdibowee and | ower sul fur

e”iSSionS-dIQSﬁSréB&feéhé”é%fﬁagégngoa@hé“éém&@?h@lé305§2 PCT/ US0O0/ 29022 4

hydrogenation system with a reducing gas generator and
catalytic bed containing a cobalt-meclybdenum 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 hydraogen 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 conventional 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
regerves 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 requlations demand lower

and lower sulfur emissions. These forces are causing an



I ncreasing interest in new approaches capable of achieving high sulfur
recoveries and increased process capacity within capital and operating
cost constraints. Proposed solutions intended to decrease the size and 5

i ncrease theopapes ty of a Claus installation include corgysidofisheszne tail
gas to oxidize the sulfur species present to sulfur dioxide, recovering a

concentrated stream of sulfur dioxide fromthe conbusted tail gas and
recycling the concentrated sul fur di oxtde to a poi nt 10 upstream of the

sul fur recover ' . thi.s fashign [t _i1s.phossjhle.to substantially
avoid the i ne%%c#%%%inigc%%%ﬁfi %a g?érv %é%%p?%rpeoiiéég’fglﬁya?ogen sulfide to
sul fur di oxi dechheviimerisigh dedifexsretbeesige aid sisldnemsedepoveesys pr ocess

equi pnent and/ Lhcre plant .15,capacity. Jln such.a syste t he
compl exi ty- andaBzbEEe Rha Wnita1 [RRE odrandhs Ko SHESLERIPET of the
rati o of hydrogenPsopdsett scd ustibher idtendel?d o deptrienisze thbesCiausnd

reaction y be elimnated. Mreover, if.has been_suggested to.replace the

d aus rearcgtii oflinf:ﬁ??lsol%ea?ﬁc?%c Yt PhI B é%\?‘é? ﬁrfsgtaﬁggggn\/\ﬁlf‘ﬁi‘édii ngl e

cat al yti c st agembusubmdgerhentiai laghai togasidisattintsudfetrespeoieecover and

recycle a concentrated sul ffJI’ %i.oxi.ge streamto the cata th converter.
hEYEs S a

Such a sul fur PFEEEVEr§° it PosERCTYEUS PLPERET G282 628, 977
(Hei sel et al skre2h &Ecyulfmrofdisntifier fdbmxtite doniudtaid tgals faeadment to a

catal ytic onlé sulfur r ceove(rs%/: unirg has _tf PO ent,i It to reduce capital
requirements AngYrntreasE iECELS Eﬁgaﬁﬁl €“ I-‘iif\ﬁéi}éi% SuBnPBbtential has
not been iftul | ypsteadmzetl. thEheulifgh reopesay Wieik .acqempanyi Bgskpsiati on 30
O 8 CaU LY G COMEL el I L eRcLl g eONFRnl Latep ST sate, (S as Mo
woul d result =ecY¥ibARINH XA rPGEEUSES) 3R02Pze hydrogen sulfide to
sulfur dioxide and thereby decrease the size of sulfur
recovery process equipment and/or increase plant
15 capacity. In such a system, the complexity and expense
associated with precise, 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



5 significant equi pnment corrosion problens, rapid |oss of catalytic
activity due to hydrothermal aging of the Caus conversion catalyst-and
reduced sul fur formation. Thus, in the above-referenced patent, Heisel et

al . teachwidmioegz an i nstallation including a single cat acyhisodbaage and
recycle of concentrated sulfur dioxide fromtail gas treatnent can be used

to process "relatively cleaner” acig gas streans contai ning no nore than
20 percent by volunme hydrogen sulfide. This restriction places a 10

consi der abl g, Li m | f L.OL] ’l%l%q aci system
Fur t her nor esl%%g%%%%tgs%%pﬁ:%ﬁﬁ sé%gfblé%#i}b aus?%?ng?g#aﬁ%gnrs&arg
suscept i bl ecabatuti¢ yartifvidlyl dgeahd hydeathera@ilongiagubfi e fGlams

hydr ocar bongRrEseiln | ddio et <8 edased Sl Al S8l EyeR. | Mmpygionvent | ona

[
Claus insta I on, ocarbons 1'n e acid gas may not be drned in the
reacti on fuinatkeéambyas=ficrenggh patemte, Hidwedt ebaal cateagh ithast ages.

Catal yti.c crackj heavi o] S . - d aromatics
can 20 Iseadg?o%%g?qaft.le% \{Lg]%gﬁg%ﬂélgi%r ne)%éggégﬁ'g %’%‘t‘ﬁ:a aus

conver si on tatutystof Carivemtsakedr syhber ebicxdde frew tail das soot
formation. [h K at al yst xhibit r tLvi nd i ncreased
pressure drgﬁsag nrgt‘gtcfcjarna?)égdﬁﬁﬁ r%%a? %(Jf]%s”gi nc?%g%fq‘%ge??n%i;eré%er% branched 25
ol ef i ns (e. gcidag&enBeamsd canbahhing v coras thenz2fepertcaitudye,

ethyl benzeng, and xy) &N, SQIRELAES re{er ned Lo a8, BIEX are particularly
t roubl esone "Since )Fley y pollyrréri 28 and ftormgumﬁ’/ d%posﬂs t hat

ul ti matl®l y bbonskdertdisl epdrigg tatibheonatlad exibheitpnaed napaegauydi ng 30
cat al yst fogki Eﬁgefsr%psr@ek‘lxydrocar bons in the acid gas feed streamare
especially present™Mn a catalytic only sulfur recovery unit wherein the

acid gas is not Expdssohare,t lregardless of configuration, Claus

installations 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 (e.g., alkenes) and aromatics such as benzene,
toluene, ethylbenzene and xylene, sometimes referred to
as BTEX, are 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



WO 01/ 30692 PCT/ USOQ 29022 6 conbustion conditions of a reaction furnace.
The cost associated with frequent catalyst replacenent or regeneration
can add significantly to the operating costs of a Claus installation. 5 An

activated cgplpsessy st em has been reported for use in ren&\ejﬂ%o%ﬁggatics
and heavi er hydrocarbons fromacid gas streans fed to a Caus

installation. L.G Harruff et al., "Activated Carbon Passes Test for Acid
Gas Cleanup”, QI & Gas Journal, June®24, 1996, pp. 31-37. Similarly, 10
hydr ophobi ¢ pal ric resin.systens_can_be used to renove__unwant ed

hydr ocar bons F?ﬁ??’eoréc‘fod&g‘?éfmﬁo%v@rFe‘[’)S’erPn UIREEs syBEefi@SSuffer from
the fact thatabheyisasadwethhydeqoanbosatalysherdplsicenehtvapgor pressure
rather than reactivity. Thus, lower nplecul ar weight olefins such as 15
ethyl ene or pFoBFIeHE-IWUIET 849 EISBAELcRRrbudP t‘}g’ten°PﬁFBEé§ge§°%$t ual |y
unchecked. ThefeaoCckaus itsa@dlnaf@bAs for further inprovenents in existing
Cl aus practices and solutions to problens faced by the sulfur industry. 20
SUMVARY OB THE | NVERTIEN VRTSHy CBREOBLF¥EEe™ Jhag thess e8BRTLRAVERY i W78

therefore, argnthemPéing Hrdmadhc8Nah8PhONELe PIRRTTakBbnst B8oR! HEHIEL i On Of
sul fur from héggogen sulfide contained ,in an acid gas feed stream by the
I |

Claus reactio BT AN, TRA &PoR Sﬂ‘agﬁchn%.tﬁjtﬂ’,téé‘?'i nél-Gei Agrauthtedt ytic
only sulfur secoveaytitided eupbed vhbbes cpydd &f asybf dhs EiOXhger enri ched
gas fromtail s_treatnment capabl e of rocessi n% hi 3h| y concentr at ed
hydr ogen sul fggiﬁe%ﬁ-%%%—l_acpﬂnﬁag‘lst vs PEd Prévi di HEmEFBUed 30
process filoexi hyirbyhatsitt GRNFMekYc LB8iRT SYsSdi R $UCls8a 85 0k&Rsvaving a
hi gh sul fur recoveré/ efficiency and | ow
unwantéd hydrocarbons from the acid gas. However, both
of these systems suffer from the fact that they remove
hydrocarbons on the basis of vapor pressure rather than
reactivity. Thus, lower molecular weight olefins such as
15 ethylene or propylene would tend to pass through both
processes virtually unchecked.
Therefore, a need remains for further improvements

in existing Claus practices and solutions to problems

faced by the sulfur industry.

20 SUMMARY OF THE INVENTION

Among the objects of the 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 capacity; the provision of such a

process having a high sulfur recovery efficiency and low



WO 01/ 30692 PCTI US00/ 29022 7 sul fur em ssions; the provision of such a
process that can be installed and operated at | ower cost than :
conventional Claus installations having a reaction furnace followed by a
plurality wbotadssd yti c stages and a 5 tail gas treatnent peysbenpo2and t he
provi sion of an inproved process for the production of sulfur from
hydrogen sul fide including a catal ytic stage wherein the problems caused
by hydrocarbons in the hydrogen sul fide- containing acid gas are all evi ated

in a cost-effetkiyemibiBR8NCEne BiGf dont BEr 818hCa SHGcULTRAL | Nvention
Is directed to a process for the production of elenental sulfur from an

aci d gas feetRBthedmsterlainrng PRRFVGEh atsbPiryecost fidtan gas mixture
conprising the,pGid4a3 tegds1onst{ LAl %@% Bubing digddeds contacted with

a Claus conversion catalyst in a sin I%e aus catalytic reaction zone at
a t enper at ur fuetgectfioldowed Priea rebundlditybefuweahal vy cifegesupnide and

sul fur dgoxide; i I u X f n | .Si | emental sul fur

and wat el?-. T %lIZ%%)sfgg]&%FRégg %?ﬁi’nta%{dsltggo#ggg%{%%n er?gle and separate

el enent al suimerovecoProgespr bducthedyraducitiont ofnsufymexrom ai | gas

effluent. A ' 19t aj S, L1 | | .t source of
@%%dl?gﬁ Uhr1E88et 2hb Ghe T c‘é‘é??mﬁ% p%m Sttt Bna

oxygen in a on zone to oxidize su S present In the tail
gas effl uentpxeplans fcoused bynbydricarbypas anf thentydoagen svagideatf ur

di oxi de. Thec GANINAIILOY9ASoEL TAHEM) yievi5PBharh e hdd feddkyid absor bent

for -sul fur el ur di oxide “absorption zone to selectively
transf edOsulhannadi.oxi de fromthe conbustion gas effluent to the absorbent

and 30 produce arhﬂ)égﬁg%ttg@?e%§loé? gmec%éﬂéﬁt”ir‘?&&%‘éi%% has been
substantially renove nd a sulfur” dioxide-rich

directed to a process for the production of elemental
sulfur from an acid gas feed stream containing hydrogen
sulfide. A feed gas mixture comprising the acid gas feed

15 stream and sulfur dioxide is contacted with a Claus
conversion catalyst in a single 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 sulfur and water. The

20 product gas effluent is cooled to condense and separate
elemental sulfur from the product gas effluent and form a
tail gas effluent. A portion of the tail gas effluent is
combusted with a source of oxygen in a combustion zone to
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
absorption 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



absorbent. Sul fur dioxide is then stripped fromthe rich WD 01130692

PCT/ US00/ 29022 8 absorbent in a sul fur dioxide stripping zone to produce a
| ean absorbent and a sul fur dioxide-enriched stripper gas. The |ean
absorbent iywpobffyel ed to the sulfur dioxide absorption zgegadsedaobar t her
sel ective absorption 5 of sulfur dioxide fromthe conbustion gas effluent.
The sul fur dioxide-enriched stripper gas is mxed with the acid gas feed
stream and the remai nder of the tail 6as effluent to formthe feed gas

m xture int roqaus%q_%ei nto_t he l.c.reaction zo Jr Qportion

Lnto su%aus cat.al yt {_Je. Th
of the 10 taiT GAx<Bff FieRt ST Fodtic@t I E5 T RBLEF afiR E at AIBRIWCS Eact i on
zone as part lofan labdsbebdngasndi xtaulfurs disxfileceani ched neicheider t he
t emperature vviétshi n&xhhe Claus, _catalytic reactoti gn zogg. Thf invention is
further direcd®d t 375 protedRSeLrent 58 FEF I FPohnsr S Eent al sul fur
from an aci d djaxifdecdbssirpeidh Comiai fonFurrtieegeal sdt {vdealpdsirsion
unsat ur at ed dr rboqn conpopent selected fromthe consi sting of
| i near ol gfi n%h%/ %ﬁﬁ%hgaoﬁf‘ggi E’é‘,’ma 9 usﬁy}BPogﬁ?b%%’gﬂg i res
t hereof . Hydragefurs dibiki@efensidbled e tigpérgaaslt egdmske@amdls the di zed to
el emental sulfur, in catal ytic reaction zone _containi ng an oxidation
catal yst and ¥uishi9asd hSH5hedRi ttktf'a§e“ﬁaﬁn§EEo?ga€l]E% t%%t ¥%%he present

i nvention, thefflciehtga® Eeedl Shé ePérd agphmiktaatednupsdtiesin dftd hde

catal ytic reagtion zon Q0 25 reduce the concentration of the _ unsaturated
hydr ocar bon a@ﬁﬁoﬁ@%ﬁﬁ%ﬂict herehiP? @5t deScPFORPT PRk e oxi dati on

cat al yst 10 Thecgpiretgpatefeduent iheredickdantof end olaganLoamprdizes
contacting at | east a portion of the acid gas feed streamw th an agueous

acid wash to BT NEaffr BREY My ditc f55n92Ri PREERES ak% d and form an

sufficient to moderate the temperature within the Claus
catalytic reaction zone.
The invention is further directed to a process for

15 the production of elemental sulfur from an acid gas feed
stream containing hydrogen sulfide and an unsaturated
hydrocarbon component selected from the group consisting
of linear olefins, branched olefins, aromatic
hydrocarbons and mixtures thereof. Hydrogen sulfide from

20 the acid gas feed stream 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 aqueous acid wash to

30 react unsaturated hydrocarbons with the acid and form an

addition reaction product. Thereafter, the addition



addition reaction product. Thereafter, the addition WO 01/ 30692

PCT/ US00/ 29022 9 reaction product

Is separated fromthe acid gas feed

stream O her objects and features of this invention will be in part

apparent agdpisegart poi nted out hereinafter

5 BRI EF DERERUSR6H: OF THE

DRAWNG Fig. 1 is a schematic flow sheet illustrating one enbodi nent of
the process of the invention for th(—iah production of elenental sulfur from
y

an acid gas feed strean1containing

drogen sul fide. 10 DETAI LED

DESCRI PTI ON- L. el | E%k%laeﬂgfaﬂﬁa@omhe %ciﬁ'egig | nvention a

process is provided for producing el enental
cont ai ned i #t¥gRr®™ci d gas feed streanlmhereln

ur fTom rogen

dioxide are reacifly BrielesCahd! Ml besuhill s KGR grf/vmut bei - €

unit without aus reaction Turnace) conprising a sin

converter cb@tmﬁ#ﬁlﬂ?E&reméuén@a}@HERﬁﬁ:Rqaméﬁdonutoh%re¥naﬁﬂﬂrfur
di oxi de-enriched gas recovered fromtail gas treatnent is recycled and

i nt r oduced

m xt ur e5t hak

sul fide

hydrogen sulflde and sulfur

e catalytlc

|nto t he catalytlc 20 reaction zone as part of a feed gas
E {2l NGf eed stream In contrast to

previous teachi ng, eg”ﬁ%rétHéﬁépaggé“fl;%h%hQQEaiYiﬁ%ﬁr%§§$%goﬁ@ zohe ar e

effectively nDder

so that concentrati ons

the aci d gasmfedigezs 9ﬁr§hﬁ1namp¢ﬁStQﬁ emﬁtedvand1¢m¢ﬁqnuaheprocess

flexibility @tnﬁctci WAL L1 8 Enl 07! Sy 'fQoacgﬁfQ@f& W egnother

enbodi nent

resent 1 nventi on, process 1Is

en sulfide in

deIeteriousst#é&an9n§ﬁlnyugobﬁﬁtmﬂﬁn auifnﬁs aci d gas are di mi ni shed. More

specifically,

10

15

20

25

30

DETAILED DESCRIPTION OF THE INVENTION

In one embodiment of the present invention a process
is provided for producing elemental sulfur from hydrogen
sulfide contained in an acid gas feed stream wherein
hydrogen sulfide and sulfur dioxide are reacted in a
catalytic only sulfur recovery unit (i.e., a unit without
a Claus reaction furnace) comprising a single catalytic
converter containing a Claus catalytic reaction zone. A
sulfur dioxide-enriched gas recovered from tail gas
treatment is recycled and introduced into the catalytic
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
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 hydrocarbons
in the acid gas are diminished. More specifically, acid

gas containing unsaturated hydrocarbons that can

acid 30 gas containing unsaturated hydrocarbons that can



WO 01/ 30692 PCTI US00/ 29022 10 pol ynerize and/or |lead to coking and
deactivation of the oxidation catalyst is pretreated upstream of the

catal ytic reaction zone to reduce the concentration of the unsaturated
hydr ocar borwoenpisseent and i nhibit 5 deactivation of the caicalsesn? so, the
conditions wthin the catalytic reaction zone are controlled to inhibit
coking of the catalyst and/or renove ,¢arbon deposits from coked catalyst.
These features of the present invention are described in detail below 10

Fig. 1is a sehonaliisgeflhyshartadOtodBokihySirdtdetr @RAdnBRt tRE the
process of the present invention for the production of elenental sulfur

Rres A
from an aci doFadatésnt &R HFEhyid @g’@ﬁr%\:?‘gd@s‘?&@%i‘# &4 feed stream1

fed to the pLaeas§ris Aeadtiidaldnt €85 L¥aGcOY KOS R ohhEe Ny dr ogen
sulfide content of a sour gas feed stock such as natural gas or an offgas

from petrol eliRfr BRFAF ARt R HIRpEarkeni eAmRenNeRty ARG InAiddRi zati on
operations. Hagcbygheosn SliHdearagphent &I?A,hedf@taron%%ﬂoﬁsd stock iIs

typically 20 concentrated by contacting the feed stock wth an am ne
absorbent tovdEhést Fhel gata reRgiiogenorel Fnelccdntaiol ledeteed stock to

the absorbent ,aRd; sUBSEALE NS KiRt hRRi PGr NSl AGE it 48, bbgm the

resul ting hydrogen sulfide-rich absorbent to generate the acid gas feed
25 stream HEWPPERLS| franmpkeheatndEest oocthesmtfansngest ot Eba of the

hydrogen sul i} dgefPNi fMnfor Ne-eS Aeber 9854 f £ bl kﬁ)gg.];)we.rrpl oyed, is not

limted to amne _absorption/stripping, but can inc ot her chem cal
means, pBysical nEads, 1phy s cohegiasiccilowesheetafivein iddusbratiee pti on and

other known tgpRRlAUES of Nt YrldoRBst 8¢ WAL 998 HY fird@nc1BE 8SLD gas feed

the production of elemental sulfur from an acid gas
containing hydrogen sulfide.
An acid gas feed stream 1 fed to the process is

15 typically derived by concentrating the hydrogen sulfide
content of a sour gas feed stock such as natural gas or
an offgas from petroleum refining, gas liquefaction or
rubber vulcanization operations. The hydrogen sulfide
content of the sour gas feed stock is typically

20 concentrated by contacting the feed stock with an amine
absorbent to selectively transfer hydrogen sulfide from
the feed stock to the absorbent and subsequently
stripping hydrogen sulfide from the resulting hydrogen
sulfide-rich absorbent to generate the acid gas feed

25 stream. However, it should be 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
means, physical means, physical-chemical means as well as

30 adsorption and other known techniques.

In addition to hydrogen sulfide, the acid gas feed

stream 1 may contain other components such as carbon



stream 1 may contain other conponents such as carbon WO 01/ 30692
PCT/ US00129022 11 di oxi de, water vapor and hydrocarbons in varying -
concentrations. However, the ability of the process disclosed herein to
handl e hi ghoegsweentrati ons of hydrogen sulfide in the |peposdi@egat r eam
makes it 5 particularly advantageous in processing acid gas feed streans
containing at |east about 30 nole pgLcent hydr ogen sul fide. More
preferably, the hydrogen sulfide content of the acid gas feed streamis at
| east about 340, P! &, AEHC §ALordhnk CRYdr SR Hon20 1oL erPesisent and 10
especially atl T%as’t aa_Ezgét'Jt 68050%2 g%?clént _or.nevén h:‘;g eré.; As shown in Fig.
1, at | eastcangenrtianiqifs.t hdowever. geke fakdd isyr edntheiBrogrsspduced into a
pretreal Menj; 205ae 1ikell, 83 HERAPL PAS SodehfllefotliGeonCent ration of
unsat ur at ed ﬁydr oeé%r bons cont alﬂneg Wi thin theeaci'q g%s _1% feed stream and
i nhi bit deabyvéveg¢nrswifidee ioxFhat ineeoming sityeam makesnktat ur at ed
hydr ocagbon ggﬁg{ f S jﬁﬂ%%ﬂ¥' | §€4d4d Ny or branched
oIefinle-J (epg?gPet y]'néﬁ%%§88 ggﬁ%)%ﬁ ronatléﬁﬁggé%éai%%ns e.g.,
benzene, tobteaans etdndaisingnat k§asinegboutd 36 roleeserenther eof . Anpng
unsat ur at ed r t ol e e | ev :
particularl?p%géﬁﬁgna %%afﬁ §g§t§%gk?€%§l étgﬁ%s?gﬁh#ﬁg?g?ggFggtnent zone
3 is shown fenként df dahe ecdpr g3t nfeed \av®em Sshavi bepst gdwyuserdfeabl e mi st
25 el | m nat jof. eyl &gyl TRUALEE: LOSLEL Mo TRELCRLELE Y SRF! 1S heal traced
to ensure mni Wat er’ condensation from the-acl gas Teed stream An
aqueoudOaci depecirlly ait leastodbewed §htwlehpevesse| onmireli Sghbut ed over
the mst elim [ evice:hy spr | es . ci_d.gas 30 feed
stream f | ows up\/\r}/géfdi yv?'h\ri%ugﬁgf hg' vézes/sler%%gng Bé%gleég S 18

gas feed stream 1 is introduced into a pretreatment zone

3 on an as needed basis to reduce the concentration of
unsaturated hydrocarbons contained within the acid gas

15 feed stream and inhibit deactivation of the oxidation
catalyst. The unsaturated hydrocarbon component of the
feed stream may comprise linear or branched olefins
(e.g., ethylene, propylene), aromatic hydrocarbons (e.g.,
benzene, toluene, ethylbenzene, xylene) and mixtures

20 thereof. Among unsaturated hydrocarbons, toluene and
xylene are believed to be particularly problematic in
deactivating catalysts.

The pretreatment zone 3 is shown in Fig. 1 as

comprising a vessel 5 having a gas-permeable 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 agqueous acid wash 9 is
introduced into the vessel and distributed over the mist
elimination device by spray nozzles 11. As the acid gas

30 feed stream flows upwardly through the vessel and passes
through the wetted mist elimination device, it contacts

the aqueous acid wash. Unsaturated hydrocarbons react



through the wetted mist elimnation device, it contacts the aqueous acid
wash. Unsaturated hydrocarbons react is WD 01/30692 PCT/ USQOQ 29022 12 with
the acid to forman addition reaction product having a vapor pressure

consi der abl‘yoblln;géﬁ;z than the olefin and aromatic hydr ocar?ﬁ‘%ﬂ{g@%{%nts SO

that the reac product may be readily separated from as feed
5 streamin the mst elimnation device. An organic waste stream 13
containing the acid addition reacti ontproduct drains frommst elimination
device 7 and is renoved from the bottom of vessel 5 while a pretreated

aci d gas feeditdh o2 PE5dnEQi FF™ 3 RACEF1OBNEEALE AP oA HFUGI AN ed 10

hydr ocar bons £xidgort FQ‘eEQQre Mshs £ldrAHIRL 1QRede¥hER YhEDSTE BCh Wrdhi N vessel
5 nmay take various forns known in the art incl udlgg a mesh pad, fiber bed

m st el i m natTHOBE 16t REPTPABERIT GFRARAATEE. SOAFPABUBRSt FRAPk kAR eat ment zone
in Fig. 1 irﬂﬂﬂaaﬂ%tamE&SbeléesaiIQrﬁﬁgﬁﬁﬁt§%VE§8m“€ﬁéch£ﬁf#%é'ﬁéé@ th a

spray of the aqueous acid wash, one skilled in the art wiTl appreciate
that the PretF&Eaafedt shepmiay delivknation deviest echnverganigiwaste variety

of apparatus faRfddduRakbABainfRy A% bRt 26hIrgase {68 b idam may be
contacted 20 directly with a spray of the aqueous acid wash or contacted

in a gas-|iquTRicEnEaem BéeF cel feirptiomderdceoferndris regmeusid fiypm

contai ni ng MeaRs dd¥olf 8ROL LR SvhillfcARs Lyvegna te G liquid
phases before passi Lol B rosgﬁe%omlste?ea%%%tgtg *é\%&n?nati%sscfe@\%l ce such as

ng th
a 25 centri fme@b&%r heying o2 segrdirencte qomeeatidition ekamsauratedduct . The
aqueous gi d MRS TRYCRETREL S8 ML ifdys, 1 norganic acids such as hydrobrom c
d

acid, hydrochloric acid, ' o
Mist elimination device 7 mounted within vessel 5

may take various forms known in the art including a mesh
pad, fiber bed mist eliminator or other impaction device.
Although the pretreatment zone in Fig. 1 includes a mist

15 elimination device wetted directly with a spray of the
aqgqueous acid wash, one skilled in the art will appreciate
that the pretreatment step may be carried out effectively
using a variety of apparatus configurations. For
example, 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 device (e.g., packed
tower or tray column) containing means for promoting mass
transfer between 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 aqueous acid wash may comprise various inorganic
acids such as hydrobromic acid, hydrochloric acid,
hydrofluoric 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



hydrofluoric acid, nitric acid, phosphoric acid and 30 sulfuric acid.
However, due to its reactivity with unsaturated hydrocarbons, |ow cost,
ready availability and conpatibility with the rest of the process,

sul furic WO 0A6eH692 PCTI USOD 29022 13 acid is the nosteaunstmzoord acid for
use in pretreatnment of the acid gas feed stream Sulfuric acid reacts with
unsaturated hydrocarbons in the agd gas feed streamto forman addition
reaction product conprising alkyl and/or 5 aryl sulfates. Additionally, the

sul furic aeid WasBh¥i hdst G eFre@BVacaECEHP Bue BRERRS rBREMEAEES Such as
am nes or ammoni a conpounds. fromthe acid gas feed stream The

concent r aBfokP8f 2GEf 0935 fard £fFresls aSnbiwekh aqks) reacysclhtirderably, it

bei ng und%&beqéaaaath@&%ﬁﬂsl yhetrenge 'qdd areOktachfl #8Y require an
increased flow rate of wash for adequate pretreatnment while higher acid

concent r atfioss apagdd ek @n e astriogs Peadeet promesie ingy @l anendfRE r equi r e

nor e expenghye sIRELELS! S Adq: GRRSALYCT RO s ARRY QA ak8sRCHH 1
concentration can be 15 readily determned and i s sel ect ed in light of

vari ous @3S demave oakcohald udhsgol Reand| karas isiich 8% ABLBEHOT | ncomi ng
aci d gas, a%n&&péoﬁﬂguﬁ&é‘cﬁ‘?}n{ hkOBcPd gadISdy esdafhydrocarbons in the

acid gas and the gas- |1 qu cont act appar atus enployed in the pretreatnment
20 zone. The spBei é@n%%mtorfaﬁ%ﬁ }evdies asfueckgdreédr¥W@®is contained in

the acid gagy Yokl deREIMeAIbINC icObbghs HadiitaRipgRsmbeed stock and the

t echni que nployed to concentrate the hydrogen sulfide content of the
sour Hhs. didufgngonaspeyricons, ofi gAidi antreprKeoan28ngreaged ocar bons

pr esent i r 1 acid as
ERE rafH oﬂ%iﬁﬁ%ﬁfﬁegﬁlﬁ?& dpﬁe PhySIde%cé @ie &%ﬁ@: 9

feed streamalong wth rogen cal sorbents used in
) acid concentratlons may increase corrosion of process

equipment and require more expensive materials of
construction. An appropriate acid concentration can be
15 readily determined and is selected in light of various
considerations, including the volumetric flow rate of
incoming acid gas, the type and concentration of
unsaturated hydrocarbons in the acid gas and the gas-
liquid 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

ri: -



concentrating sour gas feed stocks are known to be
hydr ocar bon carryover.
pr et reat nent
WO 01/ 30692y ealdoki200129022

particularly prone to
In the case 30 of sulfuric acid used in the type of
apparatus shown in Fig. 1, an acid concentration in the fig
14 wash of from about 1 perceperivgosdgyt 50

percent by weight is suitable for nost applications. Whether or not an

acid gas feed stream shoul d be
i nvention to

pret‘fated I n accordance with the present
5 reduce the concentrdtlion of unsaturated hydrocarbons is

det er mi ned Se: -ggﬁﬁ | endi t éaq?% ition of the
acid gas, tﬁ%sgy%g gfgﬁata ys?@%%%b ggegga§%°#€?ﬂ% scébtl |??ty to
deacti vati oweight isoaditills forewwisti agplhcabiom®wnst ream sul fur recovery

10 unit and the %ﬁ%@h&i‘%?%&f a%ssa%%idagggy%%&a%%%rﬁé l n@nd

repl acenent or regeneration o

prematu e catal'yst. For a

catal yti c omretgebted inecaxowardancs withr ehecptesent |isxvpertdioal kp desirabl e

when t@g

ppmv. Wien enpl oye
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s l.ess t.han _abo 4 ny. r referably | ess
t han about ﬁmﬁﬁﬁgmgﬁg %gp%l?:? aa}cltlflgeassé %E}etﬁgﬁga%fouct‘%yps%w. Af ter
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and replacement or regeneration of prematurely
deactivated catalyst. For a catalytic only sulfur
recovery unit, pretreatment is generally desirable when
the concentration of unsaturated hydrocarbons reaches
about 200 ppmv. When employed, the pretreatment step is
preferably carried out in a manner so that the
concentration of the unsaturated hydrocarbon component in
the pretreated gas is less than about 40 ppmv, more
preferably less than about 30 ppmv and especially less
than about 20 ppmv.

After pretreatment, acid gas feed stream 15 is
heated against high pressure steam, hot oil or other
heating fluid in an indirect heat exchanger 17. A
recycle sulfur dioxide-enriched stripper gas 19 (the
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
25 comprising the acid gas feed stream and sulfur
dioxide. The feed gas mixture is introduced into a

catalytic converter 27 defining a single Claus catalytic



exchanger 21. The heated acid gas feed stream and recycle oxidant gas are
conbined in a static gas mxer 23 (e.g., a baffled conduit) to produce a -
feed gas m xture 30 25 conprising the acid gas feed stream and sul fur

di oxi de. Theofied gas m xture is introduced into a cat apevinigpessepyerter 27
defining a single Caus catalytic WD 01/30692 PCT/ USO0/ 29022 15 reaction

zone and contacts a C aus conversi gg catal yst disposed therein. Acid gas

feed stream 15 and sul fur dioxide=enriched stripper gas 19 are heated in

heat eXChPQQﬁ?E Forl 2H a2k c£§§£§€§ | Ry oS ‘é%ﬁv&?.g]ioﬁ e@é’tﬁ&}%tﬁ m xture 25

entering catalytic converter contacts the catalyst a t'enperat ure
ef fecti ve fbspedrd Aherein: eaBtidrgdretisseh stydrngdh aud faweuand sul f ur

di oxide. - Jhe QAU GORLer sEaNGal st d136d hiaLhe fatallic reaction
zone may coOnprise a conventio activated L0 arum nd of bauxite catal yst.
Al t er nat i vexgharagemsxlJeandr 83} stespeatdivallyst ssabhtbat afddd gaisum oxi de

cat al yst | O . [N ar my| eration, the | rati o of
hydroggn gﬁ¥ tlng"ge %B:)selﬁ%%%y%%%%@%lﬁ (S Eéﬁrggz TR auc;% '?gl"Si cally ranges
from about c2tdlyast atoat tempeaaturd effepeivpasercohe ellauwmn ef fi ci ency of

from about 50919, (abouL.70¥sbassd QN dile budr ggen, pul{lda.content of the
feed gas mxture s attarnet 1P rhe cata y?l C CONnverter. product gas
ef fl uent 2%heddimmisicogveleioracdtialystpueedctia the cawalgatied conponents of

the feed gfaésacrg Xt urz%neZanxgxt)ms t{lee gonvert eéiaﬂdli sctciq’olte% bel ow t he sul fur
dew point Th sultur con(rj"_e ser o T NASREs A% saepara%? nost of the
el emrendal .alﬂmiirra faroatixé t pr caluectysgas Adtkkrnehively s wxygkeneam 33. and
forma tail,gag & 1480 yaB%ud? a'% 15RhnTEROERASE Dat8eongyher M ©
be employed. During normal operation, the molar ratio of
hydrogen sulfide to sulfur dioxide in the feed gas
mixture typically ranges from about 2:1 to about 5:1 and
15 a per pass conversion efficiency of from about 50% to
about 70% based on the hydrogen sulfide content of the
feed gas mixture is attained in the catalytic converter.
A product gas effluent 29 comprising the reaction
products and unreacted components of the feed gas mixture
20 exits the converter and is cooled below the sulfur dew
point in sulfur condenser 31 to condense and separate
most of the elemental sulfur from the product gas
effluent in sulfur stream 33 and form a tail gas effluent
35.
25 The heat generated by the exothermic 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



bet ween hydrogen sul fide and sul fur di oxide adiabatically raises the
tenperature of product gas effluent 29 exiting catalytic converter 27. The
tenperature rise across the catalytic converter increases as the

concentr at i @i gahogd® hydrogen sulfide in the incomng acid ﬁuéoﬂﬁ%o@?ses- At
hydrogen sul fide concentrations bel ow about 30 nole percent In the acid

gas, the tenperature rise across a [HIM WO 01/30692 PCT/US00/ 29022 16
properly operated converter is typi 81 y within acceptable linmts.

However, as _hl)éplr | £.i ontent_.increases.apove this |level, heat
gener at ed i%}ﬁee cc?ﬁ%er t%ki ﬁggsﬁjé%?lﬁ 10 tﬁG’s:'ﬁ:at‘ihé’ t&ipetature within the 5
catal yti c raeetptablaoidmidissi dBovéeexlesis atheopgdabory suhfi@e As not ed

above, high ursions_in he .catal ytic reaction ne wll

greatly acccé% e!r ati :eaiggrﬁeﬁ%%f a?)ﬁ‘e’ecrr 1% Sier é”le ESPS’F%?, %%2*31% 0

corrosi on eomwpddns: imaypbeglasteqpugierte aruhpruppoesswsthinreld formati on
' reagtion. In accordance

in the ui Libriumcaontraql.l ed _exot herm au \
with t hgqpr%%géar‘l 1’L'&'Tlncverﬁeﬁcg:r%fm t'zgﬁﬁe?gﬁ,%:r%es%e[ ?i]ieﬁ’lFﬁ PPAIRE R al yti c
reacti on zonangee Amdertaidedbeoved hhiglac&dn;gﬂ&th&édeibﬁfaﬂsraﬁmﬁ ai ni ng hi ggo
15 concentration e.q. , .at least about, 30 nol erceny an up, t o about
nol e percen %rcafm%léﬁ‘%'(ﬁ rﬁﬁ&&&ﬁgnzgﬁ? £ %ﬂr 6?8%%%%%5‘? rature
moder at i on of tthe Clens canakeybionr eatcalyyt,zArad scaebieyetbby i ntroduci ng a
relatively co di l uent_gas into the catala/tic reactiog 20 zone.

Fores

Preferably,pf?lll?“éshﬁé‘r §t STHEPEF Ut FHOPFESS BRLENY hat of t he
productiogasfethatio iexithengguhkibebmv-efdrtircdnddi exeshenhi@ldnyads ee of
nol ecul ar o>r<gggt['1i°n'0<ygen can lead to sulfation of an activated al um na or
In accordance with the present invention,
temperatures within the Claus catalytic reaction zone are
moderated so that acid gas feed streams containing high
15 concentrations (e.g., at least about 30 mole percent and
up to about 90 mole percent or more) of hydrogen sulfide
may be processed. Temperature moderation within the
catalytic reaction 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 oxygen.
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-resistant catalyst, oxygen 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 sulfur condenser 31 is split, with a

portion 37 being forwarded to tail gas treatment and the



bauxi te catal yst and when this type of catalyst is used, 25 the catalytic
reacti on zone should be naintained essentially free of oxygen. Even in the
case of an oxygen-resistant catal yst, oxygen in the converter will induce
much hi gheyobgskee of reaction as a result of direct oxipeftsuaek: hydr ogen
sulfide to sulfur. 30 Preferably, as shown in Fig. 1, the flow of tail gas
effluent 35 exiting sul fur condens b 31l is split, with a portion 37 being
forwarded to tail gas treatnment and'the WO 01/30692 PCT/ USOQ 29022 17

remai nder 39.0gl iy rf‘s%%'lﬁg ?ngé'fé?é’ A WieqdbLuenL @j?ﬁ;,é x}t!“(%%duced | nto

the catalytic reaction zon tenperature contr ol s effluent
remai nder 38tredugaddatai theacdtaldsid emacsticsarrad fend sul fur dioxide 5

enti ched SELLRDRL.EA5 bRy 9950l KEa 2L 2 AL ML RO ARS 4 gTugt Ur e 29

i ntroduced 0 convert process sc the only
addi ti onal mpxe@e&ﬂif agg.di gaanfeedrﬁlaeaned)scbadceublfmt dmxm | gas effluent
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over coie the pressure e co erter sarfur con
At tenti on siwuhk (B85 gmendtzoe@rxques dmwtertbrawng BY uding &dyiel e gas

conduit an recycle b er LQ ehsure that 1. nper at ur e of
the tail g‘rgréc Iu%lnmedo‘éfs? no ?l¥aafcfd:lbez'log\?vt Re su fu%r] vxllpf)nglglgt and 15 | ead

to sul fur amchansmiyaile enddabtlfbn‘ itzdtli gas eéhflpewipand en recythe tail gas

ef fl uent |ntr ced the cat al reactl 0 art of the feed
gas m xt e s ootﬂed: l?er SUP?I crent” ylnr?o 5?’%1 € ?ﬁoegterhrrperalt%ure wi thin the
cat al $0i ¢ oestommn thengprendunaidrtap i itexezeonaeatqstamierﬁmllfarur e wthin the

dest 1o, PBGIRY 2AEp AP kI BCTRLURE ISR, 201 o of e
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 effluent recycled to the 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
gsimple 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



reaction zone are controlled by adjusting the anbunt of tail gas effluent
recycled to the catalytic converter. 25 The anpunt of tail gas effl uent
recycled to the converter wll depend upon and vary in direct proportion
with the Iwolomsesz sul fide content of the incom ng acid gestrusoonsiepl e

f eedback tenperature control |oop may be used for adjusting the anmount of
tail gas effluent recycled to the 30,gonverter. The neasured control
tenperature nmay be the tenperature of the catalyst within the catalytic

reacti on zaqngOnd heet eBRGEALK £ tAfe tlfé%tlé&oéy‘{sicgﬁﬁy efdideent WO 01/ 30692
PCT/ US00/ 29022 18 exiting the converter, the lTatter typically being

somewhat | ovamawhat fRwerobher e fymegadupokacheat nlogaps cad@ of an

activated alayd nageAld! Yal act e A NRinal BHPSIALLT G tdlrR1bAe catal ytic
reaction zone is 5 preferably maintai ned bel ow about 480 C, -ndore preferably

from about 3BOWPeTatYrghyithIPOte RHRlAriexygeAtiersiraks cat al yst such as

a catal yst GOMI¥d,SIH1G RaihbhBMYBARXIAuRa280° Cal AN prlterasigl Vst
temperature within the catalytic reaction zone is preferably 10 maintai ned
bel ow about BB aboukpBEOprefter afoptf ke aBoutForsm exygeabout 500 C.

Preferably, the gas.t %ansi%er&crw}-miﬁ%%g;g%g&ﬁéﬁgﬁ?gcta on zone is

mai ntai ned from about 130" C to about tion of tail gas
ef fl uent 37 $iramivedicgids-baged ratalysst nbhe caralysis temperafyper, trace

amounts of gl 1th‘é“'&§§8i 6 S Uld it ir0%iof8 @Qd%Pé/ 208, sulfide as  well
f the ch as

as other conponents o ncom ng acid gas su carbon di oxi de and
hydr ocatBonsnhairiiasingss bedownalperatu P i £t omare apprfartadlyz Fxemohbant

i nci ner at or 2 0 Lt XC ' ' her source
@ %('g ng%to\‘gi: #’bucf::"ce. b feiaﬁﬂFPeUca%é %%s?h%méér%u?é

of oxygen and suppl gas 43 as n€ed
within the catalytic reaction zone is maintained from

about 130° C to about 400° C.
The portion of tail gas effluent 37 forwarded to

15 tail gas treatment contains water vapor, trace amounts of
sulfur, unreacted sulfur dioxide and hydrogen sulfide as
well as other components of the incoming acid gas such as
carbon dioxide and hydrocarbons. This gas is
introduced into a combustion zone of an incinerator 39

20 along with an excess of combustion air 41 or other source
of oxygen and supplemental fuel gas 43 as needed. 1In the
combustion zone, sulfur species present in the tail gas
effluent are oxidized to sulfur dioxide and any
hydrocarbons present are oxidized to carbon dioxide and

25 water in the excess air environment to form a combustion
gas effluent 45 comprising sulfur dioxide. To moderate
temperature, quenching water can be introduced into the
incinerator. Alternatively, if the acid gas is
pretreated to remove unsaturated hydrocarbons using an

30 aqueous sulfuric acid wash as described above, the
organic sulfate waste stream 13 can be fed into

incinerator 39 to cool the incinerator by both



conbustion zone, sulfur species present in the tail gas effluent are
oxi di zed to sul fur dioxide and any hydrocarbons present are oxidized to
carbon di oxide and 25 water in the excess air environment to forma

conmbusti o ffluent 45 conprising sulfur dioxide. T r
t enper at ur ?gg’%'g%chi ng water can be introduced into the gFﬂ@g‘ﬁ@?‘%or.

Alternatively, if the acid gas is pretreated to renove unsaturated
hydr ocar bons using an 30 aqueous s#&Pfuric acid wash as described above,
the organic sulfate waste stream 13 can_be fed info, incinerator 39 to

cool the i ntYRFATGP LY THERRENGTA/ lpgeremees Yob2 ot $hevaporation of

wat er and therfdle deetepeatdi oml Hir divxigel, f akgg¥arsdma ivitesul fur di oxi de,
oxygen and water. O her waste_streans fromthe installation may _al so be

fed to i nc?MEaMEStSoSERE2TE PR R dmstadARbieT I @®iteRe 52fncl udi ng

sour wat er b rifiigleretbryas &edivesh ffMehBelr ebrbiia 1K ideateaer at i ons.
Thi s avoi ds, probl ens associated with sending sour water stripper off-gas

t hr oughSt hel2eh4inG SCH¥eVPtemi SLSIRRPTASE5 988 Fer brehdHomexchanger .

equi pment, geadsin tedbkibg B i . ONTRE 5 18vHL &F eGP TEN .
Typically, this is a ver% troubl esome streamto process in C aus
i nst al | at i MW IREEY] PitRoReRFHRI AR WALER abEiERSh 25 998 ogen sul fi de.

Conpl et e desfrdifgh @ReObuRFIPtEedverieddiECdutl # PIAUYEMY 8Rahest aus pl ant,

since amoni a can formsalts 15 | eading to_pluggi ng and corrosion of
downst r eam PFIEGET EGULBRRRE: T2 lgEipfereing sird @9 iPdPrraffoni a and

m ni mabof orpmides @quibheReen RS 1NOhishigh rdubleSote. 9., I N
excess of 1200 C) and reducing conditions_are needed. Conbustion air 41
may be suppti&E™FouRTEFEHF ek FlaU ingEprherBions NS¢ ko zones, one whi ch

contains ammonia in addition to hydrogen sulfide.
Complete destruction of ammonia is regquired in a
conventional Claus plant, since ammonia can form salts
15 leading to plugging and corrosion of downstream process
equipment. For complete destruction of ammonia 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 39 in two zones, one which
is operated under reducing conditions and the following
zone operated under oxidizing conditions.
Leaving incinerator 39, hot combustion gas effluent
45 is cooled in an indirect heat exchanger 47. Depending
25 upon the size of the installation, heat exchanger 47 way
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 which is
incorporated herein by reference. In such a system, the

combustion gas effluent is introduced into a sulfur



is operated under reducing conditions and the follow ng zone operated
under OXIdIZIng conditions. Leaving incinerator 39, hot conbustion gas
effluent 45 is cooled in an indirect heat exchanger 47. EEpending 25 upon
the size of _the_installation, heat exchanger 47 may take th {ﬁ( of a
wast e heat BON2%, recuper ator. Cool ed conbusti on gas 49P(f Ol
delivered to a system for the selective renoval and recovery of sulfur

di oxi de such as that described in U2 Patent No. 5,851,265 30 (Burnaster
et al.), the entire disclosure of which is incorporated herein by
reference. | flisgddeaabyerriion rone @msusenbackad with eiqudd nt r oduced

Nt a sul f 00143032 BEIISOY 290220: 200 dbexd derabsaraiiaan caone and

cont act ed mnf% I qui nt for selectlve absorption of sulfur
di oxi de to twramsfer sulfur diendidee fmosnthRecenhpsltiongafasa hehe

absorbent anduyaduce ahqXide 0P LEATLENGED Fibh Uinfudliinie has been

substanti al | I OXI absor bent. Sul fur di oxi de
is stripped fdiemidehbasi beenbadrdfantiadly sampved diekialeswfurppi ng zone to

produce a | eaf ghgar Q?Eh Qﬂgofnei-k@furél‘i'fgx ¥ 4ea£Did CIedse S ?’ efap%&oaas The

regenerated | ean absorbent 1s recycle to the absorpti zone for
further sel ediha/e:l@bsebporbent oin sulsulifudi dipyide r ot ipine AeRSt Eon gas

ef {1 uent . The. Sk 436! a5t in BUIRS! 8l Bhe dhiof fadl@laked i1 the

practice of the present I nvention an pur poses oW ng
descri ption, qtazmp@cd gesk ef’Bhenmger@rm@el fleattbabserpent iigh necychad

dISC|OSU{@ at %Pgé%ﬁ@léntg for %urkhgg é%lg%éfbéughéq%§ gﬁatlons or

specific preferre res set Torth belo wever
under st ood t heit sxdrfmaudlguid@rfmmml'@e cabbusbemngobf@nem:r dll‘bgl de

recovery pr OCs%Ps%e%C%?E‘éioHEM ﬁ? ﬁmrla@(:%q et al. is preferred in the

practice of the present invention and for purposes of the
following description, particular 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.

Cooled 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 gas 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 cieaning zone 51 may take various forms. For



20 in the practice of the present invention. Cool ed conbustion gas 49 from
heat exchanger 47 is typically conditioned prior to entering the sulfur
di oxi de absorption zone. Conditioning of the conbustion gas may include

cleaning the gas to renove entrained 25 inpurities and i cid m st
that nay WPHU%'?‘” downst r eam processi ng and further cool ?#%P@g&bzgs to a

tenperature nore favorable for sul fur dioxide absorption. Renoval of
sulfuric acid nmist is of particul &L inportance in order to reduce
corrosion of process equipnent, 30 increase sulfur dioxide solubility and

decrease &¥3BPHENt the)RIMIRELCNoA2S BB URR | SINIGELOBEHIPI 8RF i i n gas
cool i ng ap@rel eaninge zpne fkubbyrbake wins ity fealds byFEon¥htd/ 30692

PCT/ US00/ 29022 ex | e, the conmjpust.i as opdrfjoned in one or
nor e reveF?éfljr&'gé‘E'Pu%g%?ﬂsdf ril"‘r"fé’t %%ngg[{'}ﬂgbsy l%‘)r%s?gﬁ g n%/%ro- Chem
Systens, khe. rrSdemark oDNAWNVESoori ausiieilax lgast sgadshhiRgd" DYNAWAVE" or a
siml g scrubbiing 5 device .1 he f L.ag.t rough a
fiber ed%seﬁﬁlgf gpcli m‘grr’l%]feoa?ytgrr é’?gg% %gsélg?i%ae%rtg%i% ?)1 '? at o?g?%ﬁ?%éré;ve

sul furic adisd &l sihindosdidyd @ledtroabaki¢ @redpifatexi tonyemese cool i ng and
cl eani ng zo_nL? 51 is introduced at the bottomof a 10 sulfur dioxide

absor ber 53-¢8htSi AFhG WUl fur di oxi de absorption zone while Iiquid

absor bent 55 i sohditboheddtomustihient gps 052 tera tdlpgogber codbinrg ber 53 may be

a packed _tawer or.other - Li_qui n t_.devi c ajping nmeans for
pronot i ng aﬁ’asgif?ﬁﬁgge?orbegtas’aleér? t"ﬁgrécg%é%cﬁtl iq:\cf]lt?i gogg&%hgfs]eés]. As the
conbusd i osuldarpdssesde patesatbert BBoaghtaimimcless suBénr dioxide acts a

o e rah ot b e Ao R B st (e
at the top of the absorber. Absorber 53 may be a packed
tower or other gas-liquid contact device containing means
for promoting mass transfer between the gas and liquid

i5 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 the 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



from which sul fur dioxide has been substantially renmoved 20 passes through
a mst elimnator section at the top of the absorber to renove any
entrained |liquid before being discharged through a stack. Sul fur

di oxi de-ri clwo onoser bent 59 is withdrawn at the bottom of teagnabmmsRer. As
not ed above, various sul fur di oxide absorbents 25 may be used in the
practice of the present invention, %ch udi ng both chem cal and physi cal
absorbents. However, due to the fact that the process disclosed herein

utilizes 0“'%&§'éigz|vﬁtgha!:’§n8@ﬁ@£é’élcﬁxsr e%CTchQHmZxP”gbdséﬂ?erﬁ:U' ishepdi Oxi de

partial pressure in the 30 conbustion gas is increased as conpared to a
convent i onal2s Gh @IUEPHAL amW‘pn ceay ysufifier é@mmustllﬁtmrg&somdq cont ain at

| east about B oQ%E.BﬁQE 0¥
PCT/ US00/ 29022 éfﬁ_lo% t hese e evat e clglr?céealrﬁsr gtbl énggoa em char{ absor bent,

such as an sWifesusrcesine, (euy- smdle?lﬁasonbsauiﬁitdi!oxﬂudlefates,

di spropogti angt , i I o] f eci es
(e.qg., sil fi tesdsQElfsa\lﬁjlg |t8g§ ﬁ%{ééss,@ tt&:iéghkgg eisn %%osg{)l Ites and
t hi onat es) i i Qticleswirhy abaonmm@ an iffsonbbhes ain shfdaquenti es in
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absor bent contTact sti1on gas I's ysi cal
sul fur di ox@l@sqaftbﬁntbenntaﬁtpﬂhymtialthbo c@b@uspwnngmsim e fflegrabdiroxi de

recovery net t u t nt pf i s froma
catal ytic on %]&Sjr’}}%c%gr grﬁggg\?/eéi&glrﬁ{ W@%@g@ hy%%llé’?éiscu ur di oxi de
absor beh®, mpbsdrmtiical-bareadt s@lﬁmccdﬂcsgldsuchcasedysm@mi tisobatiten of

sul fur 1 Oxi levedd) L0k edBal TSRV Y13 AL | HLSRANCL g Sul U

dioxide in t conbusti on gas ac enhances overa il recovery
ef ficiency vhefur plegovealy wabsor béiﬁtlsyasphysnsaknwmad.dloxlde

absorbent, no chemical reaction occurs, such as
disproportionation of sulfur dioxide. 1In fact,

15 increasing the partial pressure of sulfur dioxide in the
combustion gas actually enhances overall sulfur recovery
efficiency 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
R30—P—R,

OR,

wherein R', R? and R® are independently aryl or C, to C,
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



Sui t abl e physical sulfur dioxide absorbents for use in the practice of the
present invention conprise at 20 | east one substantially water inm scible
organi ¢ phosphonate diester of the formula O Il R30-i-Rl OR2 wherein R1,
R2 and R3way@sudegependently aryl or O to C  al kyl and grausegiopst ed such
that the organi c phosphonate 25 diester has a vapor pressure |ess than
about 1 Pa at 25 C and the sol ubili of water in the organi c phosphonate
diester is less than about 10 weight” percent at 25 C. I n accordance with a

ky! "D ofF SDEDS Be TR 2082 B g EIRIRER s Fo R4 s are.

i ndependentadlkyd. t dnCGan esmgdiallly ppredepred apriyodimendgr oddthabodi ment of the

present in Lon, . j qui r t ' '

Phosphonat eBap) TrPgaticly SIRLIIGATN. LRERbene skl AP | e
as physi calbuslydopbespionat s U(DRRP) .di Oxgdric epmaphporate thestersndant
benefits ar f 1, J Pat e , 85 5. ref.er above and
i ncor posrgat é% %glﬁigi g%%h %‘P?lle%r ﬁiéstel \%tes Bh?/’%?%% agou]qxu%r%néisoﬁlgdésg %rgr bent is
10 one conptioxiidg retoweth\drehadley abkeddant Hydmetfhicrs swehsas fostidi scl osed

and utili Lngth | dioxide ., rec ibed in U S
Patent Mo i G55 SEatET iRy Ssd 358 PRERIed I IR AENY Melsel e
al.), the emiorpordted|lpsxeizs. of which are incorporated herein by 15

reference. The. hhai fosul Ve dhgilsdsr BIPERE ol BERBLKLROTLS! NS TOre

10 one comprising tetraethyleneglycol dimethylether such as

is disclosed and utilized in the sulfur dioxide recovery
processes described in U.S8. Patent No. 4,659,553 (Linde)
and U.S. Patent No. 4,795,553 (Heisel et al.), the entire
disclosures of which are incorporated herein by

15 reference. The liquid sulfur dioxide absorbent
preferably contains more than 50% by weight
tetraethyleneglycol dimethylether. Such a liquid sulfur
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 comprising 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.



tetraet hyl enegl ycol dinethylether. Such a liquid sulfur dioxide absorbent
suitably conprises, on a dry weight basis, fromabout 60%to about 80%

t etraet hyl enegl ycol 20 di net hyl et her, from about 15%to about 25%

tri et hyl enewgb yussko2di net hyl et her, from about 2.5%to about pcTarséér29022

pent aet hyl enegl ycol di net hyl ether and from about 2.5%to about 7.5% nono
ethers. Like the physical sulfur digxide absorbent conprising an organic
phosphonat e 25 diester, the circulating tetraethyl eneglycol

di met hyl et heg; 'ﬁﬁ‘ts?aﬁ'(@&:.‘%gioééeai TByYn s QRAIHR %E@Eedfﬁfr ofkanple, up to
about 10% by wei ght. Use of sulfur  dioxi dé absor bents based on

t et r aet hyl en®gt injithet R¥FeiRekhe PXaE iass @fpthenPEAESRE ri ppi ng st ages
of a 30 sul f hvdhoxigle recovery system including the process equi pnent
and operating conditions enployed, is described in U S Patent Nos.

4, 659, 553 (Li nde)SWirudsoxpdeeri CNAbSTER3 669 2xpEINYSHng 29022 24

(oo oo8, (Ebpstngt o plapld,Uhkol 00 dtbobigt ottt L

t he practlce of the presen i nvention. Sul fur ent 59
exiting the 6l aRdrberighs ab&ﬁﬁbént— hreatpr &3 @pdoibtnednesd neawrditanger 61

and a rich apsg r&erg J}\g.s d@éxﬂtgg éEH & ”e%g%gﬁe&%’e a sulfur

di oxi de stri per or bent at er changer eats the rich
absor bent 591%##@1@@11 rﬁg hﬁegemh%tt@cbh adnscabenchBAt wBhl aed gt r om

sulfur di oxi feaddlldddPBYanbAp8Ekel @@j&%{dé?ag{h SErofd 60y ARS i fshlgheat er

63 brings the Ti ent to the desi ppI ng tenperature In the
processiPl | ustriprer |5r$ Ihag!k to sbeanbers 53 .nt rRodbcebsnehent heeddmzt om of
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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
source 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



associated with stripper 65 could be used to provide a source of stripping
steam As rich absorbent passes down through the stripper it contacts a
countercurrent flow of rising steamin a sulfur dioxide stripping zone and

20 sul f wyoQkssbrde is transferred to the flow of steam pkirkQoosoee sul fur
di oxi de absorber 53, stripper 65 nmay suitably conprise a packed tower or

ot her gas-liquid contact device c%nt ai ning neans for pronoting nmass
transfer between the gas and I|q d phases. A mixture of 25 stripping

st eam and sul f I oxi d X t he f n Iyl pper and is
cool ed i npgﬁig%ggg%a f(:goansg:er‘%’c‘é’r %7§8\Aﬁeir%ls%emes . %fpd? Q arﬁil ‘s condensed.
The condemsatis mecyelatd m@msmdxgasz:ar e Jsrepmtmredol mmgasve lthgui-d

separ at or toform ul fur dioxpde-eny d .30 stri as 19 and
condensat ee%g ?r?B?SOtsﬁtn?&:\efcu?g d?ox (grﬁllngn F’ Yas preferably
cont ai ns &hmllaasdeﬁmtccﬂﬂdebeepplm mléunipdlsmfde dmmé/\o 0130692

PCT/ USD0/ 29022 . 25 pr.ef er ahl t eas ab 90-nol e_percent sul fur

i oxi de, TRRE FoS 'ERIE B RO sk SeruS Yartarage PESPRR Gve t he. -
effici encynoéushraqnmnbcﬁﬁmemtl [ qhedoperag:i\ng:mmpum‘p mithm mHear device
coul d bee ¥§1 i t_'psufur--d oxid §g1 4__ Cg rbent at
reduced 058 ERFEE PP FRRR uth Pa]fr‘i'3 (?ﬁfi‘ Vnﬁ‘ﬁf’n HEDFer ati ng
pressure \firbhi absie 50 kR fuaar abbbaki e st igh@algteone is preferably

mai nt ai ned at

ut Q _kPa,_to_about olute. - ndensat e
stream 75 conp ?%g]%n%ﬁ‘ ST War eF° 'ﬁ?ﬁlsefg ‘%5 gggoVﬁ‘é‘?ﬁf ¢ fed to=-.a
stripper #émeoabsorivent el diedl touafstribped do. thsreowa in Fig. 1, air -
i oxi de. | FORTEHEE BB PE che SHTEnEas nleotit oFba ont - - ashi on.
Stripper ZAtrafluced 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--
ligquid contact device containing means for promoting mass
transfer between the gas and ligquid 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 Altermatively, 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 suitably be in the formof a packed-tower or other gas - - liquid
contact device containing neans for--pronoting mass transfer between the
gas and |iquid phases. Air-stream 81 containing sul fur dioxide stripped
fromthe comdensmee exits the top of stripper 77 and is rreausoghoand
conbined 20 with the conditioned conbustion gas 52 entering sul fur dioxide
absorber 53. Stripped condensate 83 gxits the bottom of stripper 77 and may
be furtherprocessed in condensate purifier 85 to separate and recover-an

absorbent st gasrSemand Partibedyebsied%in ZbNAiRnRatkyel y, al though not
shown in Fig, 1, the condensate stream 75 could be refluxed back to

stripper 65.1THeXEeRINIST SoedenERen Surthge e adodnd abgareRt an - -
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condensate is introduced. 30 Lean absorbent 55 is withdrawn fromthe

bottom -of ERECXRtigpdretare beipg batreducsd umt@ Ghiedsudby®drber 53- al ong
W th recgver gdorbsor Hsdt iy €am 87. - - Recycl ed WO 01/ 30692 PCTI US00/ 29022
26 absorbent is partially cooled in absorbent heat interchanger 61 and
then further cool Grionsresipwds: of cabriprow tabsprbedpenafurediexisiabl e for
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di oxi de absorber. Various nethods of 'stripping-absorbed su di oxi de
from the ri cRuhba®rdigwidmpayebenprsipred Rugingk adpl or othefumort oxi de may
be stripped UshAgnRB1 L s19LBek nG08as CORARNSANIE SLLI BPENY escribed
in U S Patent No. 10 5,5851?%%151.8'%%\75ver, in |nstt:§1L gt Fc’mg f a‘?%eérjr'pl oy an
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oxygen into sulfur dioxide- enriched stripper gas 19 in order to avoid
cat al yst converter, the stripping technique should not introduce
appreciable concentrations of oxygen into sulfur dioxide-
enriched stripper gas 1% in order to avoid catalyst
15 sulfation. In such applications, steam stripping is
preferred.

Pretreatment of the acid gas by contact with an
agueous 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



15 sulfation. In such applications, steamstripping is preferred.
Pretreatnent of the acid gas by contact with an aqueous acid wash as
descri bed above effectively reduces the concentration of unsaturated

hydr ocar bogs oi/soséhe aci d 20 gas. However, saturated hydr pepiSfnsente- 9. .
|l inear or branched al kanes) are not renoved by this treatnent and can

pose problens with respect to soot E,S)rmat ion in the catalytic reaction
zone. This is especially true of heavier saturated hydrocarbons having at

| east four on_at S . - a ng.g% e W t he present
I nventi on, 'Tz%caﬁl?;&'bggng e%e?c?nﬂ}\\%%%gvtgsi %g?ggg?%g t rfeiea:rsi,llu P#rlg | oxi de
concent r at i vaEie|odt icrebrp theswbiur ddipxide whsreirtadineghbledawptesent in
the C aus cg@.:/?e.rsioqqsgat alyst will 30 oxidize hydrocarbons conpletely to
gaseous carbort  ‘di oxi dé, water and sone carbon nonoxide. In an accel erated
rate cal ori netryin egdegvee imhilvidt ehdliognicanoved SUedo332 RPETLPOSOD 29022 27

cat al ys%, ng%go%q_ttsf 85.”@{1.&981 eé)%wﬁl%rf\ég_?gmggga%}t%%;@ﬁarto ratio of carbon to

sul fur di oxi was mai ntai ned n order to inhibit
and/ or renvemipdetet akidatbom ofs sddpaeted on wisat@lxaksdconver si on cat al yst

due to i nq?_h;‘gg! l.dat.] f. sqtur u : ocar bons
present in eog:tg?ggéz%sﬁégés}ftgil(:rﬁ%&net%%?g géitgigé%#l%shg? SI’Q g{:oxi de over
al |l reduct eatcegasef pulfuni diekidsd overt hélcuedhgttant: mesesi da zone. In

ﬁddi tion 1%&1%:@4&%]%?9% Eﬂéfé&ealﬁ% %E%Eé’ng%l%éc.t ant, %ﬁ‘iéﬁ&&‘c' ude
ydr ocar bons "as we as carbon-sul Tur “conpounds such "as ~carbon di sul fide
and cat®onyto swidrioden Pubfideblthe philmaryr eedwnersnt gasesdiotckadahi | e
”aintainithfhﬁé@EQ%EﬁE”éS &gll as carbon-sulfur compounds such as
carbon disulfide and carbonyl sulfide. Preferably, this
treatment is conducted while maintaining a temperature 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
39. 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 conversion catalyst offers many advantages over
previous approaches to catalyst regeneration.
30 Conventionally, regeneration of coked catalyst in Claus
installations has been accomplished by admitting a small

amount of air into the catalytic convertexr at



at. | east about 300 Cin the Caus catalytic reaction 15 zone. The
tenperature in the catalytic reaction zone may be increased as needed by
reduci ng the amount of tail gas effluent recycled to the catalytic
converter. vgofifbeyw in Fig. 1, the sul fur dioxide concent patiQfhoe t he
Claus catalytic reaction zone may be increased by 20 a bypass line 95

whi ch bypasses at | east a portion of éhe I ncomng acid gas feed stream 1
around catal ytic converter 27 and i nff oduces it directly into incinerator
39. Hydroge | | e ' ' i.di zed fur. di.gxi.de in the
I nci neratorn%%gg’%]}e%aec%k%?oa?ﬁgg’é%éa s@(ya(t)ta yti I(-:"er'ﬂeefétc iat)*:r}:eg%%)éhas part of
sul fur di oxiwest & itetkes stichppir yegerkXrations meebbdsgire afderenwvi ng soot
deposits fro us.conversion catal yst. of fers, many advantages over
previ ous app%%éé“gﬁeestgfa% %a eaF?‘s‘lf‘p?'%rgte et O|>(-'o ﬁl.amﬁéeeo}ﬁ%?e?\# BRHT O

regener at i onhogh dokgee raduaky or  theGhalu st resst. al Lakewhse hashdeen

acconpl i shed_b diptting.a small __a nt of air.into the catalytic
converterg atc%%ﬁ%m B&TPU%&TZ%%D °“2§°F§ﬂr%%?aiﬁ?%’§eﬁl roxi mately
5000 C. Car esul fattientarohydrosheixeal afeciiiuniet.h Notetegenewlsileonheet hods in
order to ensure that. the equi t i.s not damaged by exposur o high

t enper at ur e %%t%?’ésr ral® §te?8g§.rggg€’evﬁ}§ee,cattﬁgyglgafgﬁl;%’fé%{lﬂu e OFr ot ect ed
from possi bl eaken ewar sifblservioef ati on or hydrothernal failure. Moreover,
while the catalyst is.regenerated, the c tic converter nust be taken
out of service. II?P cor trrgg?, E’ﬁ% P s ‘%% %#‘%epﬁfeﬁ?éﬁtlﬁ‘m‘ﬁnon 10

i ncl udi mg suificludiimxisthd fuecdvexidéd rrmadvairy gasmt tadl ngad twrddemamtcsul fur

di oxi de insteff of o en .to bg use f(g oxidizing géenenafl car bon found
in soot depo%I s r dioxide instead of oxygen to be used for

oxidizing elemental carbon found in soot deposits. With

sulfur dioxide as the main oxidant, carbonaceous
compounds 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



sul fur dioxide as the nmai n oxidant, carbonaceous conpounds can be
effectively oxidized at |ower 15 tenperatures within the normal operating
tenperature of C aus conversion catal ysts. Furthernore, problens with

sul f ati on ypd oidegezcat al yst are avoi ded. Another additi onglrRpedest s that
sul fur di oxi de oxidation and catalyst regeneration can be achieved while
the daus 20 catalytic converter repmnins in service. Various nodifications
and adaptations of the processes Scl osed above are possible. For

exanpl e, g.aﬁ-r]tx%cfuﬁz%ﬁs 1HBY DS NeALL g(éﬁ;g g;sgnérQ%P% %yd;ga@@i Lggt heat

exchange wi th steam or other heati such as b el ectrical
resi st ance tewpesratuge dithin the amtalvtersreadniony\zawyi sgeamagrbe obt ai ned

by indirect, haat a t roc r 6 3,5 usi ng the
hot combustion &?s&%gf Eﬁglén%ge%e‘%ﬁ%q’hgg?]ﬁ%n%r aE odre %%Iahggggxt he sul fur
di oxi de- enr¢ahdrk stsedppeHogasemndiser odcitegeasaBierdredd vetsr danmfied t o t he

Cl aus catalytgi r. t ti | r fed_t.q.

i nci ner%t or%%ﬁcjrpt(\i%g\ré%%g n?:g%lﬁ{esr c}d;gbﬁgggpgégt%%t%g'as Ig]f Fflgé%?g%'s t he

di | uent gasiVWE@iicE30698t 4T/ LIBRD/28022ta29tint rexhicenh izohe wheldat al ytic

converter {9 RAY/ALE) EDE oSEIRRIAING WENML I SaakYLLG reaction zone,
steamor in gases St ag i rogén, ~car bon di oXi'dé and argon can be
used. Howevesntneddedf rehesion/ tlevatkingyes Lewemicdorbrdmees preferred in terns
of operati NYe £OSLS, i'eQ addition, introducing steaminto the catalytic
reaction zone wourd Suppress sul fur production in the Caus equilibrium
controléed reactilahoupbadhe prerdeamentoprveceéss ofefthecpersers. 10 Al t hough

the pretreatipnl, ;RLogess, b, Il ie"38Rbent RO Uk LOaESHNELRY the

hydrocarbons is described in connection with a catalytic
only sulfur recovery unit having a single catalytic
converter, it should be understood that the pretreatment

15 step has general application in a variety of sulfur
recovery unit configurations wherein hydrogen sulfide
from the acid gas feed stream is oxidized to elemental
sulfur over an oxidation catalyst in a catalytic reaction
zone supplied with an oxidant gas. Thus, the

20 pretreatment step may be employed upstream of the
catalytic stage(s) of a conventional Claus installation
including a reaction furnace wherein the oxidant gas
supplied to the catalyst stage(s) includes sulfur dioxide
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 ajir or other oxygen

30 source.

The present invention is illustrated by the

following examples which are merely for the purpose of



hydrocarbons is described in connection wwth a catalytic only sulfur
recovery unit having a single catalytic converter, it should be understood
that the pretreatnent 15 step has general application in a variety of

sul fur reocpoenyeanit configurations wherein hydrogen sul pic@grseddoesn t he
acid gas feed streamis oxidized to elenental sulfur over an oxidation
catalyst in a catalytic reaction zoge supplied with an oxidant gas. Thus,
the 20 pretreatnent step may be enployed upstream of the catalytic
stage(s) of @ 1GaMERILANEhdhoStd N AldAligeR abneiMei gy %Heeas‘édg%” furnace
wherein the oxidant gas supplied to thé catal yst stage(s) 1ncludes sulfur
di oxi de prcfudd® iRvVeRsienrenceanmen drmatiiell yt var be prachine®. 25 step
may be used upstream of a sulfur recovery unit including a selective

oxi dation zone of the type described in U S. Patent No. 4,279,882 (Beavon)
wherein hydrogen sulfide in the BXAMPLEAL streamis oxidized to sulfur
using an oxi dant pgas S, 2 her .30 The present
invention is iIIustré?ggggg fﬁ%é é%ﬁé%%ﬁ%%§9§¥g%gf% %ﬁﬁ%ﬁgg?ggnerely for

t he pur p9se hdrprRriOng1 F¥O6 92N RETY VEAGR 202Rin80catalwsly adtmra&ed not to
be regarded asy iJdute,ng gt Q- Lanyentj in which it
may be practv?lzcgld.éﬂltlgﬁws&gﬁiaig‘g% eér:gzﬁe r z(iit \égcg g%&rr% ry Qig‘{ssti ng of

vari ous 5 hyehtedastofouding apnditions ddiakl weenit chnadgott amatdbed with
sul fur di oxi u et er m | vst | i

condi ti ons t‘%?t \Q%e%ggﬁgqi gggg%jfg?'glrérrrg'ti glri:l% gﬁgggaf%%gtg%ecﬁﬁ%%\%lat@ |gon. The
nmol ar rati o sfligar dopxtide was fmaindabnede ahasppaornimatnell, at. Sa@sr oxi mat el y
4.5 as qy

shown in Table 1 below:

TABLE 1
Hydrocarbon Carbon/SO, Ratio Alumina Fouling
Toluene 4.74 Polymerization
Benzene 4.77 None
15 Xylene 4.29 Soot Formation
n-Pentane 4.29 None
n-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

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

30 producing even higher aromatic polymers.



10 shown in Table 1 below TABLE 1 Hydrocarbon Carbon/SO2 Rati o Al um na
Fouling Toluene 4.74 Polynerization Benzene 4.77 None 15 Xyl ene 4.29 Soot
Formati on n-Pentane 4.29 None n-Cctane 4.36 Soot Formation n-Cctane +

Vit er 4. Sky&eniesdz0r mati on  Vapor 20 The nost troubl esonepd-pisioedeasat al yst
fouling is frompolynerization of toluene. Unlike soot formation, which

I n nbst i nstances can be oxidized té)1 carbon di oxi de and water,
pol ymeri zati on of unsaturated hydrocarbons wll ultinmately bl ock the pores

of the O aus conversisen 25 catal yst. Frg_k Eﬁn_%ﬂ' éépel iﬁ\éed tchmder go conpl ex
5 5 a

reactions with sulfut " to formdi pheny ahe &nd °sti1Pene ong with
hydr ogen sul fide according to reactions (3) and (4). Additionally, the

product of theseg r | O mst _not St ne ent into further
reactions 30 pr?dﬁ%’eg?ns hi gher> ar g%ﬁ{c&%%‘%grre? sé.ias&o 01 @0692

PCTI USO0/ 29022 31 2 C6H5CH3 + S > C6H5CH2- CH2C6H5 + H2S (3) 2 C6H5CH3 +
2S > C6H5CH=CHC6H5 + 2H2S (4) EXAMPLE 2 5 A conputer nodel was used to
assess the performance of a Claus installation in accordance with the
present invention including a EXAMPLEiZ only sul fur recovery unit

i oxi dez enri ched SPREAREF SRR dRePBR. SoE T d o R gt
nor mal i zed 4l avQlaue, ihstakYatiore iandccopdimse twicth ahet peesehevant gas
streams ar%x%%&ﬁ%%hzggcluding 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 f£rom the rich
absorbent. Since the acid gas feed stream 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



below in Table 2. The reference nunerals used below and in Table 2
correspond to those used in Fig. 1 and the preceding description. 15 The
nodel was based on a hydrogen sul fide-enriched acid gas feed stream of the
type producwe mpoe2 petrol eum refinery and use of DBBP as ndTaussorbgozer

di oxi de absorbent w th steam stripping of sulfur dioxide fromthe rich
absorbent. Since the acid gas feed stygamcontained only 20 Iight
saturated hydrocarbons (nethane and ethane), the pretreatnent step

descri bed abewaceasr@fidh &gk sldlrh@ibRige DOtdhdRidtang tardrehbefendo not
react wwth sulfur dioxide in the catalytic zone at the operating

t enper at ur es 28Rflr-oyed, but pass through the converter to 25 the incinerator

where they are oXirbzg8id QdArfa Eeeshfel Wl valia chhugrethese
hydr ocarbons do not contribute to soot formation and it was not necessary

to bypass fed#ingadnnflecheiqd) MreeALPRer afler hoptatk pedsegpfielrrd WO
01/ 30692 PCT/PRAM2NNE 2midd GANGEHE1 88 Sh1 At fdifodigexiege i kRed he

catalytic reaction zone. The acid gas feed stream 1l was heated to 177 C
usi ng an el eGFEERPY paPek drhatThadhbgerdherteR ges & &dMilerstream was mi xed

with recycl e@eﬁg@a&u%%&&%& eg;fﬂtqlaﬁdoﬁft£¢@%iﬂ%%§%éﬂ%%nea§9b@8n heat ed

to a simlar nperature and a portion of the tdlil gas effluent 39 to
produce feedPFRduRExfere 55 HElKtYIea 2R Revigg s mixesegasure of 165 C. The

feed gas m xtdhBevBEuld bAtfgueed rALorddie LAl @liwkiGer GaSti on zone of

converter 27 containing an activated alum nna catalyst to pronote reaction
bet ween ¥y dr dgEmosured gt d-hulRER LYt 6% Beagbioprzsiec s ghpuereed wat er .

The exot hermyg teaehiffnd Nud NMtivated alumina catalyst to promote

reaction between hydrogen sulfide and sulfur dioxide to
produce sulfur and water. 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 recycled 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 39 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 aﬁount to sulfur trioxide. With the



converter resulted in a significant tenperature rise such 15 that the
product gas effluent 29 exiting the converter had a tenperature of 372 C,
wel | above the sulfur dew point of approximately 309 C. In accordance with
the presevgoisosmenti on, the tenperature within the cat alpdyisseosognaCt i On zone
was controlled by adjusting the flowrate 20 of tail gas effluent 39
recycled to the converter. The pro t gas effluent exiting the converter
was cooled in sulfur condenser 31 To condense and separate sulfur 33 and
produce |l o SLEAFR pad; 1 Wyt hi ul er ensured
m ni mal su\lléé‘oﬁlrb%%ggg%rgl nrrerhtto\ﬁ%t eeetgéll%%gs%é%h%tﬁnfh§?e%§??i g the
condenser . thee spurt Wahedfstionex dagastbete rean 187 need fpcycled to the
convert er ‘Q@zﬁa '1%@9@329&4:1“%& gl ¢89Sk gL AGQ or 39 along with
conbustion arr and sour ter stripper gas containing amonia, water
vapor and 30 hy@hegeambusticte ga8ukdtuexsping cthertesidngaien the gases fed to

sultur 317 aieqeetirBr Yl GEAH a0 el Rt asiEE =SB Corpnt i bl e
content of comditaphedasompystion gasghent edubfurich@cddumianteds stri pper gas,
there vas BayRoed Eoby SHORSBRALILNTHEL A% |AldiepklchigEal or . The

conbusti on gas exiting the tai I ncl nerator was cool ed and cl eaned
t o produce elligingbadi o oslrttowsrasticoprgatpBatBul f Fhec acid ni st was

removed fr . ugt a0 i L. b ) | Lgn pat or
el ectrost a%hg?égﬁgﬁt%or. ‘%?’Z‘ g(%g?\‘dlé%i g%\%}e%%o%gpfgng%na?mg{se fed to
absor bt 53udffurhdidBidell fegovdiryx spretescovBry ssrsiustn gdheSexhaust gas 57
exiting th b ri ' fed tqg_t for
di schar ge t%ga?aggaﬁr%sp e e, ngJ(?% ggé%%%eﬁﬁ%g re %e&ﬁg Bea b %5kt

stack for discharge to the atmosphere. Rich absorbent 59

from the absorber was heated prior to being 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 moderate 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.



fromthe absorber was heated prior to being introduced into sulfur dioxide
stripper 65, wherein sulfur dioxide 15 was stripped fromthe rich absorbent
using steam The mxture of stripping steam and desorbed sul fur dioxide 69
exiting thewbep3ew$z t he stripper was cool ed in condenser BtTiUSOqEYGTIUCE
sul fur di oxi de-enriched stripper gas 19 which was conpressed and recycled
via a rotary | obe 20 conpressor. Thigsexanple clearly illustrates uiﬁu

tail gas recycle to the catalytic converter to mderj\lﬂl“ﬁﬁ”\uﬂm
within the cafiaryts corzeafdp ag.zone. In view of the ab

that the 25 several objects of the invention are achieved. As various
changes could be made in the above- described processes w thout departing

fromthe scope ofy, the dueRld For thel Brédiands dihal cakhe ARt 561 £ GONt @i ned

in the above descrlptlon be interpreted as illustrative and not in a
limting sen$&°omir AFBbers derdustoeanocontrining hyereger suifide 111111111

WHAT IS CLAI VER bebelsd é\An{i,rJlsﬁngng%eg,gr g.he production of el enental

sul fur froman acid gas féed stream containing hydrogen sulfide, the
process conprisi ngPRERCEINH R dFeedc gasaBikigre Fumrigdaonikt &e@%@mru sing

at least 2 poPRELAOBE qfhé %ﬁ: bqsgeae&e%dré% k| @;ﬁfﬁw hubxgaoxi de with

a O aus convérsion catalyst in & sin aus catalytic reaction zone at a
t enper at ure @FFBCPlQba\#%rCOQWSr@aCFF‘éﬁlm vige i wmgégeﬁflguﬁf i de and sul fur

di oxi de to {-Q¢m e P& OALet: 1G4S RhE! Yenk e&l{ggfa:]ed}% %'f%g%e&% #gcsul fur and

wat er; cooling the product gas effluent to condense an separate el enent al
sul fur from the peadiien gerween jydrogen sulfide and sulfur dlox1de

to form a product gas effluent comprising elemental
10 sulfur 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

15 source of oxygen in a combustion zone to oxidize sulfur
species present in the tail gas effluent and form a
combustion gas effluent comprising sulfur dioxide;

contacting the combustion gas effluent with a liquid
absorbent for sulfur dioxide in a sulfur dioxide

20 absorption zone to selectively transfer sulfur dioxide
from the combustion gas effluent to the absorbent and
produce an exhaust gas from which sulfur dioxide has been
substantially removed and a sulfur dioxide-rich
absorbent;

25 stripping sulfur dioxide from the rich absorbent in
a sulfur dioxide stripping zone to produce a lean absbent
and a sulfur dioxide-enriched stripper gas;

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

30 sulfur dioxide from the combustion gas effluent; and



and forma tail gas effluent; conbusting a portion of the tail gas effluent
with a 15 source of oxygen in a c¢onmbustion zone to oxidize sulfur -species

present in the tail gas effl uﬁmﬂm ﬂHm onbustion gas effluent
conprisin lf di oxi de; co ﬁHWustion gas_effluent with a
liquid ag‘é(gylt?g#ﬁz for sulfur dfoxide id assuttfur dioxi depﬁ'ﬁvﬁ%gngbti on zone
to selectively transfer sulfur dioxide fromthe conbustion gas effluent to
t he absorbent and produce an exhau8®% gas from which sul fur di oxi de has
been substantially renoved and a_sul fur dioxide-rich absorbent; 25

stri ppi ng sul f umigisg §8ef Fehfehdiqxiklesiessipbag FRriRPeIgas Wiitdxi de

Stripping zane dthz0g6eei8n! SANIADNEY ga@NEela St Faldm K idggr enri ched
stripper gas; recycling the | ean absorbent to the sul fur dioxide
absor pt i on WRRRETAST Pfr ther tatl efas REfAwestptpohort Bee shagdigagi oxi de from

the conbustygn.gas iehtbusnba o MADH130892aballtid Idedddildd 11111 1111
1 1111 L M S PCTI US00/ 29022 35 m xing the sulfur dioxide-enriched

strippe¥ ga#OnAt Fheaprppastion mf thiheh tei 1t Hasaef Bl Rt figddosucedm and t he
remai nder ofndgHeAich a0@S c8EL1 PEIE AR A0 EBReF £8P HAS ofMipHeuUr € i ntroduced

into the Caus catalytic reaction 35 zone, the proportion of the tail gas
ef fl uent i rfigest @&ed mikfuset hely apffdatigngt ke vedexaton thehe as part of the

feed gas MedifehReia0wathih LD IolghRAREALE: L PeadiliP R e Wi Lhih the
Claus catalytic reaction zone. 2. e procesSs as set tforthin claiml
wherein the tenperature of the C aus conversion catalyst wthin the C aus

catal ytic reactizon Qeﬁirécé@é 2 NRd 30k hi ¢h601d M 4 %etr%'hnﬁhp,i t ,
hydr ot hermal aging of the catalyst. 3. The process as set torth in claim?2
wher ei n t hecemperature of the Claus conversion catalyst within the

Claus catalytic reaction zone is maintained sufficiently

low to inhibit hydrothermal 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 conversion 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.



Cl.aus conversion catalyst conprises an alunmina catalyst, the O aus
catalytic reaction zone is nmaintained essent }aal ly free of oxygen and the

tenperature of the 5 catal %H“Jlm U' lliu us catalytic reaction zone is
mai nt ai ned g beygsbout 480 as set forthpbfuSdedosss 3

wherein the tenperature of t he CI aus conversion catalyst wthin the d aus
catalytic reaction zone is maintained fromabout 3500 Cto about 400 C 5.
The process as set forth in claim?2 erein the d aus conversion catal yst

compri ses @ {1t umig deocbal Ao Yo BRe shOIPEIRIIG e (g pat al !

within the d aus cata ICc reaction zoné is nal ntal ne ow a out 5 600
C I111I111J IHenpErathire| 0£1t111§ ¢laus rorwergic8068aly st ViRGENSADE29022 36

6. The procesg, gs ‘Eta}%@{k&hrﬁcl cﬁ]@&a %rﬁkg?l':?‘frtxe&eé%%tb‘&ﬁ of the

Cl aus conversion cat aus ca IC reaction zone is
mai nt ai ned f45AH &bbot abagOBE® T €.about 500 C. 7. The process as set forth
in claiml wherein gas tenperature within the Caus catalytic reaction
zone is maintained fromabout 130 C to about 400 C. 8. The process as set
forth in claimlMheTeenptrbeesacsl sﬁs foeetl s$hrebamimontwierseiat ghgast about

30,0l e Peragile NS 060 AL TLe. ciluoTe BT QEES S A% Sty i ol alm 8

wherein the fee ream Cont ains - a eas per cent

hydr ogen sulnia:dﬂ:almd ThempalbomesslAy Setof abolt i 40 a.m 9 wherein the acid

gas feed streamcontains at |east about 50 nole percent hydrogen sulfide.
8. The process as set forth in claim 1 wherein the

acid gas feed stream contains at least about 30 mole

percent hydrogen sulfide.

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 is 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



11. The process as set forth in claim 10 wherein the acid gas feed stream
contains at |east about 60 nole percent hydrogen sulfide. 12. The process

as set forth in claim8 wherei Blmmw]mﬁlll'ﬂﬂlbeed streamis derived froma
sour gas f ck conprisin e e, the pr her
conpri si ngﬁagu?:%%\facti ng the sour ‘gas f &eds st'ock with angg@sﬁ%’rﬂ%g&r# for
hydrogen sulfide to selectively transfer hydrogen 1'ulj 11LLIT VILL (1111

IT 111 PCTNSO0I 29022 WD 41/30692 L3S 37 sulfide fromthe sour gas feed
stock to the sorbent and roduce hydr ogen_sulfide-rich absorbent; and
St rippi g hSHEEOSh S he BUM 9% ThA GUORK T6. LOP( FRRCTRRAT 2B80r bent to
produce t hepasdicgas HyeRrdgent 8RBA1dd-FicHhabebebans; aanget forth in claim 12
wherein the sour_gas fee tock is selected fromith roup consisting of
natural gas and %tflf%é’fsmﬁ g‘%ﬁﬁB??El%‘EPrsﬁelq%effirﬁf“nljgegg},Sg’F‘?%‘ifbf action or rubber
vul caniipat i gul bi @peafidin ebsorbént The gfcdlires the seidfgds hfddd claim 1 wherein
sul fur dioxide is stripped fromthe sul fur dioxide-rich absorbent by
contacting FhE®3#Tch absorbent with steamin the sul fur di oxide stripping

zone and the sul fur dioxide 5 enriched stripper gas contains at |east about
80 nole percent sulf%%xdi oxi de. 15. Therprocess as set forth in claim1l4
wherein the sul¥ir o :PH@?@ﬁFi%ﬁe?Ftstfﬂ ﬁﬁ‘ef’-ngﬁ%a{:‘&n’tzdi‘?@rétlf’ | east about
90 nol e pergratssud igils dieedi Beock bis WA sRteaessonstv®igiayd h in claim 14
wherein the sulfur dioxide stri £| ng zone i s paintained at a

consisting of natural S s and offgas from petroleum

refining, gas ligquefaction or rubber vulcanization

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.



pressure of from about 50 kPa to about 60 kPa absolute. 17. The process as
set forth in claiml wherein the nolar ratio of hydrogen sulfide to sulfur
dioxide in the feed gas mxture is fromabout 2:1 to about 5:1. WO
01/30692 P@bgﬁ?&é;QOZZ 38 18. The process as set forth igrhishi wher ei n
the Cdaus catalytic reaction zone is operated at a conversion effticiency
of from about 50%to about 70% based on the hydrogen sul fide content of
the feed gas mixture. 19. The processS®s set forth in claim1 wherein the

i qui d absor bent r syl fur dioxide contacted with the_ conbustion gas
effluent in the s&?f ur'ﬂ'd'l5 X1 GE “Fo&8r SFlgo °r§’2)rﬁenicgla§'"b §’?‘85F1EUF$?H

di oxi de absorChens. c2falytiec preactdsnazonet i§ ospdrdtedlati @ tOnwheseom the
conmbustion gaseffluent couprises at _|east about nol e percent sul fur

di oxi de. 21. e?ﬁé%‘r"%%%s% T, ARREE {0, Ee) Aoy 975%€F€FH °Ph*éﬂ?iquid
absorbent fohysSubben gubiide onpehtses she feedtgnaisthsantially water

i mm sci bl e organi ¢ phosphonate diester of the formula I11111l -- R30-P-RI

freeer e Jrer 1 Jill - * CLMS 55 RZ wherein R, RZ and R3 are
i ndependently aryhsor the tfrdeessalalsykett Boreh ganidd qifoaphasatendiest er

havi ng a vapqr, rressure | ess than_about .1 Pa at 25 C and the solubility
of water in gﬁ@“@?gﬁﬁf’%ﬁbﬂb&ﬁ?&n&f“tﬁ&?"eé%’fu%%i‘?fﬂ‘tla(%:?dlUlFHaﬁh%bout 10
wei ght per cerbmbtisRhoft. g@22.efl@epitog S §haSseEfuf Qlildxiide ababspeiomherei n

i h i roi ial kyl iy 11111l
}P?I?tlaiiitﬁgggl?gggnﬁﬁY§¥g§¥3§%ﬂ%L% gkgiigé éﬁgé}ﬂgﬂ%. y J

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

o, RN Y A

5 OR,

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



WO 01/30692 L M PCT/ US00/ 29022~ 39 al kyl phosphonate and R, R2 and R3 are
I ndependently Cl1L to C alkyl. as set forth in claim22
wherein the |iquid absorbent Hm“wmrmﬁ)nwmﬂﬁde conprises dibutyl butyl
phosphonat wo 624es9Fhe process as sét forthfin*claim 19 wheggigebde | i quid
absorbent for sulfur dioxide conprises tetraethyleneglycol dinethylether.
25. The process as set forth in cla5§124 wherein the liquid absorbent for
sul fur di oxide conprises nore than"50W by wei ght tetraethyl enegl ycol

di met hyl et h 6 £55,398: S t4e iLo..Clkaj y@ﬁ{ oyt aci d
gas feed st?gg%gfﬂ?%%%&%a%%pr%?geg 'aﬁ\ﬂzu%lg%t%kr gtggdmﬁ%%%car l?n%éo%onent

sel ected fr&nakkylgroup consisting of linear ol efins and branched ol efi ns,
aromatic 5 hydrocarbons and m xtures thereof, the process further
conprising pretreating the acid gas feed stream upstream of the C aus
catal ytic reacti &d. zdWee trrocegscast et Trideny glrom 22 wiereimsat ur at ed
hydr ocar bon ]QPQ I.ahi bj | vatl 0 he. . ersion 10
catal yst, pfggpgggﬁg%fio Fﬁ@ga?F% ggs ]éégkggggaﬁskggﬁ%%??%ﬁ%&géontacting
at | east a potylophadphdyvataci d gas feed streamw th an aqueous acid wash
to react unsaturated hydrocarbons with the acid and forman addition
reaction 15 product; and separating the addition reaction product fromthe
acid gas feed st2€amThaDpdbcee69as|set |fidrdth Hinl clain| 19 whddedn |11l M S

PCTI US00/ 29052 #0qu 27 -G HRLECESS A0 AR! diBkliRel Bofhal 126 wherein

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 and branched olefins, aromatic

5 hydrocarbons and mixtures thereof, the process further
' comprising pretreating the acid gas feed stream upstream
of the Claus catalytic reaction zone to reduce the
concentration of the unsaturated hydrocarbon component
and inhibit deactivation 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 umsaturated
hydrocarbons with the acid and form an addition reaction

15 product; and
separating the addition reaction product from the

acid gas feed stream.



t he agueous aci d wash conprises sulfuric acid and the addition reaction
product conprises a sulfate reaction product. 28. The process as set forth

in 27 wherein the addition rj ﬂlﬂ parated fromthe acid gas
B

feed streaRrydgidogdar oduced int one. 29. Therpsmeoss as set
forth in claim26 wherein the acid gas feed*stream further conprises a

saturated hydrocarbon conponent, thg process further conprising:

mai ntai ni ng a stoichionetric excess P sul fur 5 dioxide over reductant
gases in the Caus catalytic reaction zone; and nmaintaining a tenperature
within the Caus catalytic reaction zone of at |east about 300 Cto
substantially cdpl etlibley paoridegeasagalr dicettbhyidr cdaiboné whexsmilt in the 10

feed gas m X e i nhi Qi,t mation of s 08§l c i Sing

el enent al ca%%ona%{ng%%ge]g&qgugggfén%%dr‘%&o%s csgﬁ'taflu%gg . gé%)é alrflfie)rgg’;eocess as set
forth in cl aaddOiavherssiatian pooducth afmprhisesciadsgafateedesttricam i s
bypassed around. the C aus catal ytic reaction zone and introduced directly
into the conbustion zone to t hereby increase the sulfur 5 dioxide

concentration in the Caus catalytic reaction zone. 31. The process as set
forth in claim1l erelLn the acid gas feed.stre further .conprises a
hydr ocar bon 110114911 f‘flf’ffﬁsﬁ?T|Se?ii‘§°f%%no??38§§§e’d‘ S

PCT/ US00/ 2902241 glilort argaandoh  pedbéut e edpaarateds fromatbed dayild agar bons,
sat ur at ed hyg%ogar bons and. 'xtgres thq:re conver si on

f, the,d 5
catal yst havi RGeS0t CoipT ilg’}uﬁa B ehretftts q%‘fr %’8&‘1’83%@?@%‘??1& eon due to

i nconpl ete oxi dation of
29. The process as set forth in claim 26 wherein
the acid gas feed stream further comprises a saturated
hydrocarbon component, the process further comprising:
maintaining a stoichiometric excess of sulfur
5 dioxide 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 combﬁstiqn 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



hydr ocarbons contained in the acid gas feed stream the process further

conprising: renoving soot d ' aus conversion 10 catal yst by
mai nt ai ni ng a stoichionetri Emnﬁl l@ﬂl!ﬂ ;Tu r dioxide over reductant gases
in the d ytic rea tenperature I t about
300C wi tﬁ??o?ﬁ&gﬂd aus catalytic reaction zone for a ti-rrgET@quleg@?ent to

oxi di ze el enental carbon present in the 15 soot, the tenperature within the
Claus catalytic reaction zone beinflmaintained at a tenperature of at
f the tail gas effluent

| east about 300 C by contrqlling the proportion o
i ntroduced FRTRCISRE cﬁ‘%&éc‘?ﬁt QFV‘ﬁi‘(‘P? Eﬁ:&‘? i‘? RBCAEPYF1 of the feed gas
m xture. 32satieatydsRTroaarbohsf fid mixtudedl Bhdtedhpr thé @aus east a

portion_of the acid gas feed sireamis bhypassed  around the _Claus catalytic
PonCt o 2o EPAGH CRUALEEE BFY DO 19PT O BRGS LBHOBLET N Sono £ o ¢ hor Sby

i ncrease t heafbauldeposdiceri dhecons edild aid Ancbiipl 88 @GalEawiaimloft i C

reaction zone, 33. A process. for the produyction of elenental  sulfur from
an acid gasgif%’é%c c@Bﬁ?éFﬁﬁlnb“ther(ij’éﬁ g&g) g‘?ﬂ% Hrrath §H€at ur at ed

hydr ocar bonpgedes efirtiereebffrisimym t he group consisting of |inear
ol efins, branched 5 ql efins romaf 1 ¢, hydr ocarbons and m xt ures thereof,

the process confMi¥iy §RPHi ‘g‘?ﬂ‘@s’rﬁﬁdjr FReuFLRER FOFREHOR acid gas feed

streambo et£fER}H bUhbihthinéngad andichibmétid 1dddddsl b st Eut! |1
111111 WO 01/30692 C L M S PCT/US00/ 29022 42 reaction zone containing an
oxi dati on cItAFIRG oYsF TedppraRY 93997 4R SRPISHRUYLBLRWETE n t he

| npr ovenent reddt HHoneEandr 81 £ &b rlRe oBChE Vassd egsbutt BeaRT Upst r eam of
the catalytic reaction_zone to reduce the, )

within the Claus catalytic reaction zone for a time

sufficient to oxidize elemental carbon present in the

15 soot, the temperature within the Claus catalytic 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

5 sulfur dioxide concentration in the Claus catalytic

reaction zone.

33. A process for the production of elemental
sulfur from an acid gas feed stream containing hydrogen
sulfide and an unsaturated hydrocarbon component selected
from the group consisting of linear olefins, branched

5 olefins, aromatic hydrocarbons and mixtures thereof, the
process comprising oxidizing hydrogen sulfide from the

acid gas feed stream to elemental sulfur in a catalytic



concentration of the unsaturated hydrocarbon conponent and inhibit

deactivation of the oxidatio pretreatnment of the acid gas feed
stream conprising: 15 cont aculﬁﬂ“gwy'jgaﬂ "jﬂtort ion of the acid gas feed
stream w t Ry@gy/sigeseous acid Misat ur at ed hy%pﬁggm?‘]ﬁ Wi th
the acid and forman addition reaction product; and separating the

addition reaction product fromthe 20 acid gas feed stream 34. The
process as set forth in claim 33 wheféin the aqueous aci d wash conpri ses

sul furic aci . 1.he ddj tion_reaciion duct .c ri.ses sul fate
reaction prga%%&.&gfo%eco%rtoégésgaéns%’fﬂ%‘rjt% IS8 XF% ﬁgv\herei n the
concent r at i oauppl sed fwirilc aaciodidant hgasguderseiacitthe Waphovremémtom about 1

t t jght..36. T t forth i
Gl 5 m 33 hoc arpr Tt TRSRASATEE] DR r et aRey AFeaaRy BPocEsTon
conmponent i nofhehactakajas ifccedastionnzose ato |remkicealthst 200 pprnv prior to

retreatnment _and is |less than,about 40 5 mv, afte retreatnment. 37. The
Brocess as sSPTFHPLRRYIP I ﬁ%’?euﬁiﬁ%?‘éﬁte‘fﬁ‘é’%&ﬁé&ﬁ?gﬁ?‘aﬂ%ﬁ*n‘i he

unsat ur at ed hydr belaiion deadtlivhtliohl &f | dhéddiidatibhlchtalyst, PCTI USOQ 29022
WO 01/ 30692 | s 43 0 nent in.the 1 d. gas feed streamis |less than
about 30 pp%%f?%?mw%e%%eﬁf?dﬁs ‘ar%ee‘ip ¢&EED §8"BELSHth in clai m 37
wher ei n 15t he concemttaitioy et Lbestnsaporraicd Jfydhecacba@ngasofganent in the
acid gas feed _stream..s less than abOélt %_lotpopm/ after pretreatnent.
st¥eam with an agueous acl was react unsaturate

hydrocarbons with the acid and form an addition reaction
product; and

separating the addition reaction product from the

20 acid gas feed stream.

34. The process as set forth in claim 33 wherein
the aqueous acid wash comprises sulfuric acid and the
addition reaction product comprises a sulfate reaction

product.

35. The process as set forth in claim 34 wherein
the concentration of sulfuric acid in the aqueocus acid
wash is from about 1 percent to about 50 percent by

weight.

36. The process as set forth in claim 33 wherein
the concentration of the unsaturated hydrocarbon
component in the acid gas feed stream is at least about
200 ppmv prior to pretreatment and is less than about 40

5 ppmv after pretreatment.

37. The process as set forth in claim 36 wherein

the concentration of the unsaturated hydrocarbon



39. The process as set forth in _claim33 wherein

t he unsat ur at ed

hydr ocar bon conponent of the acid gas feed stream conprises at | east one

sk T [ T R

contacted w

streami s

separate the addition reaction prod@ét fromthe acid gas

a spray of the aqubtous dci @ wash and the aci

40. The

gas” feed
thereafter passed through a mst elimnation device to 5
feed stream 41.

The process_as set farth.in cl.aim33. wherein the acid gas feed streamis
contact ed WP, aqiedis a&&adgﬁxﬁsﬂe?dﬁ Sgrﬁﬁg'-i‘?qﬁ?%s c’g?ﬁré °%hpar at us
cont ai ni ng 3oepeyv faitei pretirageness. t ransfer between the gas and 5 |liquid

phases, the gas-liquid contact apparatus being

consi sting

I s passed t

sel ected fromthe group

of mist elimnation devices, packed towers and tray col ums.
42. The process 3. sahef pirbbes8 &b add8 £brtctifi Blaihes AciKb@dsn feed stream

E@gqﬁgla m st eligingtion devi ce mgt%ed with the aqueous acid
wash wher ebRe t FRPCRITFaGAONT 8EdtRe rEIFAGUT ALt BYFERCHHRI t he 1111111111111
LEETE THH  cdthpdddrdt WR @he30692 dad B BETebn004s 20622 tHh 2bagueous acid
wash and the addition reaction product is separated fromthe acid gas feed

stream

0 ppmv after pretreatment.

39. The process as set forth in claim 33 wherein

the unsaturated hydrocarbon component of the acid gas

feed stream comprises at least one compound selected from

the group consisting of toluene and xylene.

40. The process as set forth in claim 33 wherein

the acid gas feed stream is contacted with a spray of the

aqueous acid wash and the acid gas feed stream is

thereafter passed through a mist elimination device to

separate the addition reaction product from the acid gas

feed stream.

41. The process as set forth in claim 33 wherein
the acid gas feed stream is contacted with the aqueous
acid wash in a gas-liquid contact apparatus containing
means for promoting mass transfer between the gas and
liquid phases, the gas-liquid contact apparatus being
selected from the group consisting of mist elimination

devices, packed towers and tray columns.

42. The process as set forth in claim 41 wherein
the acid gas feed stream is passed through a mist
elimination device wetted with the aqueous acid wash

whereby the acid gas feed stream is contacted with the
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5 aqueous acid wash and the addition reaction product is

separated from the acid gas feed stream.



