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A PROCESS FOR THE H GH RECOVERY EFFI Cl ENCY OF SULFUR

FROM AN ACI D GAS STREAM Thi s application clains the
whewshHpi47of U. S. Provisional Application Seri aPCT™NMUS2005/006690

60/ 549,685 filed March 3, 2004. The invention relates

to a process for the recovery of sulfur froman acid

R e AN

ulrrur recovery process

that i ncl udes bot RROM ANADGIDIGASSBSTREANM ogi cal
conversion of hydrogen sulfide to yield a sulfur
product and a gas stream having a | ow concentration of

hyd&ﬂgse%baawa&bﬁ%haﬁgqhé ‘B%méﬁ! ofol), sSLﬁrBws.Jﬁa@mpgr@&t%?FSenan No.

gas s can esirable or even necessa
60/6249i 685/ filetl Mawbd3)2004c] udi ng, for exanple, the need to

remove sul fur cgarr{go nds fromtI ggrocess s]g eLﬂPB of .
chetNedNVEIHIPNHERIBR 17 BATOLRTIOL ther eGavaRt QF SIS fipmp apaacid
gagngﬁla% %Mﬁft @oﬁ@\‘lgéé‘g@ g[’ PRifdd. e aSPEcitthe FRMEon relates to

IS use

reat certain process streans
a sulfat recovesy prdogds diwnndudés ettt ther eatalytic aeddielogital conversion
cess The (O aus

| {
of fiogee st Er e Bhd h SR aReara paYIbg v
Cosu?rﬂéé@haé gld?oﬁérﬁ%lflbél the thermal step, the hydrogen

feed streamis partially oxidized by
confbhstremoval ohstdﬁuy@r@m podessigas sirﬁamscambegmlrable or even

cont ai pi n fur dioxide, The em cal actio
negdbary Byt ot rédedils Bewhhe, K taap el RGN Temove
sulfstesrhPdurtdslitor the ib}oé’é'&%téaﬁ@?of(dh)enﬂﬁp?and ﬂ)}’@'@ca}*ﬂ)@)n

hydrogen sul fide and the formed sul fur dioxid
prmsmgmslanisnnnﬁ@erct@rﬁmr@wlymﬂ*g@@verammnﬁmuj@’thm d aus

A 5 O B FABABR g o

cofitain By Bgen SOHide(to)red&ver dleRental sulfer isithetGlaushestess. The
process, unreacted hydrogen sul fi de and sul fur dioxide

Clauys @ﬂ@ée%iﬁo@%\ﬁl@ﬁi‘ﬂga@cﬁﬁé thatiinelidee a thermpalsten doljawed by a
ca g’si‘&rsqgﬂclﬁ tﬂ’éttfﬁ%us sk ’gasrhgve rdeg{‘%ﬂﬁdr@f)’fg@eéd?%ttrgé(m is partially

sing the co aus cat
oxmedi‘b)pcmbdelemwnh oxggen tcfarosa rceatiuistion mpmnaammg sulfur
for, the recoy,

The ause process.als vi de of )
diokKie- (BB IPrBPaEREtioN LI IMeHBaLstEP e saleH By hRdoliowing
eqéfét%rfj(ﬂg of a Cl aus

(1) 2H,S + 30, — 2S0;+ 2H,0

The hydrogen sulfide and the formed sulfur dioxide contained in the combustion
gas can undergo the Claus reaction whereby they are reacted to form elemental
sulfur in accordance with the following equation (2):

(2) 2H,S + 80, < 3S +2H,0

Further in the Claus process, unreacted hydrogen sulfide and sulfur dioxide in the

combustion gas are catalytically reacted in accordance with the Claus reaction

equation (2) by passing the combustion gas over a Claus catalyst, which provides
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tail gas. Wiile the Claus process is very effective at
providing for the recovery of a major portion of the
w@iobe24in its feed stream it still only provP@dEEST005/006690
up to about 94 to 96 percent sulfur recovery with a
two-bed catalytic Claus plant. Caus plants with three

forioénlpo%?)lﬁa% %%ﬁio&utl@fﬁ)?erﬁﬁﬁep rRY! (ﬂﬁu%% {pr(jeﬂé(;srseé]gg %)?J)viﬁies for the

enen recoveri es, practi Ca

recqveey of tha formedsalémental salivieay awirdduct 2Fidafos thee gielding of a Claus
alone is upwardly to about 97 to 98 percent. The tail
tai ‘froma O aus process, however, can further be

tr eWﬁ%i R ér%uggre&%{véf fggewégé&?vecw@p@@g&gng Pg%oevery of a

residu hydrogen s e ‘and sul fur
majercportion ob thexddifur innisl feedistream, Wtill d@llnpsovided fayap to about 94

o DR ERIARY L BN T PSS BRbS ot is Pans
witR&hFbr mbhe Eﬁtdlﬁic%%@éﬁﬂ H@vﬁ%rﬁr&ﬁfgﬁgﬂﬁﬁtﬂ){&érﬁéﬁts in

recovery processes that provide for
sulfercreceveriem dubthe praabipak uppandingt 6f silkurceesvary efitr allgus plant

o g 3L 07338 p o PELSASREohy s ppcoss

hoWe98r, 'cah faHhErbe HRERMPSY aBtO PRAGES fdrMAk dINV%ISh bPthe residual
even greater sul fur recoveri es fronwprocess Sstreans

hydiogeaisuilfitte and sulfurcdinyiderans thearcaveryof additiemabgulfur. With

OB o Pl 4, 65 L5 S o e BBy can
apBitsch Uphwrdlly thlsboi 90kb@e.3 pbrdehe. | nventive process to

provide for a high sulfur recovery froma process
st r ARTCISAMPRIPIHI Desdl fouimprened sHur mesvaet prosesses tiat

ord s Y501 S0 b 60 URBRE IBlor Bl e wi
lovear| dapitalceogte.uNith increasitighaingre striagenbsdifuresrhisgiontdigndards,
i nyention includes a sul fur recoverﬁﬁfrocess. In this

these i alse SRR QT YN SGWERY BEIFEEFRS HiptmyaYidgder @\ar orater
sul'(f)tgr @E@&%fésé ﬁ&naprf)@g?se%tgeﬂng I‘ék)é’{é’lglhg ) el XOIW)%EJHQ% than are

erate 0O as to fur produc
pra@idadsby aohverdionabsplfursengvédry dysipens thdtfincdedeadClaas sinit coupled

il KO SR bR Sy jJoxtde- The Caus tail
deslid tHuszat bBRcEYFIRTheBRIR! SEch8s ¥ Bidide RFEMGh sulfur
sul fur product” and a sweet gas conprising | ess than
recogenpipem apiasgestreant corfaining a sulfur compound.
Another object of the invention is to provide a process for efficiently
recovering sulfur from a process steam containing a sulfur compound.
Accordingly, one embodiment of the invention includes a sulfur recovery
process. In this process an acid gas stream comprising hydrogen sulfide is
charged as a feed to a sulfur recovery system operated so as to yield a first sulfur
product and a Claus tail gas comprising hydrogen sulfide and less than about 1000
ppmv sulfur dioxide. The Claus tail gas is then charged to a biological gas
desulfurization system operated to yield a second sulfur product and a sweet gas
comprising less than 100 ppmv hydrogen sulfide.
Another embodiment of the invention includes a process for the recovery of

sulfur from an acid gas stream. This process includes a Claus sulfur recovery step
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Anot her enbodi nent of the invention includes a process
for the recovery of sulfur froman acid gas stream

wabios/opecess i ncl udes a Cl aus sul fur recover yPGL/BR1005/006690
conmbi nation with a biological sulfur recovery step to
provi de a sweet gas stream having a very | ow

in %Bﬁ%ﬁbﬁ\/\hlﬁna Bfolc&}' I@éél‘%‘?i’gﬂg(r: t?ééﬁéf ﬂfﬁ@g)dto?i'bwdb déjb\%b{jﬁas stream

acld gas stea en under stc
ha‘ﬂng @Merga rhow codcentoation of fydroden sutfldiewmd sulfugadioxide. The acid

%}/qd %gen sul fi ge an tjr di oaj de o as
93?8 ésrg LS W OXHY e SHERT St P’éi'ga Ign &an @Pna R¥iedta
corﬁ59§ﬁi§’d §8s 8oﬁqpr|sfﬁ@%3fb(?8§éﬁ%umﬁegﬂﬂ SR AGLGE sHUEEH have a

Claus reaction conditions to yield a reaction gas
ratiooyfnydsogen sulfideto saliurf dioxide e’)@eedmge’ZHfTbmcbhd)ustlon gas is

redefE LS CRG5 rSrctich oS Rl S R otRb b comariioo suifur
SulP résdvered th@reaﬂiﬂ@n@s‘ toGfsld laStaft Y2k g&léﬂwé B a

| ean absor bent thereby renpve omthe tail
cormmtrabnn@ff hyeeodendsud @Xmasduesw@andm prevv shfuedioxiged The tail

B T8 S P S0Pl A 5B s a porton

of thé|rfyd¢<§ge£rf slilfige CoAtRIBE &I nddioo)ield £ alvk¥t Qéé aha fkich

to elenental sulfur by contacti nth he rich sol vent
solvmtrpognm&mg gissobedyeieaen sulfidabllee Bissobgiddaydrogen sulfide of

Y T e
solyastsiittysafurdzicterisengér stabio bi@ldgid:al Dxietiongsshditidrisl wieh the

to a combustion zone for partially oxidizing the
rich\$QIVe/en sulfide in the acid gas streamw th oxygen to

f Orﬂ‘a/%%ﬁ&rheg bﬂiﬁd&‘?m%ﬁ?éﬁ*ﬂ)é |Hv rpjgﬁésdsfogen s Lf%%sg%san

stream conpri sing sulfur di OXI
acid lgesasrlmam canphgidgdyeinogen ‘sulﬂdecbmacbcmbhstrmntMe for partlally

Q?,l t| OB zone |I§ controll.ed suﬁ?{h t hat, | ess t han
oxidigingthe fWAggrn gHiide i thrrpdd aas e@ﬂa@"thrp&ys@nate.f%rn@aglfur
dioitE RSN pﬁé\'/laln@%j cb&bﬁ%{léh‘ gad 's%'aﬁ?corﬁgﬁsiﬁ IR HRﬂude and

gas streamis then passed t0 a O aus react| n zon
hydspgemseldidantiee amaunt of bydwgencuifidenaxidizedsn te y.oﬂribds’aon zone

s REH QB R P B "R e BB dinb RS S i e
am%?ﬁ@fstr‘ébﬁglsa))@dlfé@tﬁ salfiradlodtie y8E @8RDUSHOH iga8 str-éﬁﬁn is then
aus tail gas is passed to an absorption zdne for

pasggfittac ﬂag&mect@rhwet aperaied undenClauscomveraien conditions to

oL e S Bl SO, S b v BARHEh e LBon oo
yieltl @l Clagstaigds omisingd soheesteation @ﬂhydTbgeﬁ Psgmd@alrfﬁé IGlaus
solytion is passed tg a bioreaction zone for th

tail gag ipppesad @@rugbwmtlgn zpRe for contacting the Claus tall gas with a
lean caustic solution whereby hydrogen sulfide is recovered from the Claus tail gas

and from which is yielded a sweet tail gas and a rich caustic solution. The rich
caustic solution is passed to a bioreaction zone for the biological oxidation of the
dissolved sulfide in said rich caustic solution to elemental sulfur.

Other objects and advantages of the invention will become apparent from
the following detailed description and appended claims.

FIG. 1 is a schematic diagram representing certain aspects of the Claus

process system and Claus process step of the inventive sulfur recovery process.
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di ssol ved sulfide in said rich caustic solution to

el emental sulfur. O her objects and advantages of the
WO pwsnei4son wil | becone apparent fromthe foll oRETYS2005/006690

detai |l ed description and appended clains. FIG 1 is a

schemati c diagramrepresenting certain aspects of the

d a . . t . .

VbR o S S RHE B AnH M RiRh B Bls'dTthe biological
gas desuifurizatidhaystem raegr selegidah gomesrsmnrpraspss e padf thBénventive

%Ol ogi cal gas desul furization system and bi ol ogi cal
suliyiee %‘?ré!rprg?;%%%ss step of the inventive sul fur

rec r :

{ ho THEIHvARETIBcosy Proikior e RGeSy S RitEISRey 8 sulfr
frogean atidegas staeain, ahdsthusgior theeddep bytsadyergmuifide rFémdeal from a

oo BB B Ao SR B IR S s

incRIdeANeHalbiRg SUUIMF ré QAR phodss g?gegiﬁrﬁ&‘%id%ﬁon with a

conbi nation"wth a biological g urization
biotngical gasgiastuifurizatiors proceas gystem. Thi®arraegefant phavides for the

ordR53650 i s b 2 3t B Pl Bl arsor o
thel £68 gfa% shfcar tHereby BFovading fbra sOF@EMSHduBNENA aSWRdt gémgﬁoroduct

product stream having extrenely | ow concentrations o
stregrarhaying exiremely lawcangentrationsef bydrogee ssifideuand sulfur dioxide.

o NE Ul PSR s L A Bl GG oas
stréamah&l esrapAased hydrogen \seifidesy8¢ 0 a hauSisalisr edolefy system.
recovery system can be any suitable process system for

The (des sHIfY TRROYRIY B Y sapdgnanYosyitadile procasgstsystem for
et il ' i .
prEAUHG orP il S et ¥ iches A1) BOch RS ALANGRE having
a cpnoerisstidroof Hi8: Thee Glarrsysuifur seddvary prouesads @ Igrsvn process for
st reans, an?fgig% can Erovi de for reasonably high sul fur

ther recgv@iyifSUlTa(rom Acid gasstinqens ang: it ear PIOVidg Forggpsemably
highGSHUPFd RV eRES. BESHH B5s&Y wﬁ@@‘?%t?&nelgr@lﬁ‘gﬁlfﬁMle{?Bgeries are

recovery process or systemw not e suc
desireghor regoiredya Craws sulfur racovery gmoeess ohsytshemi will eot poovide

he, d temis, led with a biologi .
SUGHLS Bt oS P s reACRgangt Wit T riiehfib e ddaus system s
colsd with P bRYddI8al s dskiiftiHieadin sEeRTRMH pﬁi&eégé% the Claus

removal fromthe Claus tail gas so as to provid
tailgaseto pravidejies additiongl mcsergantal sulfun remawaebfrom the Claus tail gas
concentration of than. that. of. th aus tail S
so GR35 PRPVidts ot ol ot BTk EbiaRiicorfie bufatisorggnirgfion of Hes
thahehaver thefClaas taleg&e hAd 8epréidefNan enhancement of overall sulfur

recovery from the acid gas stream.

The sweet tail gas, thus, can have a concentration of H.S that is less than,
preferably, significantly less than, the concentration of H.S of the Claus tail gas.
The inventive process, therefore, provides for a particularly deep removal of H,S
from the acid gas by providing a sweet tail gas generally having a concentration of
H.S that is less than about 2000 parts per million volume (ppmv), but it is desirable
for the concentration of H.S in the sweet tail gas to be less than 100 ppmv. The
inventive process can even provide for the preferred concentration of HaS in the

sweet tail gas that can be as low as less than 50 ppmv and, most preferably, the
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The sweet tail gas, thus, can have a concentration of
H2S that is |less than, preferably, significantly |ess

W0 b@s/0924me concentration of H2S of the O aus tBCT/USHSS/006690
The inventive process, therefore, provides for a
particularly deep renoval of HZS fromthe acid gas by

o ERBH IR 6 Sulst 15108 BIPEE B 10 PLhfary gyen less than 5
ppmefdrSI mhvmldraarcaVWWémmﬁmeﬂthe Hy$t caricentraties iin #18 sweet tail

for the concentration of H2S in the tail gas to
gapis areynd{19rpartsopehillion MamMa RRR) Q/re%@SB ess can even

P LbE IS sulf REGIE SR RARTAGS LBnBustE idarls ind
reagtion nesis espéethvally providinglZ& thertbermalkdtep randrthel’oatalytlc step of
a g hiees 16 areby s a ?@%ﬁl&ﬂﬁpﬁ%ﬁ&ﬁrﬁv Ehusial g3 The
Co@?\p?@}{per Q'&ahrln&lﬂe é‘%&w? B8d WHhAAHBES, é‘? gother

111 on vo 10 ppb. The’
suitablé combestiore dgvmysfoerrecawngrtbemm gasrand tanooxyigearsontaining

R R B AR o
thel &tid '@%E %’%uﬁuﬁ’éﬁoﬁldg (&5 Wb&éﬁrd@ﬁ@é’\mﬂw tlnA43 abdlé. The

gas. e conbustion means can include a furnace .
corahustigrecheans hthivsr defings acombustioner thermalizose wherein the HaS

of G rnons i sl oy GiR A dohBsf daF 2Radhy vifey
corRBrBes hydre ?én%@lﬂdeoéhwéulfﬁlﬂilbﬁgecom ained in the acid

gas to sul di oxi de (SO ) in accordance with
Equabe asid gas fegsldedhe mmtw#@ugneams aithe<Clappgystem can be

defin t.he
rofFAinnESute SHERHS A Pl AR Rhrof 20t 55 P 6% HER sroam
that eBhipPited M 8assusilly et e s@Mﬂflcdiht(Ummehﬁaﬁommebm aC|d gas feed
sul fide and sul fur dioxide. The acid gas feed to

cangleouamRisenethin CAMPORENtS, SUSh §§si0émX@mp %é:a’fb%dmﬂe or
nltrgbg#ﬁc& I?yreroc ohN6r ﬁ{n%r‘n Hrs§goﬁﬁ)rn%tl?m égeu ﬁrzﬂ'e of such

ers UI 4s ream hat ~conpri ses
listed £bgtponents Thecorapdsition ohthecaeid gaﬂieedicad Ig@sewﬁ@edary
can _al so conprise other c onents such

deRaing UPos LPROH IR B0 GLST JABATE T BRRMT Saeees the gFd gas is
fronl‘hlr a ?%Hg%gg@m 59&%@.%%%23@% 08&d ® rdMb e Hifdl%é%ﬁ sulfide

' The conposition of the acid
frofmefluid streamiscceniainingvaurch. dependi ng upon its source and

o CoNBERNFENEANRTTI TGRG TPUATY Ag°d5d can AuibTaly Tangs dom
abésmda P81ameSprckAEof theltbidl VbRingd 6EMESadi® ghaiféédetrésfto about 98
volume percent. Typically, however, the H,S concentration in the acid gas feed
stream is in the range of from 50 volume % to 95 volume %, and, more typically,
from 80 volume % to 94 volume %. The following Table 1 presents typical
composition and concentration ranges for the various components of an acid gas

stream.
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The concentration of H2S of the acid gas feed can,
generally, range from about 5 volune percent of the

wo o10ai092409 une of the acid gas feed streamto aPOUUSHBB5/006690
vol ume percent. Typically, however, the H2S
concentration in the acid gas feed streamis in the

R L L

foll owing acitiaon and

g Table 1 presents-typical copposition—and S
Compesentration ranges for thel vaﬁ%@@“é’é"g‘%ﬁ@ﬁggz&@'_umﬁ %)

cid st TTapte 1. Ty
Hy@'gg‘épé&@@fl(&iﬁ to Claus Unift The conbusti ongqas

CafdoreBivxide ged to Caus reaction neans fhad0can

include a aus reactor whi
Hydrogasbansg al yst, and a sul fur| condenser. Thd t@Zaus

—feactipt—eansdefines theGaus—catalytig reaction
N'trf’@ﬁé‘,(lr\@)nt ai ning a daus catlal yst such ad AP\ at ed

AnmhotiTa TRHsRNd the sul fur-condensi ng zone. U 88 aus
reaction neans provides forthe reaction of the H2S and

Otl&te of the conbustion gas inl accordance W-flioHquati on

(2 Ahavua Thae (Cl-alte—raapt i s e fppe FHEA P
&) (51 VAV AT vl T U aus 1T TACtTT UIT TTIealts T ur tricl |JI UV1T UTS
for the recovery of the Caus sulfur product and the

yi eThé BemBlistidheydsl shteant Bigassas to Glal¥ Péddibn Ghéutts thal dan include
gas conprises both H2S and SO2. The following Table 2

a Glausseactor, whichceontaiogpassitablerClavgicatalysle and asubur eensgaser. The

il AR B ERINCRL S 8o B2, b Claus
catﬁgél\/ﬁ@hiaéraﬁtiv@bd aiinking tardo@ealiienddirlietkiay Yohel They@Russeaction
charged to a biological gas desul furization system

megRaPrayidesifaribe seation &f thestep and SQuaf theeripbystion gasdn

% . . _
sod R L AR THE Sl AU B 1 Bl or e
recbveay e ttieoClaas stifur produbahd thgngickiing afdhe Blaugdsil gas. A typical

desul furi zation system c e_any sui t abl roces .
Clays SLGRT AP IRER G0N e 261 i g BRTOIRIITED P8R RAFREIS typial
oo 3SR Rloetrilelinghs SIS OB ORpehonts f sl as

strdam.yi el d the bi oreactor sulfur product. An exanple of
one such suitable biological gas desul furization

process is the Shell-Paques Process for the recovery
P e tur r BB P stReOt e af iatts THECREL Y
preferred embofiPireenventional GlayeMnitdAperatianpi ol ogi cal
gas desul furization system conpri ses an _arrai gnnent of

Conafpopeher neans, bioreact or Concentration Range (volume %)
Hydrogen Sulfide (H2S) 0.2 (2,000 ppmv) to 2 (20,000 ppmv)
Sulfur Dioxide (SO.) 0.1 (1,000 ppmv) to 1 (10,000 ppmv)
Carbon Monoxide (CO) 0.5t02

Hydrogen (Hy) 1t03

Nitrogen (N2) 20 to 80

Carbon Dioxide (COy) 20 to 80

Water (H.0) 10 to 35

Argon (Ar) 0.5t0 1

Other Sulfur Compounds 0.12t01.2
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means and sul fur recovery nmeans that in conbination

provide for the renoval of H2S fromthe Claus tail gas
w@pasoym7eonver sion thereof to yield an el emene@i/us2005/006690
_sul fur product and a sweet tail gas having a very | ow

concentration of sulfur, such as, ultra | ow

concentrations of H2S and SO2. The absorber neans of

{ HEne Ciausiabgasds shatad 10,3 Piripgical G YesiaRafoR sYziem that

for exanle. hBoal\ G CIaAss 8 FRSBNAE.a

prov@ps%groggﬁgﬁteipufbt?g%?gé@gg?'acgt izngfrglzﬁf&ce, t hat™ def i}ﬁgs

swedt taPBhador tHe eonvaision uff tive reroneedirizBdbryield @ igberactor
tail "gas_is contacted

sulfus eeduataT he dicdosingl 9ot Seaneizalan ssminra b Abouliebls
procgggd %g%gm §}gvﬁd|ﬁ§ for'dl Sidl&@&l%ﬁéfﬁ%ﬂtffapghé b@c@h@ilhg @f efluid

urtzatil on system can | nclude any sol vent .
stredri@ongaihingtd womeentiation dof 61:St toerestovesibiersfram the &lzBrand to yield

the bigtesiarallispEodli AR SHE IR aie RUERSURSUE ifpical oas
des@@gg}ié@@?% it thd ShBl-FHduedProesss fdrahe bessusky of sulfur from

n the resulting rich solvent. Thus, the
fluid| steansotortainingi.8e an al kal i ne sol ution such as a

Ban A et : :
byl e prelerregiormbadihet of H° HEREsH e BiolBELARGHE" |,
des@@gi,zé% ﬁgQﬂeYr? ggnﬂ)ﬁs% af tifenedt of dleddrber srlans| bioredctor

roxi de, or caustic, and for the |ean sol ven

mealnfs dfm/mlmk;prebm@mm that iueambinagen rpgovlﬁetfweth@e[ﬁgpvte" of
7 to 14, P
Has & I faiars gt S Erga ShereBFiF et e BEmEREI sulfur

prodfif anfRSswes b rg%@'hevirfg 8WeB low déncehtmtibaaf ssifuy soch as,
I's contacted with the

_ | aus tail gai) under SL#CH bioladical
ultrasioin Giriaendiagiond of bhSaneds P ohe a8Serbeb mrATHkHE bigipgical gas

tail | : i :
cesif38 4 o b ol CO Rl Yoo as an
abs@&uég,%ﬁw?tr?é@ g_aitatﬁllé q@gtar?tiggsjev%mmrl\étqiefbﬂeela?@nmcmqg or an

oxial zi n e dl ssolve ydrogen sulriae.contal nedl .
absopion 2o T k1B Ea (S EPRAFICTTHE B R b aa ERhto vield
e SJRE) DA B et eohehigdainiarests oo

baqterlean solvienit nEthet bielogical ges desulutizationgysiena can include
contained in

any oany v lab eV ERe b s UPRn T B Taa o Cidhs Hil gas
oI RO S ge et ey el ban of e
Clabis tl gas tesformeauifidsionaithatdenasne dissslyerin the ﬁ%?t&hirisyrigh

the formof sulfyr particles. ; I teri i
sot by e st B3 A Shin AR aZolligh
conﬂ?ﬁ%ﬁrﬁ’gﬂ@@?iﬁl’ﬂ Wd*%xfé@rﬁr%dw@bimm liyRoxitiehosa vigiure pbboth. It is

enmental sultur can be used in _ _ _
desirable for the lean solvent to be a buffered alkaline solution of sodium
hydroxide, or caustic, and for the lean solvent to have a pH exceeding 7, such as
being in the range of from above 7 to 14. Preferably, the pH of the lean solvent is
in the range of from about 7.5 to about 12, and, most preferably, from 8 to 10.

The lean solvent is contacted with the Claus tail gas under such suitable
absorption conditions as to provide the sweet tail gas and the rich solvent. The rich
solvent is then passed to bioreactor means that defines a bioreaction zone and

provides means for biologically oxidizing the dissolved hydrogen sulfide contained

7
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t he bi oreaction zone. Possible species and strains of

sul fur bacteria may be selected fromthose cl assified
wowakiosesrhe genera of Beggi atoa, Thi othriXx, anBCT/US2005/006690

Thi obaci |l us. The source of the sulfur bacteria is not

i nportant, and any suitable sulfur bacteria may be

d,t [ ' i f
in t48 fich 5BV kf Blefbrici, St el i ZohB s bpéfated under
suitaBld biblayidd) @xitatioa coniditibnddn Itlnefjrésamemmxggems that sulfur
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richescivériteagidid tise tdarssolventhAs ssrdsiitrof $ipisibigjeg@abioxitation, the

leaRPbRNT R SoBrR CEMETA i dBnerly indnd §aaT o SRl particles.
bi ok ACk rB’Jctéﬁé?tHé?‘éﬁﬁébl? rb\?ldéslf@rcﬁﬁ%dn%ersmn of the dissolved
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sel%&gd oY tfd<d &a§§iﬁéﬂ‘ dithiH fHer geHerd W Bedgidtoa aThiothrix, and
oreactor sulfur product, and a sul fur reduced | ean

Thiebéeilims. Theneouree bbthesulfwdmcterianis notdmpartant, aparanycsuitable

sulge BElof o be helf B o GBSV BB s oh o vt

proVRiedethat Sthelsuirer Baét'é'riétlrse‘éieéérfcﬁms e eﬂﬁw@&fdté@ﬂealred function
settling zone. The sett| R/Izone Erow

of H&C@@t&f@loﬂltﬁ@wﬁentahéum@a ay ofdhe wﬂablea?rne&»es efsulfur

e U, PRI G20 1.5 bR A BBon ity

|nd@§tﬁbl shepateal @Mmentélwhemlﬁmlov sulfut temnpbynds are present,
formng a slurry nprising sul fur particles, }‘%ﬁ

suchag mhqiaﬁwfueseengﬁ andh el syrQuURGIRg eﬁéﬁow@e%ﬂ referred
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cen fugg decantin provi de a
mv@n\twmlacstelm‘ledud ﬂzlz)bpmﬂdsct and a suI fur reduced | ean
sol vent i n concentr on of el enental sulfuyr
ol bartderer 16 SwBrigaReq ot fishbioreaeybn aiEp wope dbm dfdhe lean
sol\tréi'ntté?)‘ﬁtﬁhmgeﬁﬂ;ﬁ.liafs PR3 O UIP PEdRBYY ArR@indier RicoVBfing sulfur
nventive process is In its operation in such a manner
fromghe pontion of lzanshiveatrandtto yleldamsadead suifuc praciichd®. ian

. the C h d bi ol oqi
biotazpr s hrodetesnd B it recicsTedth Spohf Sng methed of
recBG’énﬁ%meGéLﬁfﬂﬁ peftidledfdnd thtlehf sbieh® eARTbs prsBindIE to sulfur

absor bi ol ogi cal gas desul furization system
settler meanai Thessliftgrﬁetilerameaa@ Gaeinaglude arvesselsenchias a sulfur

seth(ters, which defines a settling zone. The settling zone provides for a residence
time for the lean solvent that allows the sulfur particles therein to settle. Thus,
sulfur settler means provid'es for the separation of sulfur particles contained in the
lean solvent thereby forming a slurry comprising sulfur particles. The sulfur
particles of the slurry can then be separated by any suitable known method, such
as, for example, centrifugal and decanting methods, to provide a bioreaction sulfur
product and a sulfur reduced lean solvent, having a concentration of elemental

sulfur below that of the lean solvent, that can be returned to the bioreactor means.
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reaction with the caustic of the Iean solvent. In

fact, there is a direct relationship between the SO
waeonsey4rat i on of the Claus tail gas that is cPCI/ES1008006690

with the caustic of the | ean solvent and caustic

consunption. Therefore, to | ower caustic consunption
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opémlngfcdsh ghé D@ ¢dnenpaden s tHesCldus tal gasdf thé #s@ntitéprocess
mv. But, as noted above

sh@ééuh&d@wer% pEek togis prasessinehy the %@légw&dewlfwﬁ@tlon system.
AnS%‘??%%tSIgH ds%f tﬁ&hé é%&e'gglvg ehﬁé{ &aﬁs@u{?ﬂé%glaus tail

can b €ss an ab
ga® Ethatitdesyeio loass, ardeve SigpificantiPieben &g pH dftthe saxlent
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Thig reglstion 8 PesovanpH ga) BpRIct ingnedalive \Q@k@@@zﬁ {emoval
efflcfshe td?%é%w@ean de%uﬁgﬁ%ciocﬁf‘)é étéawer linmit for the SQ2

conc ntratlo S aroun 10 ppb. In order to
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Cl gys tai feed the biolo e Ifui. ation
shayd begeSs Hath Tedibieat Spk dondertrafuicn 108 Weus lifgs Sfeams of
coiPR&tiBhaRY bBet%té’d’CléiﬁH‘Mﬁ[ﬁ TRl gERERAY, thbrbdn%@ntratlon of SO, of

conventional operation of a Caus unit, it

the @ta@lsttamgas of ﬂmﬂwgntlvm praeess hﬁsrmﬂlengtaweaa tlmmm;QOOcﬁpmv

Bul. A PAGBRLRuRE s b RBsRERe ARReLFP T bt for the

con%tid‘ﬁ:@h de@éanhéiﬁa%talﬁgéé)ﬁﬁbé)hﬁnlhﬂzé@%nd thus, it can be less
stoichionetric ratio of 2:1 as required by the O aus

thanezhaut 50120y asdmven less anaiGbpprmy) Pe&f@rﬁéﬂy dpersidi ng

col o R G Bt 84 00 o
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to SO2 mplar ratio of about 2:1 in the conbustion gas
congantrationds arysl 100 pRR A 0ARRi ¢ st age

In order to provide for the required concentration of SO in the Claus tail
gas feed to the biological desulfurization step of the inventive process, the Claus
step is operated in a non-conventional manner. In the conventional operation of a
Claus unit, it is important to combust in the thermal step an amount of the H,S
contained in the acid gas feed such that the resulting combustion gas has a molar
ratio of H,S to SO, that is as close as is possible to the stoichiometric ratio of 2:1
as required by the Claus reaction as presented in equation (2) above. Operating in

this manner will minimize the amount of total sulfur, in the form of both H,S and
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of the Gaus unit, the thernmal step is operated such
that only about one-third volune or nolar percent
W@ 2961092438 % of the H2S charged to the conbusP¢DOS2005/006690
means of the aus unit is converted or oxidized to
SA2. This, in accordance with equation (1) above, wll

d t i1 '
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chaRjRPR' the @ontifstibA Meass bhmeeﬁllaua unlﬂ |a|conh'bllexi of belasoubo 5:1.

that is greater than about  2: ter t,

> Tnsonirastip the cprupRIoBl TIEIROY REORBIENC AL .S
.1 ' t
mve@?gé %ciéé(;érs A;%e ﬁpig?éég{dn%ﬂ}/ %Eéréztgg% @kﬁﬁ &"och@@tep of the
invergiofdniszadnhériastrivtedabave tatprovisedar d mlotmlbm Qcmu;entratlon of

o e R bt By OB e e
umtcst%nf‘ﬁ%?meoébrﬁﬁﬁsﬁﬁ?&ai g Fis€d ﬁ?érd‘g@h@dﬁdéah@%ﬁﬁurﬂdﬁomde in

as to provi sired” m ninumof SO in_the
sucklrelasivé @rd>pcg'aens akdo dfave dherginpa anelpe ratioddsS ta 8y thais

o 5 e ol o S5, AP RAERE I oGfer oot
H,S t%s§o% ﬂ?fhegcémbugﬁbrp{;é’é/tdjﬁe eéatéhmaﬂﬁz 3e8ed @oemsgmterthan

gas stream concentrati on an hus, the require

2 511, butit Iarecognizeddtat the malar @’%ﬁmh@ldﬂlnoéé@ tOP Hm%rgﬁrﬁﬂ%*that it

S d
shoplb oy pes it largeay BRovidt I L2 of oRitRhelic" ARB L of Has
in th&8smblidtiorrBay festBtdeaClans catdlytierazetionstep e @ pfovide the
converted to SO2. The Fercent caonver

desirenigimam @ft%@zmther@ ags dalk 9ai therg retﬁ@r%qt&aéupla%ﬂ'm'tfw
th
e oIS lo SEAM R dorBuliot bl nd g RRSTARN S, oreven

|es§ﬂmma1tgpldse\&hara8d1, thus, the lower end of the range
for the ampbunt of H2S co% ﬁed can be reat er tt.han %Sth
9% oo RVl ioTthadesiied FOTEUsliRR ggs STRATHEGGaltraton and thus,

the TeRhiPA L Hikiffiz&on¥Ps bR irt B Claus tail gas, the amount of H,S oxidized
or combusted in the combustion zone of the Claus desulfurization step is
controlled such that less than about 33 molar or volume percent thereof is
converted to SO,. The percent conversion of H,S in the combustion step of the
Claus unit may, therefore, be in the range of from 32 % to 15 %. It is generally
undesirable for the percentage of H»S combusted to become too low, and, thus,
the lower end of the range for the amount of H>S combusted can be greater than
18 % or greater than 20 %. To achieve the desired minimization of SO in the
Claus tail gas, however, can require the percent H,S combusted to be less than 30

% or even less than 28 % or 25 %.
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Cl aus tail gas, however, can require the percent H2S
conbusted to be less than 30 % or even less than 28 %
W®@r0035986G9he anmount of H2S conbusted in the theCTEE2005/006690
. Stage of the C aus desul furization process further can
be controlled by controlling the relative anmount of

{ hiechunt REris cogiauste ribepeRRatage PRURIHRRG ©
desuﬁ%%@tﬁﬂ\‘é@f&bgg fur%méicénsbéj@@ﬁtr&}édcwwhmliﬂ@ the relative amount

-contarning gas, conprising oxygen, along with
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oxyg{éﬂﬁ&-%@fﬁb@? kian 0148524 &dnd Safore. piefetred iNolar rptie selesedhan
n ki 1 i1s a schematic dla_ra_mreresentir)[ tthe
o.37g&r1g«g§e\§an I_?ﬁs tlr(ljmexﬁeﬂy'lfm qyvergingt fariee imRlanta %)eo oxygen-to-
r . e S, (S i
oS it BRnabng: 151 wElero05 fiptePtEn 0 571 MG pist

prefé'ragg}i?lgijeé}éﬁtrﬁjﬁ@gmﬂnd an oxygen-contai ning gas stream

troduced into f 1.6, [
i I:gw, tp_aswrﬂecim Fp@,rh%%&gemgggp{p@igﬁﬁgp'p\(’%é’rgigtpﬂﬁg| fus
conbust i on of At . kd
ounGBRSTy eR0 H Fild oget! st e op
incifdésnagfri@l bheombbstiometep212 andeatatalytio stepei4.28n acid gas

LTt to il PR g,
' resp%?ﬁi?ﬁ%‘t@%@ ﬁlgeé‘g.g @H%ﬁﬁ%ﬁéﬁeﬂ & prvileatorane pantisr

he cool ed conbusti on_gas stream

. combletiomeathesisd af ther adid gasssireany to faneB ki Ehefesyilting of

a ki -
combuslipy 6PE SUeaE RS TR UTARe o 0 dal € 22Ho nEBEpxchanger
24 v@ﬁc{@ﬁ?‘it‘ 9RaBRY By HRARYRY cEREhahgk ol BedDwith Wates The water is

: condenser” 32. First sul fur condenser 32 defi
supplietbiodesstanichangen24 thraugh doe #éantkaleam B?S%Q?nfé%rﬁé'hn?gs

and separ at i Jigyid sulfur fromthe cool ed
exChRI A {B‘ﬁ‘)@g“%‘? Pam to thereby provide a first O aus

r eg¢leUodiEE Bombusash Hhgstreantitamgeshttexchanger 22 passes to

react or 34 by way of |line 36. The separ af‘ed bi ui d .
catalytic step 14 of Claus sulfur recovery step 10 through line 30. e catalytic
step 14 further includes passing the cooled combustion gas stream by way of line
30 to first sulfur condenser 32. First sulfur condenser 32 defines a condensation
zone and provides means for condensing and separating liquid sulfur from the
cooled combustion gas stream to thereby provide a first Claus reactor feed stream
that is charged to first Claus reactor 34 by way of line 36. The separated liquid
sulfur passes from first sulfur condenser 32 by way of line 37. Line 36 is in fluid
flow communication with first sulfur condenser 32 and first Claus reactor 34 and
interposed therein is first reheater 38, which defines a heat exchange zone and

provides means for indirectly heating the first Claus reactor feed stream prior to
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sul fur passes fromfirst sulfur condenser 32 by way of
line 37. Line 36 is in fluid flow communi cation with

wo 200sn9=md f ur condenser 32 and first O aus reaR€DUSBE5/006690
and interposed therein is first reheater 38, which
defines a heat exchange zone and provi des neans for

i ndi r.ect | i i .
chasfigriEss afepd n grf Cds edddr 54 Bene e teahfi8 s Slifdiiheat
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beo:%? I%&/ glt%%hs k?:%?alﬁsglt., Q%@aﬁa@ﬁ@at%ﬁ%ﬁﬁﬁ{a. THeSHIsBGlaus reaction
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zorgedéfired by fifst ClauCreactor Bhistaperated so apdo pravide fordket o
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witrﬁiggg{a i‘fiFsSttCIghgi‘r‘%aét%"f‘lcidr@hﬁdﬁ?es&'ﬂaﬂ%r CRitistraBbforfbénditions. A first

on con ions. A first aus reactor effluent
Clapageastof effludnt passed fram firehCltans reactan3duinroughmiineld44 te second

sl e b ST S e SR R Y o GEEBfon 2one
an%eﬂﬂﬁdb? ﬁ%aﬁ@%.s&pﬂféisirrggaﬁd Qéb&aﬁHbﬂia_ﬁgf S0 FRen tHe st

aus reactor effluent to thereby provide a second
ClaGsaeactoe afftuant te Hereby provideatsecond Kilage seaciorieed siream that

s Pl GaustelPbr b ol BRueLlind 8P 168 SeRbied jauid

sulfiY pa¥e®froht 86condlsulfuticohaensst 481by Wz Siness kantensbsed in line
reheater 52, which defines a heat exchange zone and

50 jsr sadondyeheates 52 whichidetinas § hrahexehpngeezanacadipQides

B84l 5y AR dRenb URUET A oy 00
chefrﬁirb&bé@ alfeat t6 @econd ALprsses 48) Gavaally, rstberatien shtable

rough line 54. The second O aus reactqQr 48 defines a
heafsouiiee and Paspestq sesPnuiehepit L hrewgming 98at al yst

bedrps sggg%glé'ﬁ’ssre%%icf}! M hefinddd s?lé%@bilé’t%t r%‘écﬁd)dh‘ g)ﬂé‘that

The sécon aus reaction zone de by secon aus
contaimetancatéB/st bed 8 alteClars catalyst, suok iaseadtivatednaumina. The

SeqEHORHE TEngian £are Aedoc B Saroith i Riercrii i s aintpted so as
to &o@g;i%tfbﬁﬁfé b&ﬂaé@ﬁﬁg%@egec%ut@aw rEA@HPfdcRRdREd M with the

conditions. A sec Claus reactor effluent passes
Cldusaatalgstocuhtainadsvithia theseadd Glasisgeactior zege uodensuitable

sul fur _condenser 60. Thi sul fur, condenser '
Clay e AR SPn oD i S b eeioE LA Possrudfl] fdond
CleiRRdeaBRRYUB!thRsUdH fHE 58 SHirdr sUlfue Boh8nS&rB0 0 Hiddesdsfur

reactor effluent to thereby ) _
condenser 60 defines a condensation zone and provides means for condensing
and separating liquid sulfur from the second Claus reactor effluent to thereby
provide a Claus tail gas stream that is charged to the biological sulfur recovery
step, not shown in FIG. 1 but shown in FIG. 2, by way of line 62. The separated
liquid sulfur passes from third sulfur condenser 60 by way of line 64.

It is noted that the description herein of the Claus catalytic step 14 is with

respect to two catalytic reaction steps that are arranged in series. But, it is
understood that whether or not a Claus catalytic step is even used, or the exact

number of Claus catalytic stages used, in the inventive process will depend upon
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provide a Claus tail gas streamthat is charged to the
bi ol ogi cal sul fur recovery step, not shown in FIG 1
whedssyamn in FIG 2, by way of |line 62. The sPEHDS100%006690
liquid sul fur passes fromthird sul fur condenser 60 by
way of line 64. It is noted that the description
thé‘ﬁ&@ \%s%e& '?:%n‘fao%ﬂﬁ)ncé‘ﬁ@bﬁ?ér‘éc%h@ﬁuééohﬁdé\f'attlﬁnéea?l%‘?éfore
catal ytic reaction steps t are arrange
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and ot her econom c consi derations. Therefore,
withetibthernusssofre Céaus catatyistorwithdheuseeia Glausrasdalyst and with the
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sul fTHe ligid Uil $aRY¥ingEHrAigH MesBAES a8R64igdsFFom Claus sulfur
represented by equation ( above ‘ei t her wit hout the

reagyenpstep 18 thueughaling $6tasoheirstsulive predudsof theinvestive process.

conbtiReniefh Bl 'K sth8iauk Rk hepheertiiy W ipipoica

sulfu r‘bldbv S3e 900 lof ey hviehtles gﬁicesé Thamibledicarsdfurréddvery
Gl aus sulfur recovery step 1 through line 66 as the

stepj 104 mgmdleérab@pmtm step biglo@isali xddgfiascetep. 104 and sulfur

‘segér%ﬁgﬂts | ng ﬁ:f% sstaﬂ g%%'ﬁ?ﬁ%ﬁh F)agélﬁ T Clay 45, sfyy recovery

Fepresen og| rec VEery 5?
stepf 10 treougiv e 62ds pess]ed;to abserptivoistep t62 whidH pl‘owdes for the
100, 1 ncluy

compERaGPH e GRaTe! GRS WA 1 SHIPTSCeF Suighiesahsgrption
con°'c§| néﬁﬁthe &gl Enidie H?%' e ue?1h$9? %%%n?%cﬁrhqm—; €14 tail gas

ur recovery step ssed to
andlths gied acwest ¢qil JoLanth |acrlicf‘p$advemte5’rc6\od|ngrfer tmmalasnrph@ is
nder.

f th il h I
abebenire. AbSerbt 108 SRERGS Annsodian A g Bifdes gans for
theAdScyioh 8o WIS BRED] ok GG BiPYSs I iblcIne S til

o yield a sweet tail gas and a rich solven
ga@eod irghraplvent. The sweebtaitdasnpassesticam labsones. 108dthougly line
11 08 defines an absorption zone and provi des neans for
‘he absorption of the HS and SO2 fromthe C aus tai

gasThe ledresslvémtas svesduded ihtaaissaber 108 bys/e& @mne T2 and the
sweet tail passes from absorber 108

Clausgail gae i Eg@dyéed@ﬁp abﬁorbﬂrrmbsewamfdma[ﬁ%g%mlh%orber
10§¥ nosfolvérﬂ%na;(élauérﬂgll b%%g%%‘r?ta&?egftoggﬁ‘u Gareprwl iH a

uced i nto sor ber Yy way
comﬁéﬂbbﬂénﬂﬂlﬂv niranyemens.orheerith soltefl passdsardmaiSofiet 108

thrgl?g?l'tx ﬁr?é ??3%00 %Igg;{:al opéggt%nast}tle% 1|Or4]1 which provides for the contacting
of the rich solvent and oxygen. The sulfur bacteria in the solvent provides for the
oxidation of the sulfide dissolved in the rich solvent to elemental sulfur. Providing
for the biological oxidation is bioreactor 114. Bioreactor 114 defines a biological
oxidation or reaction zone and provides means for the biological oxidation or
reaction of the dissolved sulfide contained in the rich solvent to yield the lean
solvent. The lean solvent, thus, can contain sulfur. Bioreactor 114 provides for the

biological oxidation by contacting the rich solvent under suitable bioreaction
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counter-current flow arrangenent. The rich sol vent
passes from absorber 108 through line 113 to

wher@bog4cal oxidation step 104, which provi desP€¢DUS100&006690
contacting of the rich solvent and oxygen. The sul fur
bacteri a in the solvent provides for the oxidation of
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e AR S0 B0 o b5l RS M dfor xample,

a cenRfigé bpa ddcamterO8ulfacsastaatiom enazssi MYdefindd & separation zone
portion of |ean solvent to sulfur settling vessel 120.

ancpravideymasnsdor separating suUETamy theishyry inyeld e bioreactor

t
sulﬁ[{gaﬁéglg&aérﬁ% W%n%ﬁ@or c?lﬁc%dsllg?ﬁls}:)%ang?ﬂ?%sﬁ'?e%%?’ §ifur product
paWsIﬂr@rr&ﬁulﬂjh eepanatloﬁ r?daams V24 dflirpughlllng 196l The sulfgr reduced
articles i s remove r settli ves 120 an
o et i, /IS D ASTEN TS U1 281 £ or
Sep%é#‘blﬂf‘wﬁﬁ% is ﬁr‘é‘éﬁnt%% tol fARh X AR &te the mventlon, but it is

centrifuge canter. Sulfur separation nmeans 124
nottef benesnstrueshas Amiting therssopaf pheinveéetioneans f or

separating sulfur fromthe slurry to yield the

bi oreactor sul fur product and the sulfur reduced | ean

sol vent. The bioreactor sul Eixapppguct passes from

sul fur separation neans 124 through |ine 126. The

sul fur reduced | ean solvent is recycled to bioreactor

L el 85A o TPl B AR SR il i charoea

to & $ypiGdl thve-d18g6 Tladd s\@flirgfanti did ihecdldigaeaar gab dohﬁposntlons
i nventi on. MPLE Thi s Exanpl e presents a typic

for achapeyease pieseingstheistandard opesatioinelibg Claus Sulfur plant, i.e. a
Claus reactor feed H5S to SO, molar ratio of 2:1, and an inventive case

representing the method of operation of the Claus sulfur plant of the inventive
process.

Presented in Table 3 below is a typical Claus sulfur plant acid gas feed
stream, the calculated tail gas composition of the Claus sulfur plant when it is
operated to obtain the typical 2:1 molar ratio H>S to SO, in the tail gas, and the

calculated tail gas composition of the Claus sulfur plant when it is operated by
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hydrogen sulfide and I ess than about 1000 ppnv sulfur
di oxi de; and charging said Caus tail gas to a _
bi oAsdgnayabe gaen drasn theicomaositians peesantep ér hakle 3,ovith the

inventive operation of the Claus plant a significantly lower concentration of SO, is
provided in the tail gas stream and, thus, a significantly reduced amount of SO, is
yielded with the tail gas stream as compared to the standard operation of a Claus
plant. With the tail gas stream being charged to the caustic absorber of a biological
sulfur recovery unit, the tail gas stream, with the much reduced SO, concentration,
will provide for a reduced caustic consumption and, thus, reduced operating cost
of the biological sulfur recovery unit.

Reasonable variations, modifications and adaptations can be made within
the scope of the described disclosure and the appended claims without departing

from the scope of the invention.
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yield a second sul fur product and a sweet gas
conprising less than 100 ppnv hydrogen sulfide. 2. A
W@ ios0924r€covery process as recited in clai m 1PCTHI82005/606690
said sul fur recovery system conprises: conbustion
means for partially oxidizing the hydrogen sulfide in

said acid gas streamto ygep_llqlmgonbustl on gas stream
or

and Cl aus reaction neans reacti ng said conbustion
gas streamto yield said Claus tail gas and said first
rodu A sul fur recovery process as

| f
1. Kﬁﬁjlﬁé’d’%pﬂqury£rﬂp%s WREWEISH'S ai d conbusti on gas stream
ch&Ry ba %%l(f‘?é‘é %éé‘msdﬁrﬁbﬁ’s‘-ingl ?dﬁidefn%ulﬁﬂé’éé @fekl 16 YWCdllfur

amounts as to have a nol ar i o “of dr ogen
recovefy syste-eperatad sp amtwleéd(ae‘wslt uifur praduo&aml d Qlaus tail gas

colr g eltadE 0GR kot fherberolf flodrapy ifidionide; and
chardgirid/saiti ESIaus kil gasicabidlogitaPyadessaritzatioh %931@% operated to
conprising oxygen, in such an anmount that the’ nol

yiefcha isgcond §u5f@rewod§ch§r@ﬁ aguvees @asi apniaing ssttbas al|0@ ppmv
hy&g)gguzsﬁ_vﬂpé neans is Ies_s tha_n 0.5. 5. A sul fu_r _
rocess as recited in claim4, wherein said
2. N alifgiresbverg procsss ddirdcitatliin tlaimst, amerelPsaid ®uilfur recovery
absorber neans for contacting said Claus tail gas wth

sys{emeGaMBEB¥&AEnt to yiel d said sweet gas and a rich

cop LY mehR (B0 AR I h AT S b oo

strea)hvteMeldrmbdmbustsjmbmstdedamaandoI vent cont ai ni ng
sul fur; and sul fur covery neans, for recovering

Clayg| regrlion giransJer feasting SaidMPLSHR BA6 SHeamT i Yigld said Claus
taﬂ@a%'%c? bidd fﬁ@tcsclm'u %CHH product and a sul fur reduced
Su ur

ean solvent . recovery process as recited
3. |AnSLdflmrac®4erj/ tprcl)ct&as aoreeited imglaime, whereip ssid domblufstion gas

str&ginidr e ey ogbeubde SRl at R RIS b Sidhpnauata ap to have

a nSiar ﬁétroecﬁrnya%g&ﬁ §uIﬂGeHU—@UHﬁﬁalo%éj'efé)&%eHOz g conbustion
zone defined by mbusti on means and providing for

4. pesulivaliregovsty @rczee$g ashrechigd imgleim sl Whedeini furtber dhargied to said
corf R FRU e RaR AR bl Bl W b e BIY ooe
corfipfing @xggen diueneih amblheat the molar ratio of oxygen-to-hydrogen
sulfide charged to said combustion means is less than 0.5.

5. A sulfur recovery process as recited in claim 4, wherein said biological gas
desulfurization system comprises:

absorber means for contacting said Claus tail gas with a lean solvent to yield said
sweet gas and a rich solvent;

bioreactor means for biologically oxidizing the dissolved hydrogen sulfide
contained in said rich solvent and to yield said lean solvent containing sulfur; and
sulfur recovery means for recovering sulfur from a portion of said lean solvent and
to yield said second sulfur product and a sulfur reduced lean solvent.

6. A sulfur recovery process as recited in claim 5, further comprising;

returning said sulfur reduced lean solvent to said bioreactor means.
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controlling the amount of hydrogen sul fide oxidized in
sai d conbustion zone such that less than 1/3 (one
wao koosay240d t he hydrogen sulfide in said aci d gBST/ES200HN6690
is oxidized to sul fur dioxide; passing said conmbustion
gas streamto a Claus reaction zone operated under
7. R BHRUSRRBYGE S B8 Hohhying:0 Vi el d a reaction gas
conprising sulfur; recovering sulfur from said
passiagtanoacid gmstairegine cdmprisingusydragéen galfidedos ¢anbgstion zone
oncent ration of hydrogen sulfide; ssing. sai d..C au
defige By comty Rl et A Rroibo St pRRRTL XidiZhy 3 Adrogen

suffiBang shRf a&ia'yaREtiddin Aaththify@H %o ¥dirh sURSr dibkidedht providing
causti c sol uth on whereby hydrogen sulfide is recovere

a danobuistimincgad siceam gompyissngadfurrdioxidaiagd hysirogen gelfide;

t tail i ch ti.c.sql.ution: and._..
cof S o B ol 28 BB brBfetag, zone suor
that98ss Bl 18¢oRY thifdcTalké Ay drRRASUIfde Fn‘"'ﬁaiéia@_ioogé§§iream is

oxi dation of the dissolved sulfide in said ric

oxigliaest tocsulipir diaxétest o el enental sulfur. 8. A sul fur

vab A pAEBESRD B BERLTEA i< eion 208 EhrdBlnoer
Claud Eovivertsioni cdaditionsity dicld eneadtion gas icongisthgcoutfurst i on

gas stream such that said conbustion gas stream o
reqayeringsufdrfiPmseaid seagtiogy gasata Yelska falsotpigas comprising a

coﬁé‘éﬁtiﬂ%’nt&'@dlrégén dijggide exceeding 2:1 . 9. A sul fur
recovery process as recited in claim@8, wherein an
passiyig eaid-ClEua tail gasdasn atsopplici rone@dgfieed by abpeswe tneans for
with said acid S streamto said conmbustion zone in
confgeling saichio awe L oas Wi § loansay iiselginn wherein hygrogen
hat: i: - g L £ .
sulfigis IFRURR oS Foul IR 501 ROH AR Bialtef g swet tal
gas aihfla ricke cavstiosqutimesndas recited in claim9, further

pafgel seilAth eHuicrd e B Bigach R AT HoleLhy bifedstor
medSot ﬂ}él@ibsldilgjg:i% rokgkiaﬁéhfdﬂ thé 8&SYREY SBRIESIN $Hid rich caustic

recovering roma portion of said | ean caustic
solsipote eleraertat sulfirel d a sul fur reduced | ean caustic

o S0h BV POy A1 9 Bl S 59 4BRol e
PRSP noustsof SR abloo A D00l n i
comprptippgas stream such that sgid comglPstion gas stream further comprises a
molar ratio of hydrogen sulfide-to-sulfur dioxide exceeding 2:1.

9. A sulfur recovery process as recited in claim 8, wherein an oxygen-containing
gas, comprising oxygen, is passed with said acid gas stream to said combustion
zone in such an amount relative to said acid gas stream so that the molar ratio of
oxygen-to-hydrogen sulfide passed to said combustion zone is less than 0.5.

10. A sulfur recovery process as recited in claim 9, further comprising:

yielding from said bioreaction zone said lean caustic solution;

passing a portion of said lean caustic solution to sulfur recovery means for
recovering sulfur from a portion of said lean caustic solution and to yield a sulfur

reduced lean caustic solution and sulfur;
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12. A sulfur recovery process, conprising: reacting an
acid gas steam w th oxygen under such oxidation
w@onvdioeld4ons to yield a conbustion gas conpri siPQI/US2005/006690
relati ve amounts of hydrogen sul fide and sul fur
di oxi de so as to have a ratio of hydrogen sulfide to
. r -3 . .
o e 7o BGEPRE Sofioho sol B i B feacto one.
11yiresalfa reeavdry process ao nuitediinglaim 1Qrwheretpsaidiswget tail gas
sul fur frofgls ig reac 'gn gas to yield a Caus tail
CORMREISES IRSS ?ﬂao RRYA%ERPr ati on of hydrogen sul fi de and
I 138 &\%}8 BEdssS ebfidrisfHexi de; contacting said
1209\Z§léﬁtalf: ga p\?\n t hs a Iggjr?sgi)ggorbent t her eby renovi ng
redatiog spacid §asistearai withyaxygerpondémsuallf oxitatidry dondjtions to yield a
sul fj.de contained therein and to yield a s t S d, .
combuistols 98P GeRtPBEILIA ey APUt Ay choay Sufite ateh il dioxide
320 HReOPIAR! dnhyrdglr? sinedb 16 sdifgtdibXiae dWedeamyp:1;
SOs,ul ?i c?g of said ryi@ch‘&éol vent to el enental sulfur by
reanfingaasid agmbasiion gaé uader Etausiiedstian sahditiond e yield a reaction

under sui taLB e biological oxidation conditions. 13. A
938 GPMATSME¥SVR'Yy process as recited in claim 12,

redm/@ﬁﬁ'g Buffat fofVREd réddticroga icsld £Etadd agil 88 ceRiprising a
H2S. 14. A sul fur recovery process as recited in claim

conggntrajiontefhydergan stlfige anddesethang! QR0 ppavawfur dioxide;

cofidelt sERECHuE ! B8 PR R AR Eb R arotiiteriniia it saia
Claud failrgaeas péition dfitied h?éﬁ)gtelmﬁfid?é gentafeyl kerdinangietdygeld a
Thiobacilli. 16. A sulfur recovery process as recited

swept gasaRt Pichubrlyenttorapising sissabis heliegen sgifidseand
bioksitAhFSkiaiR thBiSYNEd Afdrogen sulfide of said rich solvent to

elemental sulfur by contacting said rich solvent with a sulfur bacteria under
suitable biological oxidation conditions.

13. A sulfur recovery process as recited in claim 12, wherein said sweet gas
comprises less than 100 ppmv H,S.

14. A sulfur recovery process as recited in claim 13, further comprising:

" recovering said elemental sulfur and yielding said lean absorbent.

15. A sulfur recovery process as recited in claim 14, wherein said sulfur bacteria
includes those organisms of the genus Thiobacilli.
16. A sulfur recovery process as recited in claim 15, wherein said lean absorbent

comprises a buffered alkaline solution.
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