PROCESS FOR THE OXI DATICN OF H2S TO S AND/ OR S@2 USI NG A SI LI CA SUPPORTED N
CARRI ER -‘The invention relates to a process for the oxidati.on of hydrogen
sul pﬁl de to el enental sul phur and/or sul phur dioxide. Hydro e-n.su4 phi de
(H2%) =- cont ai ni ng gases becone available, for exanple, i ¥ ol 1~ refTheri es
and from processi ng coke-oven 5 gas. Natural gas may also contain [err(].,
[err] may be renpbved from[err]-containing gases by absorption in a ¢
regener abl e absorbent. Subsequent regeneration of the absorbent yields a
gas having a much higher [err] content than the H2S-containing starting gas
and usual ly al so containing carbon dioxide (CO. The 10 H2S- cont ai ni ng
gases obtained by this regeneration are usually fed to a d aus-type process

for the production of el emnt aI suIB:Pur " El ement al suI phur” is hereinafter
also referred to as " $HCpFr ALY, F sHiph TOfS t he O aus-type process

an 15 H2S- cont ai nmtg’ogasoi ﬁsmrﬂm snl.lyCAcmHmarmﬂcmmtERa free oxygen-
cont ai ni Nng gasml iﬁY&Hﬁ@ﬂC&la Erde gaé< efiog é%tﬁ ne In the
0 W

therm zone the oW ng reaction ace reg ard to sul phur

formati on:hypmqn \ﬁﬁl@ﬁ-déatp @md@mm@nﬁwx@m fioxidest eps: 2 H2S +
302 2 (H S)-contanun GaséS 'Hebald) alif1ablig] Mal zone the

H2S is con erted 0 s,ul ac ordance vmth reaction (1) t he
quantity e@"%@'@ 8 réﬁﬁﬁﬁrﬁs% 458 HEYOBRe third of all
H2S @an beaasxi diaa:adalcgasmmhmlsoilcmtaim ;?2),38 mayCe damovedMfidmr eacti on -

(2). The of 5l Ugia10RSy aBES HCabhSEER BhALfe REoiR. - 2
- Subsequentregenerata.on of the absorbent yields a gas havinga

nuchhigherHSconterrttl'xantheHZS-contamngsfartlnggasand
usually also containing carbon dioxide (co,). The

10 st-contaim.ng gases cbtained by this regeneration are usually
fed to a Claus-type process for the production of elemental
sulphur. "Elemental sulphur” is hereinafter also referred to as
"sulphur”. : o '

In a first version of the Claus-type process an

15  H,S—containing gas is partially combusted with a free oxygen-
‘containing gas in a furnace referred to herein as "thermal
zone". In the thermal zone the following reaction takes place
with regard to sulphur formation:

{ . .
' 20 6st+302—.

6 -
3 Sx + 6 H,0 | (1) _ .
which can be considered aé occurring in two ‘steps:

280, +2H0 (2)

2H28.+302= 2 ) 2
4H25+2502=: xSx+4H20 | (3)

In the thexmal zone the H,S is converted to sulphur in

25 accordance with reaction (1), the quantity of i.ee
oxygen-containing gas being such that only one third of all st
can be oxidized to sulphur dioxide (SOZ) in accordance with

reaction (2). The effluent gas fram the thermal zone contains
H,S, 80,



sul phur vapour, nitrogen, water vapour and usually also [err] carbon
nmonoxi de (CO), - carbonyl sul phide (COS), carbon disul phide [err] and :\\
< hydrogen. The effluent.gas fromthe thermal zone has a tenperature 5( i\,
usually in the range of from[err] to [err] and is cooled to condense t
of~the sul phur vapour present, to a tenpergtuce suitably in the range of
from 120C to [err]. Thus, sulphur I s-recovered as a val uabl e product. The

gases are then reﬁh«%ggf SR8 AlitBy Ufgaht YanBNududgly ange o, ,from
[err] to 2800C an troduced i nto a %am t|c one ?‘%&éﬁﬁs
reacts with to préses

effluent fromthedg @l—dgtghc zone is cooled to condense suI phur The
gas streamfreedfr s re at‘%}gﬂ%&%‘& in the
range of from[err] uc Thto secon at a yt|c zone

to produce nofe sud;qdmy mThhesaangelcbfcm 600 ZOnlé5ﬁﬁ§4 Pe ivicrelrdtitBy a

third and, if desj 5&%1155 Ghborabrdséht ¢ 608 @Qgce
still rnore sul phur at a tes£ %'([aﬁér)e %ua %fé ange of fspgp OOC
280C. 20 Fange Entm %‘P\Qr% {Thse EI“B&

40% by vol ume - CW&QI&M@@@W t'mne insn&ememnheahed;dance

wth reaction (1), G cont ai ni ng J.ess_[. b 0
and 40% by vol une®® & XFessamiR: 8?2%1& [ﬁﬂ ‘Jﬁé‘qF %‘%&2 ﬁé verS| on of 1the
Cl aus-type pnocessntﬁﬁmed into lanfitse mmemmaﬁzmmﬁh ng gas
Is split into a f pﬁ&?& p 1802 HorBSRss reBbtidna (s .nehe NOr e
than two thirds o [“(‘a:FErS =contal ning gas and a second ortion
dopt ai ning the baeﬁiilsmbffMeﬂﬁ)f&’S‘{ eaﬁlyes%tmumca%%ed *F‘Pnéxﬂ’?&e portion
I's conbusted with fg@ﬁs\mp}aﬂ-sgm-mttoa

Sthgl ;21:8?;”18 }[Nlot respect to Oﬁldatl n of . ogoeqrf?ngaB the%éoqka gﬁﬂpt of
15 mtz'odmedmtoaswﬂcatalyuczmtoproducemresulpmr.

' The second catalytic zone may be followed by a third and, if
des;red,theﬂuxd’byafamﬂz'catalyﬁczmetoproducestill
mresulp!mratatatperamreusuallymtherangeoffrunmmc
to 280°C.

20 -Onlygasescmtammgmchuzs - more than, forexample,
40% by volume - canberead:.lycadmstedmthethemalzmem
accordance with reaction (1).Gasescon1':aininqlessazs-between,
for example, 20 and 40% by volume - can be processed according to

_ a secord version of the Claus-type process.

% 25 In the second version the st-contaz.nmg gas is split J.m:o
a first pertion, represent:.ngatleastmetm.rdarﬂmtmrethan
mthirdsoftheto'talﬂzs-containinggasandasecondp'o:tion
cmtainjngthebalaxmeofthetotalnzs-cmtaininggas.mefirst
portion is cambusted with a free oxygen—containing gas in an

30 anmmtsto:.chmtetncmthrespecttoomdaumofonethudof
thetcl:alanumtofﬂfaccordmgtoreactm(m,tmsfomng
- a limited amount of sulphur.




-3- The effluent gas fromthe thernmal zone is cooled to condense the najor
-part pof the sul phur formed and then introduced, in adm xture with the said
secoQortion of the H2S-containing gas, into a first catalytic zone from
where the operation is 5 continued as described for the first-version.
Gases containing less than,” for exanple, 20%by volune of [err], can be .
processed according to a th| rd version_,of the Cau-type process. In the &

e

third version the [err] contalnlng gas3|s pre-heated and |ntroduced in
adm xture with ' ngor%aisl%geg A zone
where [err] is oxl d| ze o sul |n accor dance™w react| % at a

t enper at ur e theueioy mn’éﬂiar@d@bﬂrfﬁwm mmmd{i@d']mo [err]. The

operation i aahlieRrepithneesd sasa dasend rof%efi;% &lipind. The
remai ni ng gases as _obtai ned after condensati on- of Iphur 15 fron the

gases | eavi 985t HEP|  Aret SPEEREIRei) aus- type
process are@mmedfas“ described efori nheaf:.rﬁiawessiml gases . These gases

iy ogon. {or s} oS SrrRURY 1oshOldC Bol Wbl |V By ity 7 o1 2"

equilibri umoﬁinSa ca@beaptmsqu)acmm tceapduacduvmmfaMd in the

final catal ?IJ, ggﬁldn?gﬁbﬁ trg(ﬁhg_qﬁﬁ@ﬁ%,g present
because at Ieasg ggrt t ereo has been I'n ermal “zone and t hey

have only pdft BARERIFS (Wikh ) fEee YRR ORENt | Oned
her ei nbgd or. @airing gas mtyaa&wm&rmblﬁt&e S srRadise] YoSsulphaent

requirements W th respect .to_alr. utign nt, _varijous_ ptocedures
have been dé&eﬁm% Hr’ g‘?%gg'ﬁé Bﬁg%fsl I%@xanpl e
from d aus lramteg:tsﬁszn,afm' mleecznnéc tofzap?xs.sirhée;pei:&r.m s theaction

products of JyafirheO0dd %Qr?t mer?:d:ro renove these sul phur
conmpounds, é%‘ ective absorpt I on O?y contc the Claus. tail gases with a
suitabl e absorpn'm’snr%m%ﬁﬂseﬁaﬁﬁ e sondensaticon eEnsulphur he t ai |

gases, bfis tfQ’&ﬂ!thegaseslea_v:.ng_'l:hef:.n_/_alca'l:aly_i::r.c zone of any version of
thedlaus-typeprocessarealsoreferredﬁohiereinas“Claustail
gases 'mesegasescontammtrogm watervapa:r,saneHZSand
sozandusuallyalsoco,m,cns,cszandhydrogm BZSandSO2
arepp:esartbecauseofthepos:.t:.moftheeqmbbnm of re-

20 action (3) at the temperature maintained in the final catalytic
zmereferredtoherembefore mSanscszarepresentbecause
atleastpartthereofhasbwnfomdmthettmlzmandthey
haveonlypartlybeaahydrolyzedmthecatalyuc zZone Or zZones

25 .Vlewedmthehgtrtofmcreasmglystnngentreqtmts '
with;especttoaupollutmabata:mt,varmsprocedureshave
bemdevelopedtoramveﬁszranprmsoff-gases, for example
fzuncmsta;lgases,andevaureccver,z.fpossible,azs“
reacq:.mpmductsofazScmtamedttmem _

3 ’roramvethesesulpmrcarpanﬁs select:r.veabsorptmnby
cmtqct:.ng the Claus tail gases with a suitable absorption sol-
vent, after a hydrogenation treatment of the tail gases, has been




v _
-4- practised. In this procedure, the bulk of the desorbed H2S after
regener.ation of  the‘absorption solvent, is returned to the Caus unit, ang—
d¢he final off-gas of this Claus tail gas-treating process, which off-gas @
contains nitrogen, [err] and quite minor 5 anounts of [err], is

inginerated. By the incineration, H2S is copyerted to [err], a material

whith generally has not been sub-.jected to emnission requirenents as rigid

as those applied tGeiids. THRHEY Glrocedite), NEHAbL DN o StHRP3birAR GRS sE@dr t he
necessary heat input. 10 - Thus, there exists a, ,need for an -og&r&s‘cal

method for the purfIdEReEatdAn It (R APsCrtion niatyetr d8rmetupRd &

of f-gas streans ofudit¢ dndeherihaDREd-gaghof chiet Cletis eailldgas-ayesteingub-
stantial conversion of .the, H2S i he off-gas.. ncd tantl y .provi de
Tow [err] em ssi orEoSfier WRt 8f€'hc-%ﬁl ﬁm}%ﬂg%&%&%l' (lsdr)z qt%%% the
necessary heat 5 npmeuste@fdiffh &s inchneratpds Sybthe decineratimediysy is
relatively |Ow pr OSgsSrtdd s g, | £ Sme M0 ion GliRea RS il Sl oliP! | o
shoul d show an actjvity whi Ch Rémai ns.constant over. a 1ong period, It is an
obj ect of the pr esﬁﬂtear%wquﬁétrﬂ}d A% dHosefEPhad §8j ect s
to catalyze reactigss fhidwevapf indineraetorefibeadstle! Bechliss offi ¢Hae hécadsagy been
the case. Accordi Q@ .the invention provides a process for the oxi- dation
of hydrogen. sul pHi tF "gzl' enent al sul phur and/or sul phur 25 dioxide, in
whi ch process W hydr ogBmssutheredexistst aineed ofayasn ieccnorical trethod ficrethe

%;?{‘z?ngf at | caibiiod Ue s Mnllully skl Bty o R odi o
- Tabl e of the El emeftwsamy of the type @entiqnedn gvnish method guld provides spler i odi ¢
Tabl e of the El enestaptifl ethrdsion f&rakélm'zs in the off-gas, and concomitantly
| provide low SO, emissions. The method should be econcmical in
15  that the necessary heat input should be as low as possible as
evidenced by relatively low process temperatures. Moreover, the .
catalysts to be applied should show an activity which remains
constant over a long period. |
It is an cbject ofﬂ:épresenti.rwmtimto satisfy that
N cject of the pres |
Ancther cbject is to catalyze reactions (1) and (2) more
effectively than hitherto has been the case.
. Accordingly, the invention provides a process for the oxi-
| dation of hydrogen sulphide to elemental sulphur and/or sulphur
~ 25 dioxide, in which process a hydrogen sulphide—containing gas is
. contacted in the presence of a free oxygen-containing gas with a
first catalyst cmpos:.t:.on camprising at least ocne metal from
Group 3b and/or Group 4b of the Pericdic Table of the Elements
on a silica~containing carrier. |
30 The Periodic Table of the Elements referred to herein is
shown on the inside cover of "Handbook of Chemistry and Physics",
63rd edition (1982-1983). The Group 3b metals menticned herein-
before are scandium, yttrium, thorium and the lanthanides, i.e.




shown on the inside cover of "Handbook of Chem stry and Physics", 63rd

edi tjon (1982-1983). The G oup 3b netal s:nentioned herein--befere are
sca@um yttrium thorium and the | anthanides, i.e. - 5 - | ant hanum
ceri praseodym um neodym um pronethium samarium europium

gadol i ni um - terbium dysprosium holnmum erbium thulium ytterbiumand .-
lutetium The Group 4b metal s menti angd-herei nbefore are titani um AL
zirconium and hafnium Preferably, 5 the metal from Goup 3b and/or G oup

42 of ]Ehe Eaﬁﬂedm? , ektianob r&gadﬁhﬂﬁenh&dyglmpbra&mswswﬁmpr sul S?ate
t-hereo St rere st._ o Oxl Qe O Lfanl um. zl rconl um and/ or
Chorum i & SSFRB, EROLAIBl, toEBiim el pbmne bl iy oo hct T\ e

catal ysts ,Cpttﬂbimmand ]axtetnm.cmmm dbrmetads awentitnedni t h t he
starting g %@’E %HH hﬁi’fccﬂ%ﬁ? kﬂfﬂ%%n | un di oxi de
and zi rcon?lgfne |o¥°%O yi n%ht e process accor %L&éfah ‘present

i nventi &n [Fpermatra @%Pf?‘b@d §F9R 4@0%6@?@%%‘% Ralf e Ti 2

resul ts indgi ﬂ’ﬁs ﬂi:@éﬂénteni§&p§md §8I1a bideoby . sullghatle m&ormosare | ow when
[err] on a _silLicascot 51in rrier.is;used,. The net s_from Group 3b
Lot or o omebareL o oash ohe it i EedaidR il RSE | o b ch

can be var |thdr11mlaappﬂ.nedanotheccamueus 'nhseemﬂeswr themselvas t he range of

I(r)ogr 3028O el n’ggp caétgly prew {a@a’y at eastﬁgg%%fﬁf/vre?g]ht of
amvr?ebe@m

silicalPs &pph stantieg gas; (ery oFRos |Withat | east
75% and, m&:&ﬁﬂa&ﬁb& andl z1RRftul Wekise fRckss applied in

tcgﬁt;?ru“ngr @8th§heynthetlc Sil.i, gﬂm’rerﬁlal Eﬁ?le hose 25 \J
sui t abl e. bmpm#ﬂgatvd.th pn'eyrmztmﬂrtsenetdbgldrsmgrmmﬁmise present
Sr:rpnsmgly, 803 au:.ss:.ons are low wlen Tio na silica-contain-
15 mgcamer:.sused -
'memlsfransrm:p%and/orermp%areapphedman
atan:.cratmofnetalstosmcmm:xcanbevaned As a rule,
amcratmsofn\etaltosmcmmﬂwrangeoffranoomm
loarepreferred,atmucrauosmtherangeoffran003too3
20 bemgpart:.cularlyprefa:red
Suitably, atleastSO%bywe:.ghtofsihcaxsapphedm
thes:.lz.ca—contammgcarner Preferably, at least 75% and, most
preferably, at least 90% by we:.ght of s:.llca is applied in the
 carrier Anmxgﬂaesyntheucsmcascamerc:.allyavauablethose "
25 conta:.nmgatleasl:SSO%bywe;ghtofsmcaaregmerallythe
mstsm.table._
Accordmgtoaveryattracuveetbodmartofthepresent
mamwusedwhmhhasbempreparedbytmfollow-
mgpmcesssteps'-
30 stepa)preparmgasm@hydmsolbymxmganaquemssoluum
iofana]kalxmﬁlsmcatewzthanaquemssoluumofan
o acid;
'scepb)cmwert:ngthehydmsolmtodmpletfom,'
_ step c) shaping the droplets in air or in a liquid which is not
35  miscible with water;
step d) partially pre~drying the hydrogel particles cbtained;
step e) subjecting the partially pre-dried particles to a hydro-



3

invention a carrier is used which has been prepared by the follow ing
- process steps:- 30 *step a) preparing a silica hydrosol by m xing an
~aqueous solution of an alkali metal silicate with an aqueous sol ution ofz
acid; step b) cohverting t he hydrosol into droplet form step c) shapin 1D
t he droplets inair or in a liquid which is.rot 35 m scible with
Water ; step d) partially pre-drying the hydrogel particles obtained;, step

e) subj ecting the partlam:fﬁgn@artlcles to a hydro- - - 6 -

‘thermal treatnent; step f. ecreasing. the cation content of the hydrogel
particles thus treHeBdEt) JHe FdCDNTISene S i hydtRaeh ParsiEHS
cal cul ated on dry materi ahus atdated ifit&D agleclisyhattivane Qgks ahah| 103CBY Ci Ni ng

the silica particles thus_ohtain SI| su us prepared has a
very high attrition resi $FX %Z egcu&a% (#""Jm?‘?é%o Tﬁ‘gcrushl ng strength.
A des- cription ofstepi ¢ deying aod qmtemléylmcgamq)shé @ihicd pastialpe arhus0

patent application No. OQE{4hag A suitable way of preparing the first

catal yst conposition conprises incorporating a conpound or conpounds of a
Group 3b and/or G oup T saliga FWF heWS; PrepATHA &Rst H vesy |high 255

prepared, for exaf’ﬂﬂﬁsﬁﬂden&acﬁfa &éas%me %t-ﬁ&gfch aded+ i Or
R C R o s el
subsequent t o1&t erpét)anﬁraﬂ:pmicmonomtmswﬁ. Hheuitable vayt of \xeparimgothe | on
G y-mxing foll pmﬁﬁ%ﬁ%ﬁé&f% o » %ﬂiﬁ?%ﬁ ahing SOLalRKAER
i Rpr egnati on and of a Group 3b 4bmetalmtothes:.licawhen
' thes:.l:.ca:.sbemgprepared for example during step a) or subse~-
quent to step f) andpnortostepg). If desired, a portion of
15 thesazdcatpmmdorccupo\mdsmybemcorporatedmtothesmca
during step a) arﬂthebalancesubsequenttostepf) and prior to
step g).
The first catalyst camposition may further be prepared by
a:dacorwetruonaltechmquesas, for example, dry-mixing followed
20. by calcination, co_-qellat:.on, co-pzec:.p:.tat:.m, mpregnat:.m and
ion-exchange. For example, a mixture of a titanium salt and a
silica sol may be co-gelled, the material then being dried and
ground to an appropriate size, orthéco-gelleduatm:ialmybe
slurr:.ed and spray-dried. However, the first catalyst composition
may, forexauple, alsobeprepa.redbyreacmgthehydrmylgrcups
atthesln'faceofasmcawzﬂuatztaxumnsaltbytheproced;xe
described in U.S. patent specification No. 3,166,542, 3,220,959
cr 3,274,120, ﬂmsprod\:c:l.ngaf:.rst catalyst camposition in which
_ titamm:.smchamcalcatb:.nat:.mwzthsmca. Examples of
30 suitable titanium salts are titanium tetrachloride, titanium
oxalate and titanyl sulphate, (TJ.OSO4); the latter dissolved
mam:.xturecmpr:.s:.ngsulptnmlcac:.dandwater In yet another

technique, aftmdpyrogem.ccatalyst,mpart:.cm.arapymgmc
t;tama-szhcacmposnmnlspreparedbycmbusumofhydrogen




I on- exchange. For exanple, a mxture of a titaniumsalt and a silica sol

may be~co-gel led, the material then being dried and ground-to an

appr Qﬁ ate size, or the co-gelled material may be slurried and

spra ried. However, the first catal yst conposition 25 ny, ‘for exanple

-al so be prepared by reacting the hydroxyl groups at the surface of a silica.
wth a titaniumsalt by the procedure glescribed in U S. patent’ Py
specification No. 3,166,542, 3,220,959 or 3,274,120, thus producing a first

cat al yst camucyganwu.mmmktd:et@musamm t@u@hem@bn&mtfaﬁman with

tsla!t irgg'hl E)r(?gg,'l%% ?%r#g%eo%#éﬁ%gng %‘i%sacﬁ\&ﬁ e tl taaT The latter

di ssol ved i kodidei xt ure conpri-si ng sul phuric acid and water. In yet another

techni que, a fUuBRG:HAL S8RAD '

titania-silica ¢onpositjon |§es p?epa?ﬁrﬁsg @aﬁ%’ug#%\ of ﬁggrogen -7 -

and oxygen RPSHHLgn (RompTises imrreanatsngt %’t]flﬁﬂéﬁtéeaaﬁﬁs‘éaqﬁl@m um hal i de,
"hal i de” reﬁ@:-raquséiuﬂbndﬁ aCHitahide cofpdiidden @ ndiediades, Anot her

sui tabl e wa ating the firs onm p03|t|o conprises - _
i npr egnat | né %’ﬁt‘?%@% 4 TS 'ﬂ'ﬁsﬁpﬁm f a titanium
conpound i nrmémtmé.vem: émMEaimBregmhed smygenndsuhafeaftémd hydr ocar bon
as a sol ven ngl ﬁ%’r¥ﬁ3‘teﬁr %g:gaﬁ _%9 QQ t hereafter

cal ci ni ng I pr egangte Ica aga| h crng cC %ys? com 10
position |W%tht%‘%?nﬁw&$em m:nem vithsilica. A
descri pti onsificali® deBibgRied obr pal nekhddScf QHeladdbibh ifd 2Bupat ent -

iﬁﬁf'efcléﬁt{"“ﬂiaé* BREt Bnch SRR s L d2b7hn o the procse. As a7
rule, it is 15 mxefﬁa.rablcatah(stocs@asmtmdmytbe QNWtblﬂl‘p&é-aCtIVIty
The pre-tr egdiitiint HridPlns ©Q3Skatin h 18" blRebl® Ak & un&2iA! Y5
15 preferabletodosomordertocbtamah:.gheract:.wty.
pre-treatment suitably ccns:.sts in Mat:.ng the first cataiyst
,catposlt:.mmtheatmspMeofamn-mdmmggas,suchas,
fcrexanple,mtmgm argm,cozcrofafreem:ygen-contamm
gas,;u&as,forexanple,a:u: However,themstsuitablemthod
- 20 ofpre-treaumtmgeneralalsodepetﬂsupmﬂxefonnofdmml
cmb:.natmnmwm.chthemtalca@amd:.sprcnded In many in-
stancest:.tammncaxpamdshavetobecorwertedmtooxlde This
ccmersmmyasarulesu:.tablybeeffectedbymungma
non-reducing atmosphere, at temperatures in particular in the W
25 rangeoffranZSO‘CtoSOO‘Cforpermdsmﬂxezangeoffran
1t018hours _ -
'meflrstcatalystcmposlummybeusedaccordmgtothe
mvent.:.m:.nanycmvementphys:.calfom, fore:mple,asa
powdm: flakes, spha:esorpellets Vezygoodresultshavebeen
30 _cbta:.nedwithspheres o
'meequn.l:.bntmpoﬂtmnofreacum(l)maglvencase
depemisonthewatercontent,lfaw,ofthenzs-contaz.nmg
starting gas. Itmybedes:.rabletodrytheﬂzs—contammg
gasestorewvewatermordertosmfttmseqm.hbnumpo-
35 sition to the right hand side.




conposition in the atnosphere of a non-reduci ng gas, such as, for exaple
nitrogen, argon, [err] or of a free oxygen-containing gas, such as, for(i}i
exanpl e, air. However, the nost suitable nethod 20 of pre-treatment in
general al so ‘depends upon the formof chenical conbination in which the
metal conpound is provided. In many in- stancgs titani um conpounds have to
be &Bnverted into oxi de. Thi s conversion ny ag a rule suitably be effected

by heating in a non-re eSrd<dnk i arin
the 25 range of from %r%%% perlo s in t%e I|§]2—';1énge% tEf\gﬂ({)gml to
18 hours. The firsiesh sa;@tyst;msxm@n eray be s1poied cuh ey Wieeusange of
according to the i Rughtva Vt@@b&[’c&eghﬁhﬁ&h f, Othe tafpcR¥tl ¢s as -

a -powder, fl akes res or ets \ger resul. ts have been 30
obtained with sphen“g ﬁ"ef gg ‘% “3 6?‘3 PR YOSt dngHRen
case depends onSt he'am ef fmm\tm tolZO,GOQ f gasheel r}?&.:si:ﬂt:atadlysg &tr@o+ i ng
gas. It may be deS| Y t e ”! %PH q Egsﬁﬁ tg#qggg er
in order to shift t B&OI arlumpo Sl |or@%o e.rrg %g@,&

- 8 - The oxi datuortemexpme]s end gelatively rhighespaceseelositiest are AppLied

cat al yst CO”DOS'“%&%B#%MEW% bP Radbip (NG4S Aacheypehatszge and
space velocities. Suitab y t he terrperature |s I n the ran%e of from[err]

to 3500C and the sFEERIVSE Imﬁlﬁmt?ﬁé‘-“g EGFLY8-0 SRS 2rer 1|
gas per firso caupdsy dh ﬂmpangesoflﬁmpm°bow 250¢C bag éznee \felua:th::rebat

are appi T ed- t her modyre EUER oF e ol e a8 M4, KB Yol 8k BRRERES e 1 e
catal yst ‘conposi t i cAtakyiskocompegitithcpar hour prefappdieds, t enper a- 10 tures
in the range of from [ QLr kedtaal Kirelniiidre RAcRs @hesilingSlesd than, for 3
example, 20% by volume of st'can be processed according to the
15 third version of the Claus-type process. Thest mt-.'ccducedmto
the catalytic zmofﬂletluxdversloncansm.tablybemdued
to sulphur in the presence of the first catalyst composition.
The amount of free oxygen to be used for the oxidation of
| stmsﬂpmrisinportantinthatastoighimetricmmtof
20 oxygen with respect to reaction (1) is required; the amount of
cxygentobeused'ifnosozisdesiredshmldthereforebeas
close as possible to 50% by volume of the amount of st being
used. As stated hereinbefore, the oxidation of H,S to sulphur
can be considered as occurring in an oxidation step (reaction 2)
25 followed by a Claus reaction (reaction 3).
. The sulphur-containing gas cbtained is cooled to condense
sulphur therefram, leaving an off-gas containing azs and S0, -
If desired, this off-gas may be used as a starting material for
further production of elemental sulphur by contacting it with
30 the first catalyst composition at a temperature below the dew
po:.nt_o_f sulphur, as described in British patent application
No. 8318099, filed on even date.




in the range of from 1000 to 10,000 [err] gas per [err] first catalyst

conpdditi on per

| ess an,

the 15 third version of the O aus-type process.

‘hour are applied. As stated herei before gases <ontai ning

for ecauple, 20% by volume of % can be processed according to

The H2S introduced into

the catalytic zone of the third version can suitably be oxidized to sul phur

in the presence of the first catal yst conposition.

oxygen to

stoi chionetric anmount of 20

required,
t herefore

be used for the oxidation of S to sulphur is inportant

The amount of free AT

in that a

oxygen. W Lh respect to reaction (1) is

t he anDunt of oxygen to be used if no [err] is desired shoul d

be a pIPIRSEdH 1 hiThgd %ésvuyﬁm

enigsPunt of H2 S

being used,. As st ej nbef the oxi dation of H2 sul phur can be
consi der edF AR &%@“ﬁarfg; o%%?ﬁ%t BRT (HY5R e‘% %ﬁga “Sol | oned by a
Cl aus reacat daa#t@artltharé:)f hisléaeeulﬁmmedanntla thengrajagorebaad ned is cool ed
to condens&%u g@i{rgﬂbﬁé@ | pdoferr] and [err]
| f desired hi's o%’fﬁg S e use gaaﬂlfs%%??%ng téerlal #or further :
produBt i orZXESJMenticResl herripkeforsy mwtﬁgpmceﬁ# AFCRAINgHEP £ j 1 st

cat al yst ca@pﬁémenu%n&&ew&er@dbeiﬁdati&mgoebmmof sul phur, as

described in British patent application No. 8318099, filed on even date.

- 9 - Hydr’éeﬁé‘%l?ﬁ phi de- cont ai ni ng gases usual | y-contain m nor amounts of
COS and CS2. These t9®% & %Fs=a=r;e esdhS because at {Hast part thereof
has been fgiqred in t hegg ave only pahtly been
converted-in the C&t@@?l% 3one or zon@ J-I’hcjﬁ?goned her ei ﬁ%efore. During the,
process acE® HpHdhus 18s evhsenpentdy| rdired tar axphuy of yzed accor ding- t\as
t he feaCt'é&&r&.ﬂigkothepzesmtmention '

15

20

a5

35

’I‘he oxidation of H,S to SO, in the presence of the first

catalyst camposition can also be carried out in a wide range of

tetperétures and space velocities. Suitably, the temperature is
mtherangeoffranlSO‘CtoSOO°Candthespacevelocitym
the range of fram 250 to 20,000 Nn° gas per m* first catalyst
camposi.tion per hour. It has been found that even when
relatnjely low temperatures and relatively high space velocities
are applied H,S is substantially converted to S0, according to
reaction (2). Preferably, temperatures in the range of fram
250°C to 450°C and space velocities in the range of fram 1000 to
10,000 Nm3 gas per m3, first catalyst camposition per hour are
applied.

'l‘heannmtoffreeoxygentobeusedfortheondata.onof
H,S to §02 is important in that a stoichicmetric excess,
preferably a large excess, of free oxygen is desired in order to
oxidize substantially all H,S and any COS and CS, present. In
general, at least twice and nommally up to five times the
stoichiametric amount of oxygen required for the oxidation to
S0, may be supplied. Preferably, an excess of 20 to 280% of the
stoichiometric amount of oxygen, based .upon all total
cambustibles, will be supplied. 2Amounts as high as 100 or even
200 times the stoichiametric amount of free oxygen may be
supplied, if desired.

The SO, formed may be discharged into the atmosphere or
recovered in a manner known to those skilled in the art.

-

-



]

[err] and [err]. 10 The [err]. thus formed is substly oxidized to

sul phur according to the present invention. The oxidation of [err] to @
sin the presence of the first catal yst conposition can also be carried

in a wde- range’of tenperatures and space velocities. Suitably, the
tenperature is 15 in the range of from|[erp -to [err] and t he space
ve‘I~GC|ty in the range of from 250 to 20,000 [err] gas per m first catal yst

conposi tion per hour. aitndigs tl.»eead‘dam e, se e &rcoraimg itwethe | ow

t enper at ures and rel atively hi ce vel Qéﬁle r S
substantial |y con¥¥ePEHn g[iﬂ"?‘]""%@?&%l W@gg%lo%l%g)t&]

Pref erably, terrpemaieuraes L8 d:dmana,ngheaﬁwéntmm[as rifeally] evitedatrl thgace
velocities in the 3“9%9“@3 %%Qe B39 RS orb8éddesf | I St
catal yst carpositi per ﬁourZ are app |e§Qf greg)r?r‘l\t of frepe 0x gn to be
used for the oxi dixamwhigh pg furthey pri biftde ryecreery ps ATRRE TateFids a

stoi chionetric exgegadepredk Ye &0 aﬁge.nemaampbffa €Raix tgeDh gas.desired

in order to oxidize suai,t ant i @ y al,l| _Hz n COS_and nt. In
general , at |east tw %881‘ matyhgtéflgh%ﬁp r| C
amount  of oxygen beatproacested uyhm@fquas-mneatu.ne(procaﬁzmaqrm Bmppﬁwai

Preferably, an ex S.-Qf f ]%ﬁ&xﬁtﬁf #gglg&[ Ehargygnt oxygen,
based upon all :%@tlst%?es aﬁc*‘? supp Am)unts rggh h as

100 or even 2@@ tm@tm lstgmmmbﬁw@edaﬁ@m maé
supplied, if desipeth c3aus tail gasb&reh®ing t he

i A RN 5?8%“%@20 h sﬁ&ﬂ@’m—

ox::.de( )cmtamedmﬂxegasmdersmtableccm:.tmstoﬁzs.
accord:.ngtoapreferredetbodmtofthepresent

15 invexrt:.onmwhlchhydrogm_sxﬂ.pmdezsmd;zedtoelmtal
sulphur, the hydrogen sulphide has been cbtained by reducing
Claus tail gases at a temperature above 175°C with a free hy-
drogen?-and/orcarbonmmid&cmtaininggascverasecmd
catalyst camposition caomprising a sulphided metal fram Group 6

oo and/or Group 8 of the Periodic Table of the Elements and an
inorganic axide carrier supporting the said sulphided metal(s).
The hydrogen sulphide present in the reduced Claus tail gases is
tlmcuud:.zedtosulplmrmthepresenceoftheflrstcatalyst
camposition.

\/ 25 Thereduct:.onofClaustallgasesmthepresenceofthe
second catalyst camposition is preferably carried cut in the
presence of at least the stoichicmetric gquantity of hydrogen
axﬁ/ormforcmpletecmversimofsﬂphxandsozintonzs.
Generally, 1.3-2.0 times the required stoichicmetric quantity is

30 used. Water present in Claus tail gases hydrolyses COS and CS2
according to reactions (4) and (5), respectively.
Methods of preparation and the most suitable.camposition of
thesecoridcatalystcmpositimandthecaﬂitimmatwhichthe
red:ctiohnaybe'afriedmt,suchasttmprasure,thegashourly




I nvention is applicable to any H2S-containing gas of |ow to noderate H2S
conyent, the invention is ideally suited to the treatnent of

[eront ai ni ng of f-gases fromvarious processes 5 fromwhich no further
or tle recovery of other materials is made, for exanple to’'the -
incineration of a Claus tail gas. Additionally, as indicated, off-gases may-
previ ously have. been processed by an ogm gas-treating process in order to <
reduce the contents of conbined and el ntal sul phur thereof The 10°

i nvention | S tQ égg SHCB@. ferbETH gases of a
Claus tail s pgg%ﬁ“r{fa %%?gess prOflgl('éés)srgg y]gé{r%rl se [he step of
catal yti cal |fye¢ mmuﬂpmmaas taxe- fQWlﬁd?él Brivrishcpftentned in the

gas under s#&ﬁl@a%dgél qQnssé 2gbi2S. So, according to a preferred
enbodi ment o

: ' presen invention in, whic rogen. sulphlde i s oxidized
to el enental .sulTHf u?ed"‘f’ﬁé He dge %arspl‘l?cPreES’s%gX %’ reduci ng
Claus tail gasaspalomtbemmmidatemnmfve%@w;mhra &msendvy.nget&egen- and/ or

car bon nono O tion

conpri sing éh&jﬁﬁ%%%%‘uﬁa?r om G oup g%&t E?EAJ%Q of the

Peri odi c TaEM Mﬁé?eEFMRﬂso‘EnbYarfOFr@mh@c cordlensation Pérwakepport i ng

the sai d sulsphh 48d FRIREE Olaud RGN gen sul phi de present in the reduced

Claus tail gases |s_hen oxidi z S hur |nthe resenqe of the first -
catal yst 25 Acoqyrling PB#%’FE%QEQ&FSP pyE2fRe of the

second wat aley.atemammﬂ.ptwrisl sammaeﬂndalme:gasesedftw havu.rtdweowaesecmce of at

conversi on’ e i datvt W&T 2@‘?{’%%#?%% il SBhRRERT S
required stdycslphucrireegasesi ig okidized te sulprediqridee mreferablyus t ai
gases hydr ol Eg%éé%fd dkhe FHtser é@c&ﬁ&%& 095 AQ)irPRAidS),

respectively. Mt %g‘lrepar ation and the_nopst suitabl e conposition of

the second &ammex 8.3 e iiemental FRIRNT AR PRduct i on
may be fGar r iresovid frmcmawmqases?,sm gdses @raihed afyer oxidation

tosozovertheflrstatalystcmposztioncanusuallybedzscharg
ed into the atmosphere without cbjection.
'Acco:dmgtoamtherprefen:edanbodmentofthepresmt
mmtmmwhlchhydmgensﬂ.pmaelsmduedtosxﬂpm
20 dmnude,thehydrogmsulphldehasbmobtamedbyreducmg
' Cladus tail gases at a temperature above 175°C with a free hy-
droge}m—aﬂ/orcaﬂonmd.de—caﬁtaininggasoverasmxd
catalyst composition comprising a sulphided metal from Group 6
and/or Group 8 of the Periodic Table of the elements and an R
25  inorganic oxide carrier supporting the said sulphided metal(s),
absorbingtheH-ZSpresentmthereducedgasesfollwedby
desorptmofﬂaeHZSandrecycleoftnedesorbedeStothe
CIansplant,ﬂ:ehydmgensulphJ.detobecaudz.zedtosulptur
dioxide remaining in the final off-gas fram said absorption of
30 HS. This hydrogen sulphide is oxidized to sulphur dioxide in
the presence of the first catalyst composition.
The pressures employed in the process according to the
inveritionarenctcriticalandmyvarywithinawiderange.




- 11 - space velocity and the conposition of the free hydrogen- and/or free
carbon nonoxi de-containing gas are found in British patent specification™
.No. 1,356,289. The reduced Claus tail gas is preferably dried to rem)veb
‘water prior 'to the oxidation of [err] to sul phur, thus nmoving the

equi libriumposition of reaction (1) to the 1 ght hand side. Drying may be
cafried out by, for exarrpl e, condensation of fer fromthe reduced d aus

tail gas. Accordi to preferred 0 o laon 10
el enental sul phurqﬁ? F?%em e ggg’er%na te %%#Lg%% Q%%g*&’
first catalyst commmm masmungnambenﬁegummf the

sul phur - 1 ee 98segrbgadt) i 280144 MplidhericOthufl Gy e 11 ) ¥od

e,
presence of the first catalyst conposition hi's manner 98.5 to 99. 0%
of the conbined ald ®%nental sul phur can be 15 renoved from Ol aus tail

gases, Ehe gages obt al']l‘)ﬁdfﬁd 35’*1;}@“1' fa ggnsrippljj,ej las , OftRY exdiplE) rehire Cadtyaey st
conposi tion can usu char in at nos

“obj ecti on. ACCOI’dIOFI:& &ﬁé rgﬁ t%ﬁﬁd%??%?s 51@%% %ﬁrﬁe%gﬁ%ng
i nvention in whi crslgydﬁ:l@gafh M’pimde ofs cwygei andl othes wopbenents whidh ¢id det

the hyd I t
Sy 100" A, PR S M gt o ¢

nonoxi de- cont ai ni ng gd&*o dadpstsate oie: dREifRy The

sul phi ded netyg| ffpéﬂ‘é@dl\ﬂh@oﬁ“ﬁi@étﬁ‘ﬂh@ ﬁm&ag havedeentheasiodd ByafednBe
el ements and an 25 | norgani ¢ I de carrler supporting the said sul phided -
netal (s), absorbr 5?‘?1?’?&9’1 WA he reduced gases foll owed by
dES/orptlon of theMe__nd recycle of the desorbed [err] to the G aus

plant, the hydrogen sulphidet Qub% 1 uteZh ke, r98 ing in
t he fi nal - of f-gas from sgilnsc absorptlon of 30 Thi s en su ph| de

i s oxidized to sulSPheresi(Bre)¥olywe ewpf’“éé%néﬁrfﬂcetﬂ?af ?9%?“ éi
conposi tion. ;he FoRSE3/ e @il Gy PhtessureNSE [, 02 4y alss.OTHe Rghéfed bere then

impregnated with tetraisopropylorthotitanate under nitrogen of
atmospheric pressure. The impregnated spheres were dried at a
temperature of 110°C and the temperature of the dried spheres was
increased to 250°C at a rate of 100°C/h and to 500°C at a rate of
20 = 50°C/h. The temperature was kept for one hour at 500°C, increased
.at a rate of 50°C/h to 550°C and kept for 3 h at 550°C. Then, the
spheres were allowed to adcpt ambient temperature. The catalyst
camposition thus prepared is referred to hereinafter as "first
catalyst camposition A"; same properties thereof are stated in
25 Table I. . ’




invention are not critical and may vary within a w de range. -12- The
totaj~pressure may be at or in excess of atnospheric pressure, although
suggﬁbspheric pressure nay be used. Preferably, the pressure is at |east
at eric and may be up to, for exanple, 10 bar. 5 The -free oxygen
may be supplied as, for exanple, pure oxygen, oxygen-enriched air, air, or.
ot her gaseous stream containing signifjcant quantities of oxygen and ot he¢s
conponents which do not interfere si gnHi"cant_I y with the reaction

contenpl ated. The foll ow ng Exanpl es Tf éit rler illustrate the invention. The
10 pore volumés of the starting si ave been neasured by neans of
absorption of liquid water. Exanple 1 An amount (bul k volune 250 m, weight
98 g) of si ki ‘gel sph ;&pore voley .10 | , sug‘%&gg area 300 [err])
was kept 15ﬂfs1?cor 15 m?ﬁ%ﬁr a pr essg!%eokof O.r%égbar Abs. —The spheres were
then i npregR@t¥sti t h t StEPsopr opyl SPESRRS; t arVRLe™inderadgdt r ogen of -
at nospher i Cepifgsiticn TheL/saipr egnat ed @pheres weyg dri eqh?% a tenperature

of 110C and the tenperature of the dried spheres was increased to 250C at a
rate of [err] and to 500C at a rate of 20 - [err]. The tenprature was kept
for one hour & .[err], irMcRdased at ali@te of 504 to [24r] and kept for 3
h at [err]. Then, the sp s were al dto a anbigpt tenperature.

The cat al yst (%nposi ti on'tbtqggs prepare S)(lyvg'referrggif“j)gto he‘ﬁgi nafteras "first
catal yst compdsition A"; %88e propertied thereof-3¥e sta8d in 25 Table

| . - 13- D 0.05 2.5 _ 1.33_ 197
. 2r/si . u
E . 0.05 : 5 0.59 313

A cylindrical tube having an inside diameter of 4.09 cm was
charged over a height of 38.1 cm with a fixed bed of first catalyst
composition A. A gaseous feed camposed as shown in Table IT was
conducted in downflow through che fixed bed. Conditions of operation

5 are shown more specifically in Table IT. Significant HS-removal
is cbtained at temperatures above 200°C; the results for three
different temperatures are presented in Table IIT.



Table I First - Atom c Si ze of Por e Surface catal yst

ratio . ‘spheres vol une area conpositicn Ti/Si: mm
/g [err] A 0.21 1.6 0.84 . 221 B
0.08 " 5.0 0.54 312 C _ 0.08 5
0.58 303 D 0. 05 2514 - 1.33 197 @i E
0. 0% 5 0. 59 313 A cyI indrical tube havi ng

inside dianmeter of 4.09 cmwas charged ovemabge i ght of 38.1 cmwith a :
fixed bed of first catal yst conposition A~ A gaseous feed conposed as shown

in Table Il was conducted in downflow through the fixed bed. Conditions. of
operation 5 are showCompositipecittically in Table I'l. Significant
H2S-renoval is obtained at lsenper at ur es aboke, err] the results for three
di fferent tenperatures areﬂqoresent ed in TabF -14- Table 11
Carposition, %W H2S =~ 0O, . 5.73 o:_ll 2 | 11.2 N2

44.8 [err] ' N11.0 [err] 27.2 Qperating

condi tions Pressure | : @ac Space vel 00|t 1000 N1 per 1 first catalyst
conposition A per h 5 A rc%ate . 309 ix%ess 02 Table Il Tenperature,
[err] . 200 25{)20 300 27.2 :

Operating conditicns
Pressure : atmospheric
Space velocity: 1000 Nl per 1 first catalyst catposxtm A per h

U 5 Air rate : 30% excess 0,
Table IIT
)

Tenmperature, °C - 200 250 - 300
Camposition ' I

S, pp 760 700 360

SOz, v : 5.82 5.83 5.84

50,, prav - 80 - 47 56

Exanple 2

A feed camposed as stated in Table IV was conducted with a
| |  space velocity of 1000 N1 per 1 first catalyst composition A per
~ ‘hour through the catalyst bed used in Example 1. Three different

: 10 temperatures were used. ']:hanzs and SO, contents of the off-gas
are presented in Table IV.



Conposition [err], ppnv 760 700 360 [err], W
5.82 5.83 5.84 [err], ppnv © 80 - 47. 56
Exanple 2 A feed conposed as stated in Table IV was conducted with a space
vel oci of 1000 N1 per 1 first catalyst conposition A per hour through the

-

cat al ed used in Exanple 1. Three different 10 tenperatures were used..
The [ and [err] contents of the qf fggas are presented in Table I'V. N
15 - Table IV Conposition, % eed Of-gas [err]

200C - 2500C H2S : 6. 2ple v 1. 64 0.47 0.44 [err]

0 1.16 - 0.48 0.45 02— . 3.06 X) X)

X) N2 49.1 48. 4 47. 8 47.8 12.0 11.8

11.7 Corgoditicr, %v Feed 29.6 - 38fbPgas 34.4 34.4 S

0 3.35 5.13 5.19 Tot al LRhur rsi o Y0

54 . 84 85 x) not deterninedﬁ$a§le I%&g ows ?ﬁgt significant

conversion of [ébF] to sul phur 56.24t akesl6Race ab.4%nper &t.d¢es above 175C.
- Exanpl e 3 Exanplge,1 was nodifiedgin that jgigas cogpgsed ag géated in Table
V was conducted wPth a space velgciéy of 2000 N1 per 1 first catalyst

conposition perqhour t hrough the b of )i rst catﬁlyst 10%¥)  conposition A.

N, 49.1 48.4 47.8 47.8
co, 12.0 11.8 11,7 11.7
HO 29.6 33.6  34.4 34.4
. 8 0 3.35 5.13 5.19 . —
. : : o/
" Total sulphur
conversicn, % 54 84 85
X) not determined ) o
Teble IV shows that significant canversion of S to sulphur
5 takes place at temperatures above 175°C.
Example 3
ﬁxampbe].wasrmxﬁjied:u1thatiagast:mposaias stated in _
Table V was conducted with a space velocity of 2000 N1 per 1 first
cauuyst<xmposhﬁan;erlxnr-ﬂunum1thekndcﬁffinﬁ:cauﬂyst
10 compositian A.
: Table V :
Composition, v on water-free gas . "
S 1.01
N, 81.5
o, 17.0
0, 0.50

~ Table VI states which carbinations of temperature and water
captent were used and also presents the composition of the off-gas
and the total sulphur conversion.



Tabl e V Conposition, % on water-free gas H2S 1.01 N2 81.5

[err] 17.0 02 - 0.50 Table VI states which conbi nations of

tenperature and water content were used and al so presents the conposi ki

of the off-gas and the total sul phur conversion. Tabl e VI Tenpera

[err] 250 200 200 200 250 Water content of f o

30~ 30 7.4 0 0 O‘f g&é Tonposition, % on

wat er-free basis [err] 1 0.41 0.13

0.47 [err] | 0. 40 0.38 | -%’iﬁ-g"—f 0. 12 0.27 S

0 ‘0. 02 0. 37 0.76 0.27 Total sul phur conversion, %

0 2 _ 76c - 2587 The jgger modyg@ami ¢ gygui l i bgs(ym was
tu%’.‘e C

reached in each of ese five experl ments. Table VI clearly shows that

removal of water fWaGﬁ%-'t%t‘F%d has a very favourable effect on the total
sul phur conver si orof Eseadyphe 4 5 30 An arsgunt (26419 g) oof 0

ai sopropyl orthotitanate was added dropwi se under .nitrogen to water (150 ni)
~and the precipitat S
with water ( 10 nmOffegds composititre ferr] thus obtai ned was added to a
solution of oxali b FlaPpgdid N Water (80 m). -Then, oxalic acid (10.23
g) 10 was added. e mxture tJhus obt ai ned _was fil tered of f, vyiel c!| ng 110
m of an opale i d$Sd. An amount (82:62 g, BBk voPufk 2000 -47

so, 0.40 0.38 0.23 0.12 0.27
s : 0 0.02 0.37  0.76 0.27

-

N

Total sulphur
conversicn, % 0 2 37 76 27

The thermodynamic equilibrium was reached in each of these five
experiments. Table VI clearly shows that removal of water fram the
feed has a very favourable effect on the total sulphur conversion.
Example 4

5 An amount (46.19 g) of tetraiscpropylorthotitanate was added
dropwise under nitrogen to water (150 ml) and the precipitate thus
formed was filtered off and washed three times with water ( 10 ml
each time). The Ti0, thus cbtained was added to a solution of
oxalic acid (12.6 g) in water (80 ml). Then, cxalic acid (10.23 g)

10  was added. The mixture thus cbtained was filtered off, yielding
110 ml of an opale liquid. An amount (84.5 g, bulk volume 200 ml)
of silica gel spheres (porevolmel 02 mi, su.rfacearea349m/g)
was impregnated with this solution (110 ml) . The :!.npregnated
spheres were dried at a temperature of 120°C and the temperature

15 of the dried spheres was increased to 320°C at a rate of 100°C/h,

. kept for 0.5 h at 320°C, increased at d rate of 100°C/h to 600°C

and kept for one hour at 600°C. Then, the spheres were allowed to
adopt ambient temperature.



of silica gel spheres (pore volune 1.02 m, surface area 349 [err]) was
egnated with this solution (110 nl). The inpregnated spheres were dried at
at ejture of 120C and the ature 15 of the dried spheres was

i ncr ed to 320C at a rate of 100C/ h, kept. for 0.5 h at 320C increased at
a rate of 100C/ h to 600C and kept for one hour at 600C. Then, the spheres ..
were all owed to adopt anbi ent perature 17 The first catal yst y"
conposi tion thus prepared |s referred 9‘6 as "first catal yst conposition B"; .
sonme propertieshhe t ndrl e havi ng an
i nsi de di anet er ’%LP glﬁ%%' ééwé%d‘?géﬁ“fs&e@iy#eﬁarﬁe °;§§ ® cmwith a

fi xed ‘bed ofsf |fls¥'§tmﬂ-m compqsdtian 8fi; Biome propevtiesf teeteofnpesed as shown

in Tabl e VI lgtxess gﬁ egl in downflow through the fixed bed at a space
vel ocity of 100 r f| rst cat al yst, conposition B per hour. Table VI
presents the cor } ﬁc hgying 58, insige diemetarypfoindd cm was

Conposi § i Onph%daﬂ wémaehé:gad of 38.4 cﬁtftflxtﬂﬁ& fﬂéa]bed of first cataly$S

0.12 [err] g 0
< 0.0005 [eff sition 8. A g fegd compo SE%’*FTable VII ¥857 02

0.5 cancb:lc@g@ 1imdownflow through the fueﬂ Id at a spa@® vel&ity of
.0 @118?&31 first é@y&x@%{:@éﬂ&ﬁn@&f ﬂd&t hebi1hGRyl t are

stated in TabI e
_ the camposition of the otf-gas

| Teble VIT o
Campound _ Carposition, % by volume
feed off-gas
CHS | 0.98 - 0.12
S0, o 0.05
. - S0, 0 < 0.0005
- B0 4.5 5.4
| -, 11.7 1.7
0, | 0.5 < 0.0001
N, | 82.3 82.0
S .0 0.8 |
10 Thetaperatmeandaﬁ:rdterresultarestatedm'rable
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-18- Table VIII Exanple First Tenper ature, Approach of Content in

cat al yst . - C t hermodynani ¢ of f-gas, ppnv, of <3 .
conposition _ equi | i brium [err] SA3 reaction ( %
4 B ' ) 250 100 5 B : 300

100 6 C _ 250 1Q044 - D - 250
100~ - - 8 E 250 100 :

- -9 E - 300 . Table VAG® S - 10
B ' 250 - =30  not determned 11

B 300 - - ' <3 7 12 B .

350 ' Example First <3 Températhire, Appoach of ‘Cont#n8 in

- 6 5 14 o |§ég 3

<3 <515 D dacalysty,  oc lc off-gag, PP, 0 ¢
D - 350 camposition <@puilikgumy EH,S  SOg
300 ' <3 . <5 Exanplgaetidf (gxpariment descri bed
in Exanpl e 4 was m)dl fied in that a t enper at ure of SOOC vvas applied. Table
VIIl presents the results. Exanple 6 5 [err] (38.85 g) was added

dropwi se at a tenpergture @ 4 to [errgboto water (1H® nl). An ansunt (246

m% of t?izgoldfutlcn Eus ? ai ggg \r/;qas 3§§ed folr irrpr1 ZaH ;)n of f§_i l'i ca_gel

spheres g, VO : re volune 1. g, surface area

349 n2/g). The inpre@nated Gpheres werd80t hen treat etPlas descri bed for first
10 catal yst conpogition except thap a-tenperatigee of 500C iasteads

?

U 8 'E | 250 100 - -
9 E 300 100 - -
10 B - 250 - 30 not
11 B 300 = - <3 7
12 B 350 - < <s
13 c 300 - - 6 5
14 o 350 - <3 <5
15 D 300 - 8 <5
16 D . 350 i - <3 <5
17 E 300 - . <3 <5
Example 5 - '
1% The experiment described in Example 4 was modified in that a
temperature of 300°C was applied. Table VIII presents the results.
Example 6 |
5 ‘TiCl, (38.85 g) was added dropwise at a temperature of 4 to

13°C to water (150 ml). An amount (146 ml) of the solution thus
cbtained was used for impregnation of silica gel spheres (128 4q,
bulk volume 300 ml, pore volume 1.02 ml/g, surface area 349 m' /gl
The impregnated spheres were then treated as described for first
10 catalyst camposition B except that a temperature of 500°C instead



-19- of 6000C was used. The first catal yst conposition thus prepared is

r ef ed to as "first catal yst conposition C'; some properties.thereof are
sté%%% in Table I. The experiment decribed in Exanple 4 was nodified in.
that"5 - first catalyst conposition C was used. The result is presented in
~ Table VIII. Exanmple 7 An aqueous solution of sodiumsilicate was m xed w th
a solution obtained by dissolving T| |n di | ute aqueous sul phuric 10 g
acid, using a volune ratro of the IdT &~ta the former solutron of 0.75.

The hydrosol plets were
shaped in arfrgéaanbg: pre- gp%tf%iferr org'h%r%'ﬁoxI %‘%é’tr% e-dried

particles Mreemw@daw "{hre catalystocopesiticnng” t Isome @yppexhiigse of the

particles vRag-ddiCheasRdeY8h Pai@rtod of 2.5 h 15 from20 [err] to 150
[err] in the presence of Irgurd wat er _and ke t for 1 h at 150 [err]. The

particles were R SRS, depribed; dneamis: & B pedifded |in fpathed with

di | ut e ssul Hinst cagglykt Stpedition 20vds asedLZQhé aebhlt Heapdenysy ia period of
5 mn from%gl%\ee#éi to 875 [err] and kept for 10 min at 875 [err]. Then,
the particl allowed to 20 adopt anbi ent tenperature. The catal yst
corrposrtrom,ﬁrepared |s referred to as"first catalyst conposition D';

sone propert | eSyd chte 1HE XA i r%ng descri bed in
Exanpl e vvas nodi | n that f| rst ca a yst corrposr tion was used. 25
The resul t ‘ﬁ@s PYTabfsolving T uke \gauesss MLPBFiE g, bul k

vol ume1200 aglidt, sifi|d Columhestid bﬂwﬁgmﬁ&rswrmfrﬁw bese used
For e P h3% Sk lokd AV LB RIREPl Unbed S5l TLRIPLEL, L 02 1
salt. The idxpplahsavexe shipedeinadreand preeiriedeatt 320 £€ ﬂ%dr.ﬁbm’uh.f or first
' The pre-dried particles were quenched with water to 20 °C and the
temperature of the particles was increased over a pericd of 2.5h
15 from 20 °C to 150 °C in the presence of liquid water and kept for
1 h at 150 °C. The particles were allowed to adopt a temperature
of 20 °C, washed with dilute sulphuric acid, dried for 20 h at
120 °C, heated over a period of 5 min fram 20 °C to 875 °C and
kept for 10 min at 875 °C. Then, the particles were allowed to
20 adopt ambient temperature. The catalyst composition thus prepared
is referred to as®first catalyst compositicon D"; scme properties
thereof are stated in Table I.
The experiment described in Example 4 was modified in that
first catalyst composition D was used. | o
25 ?he result is presented in Table VIII. . '
Example § :
 an amount (90.7 g, bulk volume 200 ml) of silica spheres
having the same properties as those used for the preparation of
catalyst composition C was impregnated with 92.5 ml of an aqueous ' .
30 solution of zirconium acetate containing 7.2 g of this salt. The
impregnated spheres were further treated as described for first
catalyst camposition C. The catalyst camposition thus prepared is
referred to as "first catalyst composition E"; same properties
therecf are stated in Table I. '




catal yst c tion C. The catalyst conposition thus prepared is referced
to as "first catal yst conposition E'; sonme properties thereof are stat g(ﬁ
«Jable I. -20- The experiment described in Exanple 4 was nodified in
first catalyst conposition E was used. The result is presented in Table
VIIl. Exanple 9 5 The .experi nent desc&bbed I n Exanpl e 8 was nodi fi ed
in\rhat a tenperature of [err] was used. The'result is presented in Table

VI1I. Conparative. Expeﬁilangﬁée(fm% [N Qe,g 8
nodified in that 10 ‘?lrst catall"gs (%' Oglatgl on gﬁﬁgﬂrep aced

with silica spher ErsReRtalvst caPastione Botrsy used #PgPlE § presented in

t henr nodynam ¢ equpabidryrgm Exanples 10, 11 and 12 15 "The experi ment
described in Exam}! e 41 ﬁs nodi fied in that a gaseous feed conposed as
shown in Table I X at the tenpe- ratures shown in Table VIII. Table
VIl also presents theTheeewpersimeritakiescrtikedoinp 8sanglent wigatodified in that al.0
[err] : bal anc%%gf elsbd. reshi

Exanpl es 13 and 14 Jt]ure OfTﬁ%éUecx%%%l ment slm”ﬁescrlgol'd4 ﬁ{"éggjtﬁ%llgs'r 1 and

12 were nodified iW¥hat first catal yst conposition C was ‘used. Table VII|
presents Canparative Experiment

The acperment described in Example 4 was modified in that
10 the bed of first catalyst composition B was replaced with silica

U Reaction (1) had reached only 54% of the thermodynamic
Examples 10, 11 and 12
15 ‘The experiment described in Example 4 was modified in that a

gaseous feed camposed as shown in Table IX was used at the tempe-
ratures shown in Table VIII. Table VIII also presents the results.

Table IX

Camposition, $vol

HZS 1.0

Nz balance
. _ : CDZ 11.4
N~ . 0 12.0

o2 | 3.6

Examples 13 and 14
20 'I‘hea@ermmtsdescnbedmmanplesllandumremdlﬂed
in that first catalyst camposition C was used. Table VIII presents
the results.
Examples 15 and 16
The experiments described in Examples 11 and 12 were modified
25 in that first catalyst composition D was used. Table VIII presents
the results.




the results. Exanples 15 and 16 The experinents described in Exanples 11
and 4Zjwere nodified 25 in that first catal yst conposition D was used.
Tabl I}l presents the results. -21- Exanple 17 The experi nment

described in Exanple 11 was nodified in that first catal yst conposition E
was used. Table VIII| presents the results. 5 ~Conparative Experinent The .
experinent described in Exanple 12 was,ymdified in that first catalyst s,;
conposition B.was replaced with pure tirtani umdi oxi de. The off-gas '

cont ai ned | hRafy 4 ppnmv of H2S and 50 ppnv of [err] = C LAl M
*C L MS mfor t he oxidation of hydrogen sul phide to
el emental sul phdfe | RRGFikedh ip feample \f s #n pak ogen

sul phi de- cofixstntagalyst defpositiant®eakudede 26T pfes%ni‘:é%e
" oxygen- con;g%g#ltg gas wth a first catalyst conposition conprising 5 at
r

| east one om G oup 3b and/ or Group 4b of the Periodic Table of the

El emrent @ onCampa e _Bgrarainentg carrler 2. Aprocess as clalrredln claim
1, in whi ch theTﬁéI&p@F{mﬂntO&e sﬂgaﬁ, sul phat e

t her eof . A pr ocess as -cl aj rred | n cl ai gé vﬁn C I eas one oxi de

10 of tltamci §hi SPIFAGR B Wéﬁlmﬁbﬁmm‘&hrrler 4. A

process as &imiided The Ofﬁ‘-gaéazoﬁi:airhﬂ DéC €HANG Sl B HSaMisoh the said
met al or meﬂ”so% (ar e) applied in the catalyst



conposition in an atomc ratio of netal or. netals to silicon in the range
of from0.001 to 1.0. 15 5. A process as clained in claim4, in mhliggﬁhe
atomc ratio being applied is in the range of from0.03 to 0.3. 6.

process as clained in any one of the precedi ng clalns

75% by wei ght of silica is applied in the carpier. s as clal med
inxlaim6, in which -at |east 90% by 20 -wei ght of SI m .
the carrier. 8. A process as clainmed i ncapy, gng $f thes

in which the carrier has. been prepared by the fofTow ng process steps -
step a) preparing a silica hydrosol by m xing an aqueous 25 solution of

an al kal i me';]al hsiji,i Calequabé' égd&arlague@m asnbnlb'fqm_/dabgﬁn s@ m'}daehs&gma)enl tal
converting the hydrgspl .in ropl.et. for st.ep, .C. api.n roplets in
air or in a liqui as‘&ﬁa%ﬂ aPé??Ii' (ﬂd‘) C%chrxgliw th vv\lé%c&?r_oggss%%%

partial ly pre-dryiswjpehide-eonitrainihg }gastixlcestameéiimeﬂhe Pregeree ofwfres i ng
the partially pre-diieol PRthiihgSgdOwderI% df%slge tt'fion ComPBLS
step f) decreasing the cation gont e‘ﬁt of t hyd 1|E partlc es thus Sing
treated in an. ayuedh+efER Pofmegatl SLxem Gronp 13y, % 4R Afc thePegieh<dr y

material, and stepraple ﬁm%&obncg\ah]wsanm; t;a;erﬁgrl I ca particles
gl ai ';nr;]usl ﬁbm: gﬁdh%’grOﬁﬁ%grﬁocessd%cl%}gg%j% M th%ﬁ'%gr%ggir&t ure
in the range of froeta280e Hare)l58mlied. aﬂ@l@@:ss@phztaardmbqfn any - one of -
the preceding claifis, Afyrbless WH! SlhilAA06TRiRVS PRndghich 8% 11LhsE bnkloxide
sul phur di oxi de supéol yl ng-

W titamium, zirconium and/or thorium is applied on the carrier.
4. A process as claimed in any cne of the preceding claims, in
which the said metal or metals is (are) applied in the catalyst
camposition in an atomic ratio of metal or metals to silicon in
the range of from 0.001 to 1.0.

15 5. A process as claimed in claim 4, in which the atamic ratio
being applied is in the range of from 0.03 to 0.3.
6. A process as claimed in any one of the preceding claims, in
which at least 75% by weight of silica is applied in the carrier.
7. A process as claimed in claim 6, in which-at least 908 by
20 weight of silica is applied in the carneu:' _
8. Aprocessascla:.nedmanyoneoftheprecedangclams,
. whlchthecarnerhasbwnpreparedbythefollmnngprocess
| steps:-

o step a) preparing a silica hydrosol by mixing an aqueous -

25 solution of analkal:.metal s:.lmtew:.thmaquews solution of
an acid; _
'step b) converting the hydrosol into droplet form;
step ¢) shaping the droplets in air or in a liquid which is not
miscible with water;

30 step d) partzallypre-d:y:.rxgthehydmgelpart:.clesobtamed
step e) subjecting the partially pre-dr:.ed particles to a
hydrothermal treatment;




the free oxygen-contai ning gas in an anmount of

stoichinmetric ampunt of oxygen required for oxida hur d|0X|de
11. eé\ocess as claimed in claim10, in which th%ﬁ HS' H mum
cont Ung gas is supplied in an excess of 20% t0

stoichronmetric aunt of oxygen. 12. A process. as clainmed in any ohe of —~
clains 1-8, in which hydrogen sul phi deZ i-s oxidized to el enental sul phur at~/’
a tenper- ature in the range of from[érr] to [err]. 20 13. A process as

claimed in gly 5%5%5%! \ s enent al
sul phur at ?eﬁ?p rature 1n Qﬁ%%g&?%cﬁ orhﬁ err Is('% ai err ? A process
as clai ned ﬁlwsam-ﬁ@ isr ap|agugeus) medivmn tqzlqsﬁ O Wi weishdr ogen

sul phi de i w&m@doﬁ | reptal, shdphur, whi ch’ 25 hydr ogen sul phi de has

been obt ai ned b uci n aus. ta es .as bef ore defi ned at a
t enper at ur € &Bo%e [gFX \?\?‘ﬁ‘uc’ﬁg’f‘?négk %&ﬁ' gﬁd f E

monoxi dg- couusi ctagnedhs over a second cat aI yst corrp03|t|on conprising a

sul phi ded tal, f pﬁ]ag&l/ r E#;__@:gﬁ: gjﬁ [ahl e of the
k7 & W a"‘grler S rting Phe salﬁqénulphlded

El ements and an> 30 1 vor gani c OXI

upp
metal (s). Mﬂchms%méﬂ& %M@@ﬂaﬁnﬂ%@n%ﬁéﬁ athe reduced gas

prior to tr&,@r&gﬁ gﬁlﬁaﬁgbg@@tbo‘;gmbphur |s dried to renove
wat er . -24- 16. A ocess as.clainmed in Ia|m14 in which
o emental B SRENSPEE SR Sl acred t he
first cat alv;tﬁbhdqmsgm culptide| &y b}mlm rsglptm:tamaﬂbssq:pn.ymd y

sul phur-fregag s 5 o
clainmed in any‘@%&zwwgég ﬂqgﬁ progogsgga% c{"%cﬁei@esfin any one o/
of cl ai ms. 1theostaichiemetpric rrmeyat efcoxygenprequired foxi atidatianotaul phur

di oxi de, th&lbb@f%%de.

11. Aprocessasclamedmclamlo,mwmmthefreeoxygen
15 contam:.ng gas is supplied in an excess of 20% to 280% of the
stoichiometric amount of oxygen.
12. Aprocessasclamedmanyoneofclamsl-s,mwhn.ch
hydrogensulph:.de:.scnud:.zedtoeletmtalsulpmratatalper
aturemtherangeoffran150°cm350°c.
20 13, Aprocessasclalmdmclamlz,mwha.dlhydrogmsﬂphlde
iscnn.d:zedtoelenentalsulpmratatatperamremtherangeof
from 180°C +to 250°C.
14, Aprocessasclamedmanyoneofclamsltos 12 or 13, )
in which hydrogen sulphide is oxidized to elemental sulphur, which q
25 hydrogmsﬂpkﬁdehasbemobtamedhyreducmgClaustallgases
asherembefou:edefmedatatemerat:reabcvel??Cm&afree
hydrogen- and/or carbon moncxide-containing gas over a secand
catalyst composition camprising a sulphided metal from Group 6
and/or Group 8 of the Periodic Table of the Elements and an
30 inorganic oxide carrier supporting the said sulphided metal(s).
15. A process as claimed in claim 14, in which the reduced gas
pricr to the oxidation of hydrogen sulphide to sulphur is dried to
remove water.

L




sul phi de_has been obtained by reducing O aus tail gases—at—a tenperature

above 1750C with a free hydr ogen- and/or carbon 10 de- cont ai ni ng
over a second catal yst cnposition com prising a suﬂwﬁ< uﬂf"ﬂ”ﬂmm Grg(zgp?
6 and/or G oup 8 of the Periodic Table of the El ene ni c
oxide carrier supporting the said sul phided ggtal (s), absor Di ny the H2S

pr&sent in the reduced gases fol |l owed by desérption of the H2S 15 and
recycle of the desgr b%@? 62ds0ad Whr&mﬁ. 14 Bf 1®dm9@&cﬁ@%ﬁ1to be
| de

oxi di zed to sul phur _dio remaining 1 n the tinal f-gas fromsaid

absorption of H2SSWUPMIALg eEeved £30B thengfesnaides ?ﬁvingﬁ?ﬁﬁ“é‘iﬁq ghe Figst
herei n- before degaeabes w@sj_ﬁfoarame 9 reneiringnl ehe ABstéhtiklpasrent al

sul phur whenever produced BY (320 98°58 3% 1A' FRinbd? AR By p%'s@sa&- 8
5 claimed in any one of claims 1 to 10.
17. A process as claimed in any one of claims 1 to 11, in which
hydrogen sulphide is oxidized to sulphur dioxide, the hydrogen
sulphide has been cbtained by reducing Claus tail gases at a
temperature above 175°C with a free hydrogen- and/or carbon
10 monoxide-containing gas over a second catalyst composition com-
prising a sulphided metal from Group 6 and/or Group 8 of the
W, Periodic Table of the Elements and an inorganic oxide carrier
supportmg the said snﬂph;dednetal(s), absorbing the HyS
presentmthereducedgases followedbydesorpt:.onofthel-lzs
15 axﬂrecycleofﬂ:edesorbedeStotheClausplant, the hydrogen
sulphide to be oxidized to sulphur digxide remaining in the final
off—gas from said absorption of st.
18. Aprocessasclamedmclaml, substantially as herein-
before described with reference to the Examples.
- 20 19. Elemental sulphur whenever produced by a process as claimed
in any one of claims 1-8 and 12-18.




