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Title: Process for the recovery of sulfur fromSQerr]

cont ai ni ng gases . In a nunber of processes, such as the
refining of . petroleunr the purification of natural gas, and the
production of synthesis gas'fronrcoal or fromoil residue,

sul fur-containing gas is released, in.-particular H2S. This 5 H2S is to be
renoved before the above-nentioned gases can be used. The nost

i mpor tant rea@sedetor PibeeslSfoenthal reeoiréusy of guksientfxwm E0,S err]

em ssion through conboAtadfing dhess]S. Al so, it is well known that
Herr]Sis a very toxic gas.and has a .~ nasty snell. 10 The
nmost common nethod in the industry.is to = renove H[err]S from gases
through a liquid absor n, 1. [ ht nto
concentrated form "p'&,hg %&gﬁg} ?%eplr%%%ngeé%t € (ﬁ[ err] %gé'tcgeél'}L ol nveflrted
to eIenentalpetro&aunurthah_ hifscation esf natiiral gas, and Alhep, | n a
nunber of Cagsi libti&nPQESE hﬁhéé%gkééb froﬂ'ﬁ%(f'&? S o hhe%jﬁ?ue,

bringing H e 1'nto copcentrat to conv rt the ﬁa;]s
known

oo 19 b PurenfRuhag gas is reldddla, gl

and wi delsy usgsl iettwdse remdioed dmfiond Itﬂ@ Id[berve]—ﬁemlehemeghelessuhhuber s
t he so- caIIed 0 ,:Cl aus ¢ The d aus - pro S _is carri,ed in
di ffer ent <Ti 8Bl REPTRe T SadHh S0 i Fere Rte “FosiPgas.
Accor di ng topraeenbs¢ncoﬁv8@5 Qmuﬂsuaﬂuhhnmamh campastionh ofieH,S. Meer]Sis
burned to sq c aT=io% t h he
{S vd % Pnd ;ﬁ9%1fur%%§g tb¥ithghs andwhgg b

rmmwnml{mr own&mmMa etailed
descri pti on misthes@hblis priocess is - found in RN Maddox "Gas and
Li qui d %geeten'ng": Capipbehdst - confRid HeHBESAN ehel 1940ktRY 1832~ 243 and
in H G Paskall ,
: remove HpS from es through a llquld absorptlon agent,
whereby the H,S:

whereafter the r

s'brought 1nto concentrated form,
geherated H,S gas is converted to elemental
sulfur, which is harmless.
15 Also,
' the first step,’

) a number of cases it is possible to skip
hat is, bringing H,S into concentrated

form, and to con e:ﬁ the H,S directly into elemental sulfur.

the most well-known and widely used methods
to elemental sulfur is the so-called

One
for converting:H

:'Claus process is carried out in different
the H,S contene in the feed gas.

20 Claus process.
' ways, dependinc

most conventlonal embodiment, a part of the
02, which then proceeds to react further

According to tl
HoS is burned t
with the remail ;Has to form élemental sulfur.

25 A deta Leo descrlptlon of the Claus process is
found in R.N. |
Petroleum Qerles (1977\ pp 239 - 243 and in H.G. Paskall
"Capabllltles o”'the Modified ‘Claus Process”, publ. Western

pment, ‘Calgary, Alberta, Canada (1979).

dox "Gas and: quuld Sweetenlng ; Campbell

_ 33593:Ch”§_532_
30




" Capabi | i o4'he  Modified O aus Process", . publ. Wsterp.. . .-Research &
Devel oprent, ~Cargary, Alberta, Canada (1979). 30 . - vd&?§ﬂ@?@§?’ '
PCT/ NL97/ 00392 . ' 2 The
Cl-aus process is based on the follomnng reactions: 2
Herr]S + 3 Jerr] -> 2 Herr]O+ 2 Sqerr] (1) 5 _ 4

Herr]S + 2 SJerr] <-> 4 Herr]O+ 6/1f S[err] (2)
~Reactions (1) and ( resulfi: over. act o
2 Herr]S'+ Jerr] %ﬂe gf; er¢{§§$§% éaéﬁ%ﬁ%]on i éé;;OWLng A
convent i oreactians: plant sti'tabl e for processing gases with-a Herr]S
content between 50 and 100@6c0n5|sts of a t hermal stage (burner, .

and sul fur condenser) follomed by a

conmbusti on chanber vessel 15 '
nunber, general |y t%xoﬁl%# 9?? ree éq@acﬁ& SQ2ges (ddas heating, ‘reactor - |

fillegg wth cat.al yst anl sul fur condenser). In the thermal stage
reactions (1) and ( ) cur reactor stages onl reaction. (2)
known as the O aus %%%l'gn é?é:? t%? fo%/slr é@ess-,(%ﬁowever “the Herr] S

~is not conpletely converted to . el emental sulfur, mainly as a result of

the fact that the us. egui |1 reaction- ( does n go to
conpl eti on. Rea&lonsso&é a&c{ a&:}] t E%‘@r P]"gré “SO err]

renmai n. Bregadhigpn this re3|dual gas i s. no Ionger is no longer permtted -

in 2%q view of the stricter. environmental requirenents This so- cal |l ed
tail gas nust be f tébé desulfurlzed Tali processes are known to
‘those skilled int

arﬂi? ae 2 2(9e§cr2/5‘e§n for |rﬁ§1)ance in B.G Goar,

Tail Gas Cean-up a conventlonal Claus  plant suitable for processing
gases with a H3S cxntent between 50 and 100% consists of a
thermal stage (burner, combustion chamber, tail gas vessel

15 and sulfur condensg;; followed by a number, generally two or
threé, of reactor,éiages (gas heating, reactor filled with
catalyst and sulfu#fcondenser). In the thermal stage

reactions (1)‘and"(2) occur, in the reactor stages only

-reaction (2) known;is the Claus reaction. In the Claus
20 process, however,.;ﬁe H72S is not completely converted to.

elemental sulfur,-filnly as a result of the fact that the

‘Claus equilibrium reactlon (2) does not go to completion.
So a certaln amount of H>S and SO, remain. Burning

this residual gas 1s no longer .is no longer permitted in

25 view of the strlct:f env1ronmental regquirements. This so-

called tail gas must’ be further. desulfurized. Tail gas
processes are known: o those skilled in the art and are
described, for inéf}nce, in B.G. Goar, Tail Gas Clean-up
Procésses, a revie: paper at the 33rd Annual Gas
30 Conditioning Conference; Norman, Oklahoma, March 7-9, 1983.
The mosﬁf‘ell-known-and to date most effective

process for desulﬁugizing tail gas is the SCOT process

described in Maddo%ﬁ"Gas and liquid sweetening" (1977). “The . " v

SCOT -process achleves a sulfur recovery or 99.8 tuv99.9%,

35 Drawbacks of the SCOT process are the hlqh lnvestment costs-nummmm-mwm'

and the high energq; Qnsumptlon



Processes, aw@vdqsgy paper at the 33rd Annual Gas 30 Conditioé}#)ﬁm 395 |
Conference Nor man, Okl ahoma, March 7-9, 1983.. ) 1€. NDS

wel | -known and to date nosteffiective processgfor desul furizing tail
gas is the SCOT process ‘descri bed in Maddox "Gas and |iquid sweetening"
(1977). The SCOor process ‘achieves a sulfur recovery of 99.8 to 99. 9%
35 Drawbacks of the SCOT process are the "high |nvest ment costs and t he

~high ®nergy consunpti Oﬁnothef_"___ .proceelg) £8Y Olifleasing i'the efficiency of

PCT/ NL97/ 00392
Another procese €baus nprecessigis HehefIURERGIAUST p essheWG:Ithus‘.hr'nsocess is:

-t he . SUPERCL CEF t oN=Y4 f the
Cl aus proces gé%;rrc?%% se mﬂﬁ% &Stii%%ﬁé) re;%%g %II%%%CP

The - SUPERCLAfEPmp?‘b'C%Z‘% te Ig@%%rth?éu 3. " SUPERCLAUS| err] t he answer
to O aussgplant |initathessyitidLays® pI%%glgnggagbgarg;gggr iknhg. Conference,
Qct. 25, 1988 Edngnt on: -Al bert a, .The
'SUPERCLAUS[er$?PEﬁQk%g§'|§?»¢€§§¥Frtﬁ&ncoﬁﬁérPQﬁBﬁn11@ltP§FPn§asPFPeat|ng
processes. |3gtihecAtiERG Atlfer nqr @etference, IGEAC i28) (2Ba,n the thernal
stage and i he CI au agtor stages is operat ed at excess Herr]sS,
so that in {hfﬁe‘“ Mh Ct l? azgﬁ 'Cl aus reactor 'stage the H2S content -

i s about 1% by vcﬂnmesmalmsgqmoc]assomseoheapenttHaﬁZchyrvnhm
In.the t-‘iégdggg d e[ S :

sel ECtI\}/:§| y OXI dried to elerer ur acc'cg)rd%r?ﬁ?ta&'?ﬁs si‘g%g%%tlon

2 Herr]s + mgagtion >(22) H[”lerqr"‘]eO'f-*ilez"/“\fr1 SE&age @pg 2-9 the Claus reactgyer a
speci al sel eﬁiag/as (0771 Memadataeﬂ picess H,S, so that Theshecghal ¥sbm are

d bed Ta 2 Th
Sese o T o SR DR R 5o oo 11 by T

volume and the 502 content about 0 02% by volume. In the

15 downstream reactor stage connected to 1t the H2S is

selectively ox1szed to elemental sulfur accordlng to the
reaction -

2 HzS__:‘lf 02 -> 2 Hp0 + 2/n 8y : (4)
20 o |
over a. spec1al selective ox1datlon catalyst.
These catalysts are descrlbed ln European patents
0242920 and 0 409 353 ‘

The tall gas from the SUPERCLAUS reactor stage
25 then still contaxns an HS content of 0. 02% by volume and a

SO, content of about_O 2% by volume and an O, content of

0.2-0.5% by volum
Anothe

4,280,990 to Ja

30 occurs in liquid
catalyst at eleVated pressure, w1thout ondensatlon of

aus process is desé%ibed in U.S. Patent
nski et al, ‘where Claus reaction (2)-
dwfur in the presencewof standard Claus

water. - . : R
In thignprocess the thermal Qﬁage is operated at
pressures of 5 tb 50 bar, dhereafter th ex1t1ng gases-are -

35 passed at the same Dressure into a. reactor, which is fwllecf
with a catalyst. r"he reaction between HZS and SO; therefore

occurs at pressqge ;between 5 en 50 bar, whereby the sulfur




25, then stwk @ngglns an H2S content of 0.02% by vol une and_.a. SJerr]
content of % by volume and an Jerr] content of RCENBI 495

vol'ume. Anot heg:
4,280,990 to Jagodzi nski et
I|qU|d sul fur in the presenc

Chaus process is described in U S Patent
~where Claus reaction (2) 30 occurs in
‘of standard C aus catal yst at el evated

pressure, w thout condensation of watder . In this process
the thermal stage i s qgerate_ﬂat Rr.essures of 5.to 50 bar, whereafter
the exitingCRRAERSeF PLBothe CALALERL ¢ ol SYdag e CAESUALEACPYRT whi ch

is filled thevéitabysaliedsito Misyannid ahdeaesanon eeakS and §ekerr]
therefore ol e Sl PO RGBS 3RS %@r gggp.goggg SHET ur

WO 98/ 0138
,yfs‘__P tha‘authe stRtip. R3S ca rSQn at & oMer The

| - etk v ivekme ¢
fhe catgf?s eg %gg? " -1 GIJtOR Z das on1the
t hermal a%%a% %{ S a A)Qg] 36’1 éme ﬁP 3%] § gna thét 0

vol une sq exxit - wmemtum _t2235°lq[ edn] 8" sec8@fiebefl £th2 exit The- 5
reactor tenperature id- ihesdi st Peshol. S ok EH@hekQﬁblEQeof thi§Xl.t

tenperature 1s 275[err]C. T .second bed t e exit erature is set
at - 195[err]ﬂ§t394nﬁ§tﬂ?Q3 ; "WﬁdtQH§§ he cppyRsgirp @ﬁnt @sedeigled t hat

“‘ée

bet t th ] ti
et hodlds B 041’%%21""% N L L Y] XL A
case, Clauﬁesmnfurlzauynnp Maughttatid  gasonIhdehabl eaps psSlues tail
A drawback gfs thy DALY -"-‘.&%%‘i!d%&.l%biét bPlsslle -~ DOLh O aus process

gas and d dus tail igh costs for
conpressors of H[errPSdgayi ka@é thag 5&@?955 forndesnt furirhtivn hiath

costs of ayoin cﬁ@%scwc%%%%as taha Claushtgble&§§9é/r %nﬁéﬁﬂgé&ﬂ, fy these

Conor cl8or ne A Bs"eor coppRRSatEs gk BoX St RIS Besed BT,

reliabilitwndf air, and th_f gh costs of a tail gas compressor, the

high energy COn'Qm tion of these compressors, the danger of
leakages of toxic:yHpS gas in these compressors and in other

apparatus in de é t, and the operational reliability of
20 these compressors

X thé‘reason why this process so far has

never found any;¢ mmercial application. In the method

described in U.S . Patent 4,280,990, use was made of a
‘standard Claus c& aiyst At the time of the above-mentioned
25 patent, activated mlnas were used as Claus catalyst with
a surface area :ht 300 m2/gr with an average pore
diameter_of abodt ;H _ngstrom Such a catalyst is also

i “'tent 4, 280,990. | _
s that this process was developed, it

‘standard alumina catalyst to be

described in U.S

In th

30 was customary for
installed in CL&’

no further rese

rééctors It is therefore plausxble that
n. waa performec 1nto other types of
catalysts or that they w _ ot
.developed yet. K ayresch dorié ‘on the required
35 working pressur 'S aiy Fextastil Qo

ribed in U.S. Patent 4,280,990 are
‘by volume HyS and 1.2% by volume SOj.

Most experiment
carried out wit



20:- these CONDISORSBYS. That is the reason why thi S
S0 far has never - f ound any commrerci al application. In the %@#ﬁg@&%&ﬁf

described in U.S. Patent 4,280,990, use was nmade of. a standard C aus
catalyst. At the tinme of the above-nmentioned 25 - patent activated al um nas
were used as Claus catalyst with a surg ace area of about 300 nferr]/gr
Wi th an average pore di amet er of about”®50 Angstrom Such a catalyst is

also ~ described in J g P £, 4,2 9 n the years
that this process was hegéigégg nty §g7 2 dl%ﬁ%ﬁﬁﬁi/?Qﬁthﬁfsﬁﬁﬂﬁﬁéqj

al um na cat awhicht 8sbalso baseétamlemelapm.ma;tx@aomf)rme |@laws tpkmmefsye '
plausi ble th o] er f 1 PSS of
catal.ysts or%{’ha%q?ﬁa SLE%EPno%égggéa{'?ibwstﬁfé 19#?611 bq{eenq'ltg5 ped‘ yet .
Noy was any ?é§é&¥éﬁddbﬁetbﬁ presercgiofd FHLight ldmanlr s @ d)atsa@endl ng on
‘the Herrg S r nt @t I n
U'S. bat cnt STSEDTEE SomESRAENILE amtiears xS SHIEIEN HHA Shighits)
and 1.2% by 9€|%eu*5c}ew]50 ppm of this ReMPAE were used. This

PCT/ NL97/ 0039Zocess has never been applied commerc1ally5e1ther
U S. Patent 3,447, 903 |scl oses .anot her gcroces : chis aI so based

on the application of B AR LT Tthe ﬁquq§$9ndt§UPFGV1 £c@Brding to
this nethod, 1mﬂsmVe&aGnemod sfor rematertiyredulfurhErpimetandegakes,sl i ght '

anmount a t s, d ex es 't hat
aount 96 2 ki, SolludPES EUDRUed Lo INRER 5L TATEL D XA
process has Hﬂiﬁ#CQﬁﬂﬁiXMnﬂﬁeﬂf @unwewxaqﬂ lof éhﬁhemventlon to prOVldEtals an -

object of thedHERIHIEEP tHOWHAS AR ional Ismrfmeeile%weg hQELBASONLET NY
sul fur .fromtail gases 10 - wher eby Sgperr] nd Herr]S are_renoved as nuch

as possi bl e MFY=d in shgh @menner jthatsagn 18§J“§§F161’- ERBLENYBRPVBAYt O

provide a effirdldms, WenRne thanCOVEat ignakhsekbdr recovery nethods are
'inprovef?ln such a-manper--t-hat -an _i-ndustr.i-al -scal e.rec ef ficiency

of more*than 99.5%i s iH\yEptipg provides a ?ﬁ@cﬁﬁ%g?Foﬁeﬁ?‘éﬂhﬁ% a
process for suddoverfineg an SO; containing gas stream through catalytic

conversion thereof to elemental sulfur, compr1s1ng
converting SO, and H,S in the presence. of liquid sulfur and a

catalyst system based on a heterogeneous catalyst whlch
20 catalyzes the Claus reaction, while as promoter for the
Claus reaction a.pa51c nitrogen compound is present in the
liquid sulfur, - _: .
Surprlsingly, it has been found that with the
process accordiﬁg”to the inuention, utillzing the specific

25 promoter for the heterogeneous catalyst, a cleariy improved
conversion eff1c1ency to elemental sulf r is achieved. As
such, the use of liguid sulfur as a med um for the reactlon
had long been known Only with the proc §s according to the
invention, however, has it become pOSSl ile to carry out this

30 method at low pressures, that is, at atoospherlc pressure or

' slightly above it. ) S -

The process can be carrled ou"ln a number of

‘ways. Essential is that the’ ‘Gatalyst i§%in direct contact”

... with liquid sulfur Wwhich ha$ 'beén supplied from anm external
35 source. It is preferred that this liquid’ sulfur already
contains an amount of the H,5 to be oonyerted, since the

conversion efficiency is then clearly higher. So, it is



sul fur fronkﬁQPégkﬁgr] contai ning gas streamthrough catal ytic.
conver si-on o el emental. sul fur, conprising conver?q?ﬂpﬂgﬁpgpr]

and Herr]S in the presence :gf- I|qU|d sul fur and a. - catalyst system
based on a het erogeneous catalyst which 20 catalyzes the Caus reaction,
while as promoter for the -:..Claus reaction a basic nitrogen conpound is
present in the | i quid sul ur. 6 Surprisingly, it has been
found that with the pr oc ‘according.to the invention, utilizing the .
specific 25p o@éﬂﬂ%efofgﬁp%r H&Eﬁf@ﬁe%@%ocaf%ﬁlséhe agg E‘;?}{aléé | gyoved
conversion efficienc nt.al - sul fur 1S *achi eved such, the use
of liquid sEF%ﬁrngléSHEdlﬂﬂ? orffipisngtion had Iong been known. Only.

wi.t h L Ihe Frocess accotdi fletréddss acé&%}%’iﬁcj% tHB¥eenthas, "E:hEeCO”E
pOSSI eto - oW essur.es
at nospheri ¢ %géégoﬁ ﬁ%ﬁweén 25

can.be Garriratioutfitza nu&&@=r=o‘2 : l, waays:axﬁsmhhu&l insthkaprehencat al yst
is in direct.contac ' ui d_sul f.ur . has_b lied fron1an
external 320 HIREES syrelh o K\ NARE QlaTnat0 O BRT sRebBrRERyEE T "
contai ns anbehnarnpreferasl Hketdeen d mnd dhent edd $hactemberatureonver5|on
ef ficiency g [ s _ WO 98/ 01387
oCT! NLoy) oAEbhY Brét&fibYy : “Bfken P20ldndS2s0°c. possi ble to
supply both H err]S akel Hg @FqcasoRaRras Gﬁa§ée poventionthis yields a

| ower ebficieEable catalystsihaved & Ehﬁnﬁﬁﬁﬁ%ﬁ%1%%0959b89m£€r5 SréEVent'On

t he reaction betmeen H erEJS and err], to sul nd wa In the
5 ratio of Lh§se rirgludgythoge: QFLV?Feq &2 PédtBBF Pﬂv?hé ﬁ?%%%nce
of liquid swidtdpartd hstrsettmdlaad al dlagsie, Wilufet BE mégasun@ - bei ng

preferably 5 ~.an ratur n referably
bet ween 1zdpaﬁg%§gﬁ%%rr céié$t433 fﬂﬂ%%a gag?oéeggsgbc@?grng ?% the-

i nventi on, qb:raﬁmmxerez:attau%t@m aoer goeor €5%i of the georakbroprr es.

15 wvolume. It is al p0551ble to use catalysts which have

these propertieg_ HSupport material, this support material

being impregnate' ith an active material, e.g. a metal
oxide. These cat_:iéts are often referred to as "promoted

catalysts”. P ' _ _
20 In géneral, it can be stated that those catalysts

are useful that catalyze the Claus reaction. In addition to
the activated éf's“num oxide cata;ysts already discussed,
the other cataly:

suitable, such a

: ~known for this reaction are also
Etitanium dioxide, and metal oxides on
25 support. . :
| : _ 'bﬁnd ‘that when water vapor is fed to the
gas to be,treaf at pressures lower than 5 bar or when
water vapor is-
reaction.betweé

sent. in the gas, this promotes the
125 and 302 to sulfur and water. Also,

30 through an appfd'%late choxce of the residence tlme, the

efficiency can. ulnFluenced consxderablv
It wa -lso establlshed that at pressures lower o
than 5 bar. when_poiysulfldes are present in the sulfur.mmw Qw_

these react in the_samn m«nﬁer with- 503 +o- form sulfur and.

35 water as does H: it was. found that when the gas contalns
fhardly reacts, 'if at all. with the st

O form S0;3.

oxygen, this ox
or sulfur pres:

t hat R
!ﬁﬂél &6% li ur and water, lnTEgeprocess



“Fhese incl udwadsmass7activated al um nas that have a smal | : 92
structure and a | arge vol ume of “meso and macr opores. .These activated
al um nas have a neso, macro- and ul trastructure which contain nore than
65% of the total pore 15 volune. It is also possibie to use catal ysts

whi ch have t hese properties as supporty material, this support materi al
being inpregnated with an active material, e.g. a netal oxi de. These

.-catal ysts are often re&ema@drtéuiﬁh dgé”ﬁﬁfﬂhe prdbﬂsﬁ h%b%rdlﬁg to the
I'n general lt can. be stated:- that IhOS al o -are usef ul
‘catal yze the rﬁ'%ﬁ l?‘éaﬁléﬂ FEAGHR %nqctq}? 16U tﬂ?@séefﬁvaﬁédaaﬁﬁpiﬁm
oxi de cat al ysf swlaicleaalylddsam:ﬂcb of tﬂéﬁqmudwrs @dicalrpshg kpoonsfor this
reaction areb%%éﬁ% a, zéglééﬁﬂar%s¥%§§a%pbtltanlun1d|OX|de and net al - oxi des
t

on. 25 _suppor yund t hat when water .vapor is fed to
't he - Gas to be trealrdthe prassss ecdawidng ltan thebanventiben it isater

vaper is prespsd csrsémlsa.s@ tiat rycxyﬂaoe&t*ﬁe. 588Chi,OnghehyesgsH err] S
and SCerr] to su u% and water. Al soQ, algrgg ga yroprla?/e 2h0|ce of

a
the residenc®¥ i RE 9asesd fq%lbé(ncﬂflt?&ﬁyb llsﬁgllﬁféﬁae§2goﬁgl BBeabl y.
It was al so leﬁ@,’gjlss&mrthat ‘at pressures lower “ than 5 bar, when
polysul fides are present in:the sulfur, - - t heseé’react in the sane .manner
with SOerr] to form stit fifte BFPOESS \ﬁ&FQFd&§9’dGQStPIFeF-P}’§nthP whs - ¥@%ind
that whef t hestpdsl ismditimt whenoﬂ@@emrpst pursomlygdmsbaldegi iepaths, if at
gg}01§%;h tﬁ?'ﬂ dwgdifur, éﬂl§“¥ pre% Berocég#g]s %55 regard Vo

7 to the SO ang d’rrOé{d#&ﬁt &@s 8fvapgageothal éb,so@@mﬁgo?e £ he

Jinvention i $Hehe: c:teldam tUWQ:ohO\é’rI@rQ'ﬁ&UBQQ é&nabée§ﬂh;511f1ed of which
al | drawbacks of, era roc%ss acco Pat ent 280, 990 are

rdin
renoved. cpnsi SFAURE ﬁgﬁcg§§38t%8?dlHﬁu§%dt%%5|ﬁﬁﬁﬁlq%n i s
al so possi bigeHiad rle;atth%O[searlnfhrconhéraa@ﬂegaﬁﬁé Qulﬁ@flléwn Mg loaded -
with H2S again. -

Surprrsrngly, it was found thst when in the
process accordlng to the 1nvent10n a small amount of a basic
nitrogen compound ‘is present in the sulfur, the eff1c1ency '

20 of the converSLOn of H,S and 50, to sulfur and water 1is
improved con51derably, even to the p01nL where a practlcally
complete equlllbrlum is achleved at the temperature set.

Sultable basic nltrogen compounds are amines (such

. as alkyl amlnesjw_alkanol amines (such as MEA, DGA, DEA,
25 DIPA, MDEA, TEAff“ammonia, ammonium salts, aromatic nltrogen
"compounds (such.asrqulnollne, morphollne)

’ tertlary alkanol amlnes are used,

Prefe:
~because they dQ? form sulfamate, have a hlgh b0111ng
point, and becaf hese amlnes are relstlvely cheap.

- 30 The 1nventlon w1ll now be fur%her clarified with

reference to the_draw1ng In Flg 1 st ‘and SO2- conealnlng

-

gas 1is supplieGQVia"line_l to a reactor 2 in which a

catalyst 3 is present

quuld sulfur is suoplled via- lln° 4 and, together -«- v -

35 with the entrant’ gas, passed over tne catalyst ‘Liquid
sulfur is producediln the catalyst bed from the reaction




_gas to the or by priorly dissolving Herr]Sin the ... . ligquid
sul f * Wo Siini3s: I n t.he process according to the iﬁ§§%¥yngh§t was
- 10 establlshed that when F2%:was priorly dissolved. in the l'i quid
sul fur, this yields a highe nversion with regard: to the.Sqerr]
and provi des the advant age: * the control of the required H2S to
convert the SJerr] can b l'ified 8 consi derably, because the
di ssot ved, unused Herr]S ns 15 behind in the sulfur, whereafter
- the sul furbetweer Hzxhdml S hg Exiliggagapn. after reaction between
~ Surpri si nqkays dda V&S, f oundiiiaiareeRn viia thee 5.  process according to the.
~invention smal? arfbunt of.:.a.basic nitrogen conpound is present in

the sul fur, the ef f |Th%nk‘;bﬂuld Znlinr tise pasAeer ylanlbhe f ef¥Ps tel SO err]

to sul-fur o!& coo RhRted theNskdetaBhynegl st 0 the point
where a practica Iy rplete equilibriumis achieved at the
tenperétur@&%ﬁ%?ated With aid ofypugg) 8- bkBecSKLfRBgE® compounds are
© ani nes (S%éblrculatékﬁ &) e’ daes)r, 2akkanglinamineshésyebras MfnedGA,

DEA, 25 TEA ngpnla ammoni um salts, aromatic nitrogen
conpounds %%M%‘?Eﬂﬁ%o‘f‘i ' nr?o phol i ne) . ~ Preferably,
‘tertiary al kanol amIresFig o6 contalnlbecaasecoh’eylugnmuor@rhhan '
sul famate, 8 N'suppliedP¥ilt 11a8d1begayse; thess1 At nes are
relatlvely‘%ﬁwgﬁ dﬂb[ﬁ% 'upF éﬁ nvéntlén wil | nom1beufu§ther
claritped Nﬁlfcamﬁxﬁtﬂngaa Hdiegmai sgagenpl jowed Hper FyS- capril ytic

SC[err]-cxggég{gf%kﬁ e: g SQ!S supplled vialine 1to a reactor 2 in
cata g

whi ch a e qujd sulfur is
supplied via line 4 Fe‘i for theiRlans Eﬁ??ﬁh?ng’a% passed over

- the catal ysipplislidia line 19Ul fibe s lpuedBeesednihheneatnéyisdl hethde om t he
reaction WD 98/0138 NL97/00392

% GT.
8.  bet3ETIFEF] STARE: '_.eldtl]SCha’Fﬁgd Yig; hgogat? - afPertdactdon
bet vvee:a f ront[ teie | Scordi $qtelrhY]t,1CI gedictoharyadevi whi¢mesEill
contains HyS and’ 'is supplied via line 13 to a reactor 2

in which a catal
liquid sulfur is

3'is present. Over the catalyst bed,
ipplied via line 4. After H2S and SOj have

reacted in the ca

yst bed to form sulfur, the tail gas
20 leaves the reacto _hline 5. The liquid sulfur leaves the
reactor via line: , via a cooler 7, is recirculated to
the reactor 2. Thi ulfur formed is discharged via line 9.
-Alternatively, a ba j:nitrogen compound can be added via '
line 14. ‘ |

25 — In-Fig éapreferred embodiment of the process

according to the
HS-containing g

ition is described, where via line 1
Lsupplied to a Claus plant 10,

consisting of a Stagé'fOIIOWed_by two catalytic
: reacﬁor stages. ' ' '
30 - - The ai

supplied via lines#ll

uired for ‘the Claus reactlon is
uThe sulfur formed in the thermal stage

and reactor sta dlscharged v1a llne 12. The tail gas

f;om the second

ic reactor stage which still .
_.contains. ‘HaS an

hls“supplled via line 13 to a
35  SUPERCLAUS plan
via 1l

supplied. while Vv

ir for the selective oxidation is
e 17 liquid sulfur is discharged. The



The 1iquid sydopihgy Passed via line 6 fromthe reactor to a
-where the reaction heat is'5 dissipated. Wth the aid of purrpcﬁg},’ﬁ{’%gm“’”

sul fur is recirculated to the reactor 2 via'l.ine 4. The sul fur formed
is discharged via line 9. B In Fig. 2 Herr]S-containing gas
cont ai ni ng nore than 90% by volume Herr]Sis supplied vialine 1 to a

Claus plant 10 10, consisting of -a thern®l stage followed by two
catalytic reactor ,stages. , ) . The air required for the O aus
" reaction is tarls@asl ii&d saiP&lllfaF}e"H. liggeldytpuFereiomd?i ntn i dral

- stage ang¢aftRasls?r 3stiad@rekendl sobargeHeVeatal ot Ied ThEidiid faSEul®
fromthe secqnd catal ytic reactor stage, which still . contains Herr]S
and S err] 1§ &8¢ Viid LtRE 43 to a reactor 2 in which a catal yst

3.,s present. Over-t h-ematsahiﬁqhibedulfur--=--c-bhqsl'i--.ﬁlr‘@iu‘l ¢oXuns XBPRA echidml -

- line 4. ter . H err and .S r e eas d. i th .aly bed to
form sul fur, g eggl é‘%fﬁrgggsz% gf’e]ésggxgﬁ%dr_géﬁ?iﬁﬁ%%#"icﬁ@%gg%%ﬁg %lgaui d '
sul fur | eavewhiibh was suppited voathénelsusnplant avia coiodeerl.7,In the
recircul ated t r _ J | Or | ' Vi a
line 9. c F mPn%ts i \?’gﬁ ;Eighlgtgs%%l%??r%é'%nilg%%%%%#\%%aﬁa %@%%&%%\%%
Iine 14. 25 HS from the; 5‘?53 ‘-’pﬁref%’&sr'edi(.jl'é?&&dﬁ%ﬁﬁ* &pey Rdapidcsud fur,
“accordi ng t oahesbpvRaveOBehBtE@SES | HETfuhES ethe acdtdle sk bed, the tail
H err]S-containing gas is supplied to a O aus plant 10, consi sting of
a therndi0 st 938 %SPVﬁﬁeHhﬁyrggﬁt@ét‘é’ri‘/tJ&ne 5. Thechiguig gydfurzdeaves
The air requthedréactbhe2C/daslisacs iaidits recircifelitedd wiith lthae al8 oFhe

sul fur formed in_the ther S e and re or_,sta is disch ed via
e 12 s hfipb (8 VIS  TBhe S whe AMLAPAH O BT A SoRRRY J°

still coh¢ahasgeflevig Siamel B err] is suppli ed via line 13 to a 35
SUPERCLAUS piant 15, = 1n the column, Ve |4\Erutd deKed e SEbesbh Ve ghdadi on
S —--supplied; -while -wia-}tine 1717 qui-d sulfur. I's di scﬁarge . The '

VWO 98/ 01387 supplied to reactor 2 again via line 20,pgpmgLd1.0099ter 22 -
E and line 4. If gesired, via line 14 a basic nitrogen '

compound- can be supplied to the liquid sulfur.
The invention is further explained in and by the
following examples.
20 .
EXAMPLE 1

Using the plant as described'in Fig. 2, in a Claus
plant with two catalytic stages, the Claus reaction is
25 carried out. To the thermal stage is supplied a Claus gas
containing 90.0% by volume H,S, corresponding with 36.0
kmol/h, 3.5% by volime COy, 1.0% by volﬁme hydrocarbons and
4.5% by volume HE20 and 19.5 kmol/h Oo as air oxygen. The H3S
~ percentage by volume in the tail gas after the second
30 catalytic stage is 0.58% by volume, while the SO content
therein is 0.29% by volume and the wétet_content therein is
' 33.2% by volume.. The sulfur recovery efficiency of the Claus
SRR ﬁiéﬁﬁ is.ézgjmn“mmThmn.."w“m..f.w_mw”vuv T .
e e . _The tail gas in an amount of 120 kmol/H with a
35 temperature of 150°C, and a pressure of 1.13 bar, is
supplied to the catalyst bed outlined in Fig. 2. The
catalyst 3 is an activated alumina with.a high meso and



.9 tail supplled via line 13 to reactor 2, in which a

catal yst 3° |W8@§'gg3§ Over the catalyst bed, liqui d sul fur PCT/NL700392
supplied via line 4. his liquid sul fur comes from col um 18, in
which 5 the sulfur has been ntacted with the H err]S-containing gas
whi ch was supplied to the Caus”plant Vi Iine 1. I'n the columm 18 the
liquid_sul fur has incorporated-a part of . H2S fromthe gas. After

P AR Sl 0Bt e bs R e e T e s

-t a
The |iquid QUirawlated do an”ampuntceaft 50 m )&haatlmet@np&mhm&'é&ﬁ rcul at ed
with the ai d s¥c. Thd Egﬂee

2. | h | f
formed is di scharg hfe %Petﬂg é&é&t&&ﬂé’@h;@ﬁu Tloﬁed?sﬁu?t Hle

sul fur takeSoRstans &g’amsé; FéPESthguﬁﬁﬁlwdtma@amrorh@taw rtha.a line .. ..
20, punps-21preR@ls®r id2a coodBE:l-tACofidetfndesid e& ige 6\:[4é Mufh? RRUC

nitrogen . conpound can by lied to the I

" The inventi d® L FrAREPT XA F'Egdt?ﬂ £3H birem 1mé 13FQ)I'CIJ(BW r@m(anpl es. 20-
EXAVPLE 1 sulfur 1s dralneg gomhthe| systers. dHE:I‘HjECben’tdﬁ@gé,byi n.a -

d I | t 25
ca?lrjlsed ou!tov the %\A%rés ' %ég éltl%gg%??&s ?@&;S rg}gcswla%n I(‘,%Htlf% ni ng
90. 0% by voFQﬁesﬂpePﬁ]‘-‘SeHEB BYorel wie virkersia ois 0. 088% ./ IThes. 5% by vol une

g err]10-2. e%nwrg@burrafhng' @_ér @@Dﬁuﬁnﬂn the r&ibtdh MY Wi rdeRld @gand
19.5 knol /h dperhé 0> gg@ The H2S percentage by volune in the
tail gas afBBP £ ts@éoﬁ823 tal ytic stage is 0.58% by vol ume, while the

S err] content t haeetBEaS  Hu 2Bl bie il diRE éﬁﬂéﬂ%e‘&‘itﬁr tﬁgn?ﬁ%‘e d aus

thereinis 0] .uh The sulfur recovery:efficiency o
plant is 945713“‘% foﬁoxﬁ Li’ -l YL TN U oV hish ERS) FRaGEERPA 35

t enper at ur ebetween[ Bpf| andafi@s 0¢russ Ui lofqui.dl Fuidur iis thereafipkired to

the cata ysxho?gdtf?%fxl pegl%_-'j Fi catalyst. 3.is..an activated.
alum na "wt meso- aht :

EXAMPL

In th

20 aromatic amine (Quinoline) is added to the circulating

ame plant as described in Fig. 2, an
sulfur via line The amount of quino;ine supplied is such
that the concen on in the sulfur stream to the reactor

.yas to the thermal stage is the same as
1, but now 19.85 kmol/h Oy as air

0 order to obtain as much SO5 as H3S in
he second catalytic- stage The HpS and
olume in the tail gas are then 0.46%

25 described in Ex
oxygen is suppl
the tail gas af
SO percentages
each and the wa

30 HyS percentage
bed is 0.046%,
0.018%. The con
therefore 90%.&91

The ot

35 plant followed by this reactor stage in which the reaction.
between H3S and

‘occurs ‘in liquid sukfur is thereafter
more than 99.0% '

Entent therein is 33.0% by volume. The
iiume in the tail gég after the catalyst
> the S0 percentage by volume therein is
on of HyS to sulfuf;in the reacter is
that of SOp is 96%: - -

;;sulxur recoverf =ff1c19ncy of the Claus




WO 98/-01387 . WO 98/01387 _ _ "PCT/ NL97/ 0
10 - macropore structure.” Over the bed, liquid sulfur is %7/00392

circulated in an amount of 50 n{err]/h at a tenperature of 150[err] C.
The tenperature of the circulating sulfur is kept - constant by

di ssipating the evolved reaction heat of thg 5 process in a cooler. In
order not to cause the sulfur |evel in the reactor to rise too far,
fromtine to time sone Exampgg'fyr is drained fromthe system The H[err]S
per cent age by volume 1 n the gas after the catalyst bed is 0.188% '
whi | e the SJerr] percentage by volunme therein.is 0.088% The 10

conversion of Herr]S tensthéUsldnt tde deéanst ied Sni h;q_rgef ,e BSFYPERCIANS
t hat of SC{errLals 70% The ‘t ot al sulfur rec very efficiency

of the O aus TeacEPENFLREF| LhetFIAPIeH saé]féae (e Segnnd FakFlelich&RE&cti on - -
bet ween HPer r¢5 tinel Glpes rplante ks alddw qiﬁldatm;lweu' 'mslattlwmea)fft énSlso rmre :

~than 97. 7%

n_the s
as descri bed ?lﬁllﬁ—’fﬁ ”ﬁ t’é% %QE%O(%EH sﬁﬁoﬁlg (c(?i.ﬁéﬁ%gttlﬁe)stag ad§§8 Fgl?
“circulating gas sﬂtémlrtlve aSUREIﬁ:LMS 'Erlzammtswblq.mdmbl cetadppiti bedi as
such . thatg cent | VLR AT tor S
500 ppm by wel gﬂﬁrﬁ%‘ £ ﬁa& Oﬁ ﬂ‘ﬁ]@& gé as to t hgr%ﬁ%?ggta e is the
sane as 25 mﬁwxw@%ﬁw%ma @thfrh‘éwsi}g‘e@!!l R-ﬁtoa/ ﬁoq:érzr:]masvassel
ooxygen Iiosuméf&delih@rgheg il palatseant%stmclthé%aw ]sta§eH[ @hel S1hlls  the

tail gas after the sec catalytic s The H.err]S a SO err]
per cent ages b{P%IQﬁﬁe"f }h? (& t&aé'}% ecf’ﬁéﬁcﬁll?@%’esseeaéﬁ the #aBewat er

content theress irs E%@It!%&)yl vdiuhe ThataetiHgSvpesednt Agé9BykmoldheHp8 t he
tail gas after t cat 46% whj k he SOLerr] ercentage
c{‘ soal\%cy fg& gl?lgfu% gng g ﬁeo?’lgf‘éfa‘]’%%f)o’gu

by vol une t hetei e -conversro in the
reactor is Clat\iserf@fe@?r @a@o%hartdltshaassedscpethp tbeeBsd stage. To the The

total "sujfur trheci@tae_rsst@‘g‘é ciigngy Rmolprs 6haus air- oxygen is supplied: To - -

the SUPERCLAUS stage, another 1.40 kmol/h 0y as air oxygen
is supplied. The' st percentage by volume in the tail gas
after the SUPERCLAUS stage is 0.032%, whlle the SO; content
therein is 0.189% by volume and the 02: content therein is

20 0.50% by volume.. The tail gas from the’ SUPERCLAUS stage in
an amount of 122 kmol/h, with a temperature of 130°C and a
pressure of 1.13. bar absolute is supplted to the catalyst
bed outlined ln,Flg. 3. Over the bed is passed the liquid
sulfur coming ffbm'the contacting vesselt To the liquid

25 sulfur a tertiary : alkanol amine (TEA) i

The sulfur is thereafter ret rned to the

contacting Vess:i hThe magnitude of th  circulation stream
is set such tha fficient HpS with xr spect to the SO; is

supplied to the:- catalytlc bed, so that the H9S8 : SO3 ratio

30 is minimally 1 :tl; :
The H3S concentration in the exttlng gas arter the

catalyst bed is 0.015% by volume, wh;l

" by volume therein is 0.011% by volume:.

he SO, percentage
The conversion.of H3S ...
' to sulfur in the reactor is therefor

35 94%.

2%.and that of.S0j is.. . . .



.35 plant followed by this reactor stage in which the reacti .o spet ween
Herr]S andvg@@ occurs in l| qui d sul fur is thereafter p%}'g'@%zn
99. 0% . - WD 98/01387 -

PCT/ NL7/ 00392 - S
EXAMPLE 3 Iﬂthe plante]%s descrlbedln Fig. 3, a
- SUPERCLAUS react or stage i's arrang after the.second catal ytic st age

of the C I | }.Qw I
e hau, e FUELR S RLEBRYS GEdalpi obe BB Craus pEEUT I

SUPERCLAUS @iﬂgsummwns erbadd oafatsa-laggt figddoned by tbﬁﬁl FRRALPR $Fages.

The d aus wisidR- réf AGldH betweetOWiSenOUr 5OBt pyoukeds aisuliguidt r eam
in a contacting vessel 10 :before the gas is _passed to the thermal stage.
. The-Glaus sulfémedigdhessugor mope t8apni99-8dnt acting vessel is the same

. as in Exanple 1. In the contacting vessel, O. 193 kmol /h H2S 1S

di ssol ved in the sul fur and:hence vmthdrawn fromthe - Claus feed gas
that is passed to t he thermal .stage. To the 15 thérmal stage, 18.87 knol/Hh
Jerr] as air oxygen is suppl ied. To ~ the SUPERCLAUS stage, another 1.40 -
knol/h Qerr] as air oxygen:'. - is supplied. The H2S percentage by vol une

in the tail gas after the ‘SUPERCLAUS stage is 0.032% while the S err]
cont ent therein’is 0.189%::by vol une and the Jerr] content therein is

20 0:50% by vol une. The tail: gas from the SUPERCLAUS stage in an

amount of 122 knol/h, with-a:- ‘tenperature of 130[err]C and a pressure of

. 1.13 bar absolute is supplied to the catal yst bed outlined in Fig. 3.

-~ Over the bed is passed the. liquid “sul fur coming fromthe contacting
vessel. To the liquid 25 sulfur a tertiary al kanol am ne (TEA) is added.
The sulfur is thereafter returned to the contacting vessel. The

magni tude of the circul ation:stream is set-such that sufficient Herr]S
with respect to-the SQerr]:is ' '




suppl i ed towmesBsal ytic bed, S0 that the Herr]S: SJerr] g NP97100392 . i's

mnimally 1 1. * The H2S concentration in the eX|t|ng gas
‘after the catal yst bed is 0.015% by vol-ume, while the SO err]

per cemage-ﬁ__ _by volune therein i's 0.011% by vol urre. The conversion of
Hertr]S ...~.to sulfur in the reactor is hgerefore 920/ nd _that of SJerr]

Rl T T N - Xty

recovery 6t fici @ncyi of the Oaus plant wth SUPERCLAUS reactor-stage
followed by this reactor stage in which the reaction between Herr]S and

SO err] proteeds in |Agprdeessf fior reczbvhermlgposulmw bigge | e&B SUp
'VEREENIGDEOCT /h197/00392 'S—GRAVENHAGE

(HOLLAND) RE?I%‘P?e‘Fa%f SEﬁe?{&gﬁé‘T"‘i‘%gacatalY 3¢ 9oBversdpn thereof
EPO - DG 1 to ekem@htain sulfur]. compii$ingesenvertiner @G ang Hy$fin fHeom an

S02 t t f t

el em(;(rz'?a?l %ngﬁ?cg?é%?ﬁ% I'SI n%ﬁg%%eﬁﬁ ngy%lf&veésgq% tLDt‘?é Oé’?e%ce of
liqui-d Sul fheteregeneons | gatalyst mmmmﬁdetmmmxeacmahal yst

~and a prongger) & hes e;ﬁpamom CbNeliRS QR Yact iR & ﬁkl%aha%sant he

Cl aus reaction, while as pronoter for
compound is present in the llquld sulfur

2. A process according to claim’ l, wherein the
promoter is selected from the group conszstlng of amines,
10 alkyl amines, alkanol amines, ammonia, ammonium salts and
aromatic nitrogen compounds. R
3. A process accordlng to claim 2 wherein the
" promoter 'is selected from the group consxstlng of
monoethanolamine, diethanolamine, DGA, DIPA, MDEA and
15 triethanolamine. - : |
4. A process accordlng to clalm 2 or 3, wherein a
-tertiary amine is used.
5. - A process according to claims 1-4, wherein as.
Claus-active heterogeneous catalyst a porous alumina, or a
20 porous aiumina with a metal oxide-providgd théreon, is used.
6. A process according to claim 5; wherein the
‘alumina has a surface arsa of at least l5Q nﬁ/g.
7. A process according to claim 6;'wherein of the
pore volume, measured with nitrogen, not'more than 35% by
25 volume is presenf in pores of a diameteffbf 5 nm or less.
8. A process according to claims 1-7, which is
carried out at a pressure of 1-5 bar. B
9. A process according to claims;iﬁs, which is
carried out at a temperature of 120 to 230°C
30 10. A process accordlng to clalms;l 9, wherein H,S is
' dlSSOlV°d in liquid sulfur, -which is thémeafter contacted
'“”Wlth SO; _ -
Ta1 A process according to &laim i
having a H,S content. of at least 0.5% b§-¢olume is contacted
35 with llquld sulfur, wherebv a part of the H,S dissolves in

, whersin gas

ThlS Sheet Has Been

i i fiu



the Claus reaction a basic nltro en co pound. i s used whi ch conmpound is

[T TR nmunnmlrf? e et

thereafter the H err]S—conta i g das* stfeami’s Hirsupplied to a d aus
plant, whereby a Jpart of the Herr]Sis thermally converted to SOerr],
Wnereafter in one or ‘nore stages -sghfur is formed in a catalytic O aus
pl ant’, the gas mixture _5 thereby obtained, after:'separation of sulfur, is
COHVﬁr tedthe sdﬂ.Ef&QL L}:hélt'eafgeﬂeﬁhé eﬂl,ms;n-afdrﬂiammgl easi sereamdfml 8” Zts ep,

in the prese t he ui ur | cont ai ns: olved H

12. Bﬁ'&(‘? sgoaécbhgf’ﬁg {:1 ar lida Riter é?ifntthzfi Ps%) Sgas of a

cat al y'lt3 [ cta‘earglaldﬁ( ao@vmr&egl ant ﬁob,ame@pméit ey Jdhe or ownteerstagiesat | east
0. 25% t agt t | .f t D e
part of yt \éﬁiﬁﬁr Iﬂsss g?@% | g@sw: %a%—_%je}%’ qlra&tﬁsgPlfltjﬁrtf Fh%\/\/ﬁg%egfttf( %ﬁggal g

H[ er r ]55- cenegebiyngbtiadned, safter separat bomtel tsed fitixt, h isheonverted
SJerr]-c as, ¢l re f I ) m based on
2 het of oganearrdoplry if Seblfed “SELEE £ladiborlis SRBXIbROKRRT PIECC
pronot er fior thﬁepresegpéuﬁrﬁh%tl%ﬁme@b%lslﬁ}lrm‘tmd@eﬁo@(‘}'ﬁﬁéﬁnd is present in
t he | 986156kl His. A process according to clains 1-12,
wherein the 20 anount of ronDter based on the ight of the liquid
S Tur | S3barueon B BRACeRBACHIEA AT SRVERA L esetA tash ¢ 14
A prmsSgascofdangatalytacnstagézk;f wheCkus tgleant , . hagdagi em HgScarri ed out

has “beon BPBERaCaotang 12as BRI afh Wy Xon e M PortGleRR PRI R SLYS1

with |iqusdlfur, suhégeby at least a part of the H,S dissolves in the

liquid sulfur, whereafter said H,S-containing liquid sulfur
is contacted with the SO,-containing gas, in the presence of
15 the catalyst systéﬁ based on a heterogeneou$ catalyst which.
catalyzes'the Claué'reaction, while as p:éﬁoter for the
Claus reaction a béﬁic nitrogen'compound is present in the
liquid sulfur. g lﬁ
13. A process according to claims 1- 12, wherein the
. 20 amount of promoter, based on the weight of the liquid
sulfur, is between ‘1 and 1000, preferablY,between 1 and 50
ppm. l : _
14. A process according to clalms 1 14, wherein the
reaction is carrled out in a flxed bed of ca;alyst particles
25 or other bodies on whlch catalyst has been prov1ded, and
' wherein these partlcles or bodies are 1rr1gaued with liquid

sulfur.




