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PROCESS FOR REDUCI NG TOTAL SULPHUR CONTENT | N GASES CONTAI NI NG
HYDROGEN SULPHI DE AND OTHER SULPHUR COVPONENTS The present
invention relates to a process for reduci ng the total sul phur
content of gas&sossarsoh contain hydr ogen sul phi de and orOREPHOKTSAUr
conponents, for . i nstance off-gases of_ §u|phur recovery processes,
such as 5 a C aus process. "Gases containi ng substanti al
anounts of hydrogen sul phide (Herr]S) are suitably treated in a
Cl aus sul phur recovery pr ocess. The acid feed gas to such C aus
process usual Loeauags anes LAl QhulRuk Chvilr A0%en 10
stens at | east partlalP rom dro hur'i g esses.

Hydr odesul phuri sat |C@NT|Bﬁ8éE§sé§D%‘P‘éEIba9§JLPHIDE ANDr PTHERt $Bh *HJ%C‘&“’&P&NENTS
wherein industrial gases, such as refinery gas nat ural gas or
synthesis gas, are tregted hydr q educ he

sul phur constituents 1?’3 pr?ﬁ%?télwvegﬂtﬂod’i ﬁgiatﬁf ]% oc%ff%ﬁém ngtj gas as

by- product. As reduciiggcdheobrdyak rowphur cleatgnt, Oﬁn%ﬁ%ﬁ Craieh

H2S is fir %E/d&@@bhakh](pﬁﬂﬂ@%ﬁ&cbﬂtﬁrf @m*paulrpbaﬁ\pdh@xwle g err]
in a thermal zone, af

)
acte th
Sgerr] in one or a§6858§ge‘ﬁ?5%%t%ﬁ ﬁ‘ﬁc?hfﬁ recov Hegr?ce? srﬁ e1'e meV%s
sul phur and wat er. aOCéagsuansess can typically reach a sul phur
recovery efficiency (i Geses contaimingtanbsfiagitdailnanepythe?§Htydrrasie

sul phur present 'nsulphlde Rh§sﬁcéﬁef§ﬁ¥kéﬁ¥y ﬂ?@aQ%H“@ﬁnagélﬁﬁg A6
wei ght, which lies“that the o as o aus unit_still
contains 25 sdfmsioF‘lFéb’r PSOCEPﬁerT%rﬂfb‘ﬁgrf%dpﬂé%ﬁP PR UctPYg Recess
of f - gas NoKyERlal Y yaEensHl REURo £é Oxidle 8 cehonankak &8l PHs)y ,amhbften

R R A e e
conponents", but wigrheetssexcl Hddngdemyl@irisationherosabphsrarxengasinds from
this definition)’ QXPE%%catlon processes wherein industrial gases, such as
refinery gas, natural gas or synthesis gas, are treated
with hydrogen to reduce the level of sulphur constituents
15 therein, yielding a H2S containing gas as by-product. As
is commonly known in the art, in the Claus process H2S is
first partially combusted to form sulphur dioxide ({SOj3)
in a thermal zone, after which most of the HsS left is
reacted with SO, in one or more subsequent catalytic
20 zones to form elemental sulphur and water. Claus units
can typically reach a sulphur recovery efficiency (i.e.
sulphur yield in % by weight on the sulphur present in
the acid feed gas) of between 94 and 96% by weight, which
implies that the off-~gas of a Claus unit still contains
25 some HyS. Other components present in such Claus off-gas
normally are sulphur dioxide, elemental sulphur, and
minor quantities of carbonyl sulphide (COS) and carbon
disulphide (CS3)}) (hereinafter collectively referred to
as “other sulphur components”, but without excluding any

30 other sulphur compounds from this definition), hydrogen,
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-2- . nitrogen, water vapour, carbon dioxide (CJerr]) and sone
carbon nonoxide (CO. This C aus off-gas, consequently, has to
undergo 'a subsequent treatnment in order to further reduce the total
sul phur cont giategnddde Present invention 5 rel ates to anpdmiro®eees
process for such a subsequent treat nent. A known net hod
for reducing the | evel of sul phur - conponents in a Claus off-gas is
di scl osed in UK patent specification No. 1,356,289. According to

this nmethod the IfitrogenCl auseof Yapgasr| scattyjrectieditie dCoal ahyd | Comeeduct i on
treatment at a tempgal O%OQQQ e(égﬁ efﬁ%ﬁ:d¥%$%go%ftaggc'Bgnse uentl%aS
conpri si ng hydrogen and/or car on nonoxi Aver t t he
ot her sul phur cogbaosné:r?[ SngeEgant PHPISFERRL tre“t“‘e“éna“s%g%ﬁuéﬂtT‘ﬁFther
removi ng t he bul kreafudd?2$hley tanahbsolphud Scontentt.i Ghet peasapnt ingemoi én
suitable Hgerr] S- i S h used
for reduci %g t he fﬁtgetso\é% a %B%‘%ld %%Oncpersisszfgra%g:gu% %/YB ‘?4! r§ifémd/or a
Goup VIII metal t’fe<'=‘t“f‘entsupported on an inorganic oxide carrier and
typically is ma kiNoB/ aktRbaarer ﬁe&aﬁ‘ib{galt%@ naveatakysélpmiter the
20 absorpti on treatment th gggor on sal v 1sc18g98al ni B8 vatent t he
bul k of the H2S i% rpegeneratled e desorbqa 'S obtarfied is
returned to the Grasigeshor Neeove?ys.289. Accqmith tphehiagenthed cehe

sol vent i sore- usec::hauﬂwe)ffﬂ—@als Qfsfsubjected e fdaamihecabsgnption

treat nent contai ns, qzlngenr{l ? - 1Erjpéjn‘,:;thswoef llr;%s Ends rel ea edJ_n into
t he at nosphere, op tlona F PS an 1nci nerat "o %r%a? "5 ord
further rma%@rtlﬁénmzsyé@mmtalbi}//Q:romﬁerrbtomngomPéMﬂ?s ﬂm@eby
SJerr]. Noyadavisg suehotRek n@u?n&n donpRInthst ghkuayst apptd eghd n

vi ew of more strin nt balr % tEut on anpd ste lﬁﬁao H Sresc?;ul ations

In the reduction o) e ol Hoﬁ/ﬁmwh’é%stsh% of H2 PeRRITRs are

t he hydrodénati ortigin GS[e@rtrﬂ]EntSGISeng]aamtS{ldrer JHaBxselective halvsprpioml ue
of from1 to 8) pses@Mc.i mhheaChaystohifed for redu@dngt entocmkkesstyand
the hydrolysis Ofcé%g%fgg% gS%rggprEn%etal and/or a Group VIII metal
supported on an inorganic oxide carrier and typically is
a NiMo/alumina or a CoMo/alumina catalyst. After the
20 absorption treatment, the absorption solvent containing
the bulk of the HyS is regenerated. The desorbed HyS thus
obtained is returned to the Claus sulphur recovery,
whilst the regenerated solvent is re-used. The final off-
gas from the absorption treatment contains only minor
25 amounts of H2S and is released into the atmosphere,
optionally after an incineration treatment for further
reducing the HyS content by converting HsS into S0s5.
Nowadays, such incineration is almost always applied in
view of more stringent air pellution and stench
30 reguliations.
In the reduction stage of the known process the main
reactions are the hydrogenation of CS3, S0 and Sy (x
having a value of from 1 to 8) present in the Claus off-
gas to form H3S and the hydrolysis of COS and CS3 to form
35 H>S and COp. CO present in the reducing gas may suitably



35 *Herr]S and CJerr]. CO present in the reducing gas may suitably
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-3- react with water to formCJerr] and Herr], but the CO _
present’ may also react with SJerr], Herr]S and/or S[err] formng
COS whi ch wo 98/0780¥i ously is undesired. Hydrogenation and hynEmqygsiss,
accordingly, take place in a single process step using a 5 single
catal yst. In comerci al operati on the tenpeg:a))?btne c |nht hﬁ reducti on
stage typically is between err ese hi

terrgera%lgres %arrel’i/e B ﬁ’iaﬁﬁr to form CQa&anst HpnePHydEbgerHatprrsent

reactions of S{ er rn}axaradSS[ gerft whtls SOy, HoS eammxblrngquﬂaamﬁ@tm'wse which
hydr ogenati on of qu?xflro]usa.n@/d i3l 955&51?&@5%ﬁ%enaflbghaﬁgm Ur &3

518
furthernore prevent the el énent fom condehst iy and
adsor bi ng onto the ¥HYIgly, take a%i%elns&fsa:@slemreﬁemw@emmg a
serious foul bng andsingle cathépse. erplcﬁbrd’@ﬁdﬂa\ﬂ.abp@lﬁaﬁiohh@hé?aﬁé}hp’&atuw

Cl aus of f- t. t t he f from
15 130 to 200[lg?f°]héy Qlﬁggl;uo,gag/%g% i el ey g HEEW%%%r%%gae“OP
applied, which is moronalSi: y TREPS| hrgh bEﬁIERqu?d:UafﬁslrnanﬁeYr favour Jukgter. In
such in-line burnercgast odf thhehy@tibigd ity igAs reactionsNBY $b50Me §.0 s

d
s that © EJM?& 'yys’%?f%?gpc%&%”%@a% LGS ot oo AT Jheor

t enper at ur e WEHI, temperatu’a%%oﬁlmﬁgﬁryﬂor@epaavant ag@@tglenﬁera:dlomer

t enperat ure COU| d sulphur beoﬁp@éﬂx@élnélﬂué hewar %?H?H{)Qﬁg lsél@%@gtl{llﬁ@’%qlﬁns{%o 55
t hat case (;QS re uantitatli ve yar ol yse

H2S, t hus resultir1ga%l F8§§§§ %ﬁf enuﬁd cFHsefFﬁE}ges OullW%

gas. At the same ti Cehéﬂé?f‘érde%%‘eﬂmﬂ of the capbapestt e sHouixd orfcft—
result in a decreaged €gpYE&siPhhaving a t@ﬂnp@%@ﬁﬂhllsqg rﬂarﬁ%’bdo%[%rrro}n

to Herr whi | sty 4f ul of t | yst du
I gngen[sgtl I)n and aa OI‘(B'?I (%98306 s o id h&r’gSg é p'f’le‘?/ %’%ﬁf@ﬁ%?
possi bl e. An aPPéél@liit i BRbEh gy arnrgd Lof asthbned beastimgn arerdpetddner e

woul d be that an ebpeﬂétvelhns¢¢H“hﬁﬂﬂﬂN@'bEQheBeﬁéf@gbfrﬁhe reduc;FBe%gsgas

to the required teggg gtgge.gqﬁld QP di spensed h and
i nstance, be repl ace
P drawback of the high temperature applied in the

20 reduction stage is that the hydrolysis of COS into H2S
and CO is favoured by lower temperatures. It would,
accordingly, be advantageous if a lower temperature could
be applied in the reduction stage, because in that case
the COS present is more gquantitatively hydrolysed into

25 HpS, thus resulting in a lower COS content in the final
product gas. At the same time, however, the lower
temperature should not result in a decreased conversion
of CSy, 802 and Sy into HpS, whilst fouling of the
catalyst due to sulphur condensation and adsorption

30 should also be prevented as much as possible. An
additional advantage of a lower reaction temperature
would be that an expensive in-line burner for heating the
feed gas to the required temperature could be dispensed
with and, for instance, be replaced by a much less

35 expensive heat exchanger. The absence of said in-line



35 - expensi ve heat exchanger. The absence of said in-line
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-4- . burner would also inply that no fuel is needed anynore,

whilst rt would al so be advant ageous for reasons of process control.
I n existing Wﬂisfu&swe in-1ine burner al ready pr esentpoyntdo7/04T56
normal |y be replaced by a heat 5 exchanger for cost reasons, but if it
woul d be possi bl e to apply a | ower gpperating tenperature in the
reducti on stage, fuel consunption of the in-line burner would be

| ess resul ting i nbuetkeedudperasongmpdgt shatfeto dveilhes needed aagvard age of
a | over operati "ol LTRETA! Wo%l'dsaé.mg?}]béoa vantagefo%%t ige i-heghatien with a

Claus unit, particularly a three stage C aus_unit, would be
possi bl e. It willprocess captrglderst B5HSEHRE WS itheedPatinR PYTUSFy

benefi ci al alidady) PpiREESHi@CONOT sSrixdi Nt bef reipdwced by a heat The

pr obl em of .a hi gh_hydro i.on, _reacti erggf‘g e L tyure one
hand and tﬁe hydr%ﬁ(%}él%&(%Paft@ésr&ggi%ngggggng' a\?lofuglgdwgyldo%rptggrs’ri)%?%tures
on the other handt9eaPRliv @G lower opezabing seRIMRerafskis APRARCetedpctien| g

Gas Journal, Jul ]ystage, fueh{l,colx%&lﬁlpﬁaen 64-Bife ir+1tieS barhiegl @oaléwpe St ep
process [ conver.t.l.n Sul p I C oundas. i n - S is
20 Pess resultlr% flin rtegﬁﬁagngg%er%lor% g;[%%gtsusr}re]g gﬂgfzhgg

di scl osed” conprising rs rogena
CoMb/ al umi na cat ag§€antaae ®sécdnwely dPerysinrg sienper@ture is thagnverting

COS into hperr]S dsfé@ fvePrioitied t@ohalithng claus uniGgt playstculbeiinl et
tenperature for the hydré}grenati Qn

reactor ,i bet ween, about . 3 nd
350[err] C, thus N8t el 5T t IS5 stage tcilﬁast pa* ’sewoo‘*ld;r?e‘l lesisﬁé& ur;[ltér‘gg%)?

heating the off-ghs understoddddatwsiucdt inhegraidian \isi yestvepensfégialed out
at 177[ er glém LopseaNtddbnchiiesebbinends fysaw .t he hydrogenation

1S OOt O e G S, AR A spetig, rhIRADE:
wherein alSplit |badéngn ofhe one handokbhakbei hedrskitsdgendt CO® bgiabyst and
pr onot ed EntahtEd sy Myl YenpecatalySton ik \Wihe¥e haati @aef a¥5625
recognised in John A Ray et al., 0Oil & Gas Journal, July
14, 1986, pp. 54-57. In this article a two-step process
for converting sulphur compounds present in an off-gas is
20 disclosed comprising a first hydrogenation step using a
CoMo/alumina catalyst and a second hydrolysis step for
converting COS into HoS using a promoted Cr/alumina
catalyst. The inlet temperature for the hydrogenation
reactor is between about 300 and 350 °C, thus necessita-
25 ting the use of an in-line burner for heating the off-gas
feed, whilst the hydrolysis step is carried out at
177 °C. Consequently, the effluent from the hydrogenation
step is cooled prior to entering the hydrolysis reactor.
In the article, however, there is also described a
30 process configuration wherein a split loading of
CoMo/alumina hydrogenation catalyst and promoted
Cr/alumina hydrolysis catalyst in a volume ratio of 75/25
is used, thus dispensing with the intermediate cooling
step. The overall temperature applied in this con-
35 figuration is 343 °C. A drawback of the split loading



is used, thus dispensing with the internediate cooling step. The

overall tenperature applied in this con- 35 figuration is 343[err]C. A
drawback of the split |oading WO 98/ 07502

PCT/ EP97/ 04756 ' - 5-

configurati on waesidvas2 t he beneficial effects of a | ow PCTEZOHJ43%¢
tenperature on the COS hydrolysis equilibriumno | onger can be
enjoyed. Furthernore, in both configura- - 5 - tions disclosed an
expensive in-line burner is required 5 to attain the necessary high
reaction tenperaturc@ntiguration is thatpthsehenphiientl onf oS f pr d¥ivde a
process for rebedishngethperd i@ onUlBBUCOSORY @RS P18 dWiinAgeI um no

sul phi de-cont ai ni ng _gas, such as_ a. C aus _off:gas, which an he
carried out at rel g‘toi \%Fy(_:f‘%vh\;’? e‘?rnpjeoryaetaq?lr gg‘r\%ﬂl FEPTGp 17 Pk (GRPILINEA ne
effectively reduci sdonhedischdsedilgrhigxpensive igohieatburnehel yaequiasided.

It has been f§ound thakttBif the necesRFYWRipRALESEH bY ESHPOYH A Process
using a dedi cated h}(dro enat i on.cat al unctljgg based o

st _f n _a
amor phous si i CRCaPERTAR A O8nd 85 abQi REY G hHRHRTE S rflgr
catal yst function. reducing the Yot divdghyr chatpresehtailwdsragem rel ates
toa process1bai dbeoset Mh i Jadl akueHl RBUE €PN L £ AfgA 9Rhich
cont ai ni ng hydr ogen sul)ghl de ancg ot her  sul phur gon%g)- nent s ,vl\/m ch
process conprises: 28 cafryed Mtadi F§iehdvEhE WY nteMRERARYTRS ghd LSk
t he 10 pr esehbe shme tink cfdeattiovrlyatredysingoripr ititeg atulphur
| east ?ng metal coppaRent s8l e afhd QWEAUPSt Vs been found 4 Yhiik -
supported on a carrier conprjsing anorphous si|1ca-al unina,
(b} oont act i ng ar. FRRsPSORR TSR GHBIOMEARnBPToGRRS USing & Sedlranets)
with a catal yst capabliregehatitmalgesialystthdunction based hyrdragl yesicsrpdifous

carbonyl sul phide ,9:f0L0L YA Q0 b rrier and a dé&l@ﬂ@%bhﬁi%lysis o (c)

renovi ng hydrogen sul phide fromthe gas obtalned from ep (b),
o e oFaaBLYS

thus-obtai mthg a p jasUhAiTy a reduced total sul phur

content. Accordingly, the present invention relates to a
process for reducing the total sulphur content of a gas
containing hydrogen sulphide and other sulphur compo-
nents, which process comprises:

20 (a) contacting the gas with a reducing gas in the
presence of a hydrogenation catalyst comprising at
least one metal component selected from Groups VIB
and VIII supported on a carrier comprising amorphous
silica-alumina,

25 (b} contacting at least part of the gas obtained from
step (a) with a catalyst capable of catalysing the
hydrolysis of carbonyl sulphide to form hydrogen
sulphide, and

{c} removing hydrogen sulphide from the gas obtained from

30 step (b), thus obtaining a product gas having a

reduced total sulphur content.
The expression "({total) sulphur content” as used
throughout the present application refers to the content
of all sulphur-containing compounds together present in a
35 gas, unless specifically mentioned otherwise.



The expression "(total) sul phur content” as used t hr oughout the

present application refers to the content of all sul phur-contai ni ng
conmpounds together present in a 35 gas, unless specifically nentioned
ot herw se. WD 98/ 07502
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carrier of the hydrogenation catalyst used in step (a) conprises
anor phous silica-al um na The anor phous silica-al um na used
suitably has an al um n ontent in the range of from5 to 75% by

wei ght, 5 pr ef er']éftﬂ Naaei (6 R ute] 86%59 hef et Ry fRtednStoveRe 1in
anor phous silica- sittepn ), ddmprdaesi emonplyoas soilsitd-alllynina. The conprise a
bi nder. Typi cal r{;@ﬁshcr@;esr ﬁlc% -30 6mk AQT GELG Csu:Ltabl T ﬁsalﬁmghaas

silica and alumna of alumna i1s eferre or the purpose
of the present i n‘\?%’h'i?’btn 1‘1 fthforangepPésgﬁ‘t’m Eth‘é’ b75r1’d«§’ry &} IBE rused in
anmount s vakyi ng fgsr)@ferably 101@ot 60908y bye ighghtin pidefieriahbl yo2@hto 80% by
wei ght , l, c i .The 1 L .Ror.

of the anor phous SI %():rg&% %Ir]ﬁqﬁg\égogpg?ﬁ%hg%é &Irr a?(t glse ﬁ%FQ 5!g]rslges
from0.3 to 1.5 nfFPEPTaEe detdntered THRiES bln‘f‘@f d‘tﬁt;?rllrﬂllsuﬁfénlnorganlc
porosi netry, ASTMIid@S8A-88h a¥dB@lica and Hr@hRIHDIOF WharhOadulm@nd. 2sn / g,

whilst its surfac i 0 re
suitably from ZSOngf&ared for &'%n@"%g%? 8 a‘%h(lb es&é&stgg’lg tﬁ aFFer
i ncor por attlon presenf, tHe ddndeyt i“éail by ‘<'51i3ﬁ<i1\/3(=51 rARCAINS S| NEgYERE EafAl yst

20 carrier, pore€ovedumy a@dgalﬂrfgeefafgm}ofzd he faoy sRedeight,
catalyst will be L Quer th n,[LNose ? CarLl &l RAle $%ta1 pore voluman®
metal conponent of>the WY diTGendti gn 08 af 5t Cottpr PSES 3P H8&st

one G oup VIB netaf %@ﬁp@mﬁh%ﬁdﬁeﬁlca aluml%ﬁ tEaAindmg craypevl || net al

i:/?lrrloonentl Tlhe G ouptanly I%Ehges frizet al, 3ceappnsenﬁuqﬂ<:(lalsd@%ta@ﬁnn@al ByG oup
et a % i k

ercury JH Slog\mp) angl C balt é,@a) 88 as_the noble
G oup VIIIIn hetal s t1(ft|nu I5fJ SRa* }i‘ éwf“gﬁfae
G oup VIB netals, pt@fehtsluarﬁ,f@m é?ré ol ybaemm(mllam ltS surfaggngseen
(W. The hydrogena&m&bp}atﬁd Vet 11elR@N158URE AY) Ymore suitably from 250 to
600 m2/g. It will be understood that after incorporation
of the catalytically active metals into the catalyst
20 carrier, pore volume and surface area of the finished
catalyst will be lower than those of the carrier per se.
The metal component of the hydrogenation catalyst
comprises at least one Group VIB metal component and/or
at least one Group VIII metal component. The Group VIII
25 metal component includes non-noble Group VIII metals like
nickel (Ni) and cobalt (Co) as well as the noble Group
VIII metals platinum (Pt) and palladium (Pd). Suitable
Group VIB metals, for instance, are molybdenum (Mo) and
tungsten (W). The hydrogenation catalyst, then, suitably
30 comprises a combination of Mo and/or W as the Group VIB
metal with Ni and/or Co as the Group VIII metal. Alter-
natively, it may suitably comprise Pt and/or Pd as the
Group VIII metal, optionally in combination with a Group
VIB metal, such as W. Preferred metal components of the

35 hydrogenaticn catalyst are those comprising Pt only or Pd



30 v conprises a conbination of Mo and/or Was the Goup VIB

metal with NN and/or Co as the Goup VIII netal. Alter- natively,
it may suitably conprise Pt and/or Pd as the Goup VIl netal,
optionally in conbination with a G oup VIB netal, such as W
Preferred net avoosasenents of the 35 hydr ogenati on cat alRGIVER?/@478those
conprising Pt only or Pd WO 98/ 07502

PCT/ EP97/ 04756 -7 - -7- only and

t hose conprising one of the conbinations PtPd, "N'W N M, CoM and

PdW These netal s miAYbe&ns £5efe Famprising afleerpdntthe F@F‘h}n%l@w dRtPchs

sul phide or as a caww natiiven CoMo andOédwwr;ersemﬂfeQaqts InB?SBefﬁfé'@ent in
Nor mal |y, however, the % no Ieé'retals are.at. | east part

present | n Sisntada pER Sttt na iiBrats FErap Lo tbBidRron
hi ghest resistance CBfgaiwstort persubphuhesonrinueogmally, hopeegenttha t he

gas tot be treated. nP?f—fn@be@pmi({:EBlQﬁ%ﬁé at leSa(;t cgﬁrfma@my p.se?éhhéﬁprwf c
present in an anount .of .fram o . refera rom
to 25% by wei ght, aidPR ded 10Tmp (RS njorbl%h%' o‘{?d‘)('\/m% W\?Fﬁ s R %n’é%f in an
amount of from highe@tb reeis69nby awd yint Yhreefsalpbhy tomsrtiltmentﬂs)% by

wei ght . f WAt int Eﬁe éméo Oée tt*l%e&%fal eTQéOQPOI}(/ | yraehéd $1 Pt
and/ or Pd sui tabl y ranﬁes fro ef erably

.
From 0.5 t o 6% by STRRRenk Lo BhgitSpbrocesent 1 o, BBuBRE 08 FHEN chrithg
t he anount b8 netal33adydwenaght, prefepakly vigioghtt 6b €akrberweight, and a

As a result of usi %r@n@%@@oggaéﬁ'@f‘Ifarﬁ@Ja\’iStcoQ@%%@nt in an Sfo@k APrHGUS
silica-alumna carrjer, nperature 20 whi ch the]n@/ctéﬁgenatl on

can be carried out tah" B’qu% By W?’o%tr'ecP”tecfeeFa\PallyuérW“thlﬁot
from 150 to 25 @rerseh€, nheearpma‘itercfﬂaltyuel?ﬁbﬂe gP6hervizy mdrtuﬂsml«ti ng

it possi bl e atn(a/%'rs%n%;%ﬁf& Afhidkd 1RnD " @ercof 96%@9%&%&% The

the feed gas_or, in case of exlsting Ins aIIatlonsh
amount of thermal SELEF 2PSYbEF PP oVi UekP P (e weight. Phll‘t"?ﬁeg*bhrﬁf’e"r* The
pressure in the hydrogegasi enesiegicating thied lameantabEyme tafebdseaindh 7 to 2

bar. The reducing gasa1l weightS&f Siwrid- at |east contain hydrogen and/or

car bon
As a result of using a hydrogenation catalyst based

on an amorphous silica-alumina carrier, the temperature
20 at which the hydrogenation can be carried out can be
lowered to a value within the range of from 150 to
250 °C, more preferably 175 to 220 °C, thus making it
possible to dispense with an in-line burner for heating
the feed gas or, in case of existing installations, to
25 reduce the amount of thermal energy to be provided by the
in-line burner. The pressure in the hydrogenation step
will normally range from 0.7 to 2 bar. The reducing gas
used should at least contain hydrogen and/or carbon
monoxide. In terms of reducing capacity, namely, carbon
30 monoxide is equivalent to hydrogen, as it is able to form
hydrogen in situ upon reaction with water according to
the reaction equation:
CO + Hy0 <> CO2 + Hy
The reducing gas to be supplied should suitably at least
35 provide the stoichiometric quantity of hydrogen and/or



nonoxi de. In terns of reducing capacity, nanely, carbon 30 nonoxi de is

egui val ent to hydrogen, as it is able to form hydrogen in situ upon
reactron with water according to the reaction equati on:

CO + H[err]O [err] CJerr] + Herr] The reducing gas to be supplied
shoul d suit ajpbyssed east 35 provi de the stoichionetri cpgyaRbyd4ysef

hydr ogen and/ or . WO 98/ 07502

PCT/ EP97/ 04756 g - - 8- car bon
nonoxi de required to conpletely convert sq err] and S[err] pr esent

in the feed gas igumbod eonp8idbsvadliyredowevenpletely cobetieesnll.ahdrsy 2. 0
tinmes the stoichi i+C :Qu i f dro /
19:'% tC iG %HE H{e&) gaas alnto Hgg 8§ afﬂﬂ O’JI;| pirl gIgUt this

nonoxi de i s suppl i ed. Larger

is not practical Fgmeen 1. aBéo%o%‘é“?%st&?s Sﬁaﬂﬁﬁyom%ﬂ@@tmwetm%s

of f - gas alydradynCc anti@bp s csoibdn hyshoger a@dsﬁﬁpbﬂéldfml’ﬂ@(géie

addi ti onal ghydro Lar rhon x| de n i

normal | 'y suppl i egﬁ&nt‘}@_ e gg}eﬁ‘gu?u Eﬁ")l Eltad ng% %%8 I8 no% R¥IT enafl for
hydr ogen and/ or Wlﬁﬁéiﬁﬂésl@amb‘serﬁltﬁ@rﬂgh the Clawsippefeias

converting CS[er rdLre%detbhtamasSg@ﬁé]h)m@i;@mt ah &B_ebéﬁe&bnoxme, gas into

H2S. A very suit tain t addi tiopal, su i S by
sub- st oi chi onetr?ggdagiperatl oh%l 840n and/or iSFIPPRe " BUPRETe T '8 B9

operated in a pr aa@duwgnelra}aél.‘wswplwmntn oridereby ¢0$melgtMUrJagb3ﬁchnd

carbon nonexi de. sufficient hyBBo§éEpaﬁ$90£ﬁcéi@%nph8§§§§d@cf9rﬁké§bﬂﬂ)ﬂdTe
present i nve tl O

hydrol ysis t | ace by contactin | east
part of the reducceocrln eq‘éfr %88?43¥€’d“%a %btsg)zné‘ﬁd gérﬁ’resen tetbe( e t h
a catal yst capablgeaSoflncﬁ@t dpsi Agvehe Ditable wpdr bbysttabf Q8BS to form H2S.
This inplies thatadditional supiwrﬁ@%fltﬁﬁiﬁ@h&mbm@yf@ @éeﬁéi@iérnqaftakes

| bet t the h | t t_.an
Ea?;fayst whi ch ?svrfﬁgwn ? SF}(’%E S t ?bg catsl f?@ﬁf’lﬁégro Y8'pr ‘%}‘?}d%/‘%s/ a"é‘f

COS may bkdused. WrHe& hydesksi Sorming yimpdRRjen andshaubdn prederidd y not
pronote any reaction iy @k@bngoSt the proceS¥ChcBSrbNRg SONItAS, St
reaction: invention hydrolysis takes place by contacting at least
part of the reduced or hydrogenated gas obtained from
step {a) with a catalyst capable of catalysing the
20 hydrolysis of COS to form HyS. This implies that no
intermediate treatment, such as cooling, takes place
between steps (a) and (b). As the hydrolysis catalyst any
catalyst which is known in the art to catalyse the
hydrolysis of COS may be used. The hydrolysis catalyst
25 should preferably not promote any reaction yielding COS,
such as the sour gas shift reaction:
H2S + CO < Hpy + COS
It is known that particularly (Brenstedt) basic hydroxyl
groups, such as those present on inorganic oxides like
30 alumina and titania, catalyse the COS hydrolysis
reaction. Hence, non-promoted alumina, titania or
mixtures thereof may suitably be applied as hydrolysis
catalyst in step (b} of the present process. Optionally,
basic compounds, such as cerium oxide (Ce02), zirconium
35 oxide (Zr0Oj3), alkali metal oxides (Naj0, K0} and/or



Herr]S + CO[err] Herr] + COS It is known that particularly

(Bronstedt) basic hydroxyl groups, such as those present on

i norgani c oxides like 30 alumna and titania, catalyse the COS

hydr ol ysi s reacti on. Hence, non-pronoted alum na, titania or

m xt'ures therwefosmespzsuitably be applied as hydrolysis PCTERPTA#HEL i n
step (b) of the present process. Optionally, basi ¢ conmpounds, such
as cerium oxide (Ce2), zi rconi um 35 od de (Zr2), alkali netal oxides
(Na[err]O, K err]O and/o WO 98/ 07502

PCT/ EP97/ 04756 hydrox1des (NaOH, KOH) and alkalinegearth mEtalh?H+%&7des
(NaCH, KOH) and al &do,negegr chonebal/oxipsroxides (BaBad) , Mydy (G0, and/ or
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present at all, sucC St abl y Ccohs Ute 1rom 0.1
to 20% by wei ght, capoundsg @ﬁ‘eutablly wwﬁatttfcﬁ 1BRHY - heit§he 0% oy tWeight,
hydrol ysis s pxC‘e.&.te&la\bity gzbsul ated1 88 wetwlighkQr ofthénpunpasel péid he

present invention I s.5atalkyst conprisin 0k ng and CeQ2
and a catal yst corf:partl S % ¥:f1 E %gd &5 metdr, SElorgt{‘et EH‘8°?‘L’ : tgl?)rrprl si ng

titania and KOH amemenx.o mvenkpenriao):ydina@/@aﬂ@ewaft@duétpapmpcu‘ﬁamgy useful .
The effluent alunfidd fah@McebsPahd)a n@&{@;}é& %m@rrllggﬁgsyétagsfm- wat er

vapour, i.e. he .requireéd stoichi onetrig
hydr ol ysi ng the C%’paﬁ?ti %32( rESeﬁ?mprlsmg tltanl?hé‘hga{(g?yg?g/%ed in
steps (a) aAd (b) ¥x® mwealble?nlsound sat pivuwed Yyr vsefud . ofbe aef huente

process according 44 tﬂl%m step (aPrﬁéﬁrﬂéllﬂvc%ﬂﬂxq@ess'éﬁhfﬁ?ﬁgeﬁ’é|195'1:&11': ng may
be perforned own i e art tance according to

et
Phe’ et hode di sl dGRPGT BuPopshin FAPErRnGJe KechaEot R SREERES e D
329, 499; 448, 435 afmk 564rx3lysand theefos 2dnd annd&BSipopakspatent applications

Nos. WD 93/02793 and The cataVPsP4/ 22d@ /; lételp% Rra‘?f saae¢bLna£@esﬂ
according to present | nventi on non- no at al %/tl caI |y

active netaPs are Sd’tlﬂhe‘éjﬁd ﬁéﬁPFthr‘é%"eﬁtJrW ttﬁ‘é3 8595F§§t according
sul phi des, so thatptdeendatinlvgnitdéahl ySach i meetetiphd ding may be performed

by methods known in the art, for instance according to
the methods disclosed in European patent applications
Nos. 181,254; 329,499; 448,435 and 564,317 and Intex-

20 national patent applications Nos. WO 93/02793 and
WO 894/25157. It is preferred in the process according to
the present invention that the non-noble catalytically
active metals are at least partly present in the catalyst
as sulphides, so that the catalytically active metals

25 have a high resistance against the sulphur constituents
present in the gas to be treated.

Reaction conditions in terms of temperature and
pressure as applied in step (b) are within the same
ranges as applied in the preceding step (a) and hence

30 include operating temperatures of from 150 to 250 °C,
more preferably 175 to 220 °C, and pressures in the range
of from 0.7 to 2 bar.

Steps (a) and (b) of the process according to the
present invention can be carried out in several con-

35 figurations. For instance, step (a) and step (b) may be



25 ‘have a high resistance agai nst the sul phur constituents

present iin the gas to be treated. "Reaction conditions in terns
of tenperature and pressure as applled in step (b) are within the
samne : ranges as applied in the preceding step (a) and hence 30

i ncl ude openadbgsgenperatures of from 150 to 250[err]C,  pcI/EPYINANSS
preferably 175 to 220[err]C, and pressures in the range of fromO0.7
to 2 bar. Steps (a) and (b) ofighe process according to the
preseht invention can be carried out in several con-.35 figurations.
For instance, st&mr¢aﬁdandtslepm%d»sqpaxdne reactors. AlWDOG OALO? is a
FCT/EP97/O4756 relatlvz‘y ve optlon, it prégﬁde tlméf”fié%% out in
WO separate reactors [t ho IS 1's expensi ve
option, it prOV|&é§lGﬁtPﬁaFeFm%x?f ProcesslﬂqﬁtﬁyllﬁnﬂeF%%r%ﬁoﬁﬁd@%$§“5
control and therefedieafd¥ be apply. masiicllae1y) appby. ePﬁéﬁing}JHﬂid y, if an

existing t 5 C nfiguration._is 1 i Ie f |f|cat|0n
this éNOconf |rgeurc§t?otrcl8nay8% tgl asttrat Yﬂ %Q e le 10s’ (t}B and

(b) may al so be é&WﬁPé&réE%Oan%ws#QKﬂﬁiy attracc#@actor It will be
appreci ated that frogtapsosi) PEEEPES- may also beVeakhisdisuvery atdirmgtd ve.

One very SU|tabIe S|n | e r eact or figurati IS, a st.acked bed
a %€ %9 sfll.'hldb é)rpaﬁec:_ar%ed gf'x §: 990% 2 %odt Ferspec

consi sting of i on catalyst ~an

hydrol ysi s tld@t&hy§tlslﬁethlét%naﬁﬂayﬁ bémecﬁﬁtha¥EE$b#ﬁt#ﬁPQLﬂJ beds

?L e arL atnﬁ@dblg m%t%&naeﬁfgaﬁﬁamt%fﬁeg @S dkeaf béatconsmtupf th ]
roug e be ydr nation_catal yst. an roug

t he bed of hydro&? 3% gggfyg? A © talyStféég ﬁageﬁaﬁgpggg Buyh t he

reactor either ircagalyskardn this stagkdd redoewnfagdrdfiect ton, twhilleds a

si delflow nay al saqe arrang eaelﬂpahélednanm \tQJal&n'%héafféQdOcﬁaQYQdoﬂﬂ%' on
cat al yst

LI e b st s IR Bh 81 S b ResOom el vt 20
into H2S 3hd t he swisequent LgOBhtoudte thalksid/sédhydrolysis Genterlatdty, Thee
volunme ratio of h¥ﬂkp@%@ahh9np§§§a&H?Buéﬁ“ihe reactor either in an upward
: or in a downward direction, whilst a side flow may also
be applied. The volume ratio of hydrogenation catalyst
bed to hydrolysis catalyst bed is predominantly deter-
20 mined by the amount of sulphur constituents to be hydro-
genated into HpS and the amount of COS to be hydrolysed.
Generally, the wvolume ratio of hydrogenation catalyst bed
to hydrolysis catalyst bed will be in the range of from
50:50 to 95:5, preferably from 60:40 to S0:10.
25 Another suitable single reactor configuration is a
configuration, wherein the single reactor comprises at
least one bed, preferably one bed, consisting of a
mixture of hydrogenation catalyst particles and hydro-
lysis catalyst particles. Such mixture may be a com-
30 pletely random mixture of both catalysts, but also may be
a mixture wherein the concentration of hydrogenation
catalyst gradually decreases in the direction of the flow
of feed gas. The sulphur-containing molecules present in
the feed gas, which are to be hydrogenated to form H3S,
35 will always meet a hydrogenation catalyst particle



to hydrolysis catalyst bed will be in the range of from 50:50 to
95.5, preferably from®60:40 to 90:10. 25 ~Anot her suitable single
reactor configuration is a configuration, wherein the single
reactor ‘conprises at | east one bed, preferably one bed, consisting
of a* nvorsaeEsodf hydrogenation catal yst particles and BEfdE87/04756

| ysi's catal yst particles. Such m xture nay be a com 30 pl etely random
m xture of both catal ysts, but also may be- 11 - a mxture wherein the
concentration of hydroqﬂenati Qn catal yst gradual |y decreases in the
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Herr]S 35 wi | h i l.yst..particl B

V0 987 07505 ds %gf‘)’%d?%t: & Mﬂf#?g@@%}ﬂo‘}{‘ C%%%%g‘ég‘y}%é%g Rydro

- 11 - SOrARMHET N FatReYEAL aVist MRRE avhivdsolymys cemtebneit CS[err])
mol equl e present i rpdifei dleed Tyes voluher AREidYof efudtbigeRation cat@fy&S[err],

SJerr] or Slerr i : it ydrQs. . . enat i on
cg al y]st . W I[ I rrzsergéa lyc/igreloglogs%i g‘%é?%?’!% %ﬂ%&pgra?itéfé.esﬁ% %oth}Fr%Qr atio
of hydrogenation catafiglstst bed wilpabei &pelhe rangdr GifySremcal apysto 99:1,

particles in a mxeskeferably cfalbal g5t 3Heeo Vg 5 bendirie b!ﬂ@féﬁé\ﬂﬁ%(ofr%r{i%g:tlo
50:50 to 99:1, . ref er,a rome6s5:35 to 95:5 re.prefera rom
0: 40 to ot 10T A oA ZRpHARELER 48 ek oo R DG S S Aty 9
may al so bel8ppli edraSiEtfc debrRat iod- nBych feambinatagpenay, for inswrise

in the direction ofcdrer fdedWnokhbegdr&acicsh M the flow 8 hydyogesad igey
catal yst and a bed co tainin i enation_cat alerSé

. yaro e%a%igkxggégi q andg . O%egydrog a mixt
and hydrol ysis catalyst: optlo- HaAr 13 Wit GeBratsiny
concentration of hyaf dyetragesatign catzhysd yand ihydrhdydisecetahyof, tdmtigas
flow. Anot her nalSHiWiahl @ 68BPeA AP NedrizchtFaX8dnbed, hPifb L@ YoM t h

S oot on of% po- sl S LD el YL A R ESPLIE LA |
catal yst. For theseswididdilsarcrshinghtonahe PMixed bgder akefyvdlhe witth & of
hydrogenation cat algsdrdd®ing conceAYEAOL SISk IRl@bYEha8PBh | €Stalyst in the
direction of the gas flow, in combination with a bed of
hydrolysis catalyst. For these combinations the same
20 overall volume ratio of hydrogenation catalyst to
hydrolysis catalyst applies.

In stead of the physical blend of hydrogenation
catalyst particles and hydrolysis catalyst particles as
described above, the mixture of both catalysts may also

25 be in the form of a single catalyst comprising both a
hydrogenation function and a hydrolysis function. In this
way molecules on a microscale will also meet the appro-
priate catalyst function. In this configuration a bed of
dedicated hydrolysis catalyst is suitably present

30 downstream of the bed of the catalyst "mixture". Such
catalyst combining the hydrogenation and hydrolysis
function in a single catalyst particle is suitably
prepared by co-extruding the dedicated hydrogenation
catalyst based on the amorphous silica-alumina and a

35 dedicated hydrolysis catalyst.



In stead of the physical blend of hydrogenation catal yst particles
and hydraol ysis catal yst particles as descri bed above, the m xture
of both catal ysts may al so 25 be in the formof a single catalyst
conprisi'ng both a hydr ogenati on function and a hydrolysis function.
In this wo 9880210] ecul es on a mcroscale w Il al so neetectrimPorgpss0-
priate catalyst function. In this configuration a bed of dedi cat ed
hydrol ysis catalyst is suitably present 3012 - downstream of the bed of the
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prepared by co-extdeddigag hb@hd@%é‘@t@ﬂ odgenat l:QE‘alyst pm&f’it@ yst based
on t he anor phous SI|IC% alupjna and a dedi cat ed hydrolysis
catalyst n}O%%O@Fep (a) of the process a cordlng to the

PCT/ EP97/ 04756 present 1rvent10n This may, for 1nsﬂ2nee, convenlentlﬁ n

certain cases it Hén)éclﬂgqué' Efdafparﬁﬁmgag Hel€or hydrol eA:gaq'(9 l;@sttjr] a bed

of hydrol ysis catal subjecting’it b t he
process accordi n@’ﬁ%rﬁﬁ the beg é%‘?é?ﬂrﬁsr’r\?@nf:f’ﬁnhyefﬁ?%ewoﬁ or instance,
conveniently 5 Catabe'sachBe&vlechtgceﬁerajlgiymgoaybed ofedykirod ysdys kAt al yst

upstream of the heg GamREEs)ngsLAe W:PQ%%%EQH onTé?ﬁ{sa' {. sSuch

preceding hydrolysis treatnent é‘n Peurar use when t he
feed gas contai nSt@nbial amountgy Gig, a|m°<fiﬁ)l§ﬁfi§ (’POePP‘PrY))r eofikﬁiiﬂ 53R FOMY)

of CS[err]l0 Uponcbitact wiontachydtdderadiyer @geaays@ahﬁaﬁ@y,stcsgm y, CS2
may react, h r fo r t.an i

difficult to conve\rg!tcttf S?t}{ﬁ Qwﬁ?%eq]-l orng]%?n %r‘%\c/:i51 gva% "ﬁhlcah are

unpl easant odour d&fffﬁfé%épf—‘an%o‘awtt Haftder dRge HpSa In view ofudequent

i ncineration treainmetstheyodont ré huter daptleie 2Rd the sd@UNhf i$0=err]
rel eased into th%u%séqubht'§néqﬁg{ﬁ{1é%té%eatmegt th§pc5q? l%#%%éx}ﬁ@e

mer capt ans_formed as I'ow_as possi cont
CS[ err] - cbht ai ni AFORBEICHaSOni ¥hleased into fpgr éllym bt che arnssfie r @SR tios
hydrol ysed to forwmegOBhewheedl of mercdptaneadbvkieduss hesw ydrased . nto

Herr]S. In thisfﬂﬁ¥iEQ§ contacting the CSp-containing feed gas with a
hydrolysis catalyst, CS» is hydrolysed to form COS, which
is readily further hydrolysed into H2S. In this way the

20 CSy; content is strongly reduced prior to contact with the
hydrogenation catalyst, so that any formation of mercap-
tans is effectively prevented. In case of a single
reactor configuration any preceding hydrolysis may
suitably be effected by arranging a bed of hydrolysis

25 catalyst, preferably the same catalyst as used in
step (b) of the present process, upstream of the bed
comprising the hydrogenation catalyst. In case of a
stacked bed process this implies that the stacked bed is
extended with a third bed upstream of the original two-

30 bed arrangement. The volume of such possible initial
hydrolysis catalyst bed relative to the subsequent
catalyst beds is determined by the CS, content of the
feed gas, but will normally range from 1:99 to 30:70,
preferably from 5:95 to 20:80.



20 * CS2 content is strongly reduced prior to contact with the

hydr ogenati on catal yst, so that any formation of nercap- tans is
effectively prevented. In case of a single react or configuration
any precedi ng hydrol ysis may suitably be effected by arranging a
bed of hydr ol y&098/@502 catal yst, preferably the sanme cat alPgIEPSHO4Esed i n
step (b) of the present process, upstream of the bed conprising the
hydr ogenati on catalyst. In case of a - 13t-acked bed process this
inplies that the stacked bed is extended with a third bed upstream
of the original two- 383Ttichey SkFnmferrdst CatREYSHI RMEL BT lauctP Bss sisside
initial hydmolthei proat as ysicdetingelat ke poeb&et SLIDSAOIRN nay

catal yst beds is deteru ped.by L cQntent feed gas,, but
will normally range ?%on11:98.tdn%65§§Pﬁg it ag%ré g?%b?%”??%ﬁﬁfﬁp 1eg
20: 80. apg garpesphally available. Suitable particle sizes,

PCT/ EP97/ 04756 then, are diameters of from 0.5 mmlBo-15 mm, more

mccor ding t0 the prastaP Tnbert | oihmy e CatalyP R Bartisitn Wy HHefs Lind
are those commonl y2&gpFhage known imrihecamer siahl §s asrli¢ ud o whSeiltsabl e

particle sizes, 5tri-1bbes, amd equt ¥ ®Bibesf bhtofa . HLeBNgO JLedmy, gore
suitably 1 to 5 ”“EthEeSaLQhXSt particles may be used in any shape
known in the art, SGUCh &s épﬂe?es, wheel s, tri-|lobes and

quadru-1 obeld but nay ansetee (®edf rihg process geestdihd dranthk0present

In step (c) of theipkesessn aCkOTH NG rAcBehiRe iR EBENEFFInent gd UG ON the
H2S present in the effl Lﬂﬁgti%asegorvoerg thu st eg.éﬁl;) 1S rem)ved,s t hus
obt ai ni ng a product §8s 'Ravihg" r TRUS.QRERYNERS ph R aBifte9RS ReifHOA
of H2S fromthe soarreduced syphwhtcginkedti.nRehepal b)f dgrs e carc ltheveduby
various 15 net Badsokped Nid R e t(b) CBERT K&l a EREAFRY IR RAGEISES
usi ng quuuv HZS-s%IgggagelgbsoGpeqé§ are m%ﬁel% 5T6§L§g¥jt' very
suitabl e for the pliFpdse’ of " THe It &&&nerEnyEREPHRE PLigMe fEEREFyES
appl i ed absor bent suphtt ubiedeifidtafs sedlegtiivasabsorbent ofara kdmiellgnmned, asdch
as nono- et hanol am pgrydinitable for the purpose of the present invention.
Frequently applied absorbents include aqueous solutions
of alkanolamines, such as mono-ethanolamine, di-

20 ethanolamine, di-isopropanolamine, and aguecus mixtures
of di-isopropanolamine or methyldiethanolamine and
sulfolane. Generally, such absorption treatment involves
an absorption step, in which the HsS8-containing gas is
contacted with the liquid absorbent in an absorption

25 column, and a regeneration step, in which the H3S is
again removed from the absorbent. The desorbed HS thus
obtained is normally returned to the Claus sulphur
recovery process, whilst the regenerated absorbent is re-
cycled to the absorption column. The final off-gas from

30 the absorption treatment is now often subjected to a
thermal or catalytic incineration treatment for con-
verting the minor amounts of H»S still present with
oxygen into SO, after which the incinerated gas is
released into the air.



20 * et hanol am ne, di-isopropanol anm ne, and aqueous m xtures of
di - i sopr opanol am ne or nethyl di et hanol am ne and sul f ol ane.

General ly, such absorption treatnent involves an absorption step,

in which the Herr]S-containing gas is contacted with the liquid
absorbent i nwansedepr ption 25 colum, and a regener at i rELSP4756 N
which the H2S is agai n renoved fromthe absorbent. The desorbed H2S
t hus obtained is normally returnedigo-the C aus sul phur

recovery process, whilst the regenerated absorbent is re- cycled to
the absorption col umiltéheatinelyofstgas(dir gmy3@nvolvet Aemabised pidon
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i nci neration treatnent, for verting the_m nor anounts
still present witifacting tBﬁyBéﬁ Yhid aéqaéiv"rﬁousaﬁf’éf*tﬂ\ﬁi‘cﬂftﬁep?]rﬁ(:‘f'ﬂeﬁrrﬁ:t ed
gas is r elmregsdd iiont ort heebate in a redox reaWpiBB/ 0d56@rm

PCT/ EP97/ 04756  o1emental sulph d duced statdfor th
Al ternatively, steepemen) amasul Er%v‘(l)rvaena amat% u(fe pratero nd %Vaﬁ]st from

the product gas d’tﬁté‘ilnéd’“l ﬁrsFEE 8§ pypich in 2 PéQéFHH@nF hée%%ﬂttwfhn
aqueous sol uti on sofera ipolcynakenéd back intet@le iceigahalhpbhyealdnt meadax

reaction to formy g ox c%%@gggtﬂkh %%%%Eﬁ%wxyjdithegugsgt§£fée Plqide,

pol yval ent met i on or ch’in a su sequen regenegr ation
step i s converteddsitk iSHEB BReCBYISR nal TqbIi AeBRTakRY afPPlied as e or
chel ate byor eact |p1gyvta1\e1nthmatsmtmbiﬁsto>@wht&|ﬁl@ chelating@o&géntsSuch as

oxygen. ITon i 9SS L.APRLLES: ARl% Hag corRBl XURLCTEDBE] 2q 11 o1

sui tabl e chel ating ee enedram n aacetic acid
(EDTA) and “ltrFltlﬂtlréﬁFﬁééét ?%l%c(WP()NT@hOSPﬁ%BhaP@ bindosmimighat e
ions, or precursaidhd,herepkecibyobe PHESEE, infayi Be present iMidneal redox

mXtre (o Fncragglio,Ue SR RIS et STyt al T The
m xture. Eanpl e§”d1phur CWSt@béhf%q*erﬁi\ﬁalelﬁﬂﬁe‘}éééewbp@urfifrrmenistlamce

di scl osed redovieteap €abmPakend giiild GRIH@ISnNRAS xt Or§66E3dfb1es of
such HpS removal processes are, for instance, disclosed
in European Patent Applications Nos. 0,066,310;
0,152,647; 0,186,235 and 0,215,505.

20 As has been indicated hereinabove, it is an advantage
of the process according to the present invention that
effective integration with a Claus unit, particularly
with a three stage Claus unit, is possible due to the
lower operating temperature applied. Such integration

25 could typically involve loading the last reactor in such
a Claus unit with the hydrogenation catalyst and the
hydrolysis catalyst used in steps (a) and (b),
respectively, of the present process. This is evidently
very attractive from a process economics point of view.

30 The invention is further illustrated by the following
example without restricting the scope of the invention to
this particular embodiment.

Example
A gas consisting of 500 ppmv (parts per million on a
35 volume basis) COS, 750 ppmv Sy, 10,000 ppmv HpS, 250 ppmv
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ker ei nabove, it is an advantage of the process according to the
present invention that effective integration with a Cl aus unit,
particufarly with a three stage Claus unit, is possible due to the
| ower operati mgds@mgper at ure applied. Such integration 25 PCTYBRA7G4756
typically involve |loading the last reactor in such a Caus unit

wi th the hydrogenation catalyst and the - 15 - hydrolysis catalyst used in
steps (a) and (b), respectively, of the present process. This is
evi dently 98z y 2094 awmw 0L oRPavelbdiz® ddbié® epmpoHat avd vi ew.
30 | tIhetl nvgdtﬁ@o opltsbdns deWaEebabEEHSiﬁ a&:ed:ﬁzyatxtaﬁ@{r@cm%nlverha
exanple without restric cope .0 i hventi.on is
particul ar embodi feht" L1 ddy I§>SE ﬁ% bel"fesfut VoRUgS aS%angIl%tl Rg of 500
ppnmv (parts per nmi$isenorri Bked ofvbmneg@a@tilsgn G@S}alI@G bphowSpebed of

10, 000 ppnv sH2S, 28PdPPI¥sis catalyst iNOh9@6DImDZatio of 90:10.
PCT/ EP97/ 04756 2, 2000

ppmv SO err], 25 vol % HerMBCoE526687 phat2Hth r‘jseé%&"mprlsed %oégsif%rn/ Co
was passed in an upseghit df @6t iaod dvefsaby weight prieMoulspbpdetedt askad bed

(total volume 625 Q%%rﬁﬁﬁhs silica- aihﬁithcégrfbfxﬁﬁdﬂhghﬁﬂrQg§ﬂ§ﬁbon
catal yst bel ow a bed of

atal yst. in_a volu ati o of
50: 10, S oot bV on St dRhr yE8¢ A asmmaal 8 UiEal ThoPe
wei ght of M0 and 1@0D%¢)y(ﬂml it OGBZI\Anngp@mdtaaob‘mfaa:e area of aadrphous
silica-alumna Carf‘hgrfm\@tﬂﬂi %@t@llyg\:nﬁad a totan:;HU ntonLmQSO(?igy yei ght .

The carrier had a tot aI 10}) vol une I—g m /g and a surface
area of 440 ng/g. Y-°¢ m gﬂ‘?é’df PnPYRERCR af P <HT HetP - t/Gt *al pore vol une
(Hg) of 0. 64 e ramtcdysisf ageahysa wifs 24PorBsgium~-doped titadie

hydrol ysi s catal yelaUpeyd RUASSLURLASRCEy L 2DIA of KO8 prBEALYShre-

cont ai ni ng 2%by V\BI% prior to pre- di ng.
The particl@s of bBFPRAAHIYsts used were crushed partl cl es having
a di aneter between 0. SrtencgaktQcims of both catalysts used were crushed

particles having a diameter between 0.5 and 1.0 mm.

Process conditions involved a reactor temperature of
210 °C, a pressure of 1.2 bar and a gaseous hourly space

20 velocity of 1500 h~1,

Composition of the reactor effluent (the "reduced
gas") was determined with gas chromatography and infra-
red spectroscopy. For the purpose of this determination a
sample of the reduced gas was dried and analysed. Prior

25 to drying the reduced gas had a water content of
3.77 vol%. Results are indicated in Table I.

After cooling, this reduced gas was subsequently
treated in an absorber system using an agqueous mixture of
methyldiethanolamine and sulfolane as the absorption

30 solvent. Feed gas pressure was 1.05 bar and feed gas
temperature was 29.5 °C.

Composition of the product gas was determined with
gas chromatography and infra-red spectroscopy. Results
are indicated in Table I.
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absorber system usi nglanaRaueosiSgived Une Table I are sRtdyd dHihana amyne

and sul f ol ane as
bar and feed gas

&qu abso

rption 30
tenperature was 29.5[err]C.

sol vent .

Conmposition of the product gas was determned with
chronat ogr aphy anhsuaf na- r edRSPEAEI RS GRPY ot ReSHhiShur conterdf € indicated in

gg?}gpg7/04756 Comﬁg%é% Forque Feed gas Reduced,.gas{ Product gas
anmounts given in ka8 eppmane dn the lkgggis of|dry 200 gas. 199
TABLE | Redugtd tal| sul phur, cont ent Cojrponent _

Feed gas Reddggg g%g&q Productqgégﬁ Cég'(ppnv) §
200 199125 (ppmv)sqlerr] (ppdv) 18,00867 528 25
- H err] § depmipols) 13 18. 900 27.5H28
CJerr] (vol% ) (lQ§° 27.1 Slerr]
(ppnmv) 1,%@0 P CS[errj]’ ppnv) 33B

From Table | it ddShelPPEEH t Hat the 338 phur

10

gas

Feed gas pressure was 1.05

\| |

67

From Table I it can be seen that the sulphur

constituents present in the feed are effectively

converted into
removed in the
and hydrolysis

temperature of

HpS,

absorption step. Moreover,

97.2% of which is subsequently

the reduction

reactions are carried out effectively at a

210 °C, which is substantially lower than

the temperatures employed in the processes of the state

of the art (28

0-350 °C).



constituents present int ely 5 converted into

H2S, 97.2% of which is sub renmoved in the absorption step.
Moregver, the reduction Mm mm m,t ﬂ5| S reactions are carried out
effectirvely at a [err]C, which is substantially

| ower than  wosswrsohe terrperatures errpl oyed in the processe®CTHIITHESGT at e

10 of the art (280-350[err]C). WO 98/ 07502

PCT/ EP97/ 04756 17 -17 -

CLAI MS 1. Process for reducing the total sul phur content of a
gas cont ai ni ng hydrogen sul phi de and ot her sul phur conponents, which
process conpri ses: (a) contactingcthengass @ th a reducing gas in the
5 presence of a hydrogenation catalyst conprising at

| east one netal conponent selected from G oups VIB and VI1I

supported on a car¥i elPresgssi SpAgrafwe phdudie total sulpBprjeentgnfiafa,2

(b) contacting at dﬁiiior&%rﬂnlﬂf; hperggén obigimer faheMotfer sulphustep (a)
with a hydrolysis catal catal ysing the hydrolysis

ca
of carbonyl sul phi "% SesT PRI B Pﬁ??ﬁ%@a‘?"d‘&’é&%&l phi de, and (c)
removi ng hydrogen &l plardactiom the gas wittmiang@diicéng gas in the step (b),

thus obtaingng a prOdlﬁ?ﬂe&@%%ehéylﬂghﬁdﬂ@genatlon c%QQQG}SG &Qxﬁﬁhﬂ&l
cont ent . 2. Pr %accord
75%

{: to claiml g g§i p heGam)r
silica-al umna has an SRScBRE RNt SPPPYIRD G £548C5pD from ’F‘F

by wei ght, preferably ar@ V3I60%npponeeghtn a carried. cPmpréssnacyurhmyst o
claim1l or 2, wherein stltlelc%Qalumlggmrphous silica-al um na contai ni ng

carrier has atota{ %lre volume in the ran%e of fr,(o)mo 3dtf)
m /g, pr ef erAbISPHPASIT 8953 01§39 37, of the gas obtaine o
10 step (a) with a hydrolysis catalyst capable of

catalysing the hydrolysis of carbonyl sulphide to
form hydrogen sulphide, and
(¢} removing hydrogen sulphide from the gas obtained from
step (b), thus obtaining a product gas having a
15 reduced total sulphur content.
2. Process according to claim 1, wherein the amorphous
silica-alumina has an alumina content in the range of
from 5 to 75% by weight, preferably 10 to 60% by weight.
3. Process according to claim 1 or 2, wherein the
20 amorphous silica-alumina containing carrier has a total
pore volume in the range of from 0.3 to 1.5 ml/g,
preferably from 0.5 to 1.2 ml/g.
4, Process according to any of claims 1 to 3, wherein
the hydrogenation catalyst comprises a combination of
25 molybdenum and/or tungsten as the Group VIB metal with
nickel and/or cobalt as the Group VIII metal.
5. Process according to any of claims 1 to 3, wherein
the hydrogenation catalyst comprises platinum and/or
palladium as the Group VIII metal.
30 6. Process according to any of claims 1 to 5, wherein
the hydrolysis catalyst used in step (b) is a catalyst



4. Process according to "UM’H, 3, wherein t he
hydr ogenati on cat al yst co "#tl on of 25 nol ybdenum and/ or
tungsten as the Goup VIB net Al with s« ni ckel and/or cobalt as the

G oup VI'Tl net aI 5. Process according to any of clainms 1 to 3,

wher ei n Jydrogenation catalyst conprises platiny g}r&g (Rbse

pal | adi um as t% oup VIIT netal. 30 6. Process according to any of
claims 1 to 5, wherein t he hydrol ysiig catal yst used in step(b) is a
cat al yst WO 98/ 07502

PCT/ EP97/ 04756
CeO .
conprising CeC® and' & M ha o |a§daa%5FaPys? corrpncs"’}]tnaleSt comprising

pot assi um doped PPERFT M- dope‘j tiranppgcess according to any of claims 1 to

6, wherein 78 snseqn:e(ﬁ) aaledraiap €6)am 17601336&141@.(}, QUi o @hawgbgg%g 5
react or. cgﬁgi r g.to ¢laim erelnt esmg e
reactor conprises a s{ap) K %%cg%& sf?nﬁafﬁlegbe\fd‘fn a

hydr ogenafi on caf%??*‘s‘?rand a bed of hydrolysis catal yst. 9. Process
acco[)d:jng to clagm krddwqela&cbb}alsgngbecilé)mé 7, WRAE tﬁ@”?ﬁh??é gt | east
one bed consi sti [0 enatl aon catal ysf an

hydr ol ysi s Pés l{aylél fgfrprises a E?%h%% Frorditg €5 anyediofhe

precedi ng cl ai nshydrogenaw @Iartatlbrethyddogebe@Ln@m)dHOdmsual nahglgas. prior
to 15 step (9) IBrdc¥dAGRArWihE 8ohyds oh Vsl suHealdhy she single

10 reactor comprises at least one bed consisting of a
mixture of hydrogenation catalyst and hydrolysis
catalyst.

10. Process according to any of the preceding claims,
wherein the hydrogen sulphide-containing gas prior to
15 step (a) is contacted with a hydrolysis catalyst.



