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separated from the gas by condensation. The residual gas
stream (the so-called Claus residual gas) still contains some
H2S8 and S02.

The method of recovering sulphur from sulphur
containing gases by the so-called Claus process is based on

the following overall reactions:

2 HS + 3 0, -> 2 H0 + 2 S0,
4 H,S + 2 50, <-> 4 H,0,+ 6/n 8, (2)

Reactions (1) and (2) result in the main reaction:
2 HS + 0, <-> 2 H,0 + 2/n S, (3)

A conventional Claus converter - suitable for
processing gases having an H,S content of between 50 and
100 %, comprises a burner with a combustion chamber, the so-
called thermal stage, followed by a number of reactors
generally two or three - filled with a catalyst. These last
stages constitute the so-called catalytic stages.

In the combustion chamber, the incoming gas stream,
which is rich in H,S, is combusted with an amount of air at a
temberature of approximately 1200°C. The amount of air is
adjusted so that one third of the H,S is fully combusted to

form S0, in accordance with the following reaction :
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WD 00/ 10693 2 z ~ JAN z003 PCT/NL99/00530 2 H2S + 3 Oz -> 2 H20 + 2 SO2(1)
After this partial oxidation of H2S the non-oxidised part of the7H2HN 1003 e.
basi cal |y twiY@RVIQ$83 of t he anpunt offered) and the SQ2 for medcreand/oos3o
further as to a 5 considerable portion, in accordance with the O aus
reaction 4 H2S + 2 SA2 <-> 4 H20 + 3 S2 (2) . _ Thus, in the thermal stage,
approximately 60 % of the H2S is converted into el enmental sul phur. The

gases conmi ng ¢ kom t3hg compust | C er are coghed 10 to about 160C in a
sul phur condeﬁrfser i n2whi ch th?sﬁ%?& f or med ?g?condensed, whi ch

subsequently fl enttohbs shaphiel priidalyghoh Biide nvneonddiseddensed
gases, in Wih dhecwpl@ls ratio. ofadieall yStivd -trincprgednandmifunk! 2 - 1,

are subsequently heated 15 to about 250C  and passed through a first
catal ytic &) 2ahi Ehet f8: dRinedhrednt- fwshen agopo<ds 4 H20 + 6/n Sn
(2) is esdaiBiddesbldhsogasesn, com agedrdantdi icht ehytdlaueacd it asre 20

subsequent |y ol e ain in,a_sul phur, condenser,, . in which the |iquid

sul phur for4né'§gi g %e%g)\?efea éngz(ltsjh“Le%r Aai ni ng gas(gg, ‘after being re-heated,
are passed to a Buoondirwathéythermzhcttage Wapptrbrigaseusd eedst adie
contai ns H2S-conc ' f ah and 50 0, the above
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and conbusted conpletely to S02 therein. 30 Two-thirds of the feedstock is
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passed di r §QHMRG 0% HePRIeREeE at WriGh SURSRIWSNE by - bW ifthe tHibhhur
stage. Wepitthe Headst acks fghbal ns H2S concentrations of between 0 and 15

the C aus proce can no_|longer be used. .The process then used is,

exampl e, the so- IW'@%@?@S%‘EI%‘E& p’r%c‘%@%&iih%én%rcﬁﬁ foegeggﬁock
IS passed wi S92an sadjiudiaatgedioamd «fildi 12 | nth, arexswaeqrentdactiagratede
so-cal | ed i . QN o . RCT/ 0530
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t he anount 18f widicdattihen efguil sbudimsted so . that an H2S . S02 ratio of 2 .

1 is establighed, whgpeaiierathe ¢ ays keacthpn proceeds. The gas fromthe
oxidation 5 réactor is cooled ih a sul phlir condenser, in which the sul phur
formed is ¢8n§EREEd I8¢ scharged. _ To dissipate the reaction heat

generated in thehexigaidsdtdehed frond thdld it Oyt ie @astsh earg coning from
the 3”500 huéu%%g%%g% I’lyi S(:'oroelceici Céjgljaaitneqnt % tsr{le.Lp%drd acgc;nod?an]é%rr,eai%} (x)ulh'ich
the liquid sulphur formed is recovered and the remaining
gases, after being re-heated, are passed to a second
catalytic reactor.
When the gaseous feedstock contains H,S concentrations
25 of between about 15 and 50 %, the above described ‘%
"straightthrough" process is not used, but instead a variant
thereof, the so-called "split-flow" process. In the latter
process one-third of the total amount of feedstock is passed
to the thermal stage and combusted completely to S0, therein.
30 Two-thirds of the feedstock is passed directly to the first
catalytic reactor, by-passing the thermal stage. When the
feedstock contains H,S concentrations of between 0 and 15 the
Claus process can no longer be used. The process then used
is, for example, the so-called Recycle Selectox process, in
35 which the feedstock is passed with an adjusted amount of air

into an oxidation reactor, the so-called oxidation stage. The



It is clear that in the Recycle Sel ectox process, the oxidation stage,
which is catalytic and does not |lead to high tenperatures, is equiANglB to
the thermal WO&yeoebn t he C aus process. In the follow ng, botderiNi®ohdiss Mal
Caus stage and 15 the oxidation stage of the Recycle Sel ectox process are
referred to as oxidation stages. The sul phur recovery percentage in a
conventional C aus converter is 92 - 97 0, depending on the nunber of

catal ytic st 2 S,..the H2 ese in_the residuyal gas
fromthe cFS§§€§£a§?E%%5€§w%o§§g§?i§€ H§18§ ﬁgvggﬁsogﬁgoﬂﬁlg?ﬁéPnfS m of
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ever styictehceBYi 18NEBHLIaH hAJhSkAIpRGr AénBafsbeen;AbgRri¥%Rdcenkn the O aus
process as descri bed abgve, in |em/8f tge eguhllbrlun1react|on whi ch
occurs, th&UsBhpsgior +§tF8n§?%§§ aAPANPGOPEAAYIFEle. In order to obtain
an opti mum convebsdossipasdl pher redbt Sonaheatsgetkdabed2in theCGeneral ly
speaki ng, thi atio_i trolled b n f so:called H2S / .SO2

r esi dual g8§1§ﬁ%ﬂ§§e¥§g?ﬁgg’a%a?§§%%gﬁg§gu§g§ ?%3 gﬁﬁ?%ﬂdcgging £rom
concent r at tbessiihphhe cesddnakrgas. régipcudated| ter thheoxpdantianns t he
ratio 2 eakiebpnstant on the basis of the equation L 7 ~H-~ ~~0~ WO

00/ 10693 4 E%TFNLQQ/OOSSO [HZS] - 2 [S02] - O by varying the anmount of
conbustion air, I8epenaifdr okhRhelR| tag uBEFYALEI éeiﬁ@ QBsPEOAESSIt EBA and
the result bregadeybat js@ﬁ%éﬂ Wwhecaboy eceaHalt 8. aChoas CABLT Okalf tbhRi§h
process however, is highly sensitive to these fluctuatjons. . .r furthernore,
the sul phuFSFBE5AERGSR 1181 SREYVF LSRG LFa: BESORRERE LnBER?PE of PrEBeSGLBYT ed)
i s no hi ghprotéasn. 97n %hhanflosbowimg gaisothovhagtheomanl heldast scayal ghdc
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The anmount refereedpresapitoxhdahéon esfa@as. gas can be separated by
absorption in aphbay hJP%E&&?@ﬁEp@fc@H@a&@ iHearééhQQﬁkiaﬁ?iaB qEyer,

is a 15 disturbing factor during further” processing thereo nd nust
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hence the gthgestreatnment of the gas is conplicated. The great disadvantage
resence_of, S02 is that 2 reacts w th.convent | liquid
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hydr ogen tg{of MEERS Qe A0aA303 SRROsH il il yhdenum catal yst in

accordance wt So-ca process. e total anourft of H2S i s
subsequent &yl sepdar ad echdya t masplieBd S OTpi & Oa s Nbéde ptiad seBlbber for 1éwt he
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accor disng time heAlthdughr P30 s emchi dess harmful and dangerous than
H,S this substance is also so harmful that its emission is
also limited by ever stricter environmental legislation.
As has been observed, in the Claus process as described
above, in view of the equilibrium reaction which occurs, the
30 H,S : S0, ratio plays an important role. In order to obtain
an optimum conversion to sulphur, this ratio should be 2 : 1.
Generally speaking, this ratio is controlled by means of a

so-called H,S / SO, residual gas analyser. This analyser

measures the H,S and S0, concentrations in the residual gas.
35 A controller then maintains the ratio of 2 : 1 constant on

the basis of the equation



S02+ 3 Hz ->H2S + 2 H20(4)S6 +6 HZ ->6 H2S(5)SB +8 Hz ->8 H2$(6) %Jd?r
.conmponents, such as CO, COS and CS2, are hydrol ysed according ARG,
00/10693 5 6613 >H28+COZ(7) CSZ+2H20->2H28+COZ( 8 )
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‘are perfornmed with a cobal t mol ybdenum cat al yst on alunina at a tenperature
of about 280 - 330C. For the SCOT proceséit is required that sul phur
vapour is hydrogenated to H2S, and also that S02 is to conpletely converted
to H2S dowiHi®] ppnz | ¢sel], £ @ pr event plugging / corrosion in the

down- st ream wat er_.quen h col 'E néxp of h dro enat on _can ?ﬁ defi ned
as high te eygfﬁ’ﬁ gh)tf odeIrat oﬁ’ R csorlé)élnt‘él ﬁPSHS%HSr fettbd, for
exanpl e, tfieduBSRat508s dat mheplg&aes:@,mpm‘alenomedudt the obstubeiB@2 in
residual oA hiaclips and did ehRAndelsatian ehchns WBRELYaBRUELtNe gas is
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it is prop%g tlyft t he ;H2S concentration in the gas |eaving the 30 | ast
aus

catal ytic stage is controlled to have a val ue rangi ng between 0.8 and
3 % by vol une byheeamsiuny ttHe Fyfapreegnst 1§oﬁb@s¥¢%hd‘éﬁtl SaatwrPai r

passed to ggga@élt@@t RN BRIt i B inNG qaisﬁu@f t he H2S concentration wi ||
result in a 35 decreased S02 concentrat ver, not to very Jow
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not conver gl F@c%t@rdy bed oxidation stage, . this will result in

appreci abl e sﬁ hur recovery |l osses, and consequently sul phur recovery
efficiencies cl %@é 85 SR00 Thsedvamsadse Afeddiseg@resence of 80, is that

20 this gas reacts with conventional liquid absorbents to form
undesirable products. To prevent undesirable reactions of the
S0,, therefore, the S0, is generally catalytically reduced
with hydrogen to form H,S over an Al,0, supported cobalt-
molybdenum catalyst in accordance with the so-called SCOT

25 process. The total amount of H,S is subsequently separated by
liquid absorption in the usual manner. ,

In the SCOT process the sulphur compoﬁents, other than
H,S, such as S0, (sulphur dioxide) and sulphur vapour (S, and
S,) are fully hydrogenated to H,S according to the following

30 reactions:

80, + 3 H, -> H,S + 2 H,0 (4)
S¢ + 6 H, -> 6 H,S (5)
S; + 8 H, -> 8 H,s (6)
35 Other components, such as CO, COS and CS,, are

hydrolysed according to:



10 A second di sadvant age of operating with excess H2S conpared to SOﬁ ljs
-that the tenperature increase in the drybed oxi dation reactor bkt JAN 00

hi gher wi t h womoae®s ng H2S concentration. Hi gher reactor tenpetraiysessom ||
result in an increased 15 formation of S02 as a result of gas-phase and
"catal ytic oxidation of formed sul phur vapour. Also for this reason, a
shifted operation towards H2S of the Cl aus converter is not beneficial. It
has been experienced, that in case the catalyst 20 bottomtenperature in a
dry-bed oxi dation reactor exceeds 250 - 260C, the oxidation efficiency to
el enent al coEphur, i HsSart CO9 drop from94 - @B o to | ower val ues.

Conbi ned h a to n e rature of apgyyoximately 180 - 200C, this
results |W5% :Jgggtu%eb|h€$e%528§7 sonme 60 - @90 4 25 corresponding with
1.0 - 1.2 ®©I+%I¢T +28Li m €Re process gas. The &hi fted operated sul phur

pI ant, sfollowed by a drybed oxidation step with an oxidation catalyst which
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The above described after-treatment of the gases,
carried out by means of a so-called tail gas treater, which
25 involves an investment of another 50 - 100 % of the cost of
the preceding Claus converter, can result in an increase of
the sulphur recovery efficiency of up to 98" - 99.8 %.
In US patent specification No. 4,988,494, it is
proposed that the H,S concentration in the gas leaving the
30 last catalytic Claus stage is controlled to have a value
ranging between 0.8 and 3 % by volume by reducing the
quantity of combustion or oxidation air passed to the
oxidation stage.
The increase of the H,S concentration will result in a
35 decreased S0, concentration, however, not to very low levels.

For an H,S concentration of 0. 8 % by volume, the S0,



of said at least two catalytic stages, wherein the catal ytic redigj
-takes place in a catalyst bed 30 downstreamfromthe |ast C aus éﬁ@HW%
stage. One awEaw0698 the invention is the reduction of S02. ThdEniRREEd ON
of S02 to elenental sul phur, to H2S or to a m xture of both, by

hydr ogenati on, requires the presence of &ydrogen. In the gas |eaving the
last catalytic Caus stage 35 sufficient hydrogen is normally present. This

hydrogen is od ced.in the,ther . , D anpng. ot hers racki ng .of
Yoot BoRGRRRERLsalavatt RECOTOIEAEES b 3Ry aro RV ayaiviRanand
vapour . Inthasewuhé arsuidt oh hydulpjsuri secosefli eféntieaddi fliomsabfhydr ogen

may be add %? t a bysaddi pg a stream of concentrated hydrogen, or by
generatlng% 3?8122 g 6sgub gtggCﬁIOHEtrIC conbustion of fuel 5 gas in

in-1ine process ﬁéatb?sPrAF§§SCEF¢@r®%@aIF? phésepatentt hehgad.8oh® ai ni ng

S02. Bestaug@l%ttlk}ewe@s&a@gearQﬁest Eéd@cﬂiﬁ'tioﬁogﬁggém i's capabl e of
reduci ng 502 n acts in e sane. way, dr ogen, and a

m xture of hydro@énsﬁndl%ﬁ‘?% B fdlaf?}sq}f%&?‘ib‘? Q%?l?’éd%’é‘?‘%% S2.
CO + H20 <thiz GEZl+rHéu$@21h apﬁfbe?aBIEZSﬁlﬁhur Sﬁcbﬂetbeleﬁﬂkﬁxtaﬁﬁ this

invention the terns d%&gb ang 'r g enatlog g s g% n,used to
i ndi cate tﬁ8n§§ﬁ§eni%ylf Yolnd°Yha UCtTon SF 802 F =7 grdcégﬁﬁ in
two steps. thebblreachedp is the hydrogenation of S02 to el enental sul phur

vapour , accordi ng nﬁoalsaavggfa§?3é?2§Eer§§6g%08é%9 %gg Skepperature

range 09 this reac |on 'S I'ca conveérsion of
S02 i s achicewpdrad appswmﬂémayt zt@@ tergmTaiare al%@m/@smmathe

cobal t mol ypdenum 6§Eala¥%n }'escbwr@g&saésomgﬁe%umhw ihapeulsil HZéS

starts at approxi mtely 220C, and is conpl eted at approxi mately 60”25
300C. All fFerper&raréoPevel s depend al so on space velocity, ' H20 and SO2

concentration, HRighéR2reattorandmpypetatesawalysresAlsuihabhe inefpasaidure
range nvert .S02 ks, typicall ve OOC er eas bl e upper
et 1€ S88ERakipR RESs R i e et e Gt fvLfs o

t enper at ur exsHatlidnbefhifghmedoaghpivar svagoubovhlehe foul phas vapson, a

dewpoi nt. : OEFEfEESSS QEaQEoHW%?raQ 26 cﬁiascﬂeo EelydEQarnated |

har nf ul e cat yst or catalyst performance, as oxygen iIs hydrogenated
to water ubhgBefapprdxi mately the sane reaction 35 conditions as apply to

SQ2. WO 00/ 10698 Has BeehABkgOPBebdd NLORAPODR0case the catalyst

20 bottom temperature in a dry-bed oxidation reactor exceeds 250
- 260°C, the oxidation efficiency to elemental sulphur will
start to drop from 94 - 96 % to lower values. Combined with a
reactor inlet temperature of approximately 180 - 200°C, this
results in a temperature increase of some 60 - 80°C,

25 corresponding with 1.0 - 1.2 vol.% of H,S in the process gas.

The shifted operated sulphur plant, followed by a
drybed oxidation step with an oxidation catalyst which is not
effective in promoting the Claus reaction, is known as the
SUPERCLAUS'™ or SUPERCLAUS*"-99 process.

30 The SUPERCLAUS™ process, as well as the SUPERCLAUS'™-
99.5 process, is described in -SUPERCLAUS'™- the answer to
Claus plant limitations", Lagas, J.A.; Borsboom, J; Berben,
P.H., 38" Canadian Chemical Engineering Conference,

Edmonton, Canada.
35 It is known, that removal of S0, from a process gas can

be performed according to a high temperature hydrogenation



The hydrogenation catal yst can be selected fromthe group of netals of, |

.group VI and VIII of the periodic table of elenents. The catal yst27m=,|1’§:N il

supported anwoim/ipeaferably in the sul phidic form Exanples aa/NLsmos530

ni ckel and cobalt for 5 Goup VIII, and nol ybdenum tungsten and chrom um
"for Goup VI. It is preferred to use cobalt-nol ybdenum or nickel - _

nol ybdenum | n case the gas com ng fromthe SC2 hydrogenation step is not

further subject ‘i @@g t.g, ust the nol ar
rati o of H Pt%otzqo ﬁﬂ%}% é%us st age, é 1(Ql\r/a ueagélszerent from
2 .1, eSLa’EﬂCt}H’é}S 'h-rﬂﬂ}r‘it P@FIOCS@E whi ch results |n a hi gh sul phur

recovery with o?ny E%‘ifog;eahnbﬁggnéfﬁ@t8ﬁ9G|§gﬁ[J€lhlays'elleb§19éefe”ed to have

a‘ratio of from

shou e noted hat | ete
conver si on hufdrsEEnarisHu e fc §Rp dim dul arept IR t BRS hRRR I‘g%ggrb%e‘iin t he

SCOT pracesg, Hay rBHenr efeyich 8dedHr Ha 00enak| ﬁg}d@bgéaatd@wwcbala lseMelabafy
approxi mately 100 ppm, is acceF‘ta | e and :ﬁné \j‘ﬁsult i.n |t3: e J,gcovery

ef ficiency hr%?ﬁ%heﬁo downstreg EFEt ethéltmTthe éﬁ’ o5 df - s
proceeds t qe eﬁﬁlﬁaallosul phur or to H2S. Generally a mixture of both will
be obtai ned, whi has r ERGHA [ Gess, as
described in US-i{1 Z’% %B(régélfé] #Qgggggnt rat F?r%bglfg ks qs left in the
25 process. agasmdlrtgwémrtyub‘e@a@%héla@renn@t:agésl'lbr §O|"@§Féiﬁéle dEhhdtheonl y

decreasgs thg.oueraldn @%r cbﬁﬁary,eﬂ‘oﬁlf ti efhgney hriecarsgsi ndand@hat
converted to enment al sul"phur al so reases the activity of the

sel ective osatdwy (ﬂ@"@&ﬂ&%‘i% i3 OGEPEOF@SF Vs BEEFY¥ISE BFalBSATR "t he
tenperature:o’sosa{thgﬂy |tm1etsréec@hmlbedn§m dati on react or has to be increased,

but a higher tenperature |evel, decr gase ff

el enental sul phursurﬁfﬂféﬁ’ﬁgﬁft Ilfrmq"@ﬁr?c’?{l gﬁe{:'%xﬁr;é?&ﬂ or‘% %%f ?gl gnc %sseslq%\it he
dry-bed Oxlﬂﬁtﬂmeﬁsegechel suflpurangeover94by 96ry) simplepopreessishle with
processlsgas 0Nt iglibj%g concentrations of SO2 of nore than about 250
ppmv. VO ”1%6‘%3‘ 7 JAN 2003 PCT/ NL99/00530 It is one of the

advant ages of thdqsarsdmg itevEhei dSAVEPRAPD & BEPERS St KOTCFREs YHSVESY to be

operat ed Widh R 15idYdlont AN69BEEaEL0BuHhSER Wbtk induhdgakheoniprd see :
prohibitive for a downstream dry g OF’ gatl on pr :3[ ?‘? 5nThe efsfee%t of a
deact i vat ed- )0 auL*LLANS Pahi B FBEuMYETPRSEN SMEFEESed a0 di S s in
the gas com ng frsm‘\etahe withusxyaeh, ochaant baygane coegatinvaegeaectisy @m t he
overal | _sul phur rec r.y. eff|C|e &Y | e fi.nal dry-bed oxidation

st age, Because t X e lliila cogver 3| ﬁ§ figfoxggedr bed oxi dation stage.

| ncor por at iion of meantdmegehat pundscepgaasOifnthhé 9P¢é§@ﬁt10pm$§ﬁﬂeor3rn thkes
the process not sensitici® 0LEBLE:1LOsELaNS, Cahabksiodaacti Vakiomnahi ch is
a mgj or advant age. this way the reduction step also acts as a safeguard
and serves to 15 %W @I%‘aéleﬁnstant and hi gh sul phur recovery. The control
of the process with an incorporated hydrogenation step will also be much
nore flexible. i ng_,S02 cont he process gas fromthe | ast

cat al yt¥c d aus rzegle%/o*f %ﬁ I“ﬁog ?[éiu-'f{g}?l varyi ng | osses by S02 slippage,
20 because all S02 is converted. This makes the control on H2S nuch | ess
senS|t|veto Rrog Okdi t 1 o} he
process co seseag:fidly&gfczt%:ig% ?ga{’lc{)ﬁ%f ééé?%étﬁ%légéox?%%% ?lhge%%% ogen
sul phide in the plodadd gas lepsst éwm Fﬁyaﬂﬁtépeﬁéﬁﬂﬁsr2?¥h§i§|3|§ﬁ’urt 8nthis

way of operation é%ﬂ‘taggz‘% iR 9e@8Sthibni faRBE PEEEESANY at @aﬁﬁdyfs)f teel ratio of
H2S to S02; as in so of the prior art processes. Accordl ngﬂyezt he ratio

may be Rept at | dpunstaesde frgm hBedags Qgﬂilﬁl GREEHYIEEGeft 1. A 30
suitabl e range fmfe taipRcts ofr @AelOnvedttionlis 2he reduction of SO0,.

This reduction of SO, to elemental sulphur, to H,S or to a

mixture of both, by hydrogenation, requires the presence of

hydrogen. In the gas leaving the last catalytic Claus stage
35 sufficient hydrogen is normally present. This hydrogen is

produced in the thermal stage, by, among others, cracking of



In detail the process of the invention can be described as corrprﬁim:zuga)
-oxidising part of the hydrogen sul phide in a gaseous stream w th oxygen or

an oxygen cowodonpéyd gas in an 35 oxidation stage to sul phur Mt’g@“ WO
/00/10693 11 2 7 JAN Q003 PCT/1YL99/00530 ii) reacting the pro 8530

this oxidation stage in at |least two catglytic stages, in accordance with
the daus equation . 52 H2S + S02 <-> 2 HO+ 3/n S" iii) catalytically

reduci ng in the. gas |eavin e last of sajd at Least two catalytic
stages, pr ertaoollvdé’%fﬁ%?/iﬂﬁdf%l‘{qqm% YRPoSe r%%‘if‘ct‘i%c?naé‘}ﬁ%@ﬁafl or a 10
cat al yti c Isydgegéencladingud fiedeati oaddatabyal whdebges whfcoei addéd to
pronote re t] of..,SOR . el Lyve LdiLsi i gas..l,eavi ng
t he hydr og%%t %3%% t%ye%%xl)lgalsa ssg%hiﬁr !:)}fép(r(pé#l g%%?gtgramﬁqgélréég’?br&f ht?}g
pur pose a @exnargtingshyderoges] b aybasteficbipmetricogpuausononacll feel whi ch
i's subsfantial %,M insensk! by de@st RBaPEGSENCE Of water vapour in the gas

p

stream is Ineffective in pronpting establishnment of the equilibrium?2 H2S

+ S02 < - > 2 Habse 80 assysugddyoDrpsentf dgt £he gaSpreonbREndngdaPi-on of HS

to sul phurgéBatibe @Eeﬁﬂec%e@hd@%beFrMﬁegﬁﬁes!bfi@Oprgﬁﬁéfégm%ﬂnéﬁtdi§tep
iv) of selecti xi di.sing H2S al so | oying_a stoichionetric excess of

vel y
25 oxygen %%P?Pi?eﬂ F§APELNG SCn- o 21 VAR XcRRCH Ik yi¥n I FAY
enpl oyed idasthedtogah, paadess nfiatuirbecfetgdebyeafl agdl pbuisfthareber hydr ogen

sul phi de-c ini.n ) ocess according to the present invention,
t he concen%?% igﬁlo?g?%efﬁfdﬁr%gg%lggl %é?de gas in the residual 30 gas can

be controlCe@d+i B, sim¥e wayH; Thus, for exanple, the signal froman H2S
anal yser ignthe y e dual,88s carybg used to set or adjust the amount of

! [ Plied to the oxidation stag ' The

conbustion alr or oxidation air suEL _ _ e. ' T
reduction step EBntBe FRESEFS: 8fclnin ANVERREPRI Bhe3beprdceE8dHAt @ er al

ways. The ams§t ' eg@ReEEaavAYN 'S hh@el BSERI bean! ayen eb hydiogesathensgad al yst
belom/% | ayer O%tc%ggsfou%d7t%é§ %g gcggg30é%0383to H,S proceeds in
2 2
two steps. The first step is the hydrogenation of S02 to
elemental sulphur vapour, according to :
S0, + 2 H, -> 1/n S, + 2 H,0 (10)
The temperature range of this reaction is typically 130
20 - 230°C. Complete conversion of S0, is achieved at
approximately 200 - 230°C over a conventional cobalt-
molybdenum catalyst.
The hydrogenation of sulphur vapour to H,S starts at
approximately 220°C, and is completed at approximately 260
25 300°C. All temperature levels depend also on space velocity,
H,0 and S0, concentration, H, / S0, ratio and type of
catalyst.
A suitable temperature range to convert S0, is typically
above 200°C, whereas a suitable upper limit is 225°C. For an
30 acceptable conversion of S$0,, the catalyst temperature should
be high enough to stay above the sulphur vapour dewpoint. The
presence of oxygen in the gas to be hydrogenated is not
harmful to the catalyst or catalyst performance, as oxygen is
hydrogenated to water under approximately the same reaction
35 conditions as apply to SO,.



12 PCT/ NL99/ 00530 catalyst, in the last catalytic C aus reactor, usually
.the second or third Cl aus reactor. The process conditions should f

t he hydr ogenao eonasgndi ti ons, such as tenperature, sul phur d%%&m%gm%
sufficient hydrogen available. 5 Usually this will be the case. In another
"enbodi ment, the hydrogenation step is caoried out in a separate (small)
hydr ogenation reactor, with or w thout prior renoval of el errent al sul phur
fromthe gas to. he dy.o enated 10.E |aIIy|ncset ntalns
subst ant i al arm&ﬁ’tes%& et 4 rﬁig'géeous ?CtSEtf %‘8 F Yuction
under condigudou@s dfthatetradst off grrwpsmlphnd Vapbuofhabebpemoémvedblé nof he
presence of 09 (reduct.i ar a

t her eby pro u0| n san% %yl%%o&%go% %gbgé%ﬁé S@%SQQ é f%'f'ébif £
decr ease othsul idofeamn. |Exampdes é&‘§e§rp{1:|§1ﬁkéie@ﬂ@dc@h§fttﬁ@rgas

coning fro hastt 16 nroa_%dérnulnﬁ ﬁ:hh@btéﬁbhﬁ@t eﬁrbﬁlamsglbph@foup
condensati on sfep,. W't h em)\{ia of cond ed s:ﬂ&g‘l} fol | owe \i%ﬁ t he

reduction ¥ep I&f 4S5 iTR ERE GRP3 ﬁt’l“B gDl 8F Bpckehzat i ng:
After the medy®idediunst ep the gas is then further treated, such as in an

oxi dation stage o conv rt H2S to el enent al ur n r.natiyve process
route, wthout gﬂf 56 55"dx19da P@ntggaggz l'r%&%i lroé%:tsitve wth
| oner i nvesisrmm: (msrttsheandammm tloowetreaktphot, r eCohesyaé‘frant,agﬁﬁy Thi s

br ocesgy al ey nalNe Cqal o Af ArGLALE BO8VEI LSy, Wikl agnaxEdakion stage

and at Teast 'two “catal yti c% aus sta S’concentration in the gas
| eavi ng t h€lpast Sd}fa%l Faata Iplusas tf\%'e@ﬁt 5!-’9% ¢ st dged-Bei Aghedhe¥ol | ed

to have a &%ﬁ%ﬂ%&g@g b@h!‘@ﬁ”r@s&l@é‘dlﬂ 4 Wty ol pHer Beddeasivign he
gquantity of conbusti _eoﬁ{ ion air to the ox datltgtstae

fol T owed bpdaNERYy 19 et (HE 28 | CavPAg He  Fadt BRELErHEdtts daere t o
catal ytic at agedid mfa Fpnhydr:ogenat ilon smep WO 00/ 10693 13 2 7 JAN 2003

PCT/ NL99/ 00530 pendl e of t t a
recove?é/9 ef fici qujt?%% %%35%5% 85nc é‘%%%hléﬁng{aggfﬂé %gn le%d of this
appl i cati oaplphelrt emmpccmtm \Ha ﬁz@@@mnsttag@e mEer-slavelt B det (idle react or
contai ni ngghRe pHALs thsalrﬁe%t relfReRd nﬁy@?oé@ﬁa@h@ﬁtoﬁeéozluléioulr{"%di%um

addi ti onal eqU| ment  nay present, such as repeaters or su

condenser s1eYgé ﬁ’;ﬁdra&jé?ﬁ’a‘t%“@ﬁeéé{n 1905 BPRY éﬁp??%ﬁpﬂé%es?ﬁ‘%a‘?’ﬁ%* Ferult

dry-bed oxidahieg igfidde (r@dﬁﬁ@@yA@@fM:ﬁeﬁ@yOlbosebo convert 10 the forned
S02. This will Lncrease.the overa

SUPERCE‘AUS[ er r] prodés 98 Y5 c%ﬁf:ll§g‘ell H’RSEE 1{13 uﬁF(g’éﬁt{%?loga%OZt reating
units suchpasc8€ds, tid dleneantefli sudbhtiv brstal H,5 Iairogdiat romistage

down- StT eagobot e 133! K a4 3L8) yuggcﬁt ROE. plDESpuhte, Teduce the 15

anount of sul phur conponents to rogenat e SCOT uni t
significantly, ardthe ISUrP@BGéé\U%"I @é‘ﬁ’FeélsrrcéFaﬂﬁéﬁraﬁﬁdsPﬂl Pihg- st eam

requirenengsoggha ofr, O%Ie%%saa%udbaacteatkaelbﬂvceflts@n iGANere swi tally
apol e Tor The L reactont ol eecs Contounlon huctchencb sulpce mut
of ammoni anot only decreases the overall sulphur recovery efficiency,
because it is not converted to elemental sulphur, but also
decreases the activity of the selective oxidation catalyst.
To overcome this decrease of activity, the temperature
30 level in the dry-bed oxidation reactor has to be increased,
but a higher temperature level will decrease the oxidation
efficiency to elemental sulphur. Consequently, very high
oxidation efficiencies in the dry-bed oxidation stage, in the
range of 94 - 96 %, are not possible with process gas

35 containing concentrations of S0, of more than about 250 ppmv.



(cf NL-C 176160}, in the |atter case, the tenperature in the O aus
-conbustion chanber should be at |east 1250C. A di sadvant age of opelzathM‘bZUU:’
with excess MGWUPhred to 25 SO2 in the Caus tail gas is, PORINLINSNSIO
_operation node results in | ess conbustion air to the main (H2S) burner
conpared to the conventional node of oper@tion with H2S . S02 - 2 . 1. This
Wil result in a decrease of tenperature of conbustion in the conbustion

charber  whi ch 1% 30, 814 1Al J9abegdBSLEUEHLOR,8LLLE! SRGL AT, AN 2

whi ch requires hlgh enpera ures rocess atcor
i nventi on, thet hWrécﬂg]eW%dilfmlcd@‘u@a@rpeﬁﬁﬁnﬁﬁgblenopﬁéatedl wdah gas can be

processed tQ 404,18 B USHMEN A & JHN QN sBEMwisFcBhbRh Susd-wPsdehRods are

described in the literature. Preferably, however, .the.remaini ng gaseous
hydrogen sB%sHdRLEsvad s Zeglownstyeaps dryj bgd ppidariepopresess.

PCT/ NL99/ 00530 witéd &ff fedt ap)ﬂedetwateaag&ahe tacangkenentalcsul phur in
accordance wt thefollovmn gﬁtlon H%? +,OZH-}>2 H20O +.2/n_Sn_(3)
It was fouf®d %e‘?‘f‘t%%ﬁ?ﬁ@ PF“&PP&nO(’;f he'® HArSYenceUipAi EO™-

| eaving t he:Heasctla}m ajryiti c Hagdndgesameoneghadeei sefffeichsabnedhst cverallile of

betveen 0. S Aihy b 224008 WEe: ALLRY LU BaBe! B8t Lve ashdationeqn. optimum

sul phur re ry perce can be “obtar ne he oxi dati on
can in pri mlplas:ltakest;ﬂ%e hacause Wwégs SOnahe| Jot 10oBvyertk§dbdd bkiedati on or

by oxi dati Q%é}%@ Sk od Nsejech, 1 n general, sul phur and water vapour

have first en renoved fromthe residual gas. In the dry-bed oxidation,
the H2S concent rEAGIFPIFRLIRN Qs ifd BYATGIENRE 19Pe FEERNI P Smitntdieh ¥ S58fikeen

0.5 and 1. &n!%rﬂt&dml uﬁmqeéow%eo@ee\gen&&s%nmtwleuaaymbrwid e et al
sul phur recovery enta e.is

eased. In the dry oxidation b the
oxi dat i on &% & Fact g‘ylﬁ Eng\%ﬂoﬁe? gn‘ﬁggﬁodr}&
oxi dati on omtyaltym ré&t&:@cmrmtepofalan axtdatison eafabustdaadd terz@:s to

applicatio BRSO Bl QuBhloB3eclie el N0 desert bed

thereinis n‘?:Saell ect ox process Trinker, T.A;
Goar, B.G; Purd@somorRi@lsof ther 9§@§§Sﬁe¥!€t§hsGpphnﬁomeeﬁeﬂd needs”

Hydr ocar bo. (bn MEeolQBh1 BAGESpdOhurkOfbre! R1ENiBIE & 225, 5G5S

H2S i s oxi S and SO2 using a special catal Approxi mately 8 0
of the HZSsé’upﬁPpéanFsleFB?sEHO?%S%I Nt 28 skt St |qa§/%3f3éF19aS%ﬁ'ﬂsl s
removed t oraawilst aftlilalnaxteul tAnat kakryangl [Leatseenbyf se, dsyippegey ocess

which | s not sensiti\ve owater vap, the s gas.is. 30 th

absorp%(fson% ar} r# b%%rﬁ??\é‘f‘l '?%cis lsde"§0r| Zt} Foriek frp?e ﬁ %

Eur opean pataeht ]macss E9Bdtivie &ocprdaace ﬁﬂuhtaapaonscul arly pref erred

enbodi ment of t b RUREGR ¢ CCOEdRAcLOchBEIPRERENEL NKEBLLAR, Jdipxaldat [ on
| n a e ri

is carried out using a catalyst, such desc in US
patent spe@¥f e@ﬂqte@qqu stgpgof, Pabeghively Odelslng the hydrogen

sulphide in the product gas of step iii) to elemental
25 sulphur.

In this way of operation of the process it is not
necessary to modify the ratio of H,S to S0,, as in some of
the prior art processes. Accordingly the ratio may be kept at
levels close to the Claus equilibrium level of 2 : 1. A

30 suitable range for this is from 10 : 1 to 1 : 2.

In detail the process of the invention can be described
as comprising:

i) oxidising part of the hydrogen sulphide in a gaseous
stream with oxygen or an oxygen containing gas in an

35 oxidation stage to sulphur dioxide;



WD 00/10693 15 2 7 JAN 2003 PCT/ NL99/ 00530 5, 286,697 or in WO A 9732813,
the contents of which is incorporated herein by way of reference. ThdAN3l83
of these cat MOM8186%or the oxidation in a dry bed of the hydrgaad.sibali de
cont ai ni ng residual gases 5 obtained using the process according to the
present invention has the inportant, inJarticul ar econom c advantage that
such a catalyst is practically insensitive to the presence of water vapour
in the resijdyal , a e al,¢0 I V3Ro from
this resi dial gseeramEo henBasanct R pEknay! DR atita BB S dE
reasons, such i@aéés@wpbéétﬁéw@pﬁ peages, Iﬁeaﬁpﬁrﬁaﬁp@owaﬁb pbecgh@ugf
H2S, correspon@hﬁgthhh .the maxi mum vol une percent of SC2, in the residual
gas fromthe last Claus stage, is deternmined by the ratio HZ/ S02 in IS

t he gas, which should be higher than two for acceptable SO2 hydrogenati on.
Fox this reason, Hfe+H§G wolureHpercetncgnnot be | owered too nmuch. Al so,
when the H2S vol une percentage to the dry-bed oxidation reactor is too |ow,
the oxidation efficiency to sul phur in the dry-bed oxidation reactor is not
20 at its nEA rmarta\“l\bremcaﬂuéyHZSduommreSper'xrernk&gegas lewvinghthe heasiver al |
recovery efficlgngyiW Lt qlea%td@%eaé geacageg ebCa390% e hig Opt' mm H2S
vol ume percentage in the process ro enation st is
preferably in ﬁm@lpaﬁge §PIOt915 EU2P2§eV6IredBCt¥ﬁ§ Fﬁﬁéﬂﬁséxpﬁaﬁlon t 00,
can takeg placeca%hu?tackeewgep&aeeﬁalngxanpbaace&ohn@wmamy@@e&aeéha&g t he
Stretford process %I Chem cal Engi nee Febr é 1984, pages 84 ff), the
Lo- Cat process S6EC&EE VRe§GuPELEOFfcTe PCFHQHTS aﬁ x 30 process. The control
of the OX|d&@l@ﬁlebt1belyhexaeheﬁhgwgswdmkﬂhengas hedaving ttlesml and can

t hus be kept s I roces in the | I can. be rried
out in an exisbgﬁr%gF %18 a%? §%§8§§%%?rggigﬁPg’ré?é??%égQYSEmg?ﬁﬁﬁgg

modi fi cati ons 6brthhlexpgrpngecgncabalﬁtiphstgas sncéuddngl A gasechipest age

Caus pkant '“Bkﬁﬁhﬂgoﬁ ca!@ﬁggleﬁgéh1§sPQEBBEQHtQQ1§?0§nE¥HE99§OQtt8“

step is used, a selective oxidation reactor Wl| have provided in
this specific ERBOBFRERACE! OfhWapREsEAPOTHy &Rt FBA, IARI EKTEAT el&tion to t he

cost invol ved iRe@EBet ivesiduploflesing0e8sablyshhentsolfs thee¥gensi¥eiuhhus
the 5 application of the process according to the present invention |eads

to consi derabl e econoni ¢ advantages. In case a 3 stage Claus plant is used
only the third catH,§t+ SOeactol Hgeds 3/tnb®,aendnged as a sel ective
oxi datL,pn reactor and the second Claus reactor has to be
is effective to promote oxidation of HS to sulphur in the
presence of water vapour.
It is preferred in said step iv) of selectively
oxidising H,S also employing a stoichiometric excess of
25 oxygen sufficient to result in an overall excess of oxygen
being employed in the total process for the recovery of
sulphur from the hydrogen sulphide-containing gas.
In the process according to the present invention, the
concentration of the hydrogen sulphide gas in the residual
30 gas can be controlled in a simple way. Thus, for example, the
signal from an H,S analyser in the residual gas can be used
to set or adjust the amount of combustion air or oxidation
alr supplied to the oxidation stage.
The reduction step can be incorporated in a commercial
35 process in several ways. The most economic way is to install

a layer of hydrogenation catalyst below a layer of Claus



|0 provided with a |layer of a reduction catalyst. In this case, too
therefore, a considerabl e econonic benefit is obtained. The el emdnt AN 2003
sul phur that weoiasdziced in the system can be condensed from tljaq,mglr ,OHRQWS
_using conventional systens) such as condensers. In case an especially high
15 sul phur recovery is necessary it may bg advantageous to use the system
di scl osed in EP-A 655,414, nore in particular for the treatnent of the
final product s flow,_ after, the |ast trea nt. The process cording to
the pr sent CPHOCREFon 1 Iendd o B HBCE: FadSh HHARE e SEALLYN ce

ref erence t sethadaccompamd @ dfusgueestby .2 Taed pFocks ss lvond iitn ohisgsheuld t he

feedstock g (% iS.S i | 0 bur ner
with conbus??(%nfggang%r ggalﬂgzenaanm%rﬁ ec%tdg(%%g%t'i ogﬁl%e{lllrafs f%?‘%ggtaggﬁleéd by
t he quanti t puppbper dieonpaieduimsnging awf fHcseatahycsoxs avaidabdiei.ed to

Cl aus bug ne t [ 44T enerated during the conbustion
(12000 %f Pﬁéa&hgﬁgg{}aés “{lgldibsesﬁgg%t%e% a boiler heated by spent gases,
produci ng steam t A&t anotdiesc memtoudihel hydregesm i toe Etals 1Seact i on

takes placechiriRe buwtham andddis 4uhumalan eRaFRfenatiens Heplttor!, OiRd i s
condensed i n boil El(rg) 5 %5_0(13) and di s%r ed thrqugh line 7. Th% as IS,
passed t hr oRGhWHEROUS ¥ 19Th&amavad emente l, ST, frel k&E 98§ t°
reacti on teppehgduioeedfat2kllC bef ore being supplied 35 through line 10 to
the fir Cl aus reactor. . l.nreactaqnr 1 h i t.ake

agai n, ] ereby su 5’ t?r(:]'las],ljly > FRS %t?uesjg\ﬂ% %(?ﬂf%‘é%% %’?ﬁ’g&%ﬁﬁf%g/ %5@%81%%
formed. Theo§a€Ois igi sshadyedtagesugh tid @ty ottt Hes glegmat icondadssr 13,
The Condens‘égntaglt%&&% l(t}@%c)mdssc Q'Jf;g@%r %‘iph*ﬂx&o%'bddﬁ%aHbeE?ﬁ&%%io%a.t he

gas i s passe roug ine 15 tot next reactor stage, which _again

i ncl udes a RBatBe PEesgnge ofcrohyirogedasion JreuIridensE2tP3Ysn CRi s

react or theafhagslppagt iredcctakendiedRe pdaut ing itvdrtRdp aft- prlodulde s, eact or
on Claus_ catalyst layer 32. In the bottgom %art a layer. 33 of a reducti
oy 5

on
cat al yst® | sSHRBt 3F| EBS WHESRLHES dTy GudFCET25Es t §FCCYREY - 1P
condensed suhpber cases50Qr tie prediexaiadl ghdtt theugiad icomib®. fiiom sheadast
generated i p.the sul phur. congensers,. i I sghar ged I | 1 .and 21.
The H2S conCiRbFatrag ey tl%e%ﬁégﬁdﬁéﬂbﬁfgézgﬁi te95, sﬁfslp%g‘%?rcghﬁgg‘s%g;g% H2S
anal yser 23stepa wahfe refiofedmcl. Sondergely sudiplive., Tied LAwsdakal fFoer
controls a cahbel okakiey BelRHEORRLSRN Avkrkibh 2bpribAaNay dydkrgas is
passed through l'ine 22 t0o the sul phur renoving stage 26. Thi s sul phur
removi nff st A§BSARYHe a known sul phur renovi ng process, such as, for

exagpl e, adry- beﬂﬁ@é&d@h@&@h@gq?na@tﬁbsehpt bes Slagaenr fi&_ﬂtﬁ:ﬂhﬂ d 20h

oxi dation stage e air required for. the oxidation is su [ t hr oug

line 27. Th rgﬁF6§0rSF8%n§3 L s OfAF§&4CPn PSSR thgofgggfhgﬂ%agois t hen
passed t hr oefjamennel28uflpham.af t er burner 30 before being discharged through
chimey 81 25 ASaanguRoLALEL QU Brfoels) 28016, AT cheBishogt ndas diry.-suap! | ed
through line 1 to an oxidation reactor 2. An armount of oxidation air

control ¥%ed eyidabliquastipog. r BelYobeegtitzpet igeanwifhs lawaky d8Ves§mpEtpassed

to the oxi dabse8 hBACKEMelRROUIBWeN8udphhiP tReoQerdaliren cheaetor TRiBOIti on
of the H2S 30 is oxi di sed over a speci aF atalyst to.form SO2 whereafter

the C aus rBEREFSR RAkEENPLAVE. cPeSpREFeRt anChAYS FORVGRtEENYEFEt BPe from

arising w tbkhdabeonxsdageoantdeaet deasdstror eaubhlyefict téaneaetbhgasheahe a

gquantity of s is recycled biréna?ns of lbI ower 6_.35 s..5 and 7.
d

The gas fromr SSCIHF s Phs FrEY IS To° s%?%ﬁ?ﬂ‘gpc%%nen%ter 9,

where t¥e slépburtwo catalytic stages being controlled to have a value
ranging between 0.1 and 0.4 % by volume by increasing the
quantity of combustion or oxidation air passed to the
oxidation stage followed by reducing S0, in the gas leaving
the last of said at least two catalytic stages in a

35 hydrogenation step.

s



WO 00/ 10693 18 z ~ ~aN zoo3 PCT/ NL99/ 00530 fornmed during the reaction is
condensed at 150C and di scharged through line 10. The heat gener?a?eléNdﬂllﬂl ng
t he reacti onWostedioessi pat ed i n sul phur condenser 9 with generapd rob:

Ssteam which is discharged through line 11. The gas is 5 passe roug

line 12 to a heater 13, where it is heatne:d for exarrple to 220C before
being supplied to the C aus react or In reactor the O aus reacti on

t akes pl ace agai\n_in of the reactor.
the bottom partbgPesz% A:hesék‘mp tﬁg géigg g éi?gs 1B-RIBF ogtnat ed by
| ayer 30 cuasoylerygeffffla:uemuctqfoﬂscat al 9§t5 ncannbdenseaciéd . t he sul phur

5 Sondensed at LhoQGcAL e 05 d; LagHa b D6n 1 Ocnandesh cAm BENpE Al od 1S

di'scharged throu con ntratlon inthe resi as |line
18 is cont ?éauédsﬁyggri red exfaltps he18Cctyad raageECsf CeBtatRING. Bhe 1.2 % by

vol une. s The1 &S @B@'alwt cwp'eddang eanthel prahveskB-tpe €RabYsSLADPN air

| i'ne 20. Thﬁ resi dlrag %%Zld’ asse throu%h line 18 to the sul phur renoving
stage 22. FAGIELPPAdq& R BRi BXEF6Rr sSUGPpPFete ‘Wf‘Bﬁ fi P¥ne 23.
The sul phusufl phted cosiddirsedrar.ged 20 through |ine 24. The gas is then passed
through line 25 to0 ter-burner 6 fo ei i schar o]

chi mey 27. Fi gg%le gydﬁj W o 1§rne§ gg’t ah% ? g)%lgdéﬁvgng%lr’ea so#lp ton in
a dry bed dmgt-bhd oxidattiiom istagel mqupawrusm c:ataeatom})re genepaveytin 26

of flg e lggur t-h ]ﬁ&éﬁl

suppl i gd tflir oufégr\gﬁeg’ 2 grnl l‘ghlr gs%%%%%%%lel?é@v%%lulr g’éfef% resi gu
gas is sup‘phﬁe&UPER&!l@NS | ri?olceﬂsnsﬂgg’{}rfé-q?élt af-ter the renoval of the
sul phur fromt h@nr @%ﬂé&altog@mwdseaﬂatg% Zre‘é@hﬁ@ uﬁldssgﬁl@ngsd écfnsfpugh
line 30 3,  and E nder;gatlon of w wgﬁ in which is |schar]?
through IihE &S ﬁ&egé&l $PpprFERL t ho iyl rﬁgﬁBQFéPness’f%g%n oW ot
react or 7.ofheheeimgal Cifausulcaltaliyand wabee.i Th2sawdl? redpestthel y, can
t ake place i k t X d.in nt
4526500 SaNDHAP 8 BRARHIE Bfoohdhe 8 RPLE, 1PS-Ph3H: 088 4 (one BBLT
exanpl e) asndbssiphadicantiy, Faadchibétéﬁdupabspbﬁ@nbn@lrcwta©0¢40ﬁ38 19 2
7 JAN 20034P€T, {35'&38/ ggggg gggl%g.gmeggngg or 8301426. The required

oxidation alr TS sl hrough line 8. Fromthe reactor, the gas fl ows
to a sul phur co"ﬁH%nEéPCQSSTﬁé’C§EFibﬂ%rt@oﬁdéné@deﬂgl‘d’ﬂs%%r}@%ds‘ﬂh?%ﬂ@h line

10, and a Sppheeqgt eam @ﬁ@elt&*eﬁdmbht%lghgbbéé ééntaﬂﬂlﬂ@srlm@géxhows t hrough
line 1 to t e after-: Lo2% deS| nat ed QX nb jgure and 26 In
fi gure’®. phide, bu or ga es con 1n1ng e} ydro

sulphide and substantial quantities of ammonia

(cf NL-C 176160}, in the latter case, the temperature in the

Claus combustion chamber should be at least 1250°C.

A disadvantage of operating with excess H,S compared to

25 S0, in the Claus tail gas is, that this operation mode

results in less combustion air to the main (H,8) burner

compared to the conventional mode of operation with

H,S : SO, = 2 : 1. This will result in a decrease of

temperature of combustion in the combustion chamber, which is
30 detrimental to the destruction efficiency of ammonia, which

requires high temperatures.

In the process according to the invention, the
hydrogen sulphide gas remaining in the residual gas can be
processed to form sulphur by a known per se method. Such

35 methods are described in the literature. Preferably,
however, the remaining gaseous hydrogen sulphide is oxidized



As shown in figure 3b, the residual gas is supplied through |ing 7Liktngid
~heater 2 direct to the oxidation stage, tO that is to say, without a
precedi ng suviyd d water renoving stage. This enbodi nent
when a catal yst {lgéygr esent in the oxidation reactor 4, as de%@@?@%@ve
"consisting of a non-Claus active carrierysto which at | east 0.1 % by wei ght

of a catalytically active material, in 15 particular a netal oxide, has

been applied, so that the specific area of the catalyst is_nore than 20

m/ g, whil eWiEE gt dde Poroxidalion ptage FRatPrpselemenkabyFuAPPEE APr
required isagipRldaeike Ridughki AE13owihg seh®bLsncondensed in sul phur
condenser 5 is di scharge%sthrougg Ii$1e % and the 20 steam generated through
line 7. The ggssn’éx92f'lo Rfrd mé>8 to the after burner desi gnated by .
30,in fi gure 1, and a2 found thhtguwbe’? thdscshoentiracioguo€ Baet he

resi dua .S se g Lin a [ 2 fille

absorpt% %ngogteor sgg (53‘% tlieamLS %é%r? ée"g %‘9%}}( %a*ﬁy‘gﬁ?@ Pa%l°n71983
I n reacftor Btagee led'mg'e:ralsuﬁphtde valuenolebetfweent feSrasdddaR abyby
absor pti on. Uigg&as dr ft'hqvgfsstefﬂéeegbel bﬂ@dg»twnt hgn a&ﬁ)@ﬂﬂﬂﬁ\”%&lphur
designated b I'n figure ure 2.

sat ur at ed, P—”lecioéferréfgé%?éi%”édlgeR@ﬁchr54 |%98 cdnneet eatainpdralbel to

reactor 2 a@&l'd%.tﬁ%@leréﬁfrﬁtlexdprBMcHﬁ@@Sthcea%Paéé?Uiﬁt tP6 DAPYEr nBmedy,
quant i

t as is.c ted. This gas | geated in eater 6.. Th
r equi ré& foP tﬁéfyo}"ieéﬂ; altéoguﬁﬁl?gdoi‘hgﬁﬁ’g‘}‘mjr?\e 7H 1L gadty g‘\?vghfr om
'reactor 4 te @@hphiarl ,cendehser afd Wwaeesurpbour ceadenseds 85beendirsabakdged
t hr ough Iiml% ?1 he stdeal_:[]”generat ed through line 10. To keep the system
at the requiF&l IS Es e WO 00/ 10693 20 Z 7 , | AN 2003
PCT/ NL99/ 00530 gagnsttheadriys bdd sechadgeton hr g HJS rm@nlzbrmmitriamyciledtln@ t he
f eedst ock f I o]
figure 3d, EEF&EElF | r%eﬁovggeléélfés}gl%r%%%&gﬁﬁ ﬂ% %I scﬁ?égd%{]ﬁrough
line 315 SubB'@éH@ﬁt:I pecppss abavienies #, PVl @rume %%n%la@n Wetehl i s renoved

t hrough Ilnguiphahera@@v'e&ypgéﬁ@@nﬁ@g@ 14 qawréa@@tml on stage 6. The

oxi dati on stage for exa asi c, sol ution of

carbonate, ADA (ar#‘httg‘& %ﬁé{nBXiﬁii'ﬁ ngkﬁ?‘?: %i:}?%l)o’éjn SHAR Uk nﬁ?ggg}‘}ﬁdﬁf‘g as
used i n t hebeekEfkpnoed Byr et koown %prmmhﬂ&smgb&mr@eﬁdambhe l'iquid
and subsequ I i di [ 1105 S I t hr ough
line 7 and ?ﬁk ¥g? 'O% fg%n% lgs(g&%llgha}?m%‘altél %‘lhgjf%’%% %}98 Egggas next
flows ZUnroughpllllﬂétgorlothhéeaftm dﬁﬁ@'ﬂélfbf(ci%@ﬁ ﬁJE’rﬂg'tﬁ:élllG%\hd 15 26 in

figure 2). Figur eTﬂeSRQ‘Q’ﬁoa”dééléEﬁSé&tH?&m Gl ihSidB1&E bR L%Pé&e@é
figure 1, with the exce tion_of the drybed oxidation stage, and including a

separ at e hy&#egenaki 8n 's%agé igy aﬁ’t”t]n'g 'W]trfff“t]ﬁe T rd GA% yBi€- O aus stage

conpri sing Pﬁh@aéeh SR SrsaCtOTpﬁﬁhéﬁﬁimhéﬂﬂﬂﬁukﬁhukﬂﬁﬁﬂoiﬁijfZ@eéb@"prOCeSS
gas is routed.via g to_reheater 4]aBReact or ]q‘lconf ﬁ %al yst
active for )ﬁ%r%a?f agn tPERS3Y B0 2 Anal Vse o35S n 1 ne cohtrol'$®the  gm,
contents of pRSceast hB,Hricxessdjased TheSi andnElpomssng la uspeaiad i n and by
the foll ow a Eg;{s@j Usi e p S . i ith
reference tgg%%is}’lgéu?gég? an Y Eﬂoe Oda%sttﬂréeggtgl %%BFﬁSQr %re?r)é{ cﬁ%’%éw

d aus pl antthagl egentiel cavdPyer ¢ I HAC St aROWnd S IRRAVRRNGRI @n st age.
Suppl i ed t ogijher s Res gel eﬁEéﬂ@ %?otﬁueq ! DRGSR ANt ry 2> S raeéyge of
H2S, corresponding to 90 knol es/ h, , 5 Vol . HZ0 and o Vol
C2H6, and @F@SlﬁnBPEs?ﬁn@th(‘éF tdéf"faéiecr VP EH gy the RPGRRFS Ihe 1S
vol unepper cerd agissbpt henr esiggalingas abkekpthéencabakyhkCdescribed,

for example, in European patent no. 71983.

In accordance with a particularly preferred embodiment
of the process according to the present invention, the
oxidation is carried out in a dry bed, using a catalyst, such

35 as described in US patent specification Nos. 4,818,740 and



WO 00/ x0693 21 2 7 JAN 200 PCT/ NL99/ 00530 hydrogenation stage is O. and
the SO2 content therein negligible. After the removal of sul phur 2ah dIANA%ﬂ@%r
and using a oVQOBRWProcess for the oxidation of H2S with an péfmgg,dagm
efficiency of BO o, a total sul phur recovery percentage of 5 99.5

obt ai ned. Exanple 2 Using the apparatus as described with ref erence to lo
figures 1 and 3b, the Claus reaction is perforned in a Caus plant having

two cat al yt &ggag§§ Spd; S nggg%% i 10N .St a%%ntgg%%;g ﬁho t.he, t her nmal

stage are aus gas con Vol uime o reébondlng to 90
knol es/ h, &@c@ypomm@ kgregD? bys V@prfvmelfm:e@teHzo and 1 % by vol une of

Cop; and 15 48. Brkmalesth OfelP daa10alisfifor PheOoRh Bt @i MMy The

H2'S vol ume percentage in_the resi uaI gas after the catalytic hydrogenation
stage is 0.B%d ﬁetl%Zh)é%’ﬁ-?%?ﬂ FHAEde icontadpd 8gr 515 Riel 19238” i ts wat er

cotnt ent2 8' S &Atalbefdvl@émg; %H@qamc%esllse&c@@x@tdgoaol &h@awle@érwtlmmc&l
wat er insensjtiive oxidation cata conprisin ilica carrier
(Degussa 08D, LaneEmestdita isb B o tmeonon Lt AReeads oS ha
0.5 a by vveagda&taly:?@Oﬁs hawaee el 1ap inisethsad s ivat abyltikxealplx)emtcte/e:ﬁrat erial,
whi ch, after I ti h T 3Le /g,
with an averatggkpgéﬂég% dap% %%ﬁ g%%é| n% ?H?E (t::a %eg{ovdaolt hjbf'gﬁ

oxi dati on ﬁmlph@nc@n@fwmn vapaqust grogultpiisr rleéedverlyg}é\@r dent age of 99.7

i's obt aﬂo“e%nneéeésé'ﬁN 200 L? {{ iR ebuifell ¢62SSthel e JHEDY&ukPlas
sul phur froma dr o%an sul ph| de containing gas, which process corrprl ses:

i) oxidisi rfbe%‘éF% suI phide in a gaseous stream w th oxygen
or an oxygen contheé nmgugaﬁ vdllu’it@e Peirdahic 0B £S Haye é@rﬁ@ép@ﬁmﬁgdwxhde i)

t t duct f th dat t t t tal yt
St ages, i n GEsOPRRHE W TR SRGTSH Bauseron s i Beupialos s st ] ©
Sn 10 iii) td&talqlst calduys rﬂhgn,ngsSﬁ@tamhmegabyl ehei mgttile H,agt Sof ismi d at
| east two catal yil ﬁﬁ?ss & Bl hﬁgﬁeg%ﬁk H;,Pr@ggc c%%péﬂtﬁil% Rloace in

a hydrogenation cata yst be ownst re rom ast aus t1é
stage, whi dwcb@mrsat‘rm alHoxd thist eapenet Sheoll,d eolume peraepti @a@@&ls

st age. be lowered too much. Also, when the H,S volume percentage to
the dry-bed oxidation reactor is too low, the oxidation
efficiency to sulphur in the dry-bed oxidation reactor is not
20 at its maximum.

When the H,S volume percentage is too high, the overall
recovery efficiency will also decrease. For above reasons,
the optimum H,S volume percentage in the process gas from the
hydrogenation stage, is preferably in the range of 0.5 - 1.2

25 Vol.%

The liquid oxidation, too, can take place using a known
process. Examples of known processes are the Stretford
process (the Chemical Engineer, February 1984, pages 84 ff),
the Lo-Cat process of Air Resources Inc. or the Takahax

30 process.

The control of the oxidation air to the selective
oxidation is not critical and can thus be kept simple.

The process according to the invention can be carried
out in an existing Claus plant and requires only relatively

35 simple modifications of the existing control of the gas
streams. In case a 2 stage Claus plant including a



| .5 2. Process according to claim1, said process further conprising: iv)

-selectivoly oxidising H2S in the gas obtained in atop iii) to ele 'ﬂt .

sul phur andweesmvwénng el enmental sul phur fromthe product gas 8 T%@@méﬁ@ge.

3. Process according to claim1 or 2, wherein the process conditions 1n

steps i) Find in are such, that the nolag ratio of H2S to SO2 is between 10
1 and 1 : 2, 20 4 A process as clainmed in claim2 or 3, wherein the

selective oxjdation is effected in a dry oxidation bed. 5. A process as

cl ai med i MYIEAIRNR GO SHER A P99 RGPt ddni KR Uce in a
liquid. (iwillPreeessadeondicigided olmithis Spadief £ nedihed Hwekio gamattieon
cRLaL YS! B T R Byl L, g oup Mparl o L, o
ni ckel - nnlq_didee:_‘nmasidu_a@?: gas Rrmeesss aeg quXAmss tios cimmél_aﬁiva\hei‘mim tthHee
T UL ST L Bl ETRRLILIE 1L N SHLIB veryscp,
[ 0147: =@ lasds oy tasins {dguad) ] ecdrehta] adfart]aggea) ca) ca] ca] ca] ca] ca] cal ¢
a] ca] ca] ca] ca] calr P4 cplraddicd cetdeapralicald cad&@'dnly the tHid
catalytic reactor needs to be arranged as a selective
oxidation reactor and the second Claus reactor has to be
10 provided with a layer of a reduction catalyst. In this case,
too therefore, a considerable economic benefit is obtained.

The elemental sulphur that is produced in the system
can be condensed from the gas flows using conventional
systems, such as condensers. In case an especially high

15 sulphur recovery is necessary it may be advantageous to use
the system disclosed in EP-A 655,414, more in particular for
the treatment of the final product gas flow, after the last
treatment.

The procegss according to the present invention will now

20 be described in more detail with reference to the
accompanying figures 1, 2 and 3.

As shown in figure 1, the feedstock gas (= Claus gas)
is supplied through line 1 to the Claus burner with
combustion chamber 2. The amount of combustion air,

25 controlled by the quantity-proportion regulator 3 and H,S
analyser 23, is supplied to Claus burner 2 through line 4.
The heat generated during the combustion (1200°C) of the
Claus gas is dissipated in a boiler heated by spent gases,
producing steam that is discharged through line 6.

30 The Claus reaction takes place in the burner and the
combustion chamber. The sulphur formed is condensed in boiler
5 (150°C) and discharged through line 7. The gas is passed
through line 8 to a heater 9 where it is heated to the
desired reaction temperature of 250°C before being supplied

35 through line 10 to the first Claus reactor 11. In reactor 11

the Claus reaction takes place again, whereby sulphur is
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oxldatlon air control ed by the quantity ratio regulator 3

and H,S analyser 19 is passed to the oxidation reactor

through line 4. In the oxidation reactor a portion of the H,S '
30 1is oxidised over a special catalyst to form S0, whereafter

the Claus reaction takes place.

To prevent an unduly high temperature from arising
within the oxidation reactor, as a result of the reaction
heat) a quantity of gas is recycled by means of blower 6

35 through lines 5 and 7. The gas from reactor 2 is passed
through line 8 to sulphur condenser 9, where the sulphur
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U&I()-%10%§eaction is dissipated in sulphur condenser 9 with generation
of steam, which is discharged through line 11. The gas is

5 passed through line 12 to a heater 13, where it is heated,
for example, to 220°C befor.> being supplied to the Claus
reactor 14. In reactor 14, the Claus reaction takes place
again in catalyst layer 29 in the top part of the reactor. In
the bottom part of reactor 14, S0, in the process gas is

10 hydrogenated by layer 30 consisting of a reduction catalyst.
In condenser 15, the sulphur is condensed at 150°C and
discharged through line 16, and steam generated is discharged
through line 17. The H,S concentration in the residual gas
line 18 is controlled by an H,S analyser 19 to a range of

15 from 0.5 - 1.2 % by volume. The H,S analyser controls a
control valve in the combustion air line 20.

The residual gas is passed through line 18 to the
sulphur removing stage 22. The air required for the oxidation
is supplied through line 23. The sulphur formed is discharged

20 through line 24. The gas is then passed through line 25 to an
after-burner 26 before being discharged through chimney 27.

Figure 3 shows in greater detail the oxidation or
absorption in a dry bed and the oxidation in a liquid as
indicated more generally in 26 of figure 1 or 22 of figure 2.

25 In figures 1 and 2, the residual gas is supplied through
lines 22 and 18, respectively, in figure 3, the residual gas
is supplied through line 1. '

In figure 3a, after the removal of the sulphur from the
residual gas in separator 2, which is discharged through line

30 3, and the condensation of the water in 4, which is
discharged through line 5, the gas is supplied through a
heater 6 to an oxidation reactor 7. The removal of sulphur
and water in 2 and 4 respectively, can take place using a
known method, for example, as disclosed in US patent 4526590.

35 In the oxidation reactor 7, a catalyst may be provided, for

example, as described in the French patent publications
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From the reactor, the gas flows to a sulphur condenser
9. The sulphur condensed is discharged through line 10, and

5 the steam generated through line 11. The gas next flows
through line 12 to the after-burner as designated by 30 in
figure 1 and 26 in figure 2.

As shown in figure 3b, the residual gas is supplied
through line 1 and heater 2 direct to the oxidation stage,

10 that is to say, without a preceding sulphur and water
removing stage. This embodiment can be used when a catalyst
is present in the oxidation reactor 4, as described above,
consisting of a non-Claus active carrier to which at least
0.1 % by weight of a catalytically active material, in

15 particular a metal oxide, has been applied, so that the
specific area of the catalyst is more than 20 m’/g, while the
average pore radius is at least 25 A. The oxidation air
required is supplied through line 3. The sulphur condensed in
sulphur condenser 5 is discharged through line 6 and the

20 steam generated through line 7. The gas next flows through
line 8 to the after burner designated by 30,in figure 1, and
by 26 in figure 2.

As shown in figure 3c the residual gas is passed through
line 1 to a reactor 2 filled with an absorption mass, for

25 example, as described in European patent no. 71983. In
reactor 2, the hydrogen sulphide is removed from the residual
gas by absorption. The gas next flows through line 3 to the
afterburner, designated by 30 in figure 1 and by 26 in figure
2. When the bed is saturated, it is regenerated. Reactor 4 is

30 connected in parallel to reactor 2 and is regenerated. By
means of a circulation blower 5, a quantity of gas is
circulated. This gas is heated in heater 6. The air required
for the oxidation is supplied through line 7. The gas flows
from reactor 4 to sulphur condenser 8. The sulphur condensed

35 1is discharged through line 9 and the steam generated through

line 10. To keep the system at the required pressure a small
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41 contains a catalyst active for the hydrogenation of S0,.

Analyser 23 in line 39 controls the content of H,S in the
process gas.
The invention is illustrated in and by the following

25 examples.
Example 1

Using the apparatus as described with reference to
30 figures 1 and 3a, the Claus reaction is performed in a Claus
plant having two catalytic Claus stages and a hydrogenation
stage. Supplied to the thermal stage are a Claus gas,
containing 90 % by volume of H,S, corresponding to 90
kmoles/h, 4 % Vol. C0,, 5 Vol. H,0 and 1 % Vol CH,, and 48.5
35 kmoles/h 0, (a "deficit" of 0%) as air oxygen. The H,S volume

percentage in the residual gas after the catalytic
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15 48.5 kmoles/h of 0, (a "deficit" of 0 %) as air oxygen. The
H,S volume percentage in the residual gas after the catalytic
hydrogenation stage is 0.57, the S0, content therein is
immeasurably small, and its water content is 34.3 by volume.
The dry-bed oxidation is carried out using a water

20 insensitive oxidation catalyst, comprising a silica carrier
(Degussa OX-50, specific area 42 w’/g) to which 5 by weight
of Fe,0,, and 0.5 % by weight of P,0, have been applied as
catalytically active material, which, after pelletisation and
calcination has a BET area of 40.1 m’/g, with an average pore

25 radius of 350 A. Using this catalyst with an oxidation
efficiency of 94 %, a total sulphur recovery percentage of
99.7 1is obtained.
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i1) reacting tho product gas of this oxidation stage in at least two catalytic

stages, in accordance with the Claus equation :
2 HaS + 802 ==> 2 H20 + 3/n S,

10 1) catalytically reducing SOz in the gas leaving the last of said at least two
catalytic stages, wherein the catalytic reduction takes place in a
hydrogenation catalyst bed downstream from the last Claus catalytic
stage, which bed is installed in the reactor of the last catalytic Claus
sltago.

15 2 Process according to claim 1, said process further comprising:

iv) selectivoly oxidising H28 in the gas obtained in stop iii) to elemental

sulphur and removing slemental sulphur from the product gas of this stage.

3. Process according to claim 1 or 2, wherein the process conditions in steps

i) and i1) are such, that the molar ratio of HsS to SOz2is between 10: 1and 1: 2,
20 4. A process as claimed in claim 2 oy 3, wherein the selectivo oxidation is

effocted in a dry oxidation bed.

5. A process as claimed in claim 2 or 3, wherein the selective oxidation

takes place in a liguid.

6. Process according to claim 1-5, wheroin the hydrogenation catalyst is

25  selecled {rom the group of metals of group VI and VIII of the poriodic table of

elements,. preferably cobalt-molybdenum or nickel-molybdenum.
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7. Procesa according to claim 1-6, wherein the hydrogonation is carried out

at a temperature not exceeding 250°C.



