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-1- 2187444 TREATMENT OF GAS STREAMS This invention relates to the '
treatment of gas streans. In particular, it relates to the treatnent of a
gas stream conpri sing hydrogen sul phidle. Gas streans conpri sing hydrogen
sul.phide are typically produced as waste products-or by-products fronlnanyr
industrial processes. For exanple, acid gas streans conprising carbon % *
di oxi de and hydr ogen sul phide are typically produced during oil refinery
operations in which sul phur is renoved fromcrude oil. It is necessary to
treat such hydrogen sul phide- containing streans before discharging themto
the atnosphere so as to reduce or renove altogether their. content of
sul phur-cont ai ni ng gases. One well known, w dely practised process f0|218744£
treating a gas stream conprising hydrogen sul phide is the C aus process. i
~This process is based on the reacti on between hydrogen sul phide and sul phur

di oxi de- to form sul phur vapoﬁﬁiéﬂﬁﬁﬂdﬂb&éﬁaﬁﬁﬁﬁéﬁn accordance with the
equation. [ERR] Sul phur exists in the vapour phase in a nunber of different
nol ecul ar species such as [err] and [err] according to the tenperature.
The first stage of the Claus process is to burn.-approximately a third of
t he hydr apes mﬂepbide rieDatd®e tbnCEnthgagest Sé gam $trebds m Jul phur di oxi de

and wat er V@Pcuql aGe oL tg%n%g t\Met Qrgmne%gu IO as [J%B&m om 1.215.1]1] .
es Yy air is

-2 28Ty a1 I oS W2

combust i §A°Feact bn1 a ace In a sultable f rnace an
used as ﬂh@rgmurselwhdexygen for the purposes of

Gas streams comprising hydrogen sulphide are typically produced as
—r waste products or by-products from many industrial processes. For
example, acid gas streams comprising carbon dioxide and hydrogen
sulphide are typically produced during oil refinery operations in
which sulphur is removed from crude.oil. It is necessary to treat
such hydrogen sulphide- containing streams before discharging them
to the atmosphere so as to reduce or remove altogether their content
of sulphur-containing gases. One well known, widely practised
process for treating a gas stream comprising hydrogen sulphide is
the Claus proéess. This process is based on the reaction between
hydfogen sulphide and@ sulphur dioxide to form suiphur vapour and

water vapour in accordance with the equation.

; SO2 + ZHZS = ZHZO +.3S

(

Sulphur exists in the vapour phase in a number of different
molecular species such as Sz, 56 and~S8 according to the

temperature.

The first stage of the Claus process is to burn approximately a
third of the hydrogen sulphide in the incoming gas stream to form

sulphur dioxide and water vapour in accordance with the equation:

ZHZS + 302 = ZHZO + 2502



cdnbustion. The furnace is designed such that reaction between the sul phur
di oxi de and hydrogen sul phide can start ijn the conbustion zone and then
cantihue downstream of the combustion zone.” It is however a feature of the
Cl aus w.eaction that at the tenperature that is created by the conbustion of
hydrqgen sul phide, it is not possible to convert” nore than about 75% of the
remai ni ng hydrogen sul phide to sul phur by reaction wth sul phur dioxide,
and typical | yThet feBPUSIAOR FepGtAT tekrs Byardena SiHipARife frpass shvert ed.

It is however npaslinhl &t 9s aGRiaeye the NidIREE JFCbERFHNAESr GERBVAIrSLO8ks iok t he
presence of a cat al xst at._a reactiqn ter:rgerature in the order of 200 to
[err] by reacCPPRPSERR® T eART fi*ABRIRy dF cifSionsf SHFRISPRhFOGFHHuUPeHISRE bRe (At
such "cat al yt sel'pHuenfiazatieires, hidregekowanphite tenpebat Unethdeohbwdbni S t he

per cent age copver sSi that i.s i eved) .. Ac in after the gases pass
out of the so?%aﬁ I%élgmt eé‘rIriroaﬁu?ge;!Hgﬁn?e)tfl)etaﬂeoé:%%accog'k’g%%;?na‘?‘)eneéooﬁ%dsto a
t enper at ur e abowsvecha tieetwtd phuthet Rigus sedahrigndtiat ahehpurermecatooedbimes.

The sul phur i $¢tNaed£69VEEL Lo iR 1 9AIS nd B gk R bENRAL 8d 30p8, tenperat ure
suitable for the perforimance of a catal ysed reacti on between hydrogen

sul phi de and BRSSHRAR %A 6RPEREL BIREhthampeewl JPe ) She diempiniaionfydnegehe or der
of [err]. A catfnikéCed earsnu@Nby SehOERACAINH ed1Her &MkibyPiagal tppiakoyt 60%
of the remai njng hydrogen_ sul phide is converted tqQ sul phur. Nonethe|ess, it
's still not POSEFBIP €8 MhnpEVeI BUHeSRARIEI I 48 S CpRESERRe dbnber s ons

of nore than B&wes%¥rcprsshelachi slddveord nigherapt srepesgd wbevetsivdiiah thde
sul phur vapoup. cqpdenes adybheneby SUbelantLaldte[&0YGes ! Dea! LECioess
t° i's ther elg'%r ypi 10 % Th a?y‘%

of the catalyg e typica pertormthe ca I'c oxi dation
of kydrogen st¢ H30de by rérchihphihe dépindeg ivdnegen shiphidnendt sigebwith first

condensati on gf,,5Hk PNyh« VARAUE - ARE L NON LfseRERAlIRY Gl 4HGNyAE 0gen sul phide
bearing gas stream being carried out between each stage. :
temperature the higher is the percentage conversion that is

achieved). Accordingly, after the gases pass out of the so-called
thermal region of the furnace they are cooled to a temperature at
which the sulphur that is formed in the furnace condenses. The
sulphur is thus recovered. The gases are then reheated to a
temperature suitable for the performance of a catalysed reaction
between hydrogen sulphide and sulphur dioxide, such temperature
typically being in the order of 200%. a catalytic reaction is
then carried out and typically about 60% of the remaining hydrogen
sulphide is converted to sulphur. Nonetheless, it is still not
possible to achieve 100% conversion as in practice conversions of
more than 99.5% can be achieved only at a temperature at which the
sulphur vapour condenses and thereby substantially reduces the
effectivess of the catalyst. It is therefore typical to perform the
catalytic oxidation of hydrogen sulphide with sulphur dioxide in
more than one stage with first condensation of sulphur vapour and
then re-heating of the hydrogen sulphide bearing gas stream being

carried out between each stage.



-3- Various nmeans may be enployed to effect reheating of the gases prior to°
each catalytic stage. For exanple, a small part of the feed gas m xture can
be diverted from upstream of the fufPnace and burnt in in-line burners .
conpl etely to sul phur dioxide, there being typically one such burner s
upstream of each catalytic reactor. The hot, sul phur di oxi de-contai Ni NQye
gases are then mxed with the main gas stream upstream of each respective
cat al yt veri®echedinss oapdet empldyedt to elféatt mgheatlingrofttheejasesappiarct of t he
TR N 083, SLIGAMEAD.PE Laken foMaidle, & UASHE pleal, DO Glosid (O coO

the main gas streamleaving the furnace an use8 1 h T he sane nner as the
gas fromirtire A2y ingedinarged sEromnupstaean|afe Fhpitfuyaades apd urpkoin i ndir ect

heat exghapgR Whidbrsf Umpa¥ediy @osidmut Qiskiac! cheheabing cyfyPingyl |y, after
two or three such stages, sul'phur forned in the nost downsfream Stage is

condens 88 ciichoPutmgE YRetrest S Pifh CREPYUASTRATA5ed TP® BP%ai | gas cl ean-up

process s@iprurkaooMi gk dhtbohi ipgdbdN@re aindhi Wbley didnithe Madnogan sul phide
streans gfor exar‘g)l e the Scot, Beta.von or 1S retford tprocesst) of_which is
then i nEFFEFtRE RENSS FAFR AS°BRESDS FRTXYBASI"E2 T Hu° p#o &8 5856 possi bl e.
Some of rehesdngl t @lat¢imnsvelse supamr bSethel maimgapapreean Suinf be Costs vary

W D PrOGPSS eREh CShl 0Tk WRYed neRt SE1GE: LM OF BT RERPRLR0, March 1979,

ppl25 to ecent!y, ere S been a tren owar ds usi’ng crude oils of
rel ati vetzeam geasimgpthe fuorreenend ps¢dalinsshe samenpennswartidhet gasct er

envi 1 oNERIH ahe S{ANGRE Ghri@rd AT ARStHRCa et abed@e 1k O d BRp AyTRERNRLE Of
sul phur-cont ai ni ng gases is concerned, thus_requiring, an increased nunber

of hydr Bg®h e¥ahenaedE BeafPRPSrPERFSetD e ti56ht ERPRRY Frence nore treat ment
capaci t ¥yp a1y drazgen sl phivle es Ohical §it43@sgasAphulGoraxdipl €pe Wher e vy
possible, it i irable to ingrea e the_rate at V\A‘liChw%l’J EX{-sSi ng C aus

t d
pl ant ilgéﬁ%ldgag%tr%;%ﬁ@gestﬁ ﬁ:ﬁﬁ ense out of the gas stream whic

then passed to a tail gas clean-up process of a known kind for
handling relatively dilute hydrogen sulphide streams (for example

the Scot, Beavon or Stretford process) or which is then incinerated.

Many variations on this basic Claus process are possible. Some of
these alterations are summarised in the paper "Sulfur Costs vary
with Process Selection™ by H. Fischer, Hydrocarbon Processing, March

1979, ppl2S to 129.

Recently, there has hgen a trend towards using crude oils of

relatively high sulphur contents and also a trend towards stricter \‘/
environmental standards so far as the discharge to the atmosphere of
sulphur-containing gases is concerned,.thus requiring an increased

number of hydrogen sulphide beéring streams to be treated and hence

more treatment capacity for hydrogen sulphide containing gases. For

example, where possible, it is desirable to increase the rate at

which an exising Claus plant is able to produce sulphur. In



-#%- practice, the ability of such plants to handl e an increased throughput
of hydrogen sul phide containing gas is LLimted. It has been realised that
ip order to supply the necessary oxygen for conbustion, approximately 14
vol umes of air are required for each six volunes of hydrogen sul phide in
the.gas mixture. It has been proposed in for exanple a paper entitled
"Oxygen Use in Caus Sul phur Plants" by MR Gay and WY. Svrcek, 1981 Gas
Condi t i oni nPr@shieefiee abOkiwhefesuchoBlangfdtd fapdisapar inafepsedd

"Modi ficati afkgodsHpheSblE PRUECJZRC OYBINY af AAba £ARECELY is Hrlitadd @RsSnakournal,
August 20th 1984, ppl OB to 112, that the capacity of existing C aus
processes cAfeBer§aEFeALTBAT AP SUBRT L LTHRRYY < “%"cﬁ?ﬁﬁf’éi%l"??” F8Fe oxygen

for air and domptuetiynl eshpebRindte®y W40POTdmed NoDfaini deOgefuiraat fta gash m xt ure

that flows through the ocess. | Lact.i c however. in plants, the
amount of upsrlé‘t?'ng“mf’ﬁa?pégglr éma%nllpg\ﬁg?j 15‘y5?eh|g§s TR Er | squn%/ﬁst %e s there
i s a tendenm@roposed he fardermwbleod papeofentityegglPxigen| Gsed incClrugher exit

t enper at ur e, ALA BhE. ST BRGR ot Nllay CEIIG D& pLLISLORE dlY EdifasMES G heat
d y 1

boi |l er or heat exchanger associated with the furnace or e refract ory
lining of tHKerferarsee.Chlabend, 194e 2adric @oprRent Pribded "MoRitica§éerssul phi de)
the gas stresmp §d’1§hh€~°ﬁ§cb$e:¥yh§1£&83£?édiitw. ool aEhceyimdradly, ahgud i cant
uprating, such possibility often becomn ng iPar,ti cularly limted for feed gas
Streams | ncl20aR P PB0sRRIIVER tids GRafotiE BPOSRIEY e AXLLA BRI SRE5 Aot her
proposal f orpruséss@speise bexigrBated bhesdbsaiicutinhgCcame c@meetidllly pureUS pat ent
specification 3 1 024 a&? Lts .corr scq_%ndéhrég Canadi an Jat ent ggeicni fication

6
854094. Theé’é‘ytﬁ%'f %ﬁf aslﬁe(azl i Caf TSR P oes BL? °|rn§°r(‘)ne YR: OV

hydgogen sultphigte sixteam wWidth fdowggshrofghaboupre&sspurin pra®iarnt ef f | uent
froma one qf,Lye,Ch %J&'ga&%?t&% Muhel 5 36PLeihg hMALEE HRCLUPRGEQTO

reduce the water content of the effluent, and a sufficient anount
by this method is limited as there is a tendency for the reduced

volume of nitrogen to lead to higher exit temperatures from the
furnace that cannot be withstood by the waste heat boiler or heat
exchanger associated with the furnace or by the refractory lining of
the furnace. Indeed, the more concentrated (in hydrogen sulphide)
the gas stream, the less is the possibility for achieving any
significant uprating, such possibility often becoming particularly
limited for feed gas streams including 80% by volume or more of
hydrogen sulphide. Another proposal for using pure oxygen in the
Claus process is set out in US patent specification 3 681 024 and
its corresponding Canadian patent specification 854094. These
patent specifications disclose burning one third of a hydrogen
sulphide stream with oxygen of about 95% purity. Plant effluent
from a one or two catalytic reactor unit is sent to a water scrubber
to reduce the water content of the effluent, and a sufficient amount
of the scrubber off-gas is recycled to dilute the oxygen feed so
that the furnace temperature is essentially equivalent to that

obtained in operation with air.



of the scrubber off-gas is recycled to dilute the oxygen feed so that the
furnace tenperature is essentially equivalent to that obtained in operation
with air. -5- This process is stat ed to have the advantage.of enabling
pl ant size to be reduced. However, existing plants constructed with the ™
jntention of using air to support the combustion of the hydrogen sul phide_.
are not readily convertible to performthe process described in US patent ™
speci f i cttiisopr@e881i)2taet] tohhavepthe esivainagenof enebhihgcphaar ciaé favour.

Moreover, . tge éHu%SE' Cq BQLVJre,CXQiétQQ%tEﬁaBQQ Jotléf{(?éteé%?i%' P 20N€ a gas

m xture tch passed t herethroug aces a lirmtation on the anount by
whi ch th@@i’lzembpft?fénﬂu?’rfaée WﬁFn"@et pembuiss i ermlofr trec by d¥P9Edne can be

reduced, g q,hia@lalraride rladiN9 LOGRNEDEHNYINRGEBH WhkhhdRest r €am cont ai ns
nore than, say,. 50% by vol une of hgdrogen sul Ehl de. US patent

speci fi CSRSCEARES 133‘15 ?ggenatnapgc TR Ar PR 2 B B§°‘Eﬁssp?‘ﬁ>osal s in
whi ch gasot Smixﬁillcbr&iﬁraﬁeﬂ ﬂano@f.deMof@vﬁBdaimt Pridtecé espesatdliagith t he

t hermal rea an aimof the, KLese i nventio vi de an
i npr ovedthr?eﬁﬁ a§%bar aCus asr"élcO\‘/’é?l ﬁtsrt’ﬁ ﬁu?s?%r %ﬁ?’pet 538t r eam
consi st iplgce$ &ydmmeﬁosmnphhdeamnntchyt ahinbnghea srxebatﬁ \tbéythmghe proportion

of hydr ogen, sl Qn%%em;,f*}e@e& 2RAR &affrdTi-0h e%'nga H 1yngs of

"bal l ast™ gas such as nitrogen that flow throug recovery
process téﬁdlmﬂ‘ehgdtydﬁme‘bﬁuh@b‘éﬁsﬂ%ﬁaﬂeﬁf‘téhﬁ aeye| thag. eﬁld ubf®t gas to the

inl et ofpyt Be1dnidr BRGEardgiOEdLMEAL0 tRE pREAREBEdiTYEMN o@D § ghe7dss provided
a nethod of recovering sul phur froma Feed gas Stream conpri sing hydrogen

sul phi d@9ctm¥i EEh@eai SFEF nGFTREST SFaPEROSELS e‘é‘rﬁ’ﬂﬁ’bgasrféj or stream and a
m nor StdeeamtulatédidJotderatdincaieratdritnet tanpet £girenimithe thermal 4

reactor.

It is an aim of the present invention to provide an improved method
and apparatus for recovering sulphur from a gas stream consisting of
hydrogen sulphide or coﬁtaining a relatively high proportion of
hydrogen sulphide which are capable of minimising the volumes of
"ballast" gas such as nitrogen that flow through the sulphur
recovery process and which do not of necessity rely on recycling

effluent gas to the inlet of the furnace.

According to the present invention there is provided a method of
recovering sulphur from a feed gas stream comprising hydrogen
sulphide, comprising dividing the feed gas stream into a major
stream and a minor stream, burning in a first combustion region at
least 50% of the hydrogen sulphide content of the minor stream to
form sulphﬁr dioxide and water vapour, and then cooling the minor
stream, burning in a second combustion region less than one third of
the hydrogen sulphide content of the major stream to form sﬁlphur

dioxide and water vapour, supporting the combustion of hydrogen

3}
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| tast 50% of the hydrogen sul phide content of the minor streamto form

sul phur di oxi de and wat er vapour, and then cooling the m nor stream
hwrnikng in a second combustion region’| ss than one third of the hydrogen
sul phi.de cont-ent of the major streamto form sul phur di oxi de and wat er
vapow., supporting the conbustion of hydrogen - 6 sulphide in the major
stream by suppl yi ng oxygen-rich gas (as hereinafter defined) to the second
conbust i on suiphide icddeiTRyonyrege s sephivdegirvRestrdchigas K8 med sul phur

di oxi de in @etdWelafBdr ld8ECIddINLS GGk Ofe @280&dmBLEHi Y tdyiDal, dresReQyl conbustion
region to form sul phur vapour and water vapour, extracting such sul phur
vapour fromP¥REPSeBsHPPALE FAEP iRt HhYs -EaRred suRhUAIHHda? & authe A3 dr ogen
sul phi de i nrbfei@asrddish UdsSovi ddedr esinidala Sk cofbudeioe degidOrum f urt her
sul phur vapQur and water vapour, gnd t hen extract i.ng t he fLirhher sulphur
vapour, wher & TRE  CodPRU NP ROM ST SERPYY SRLTSHARR AU Rt PRY YERRNY
conmbusti on fegw cheorestheindhgasaliztegs .oandseact aigethd lresédvalhhydrogboat h), and
aboutone t i@l LNl Yl n QAR UL ANLLE LAPRENG1OLideNEo Mol and

maj or streans 1s burnt to formsul phur dioxide and water vapour.

Pref er abl y, f4tiierasitipARr WwagPrr ta98 Wakeroyerrusy| Pi4i Heerc sntastied thke ni nor

streamis beffthelrOsfi9ht}t SHpBRLS vk AXindendndoVed Glind@RRMHEam THE i NVention
al so provides apparatus for recovering sul phur, froma feed gas stream

conprisi ng AYURGYEst daFpHigeseqone| CRIPHGE LY FREIOnCBRdBPrt EHe5Met B8P ng a
maj or porti assddfiated dnépsd tgatorSboenN)] afd W60 Gne OtHitikt of @her@ALVI Ng a

m nor portign. of sai eed s stream a. first. copbustion regi.on Vi ng at
| east one f?’(dsrt‘)gﬁﬁrsﬁg Lb(gesgg?ta ngdogﬁté‘reewrf% il "‘Sﬂ?rnisrrtlﬁeaels f‘%fs“trngg%% of the
hysr ogen sufptn delmpont @éidxide dddewatqrovasduyream t o f orm sul phur di oxi de and

wat er vapour, said burner having an inlet communicating with said

Preferably, substantially all the hydrogen sulphide content of the

minor stream is burnt to form sulphur -dioxide and water vapour.

The invention also provides apparatus for recovering sulphur from a
feed gas stream comprising hydrogen sulphide, including a first
conduit for receiving a major portion of said feed gas stream; a
second conduit for receiving a minor portion of said feed gas
stream; a first combustion region having at least one first .burner
associated therewith for burning at least 50% of the hydrogen
sulphide content of the minor stream to form sulphur dioxide and
water vapour, said burner having an inlet communicating with said
second conduit, and said first combustion region having an outlet
communicating with an inlet of a heat exchange means for cooling gas
mixture from said first combustion region; a second combustion
region having at least one second burner associated therewith for
burning hydrogen sulphide to form water vapour and sulphur dioxide,
said at least one second burﬁer having an inlet in communication

with said first conduit and an inlet communicating with a source of



second conduit, and said first conbustion region having an outl et

comuni cating with an inlet of a heat exchange neans far cooli,ng gas

m xture fromsaid first conbustion +@&gion; a second conbustion, regi on
havi ng at | east one second burner associated therewith for burning hydrogén
sul phide to formwater vapour and sul phur dioxide, said at |east one secand
burner having an inlet in conmmunication with said first conduit and an -

i nl et Comas&%cagga\@ (Bs meS QM LR ePTgesinady; QXARRAL | CRHEM (rac? idierei naf ter
defi ned); hermal “reaction region in which, in o eratlon sul phur di oxi de

reacts V\n’t”n"’h’y‘ﬂ’r 4B rPREGREIAN oS HIPINE oS HID FEACY R YAER PYdEo9RR er vapour, said

t her mal rm@hi@ntbe@ﬁns@mm@hrr@ms&zaaa@ml etaifar epesmiid second
conmbustion re A condenser dovvn treamg said thermal reaction region,

for extraf@ﬁfh%%aﬁm SOMR P24 138, T H 2Ri SEAPS SBeM PG 88594 hor ol

reaction croegumonateg‘xeasta @nedénstetheﬁowmeamamoof rsedjd orhedtoah stemeainmof sai d

d d de and
condenser egﬂé,e%tgg b o % %L!:OELOR§ xél}’r‘lr ogan g“Lé‘*H e an

sul phur di orm suI ur vapou wat er vapou a further
condenserthfeomalexte#a'c@mnge@amd #‘urlteh%tr OQGIWGhewa‘pewwnandgmans for

i ntroducCifigntiiear08t &d; daSnlbXddd, Cr&Xicbhdidk 36 FubeRd, Q¥sb@RGe Means into
one or both of the second conbustion region and said thermal reaction

regi on, WeEreRRy hyprpasgetuiphifie andottiPhHE-4iRFIY &P & £BEHIeThydr ogen
sul phi de stQﬁﬁtﬁn'&zaﬁ‘furt BRa Saitdr NRjpdhr AR £0T 1RE {RIdehons fbs altlractingbe burnt

to f . ph d_wat i h ! h "
used” hor GoHE e hEE R B Gaabiie Pl TPEw SRY ol HeRDSHa) AR LSRR by Vol ume.

of nol ecmglaarmmygemxthm Grydareati elrthgage ireaps dheo ableyosUuBsghaof itdkel y pure
oxygen. hﬁnﬁ’ﬂé{bn e &@{ 4’ s EXATRL Si®r é)aﬁe%ﬁ‘ &?Eb&h%ﬂe?éﬁ'y By g

approprlate 00sI n relative sizes of m nof and
in operatlon. about one-third of the total hydrogen sulphide content

of the said major and minor portions is able to be burnt to form

sulphur dioxide and water vapour.

By the term “oxygen-rich gas’ as used herein, is meant a gaseous
mixture containing at least 80% by volume of molecular oxygen. The
oxygen-rich gas is preferably Substantially pure oxygen.
Alternatively, it may for example be oxygen-enriched air. By
appropriately choosing the relative sizes of the minor and major
streams, it is possiblé to ensure that an excessive temperature is
not generated in the second combustion region even in the event that
the oxygen-rich gas is pure . oxygen and the gas compfisihg hydrogen N4
sulphide 'is relatively rich in hydrogen sulphide, that is contains
more than 50% by volume of hydrogen sulphide (and typically more
than 60% by volume of hydrogen sulphide), without the need to
introduce any other fluid into the second combustion region than the
cooled minor stream and the oxygen—iich gas. Accordingly, in
comparison with a conventional Claus process in which about

one-third of the hydrogen sulphide stream is burnt to form sulphur



Streans, it is possible to ensure that an excessive tenperature i s not
generated in the second conbustion region even in the event that the
Qxygen-rich gas is pure oxygen and the %as conpri si ng hydrogen sul phide is
relatjively rich in hydrogen sul phide, that is contains nore than 50% by
vol une of hydrogen sul phide (and typically nore than 60% by vol une of
hydrogen sul phide), without the need to introduce any other fluid into the
second conbusdsdiide fre@ eingleafutnree caidediinosmpdbyanroasuprolne oxygen-rich
gas. Accordingly,:l o] (oY i .conyent, r L N which
about one-tﬁ{’1r?£’(¥)é 51}&?% ﬁ%/)egrh ggﬁ%egu%%ﬁlia%e’s%r %%%Q?\ZAJB;S?%’%% ?‘%fb%agt‘{kphur

- 8- di oxi deof rhydregenglsnlthidaanay, barathapyed dnecihel nsihgdt acaprgped ttocbibust i on
of the hydrogan Syl HIrde.qideh &3kl ¥ele¥ - LURAL BlcokPb AUtINP UWneOke birdr 0gen

sul phi de may be achieved 1n the nethod according to the invention for a

gi ven size BPMHUSEHAL &Pt FPHOYEAL PIRPCL AL ds ERYITRL CEAASEAER FRIF MY icon and its
associ ated thermal -reaction region). Typically when stoichionetric or near

stoichionetric, c g}té)uixt?i on takes place in the first conbust'%on Jegion up to
10% of the F%%’tfag P IR PRI EWHT BV 88 1B DTS AGICOBPPER® and t he
bal ance of t#lesf gkskegas tHer et codisAidM@edgignonp o @6 ofAkke dleedngisher

gaseous m X i nel udi 0 n be t et e
conbusti on %?J%%ﬁelér:ﬁeﬁ ?Q%dpgg%%%l hei ;éy’g%sfra é ?%ésgg%vb%rlltg&?ﬁgff t(:)rgr.'nati on
of sul phur feddogpslestirnan e £Prmsthe Mebaststemar-egi on. Accordingly, the anount
of nol ecul ar oxygen. supplied to the first conbustion region is preferably
in the range 90 to 100% of that necessary for the conpl ete conbustion of
the hydr ogeftSOFpPRYEet Aisents JttHE ATHIAIRT MRATTIRE P95 S YpPRf erred
that the gassedXicbiduppbhe ther sdmbaotiuAShE Qhel €Tio@Nst2amdOVItS i aR@iAdbIshEr € i t

I's cool ed, rC)dl'lc(:"(i:ihle QnldE hg} szuggl'?urOftrgohx%dLliahn%hgrfic%g gormbhpgion

Lgﬂbrevent rgﬁrmatlon
region. Accordingly, the amount of molecular oxygen. supplied to the
first combustion region is preferably in the range 90 to 100% of
that necessary for the complete combustion of the hydrogen sulphide
content of the minor stream. It is also preferred that the gas
exiting the first combustion region is, downstream of where it is
cooled, introduced into the hot zone of the flame or one or the
flames in the second combustion region, whereby any traces of

sulphur trioxide present in the gas may be destroyed.

Typically, in the event that air, oxygen-enriched air or pure oxygen
is used to support combustion in the first combustion region, there
may need to be additional cooling provided for such region so as to
control the temperature at the inlet to heat exchange means
downstream of the first combustion region. Such cooling may be
provided by introducing a moderator or quenchant into the first
combustion region. The moderator or gquenchant may for example be

selected from steam, liquid water, nitrogen and carbon dioxide. If



flames in the second combustion region, whereby any traces$ of sul phur

trioxide present in the gas may be destroyed. Typically, in the event that

air, oxygen-enriched air or pure oxyyen is used to support combustion in

the first conmbustion region, there my need to be additional cooling
rovided for such region so as-to control the tenperature at the inlet twe_;

heat exchange nmeans downstream of the first conbustion region. Such cooling
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addition to the use of a noderator. Al the cooled mnor streamis
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possi bl @EipRFoERT (NI FABYT SECBRTILAGERD FERRE ISAURMASIOR THFLAR ¥ sti ng

pl ant f ofhePRéderiaibng trhetHisausendy, OpSsrerabiyh fraomaedo OTHY b{ Ofolluftb &dd vel y U/

m nor mogi Fications, 4o the plant . TiWS 0 SELskiNg Claus furnace

~ T

The method according to the invention may be performed on a plant
built to custom for this purpose. It is however also possible to
perform the method according to the invention on an existing plant
for performing the Claus process with a need only for relatively
minor modifications to the plant. Thus, an existing Claus furnace
can be employed to provide the second combustion region and its
associated thermal region in the method according to the invention’
and in the event that water is used as a moderator in the first
combustion region, a relatively small furnace, defining the first
combustion region, and a relatively small heat exchanger can be "
retro-fitted to the Claus furnace. This retro-fitting makes it
possible to increase substantially the amount of sulphur produced
per unit time in an existing plant without loss of conversion
efficiency. If the moderator is recycled gas, then an enhanced
uprating of the Claus furnace is made possible, but a larger first

combustion region will be required.

The method according to the present invention will now be described
by way of example with reference to the accompanying drawings, of

which:

Figure 1 is a schematic diagram illustrating one plant performing

the method according to the invention, and



can be enployed to provide the second conbustion region and its associ ated
thermal region in the nmethod according,fyo_the invention and in the event
t‘shatx_vvater,is used as a noderator in the first conbustion region, a
relatively small furnace, defining the first conbustion region, and a
rel atiively small heat exchanger can be retrofitted to the O aus furnace.
This*ret ro-fitting pakes it eossi_bl e tqQ_increase substantially the anmount
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conversi on elaatciseoay.inl Figure hoderator is recycled gas, then an enhanced
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conbustion region will be required. The nethod according to the present
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4. In operation, typically in the order of 5 to 10% of the gas
mixture flowing through the conduit 2 is introduced into the
pipeline 4 and the balance into the pipelinelﬁ. The pipeline 4
terminates in one inlet to a burner 8 that, in operation, fires into
a first-combustion region 10 defined within a small furnace 12. The
burner 8 has a first additional inlet 14 for air (or other
oxygen-containing gas mixture) and a second additional inlet 16 for
liquid water (or oﬁher moderator). The furnace 10 has an outlet 18
communicating with one pass of a heat exchanger 20, in which in
operation the gas mixture §assing out of the furnace 10 is cooled.
The resulting cooled gas mixture then passes along a pipeline 22 and
is reunited with the major stream of hydrogen sulphide passing

o through the pipeline 6 at a region immediétely'upstream of its inlet
into a second burner 24 that fires into a second or main furnace 28

defining a combustion region 26 therein.



4. In operation, typically in the order of 5 to 10% of the gas m xture ¢

flowing through the conduit 2 is introduced into the pipeline 4 and the
bal ance into the pipeline 6. The pi-pétime 4 terminates in one jnlet to a
burner 8 that, in operation, fires into a first conbustion region 10
defined within a small furnace-12. The burner 8 has a first additional
inlet 14 for air (or other oxygen-containing gas m xture) and a second
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accordance with the rate at which hydrogen.s [ upplied to the
burner 8 "ﬁﬁﬁe%rtaﬁ‘?%é’fcﬁ%é’r"rf‘?ﬁﬁaﬁﬁg g’i’ﬁ/ 355‘%‘ gé‘éié’z‘ Sﬁ %&3Rydr ogen
sul phi de esiteeat® the burner 8 such that the aforesaid maximum temperature

does not exceed 1250 C or other chosen maximum temperature.

Downstream of its exit from the furnace 12 the minor stream is
preferably cooled to a temperature in the order of 300°C, that is

a temperature above the dew point of the various components of the
mixture. In the event that not all the hydrogen sulphide content of
the minor stream is oxidised to sulphur dioxide, some of the
residual hydrogen sulphide will tend to react with the sulphur
dioxide in the furnacé 12. Any such sulphur vapour will remain in

the vapour state during its passage through the heat exchanger 20,

The combustion region 26 into which the burner 24 fires is defined
by a second or main furnace 28. The burner 24 is fitted at the
upstream end of the furnace 28 and has an inlet €& for oxygen-rich
gas in addition to its inlet for the major stream of hydrogen
sulphide (to which the cooled minor stream is returned from the heat

exchanger 20) The oxygen-rich gas is preferably pure



‘entering the burner 8 such that the aforesaid maxi numtenperature does not
exceed 1250 C or other chosen maxi rrumtf erature. Downstreamof its exit
fromthe furnace 12 the nminor streamis %Feferably cooled to a tenperature
in the order. of 300 C, that is a tenperature above the dew point of the
va(i us conponents of the mixture. In the event that not all the hydrogen
sul phi de content of the mnor streamis oxidised to sul phur dioxide, sone
of the resi drxgenydTbgerrlabiyrhirdtesnol| surrdd efo thedwdregerh t he sul phur
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temperature being created in the combustion region 26. The relative
flow rates of the hydrogen sulphide-containing gas througﬁ the
pipelines 4 and 6 are selected such that even in the event of the
use of pure oxygen to support combustion of the hydrogen sulphide
content of the major stream, an excessive temperature is not created
within the furnace 28. Within these confines, however, the
proportion of the gas mixture entering the conduit 2 which is
diverted to the pipeline 4 for combustion in the burner 8. is.
preferably kept as small as possible. Typically, in the event that
the feed gas mixture contains from 75 to 100% by volume. of hydrogen
sulphide; the proportion of -the feed gas mixture that is diverted to

o the pipeline 4 is in the range 5 to 10% by volume, and at 90%
hydrogen sulphide is in the order of 8.5% by volume.

The furnace 28 is in genefal substantially identical to a
conventional Claus furnace. Accordingly, therefore, the furnace 28
has a suitable refractory lining (not shown) and a volume sufficient

for there to be an adequate thermal reaction zone in association



exchanger 20 and the effect of the portion of the hydrogen sul phide that is

not burnt, are capable of preventing an excessive tenperature being created

in the conbustion region 26. The rel ative flow rates of the hydrogen

sul phi de- cont ai ni ng gas t hrough the pipelines 4 and 6 are sel ected such

t at even in the event of the use of pure oxygen to support combustion Of s
1e 'hydr ogen sul phide content of the najor stream an excessive tenperature
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sul phur diasxtde i s endot herm ¢ above about 600 C, so sone tenperature drop:
takes place in the thernmal reaction region 30 where the tenperature is 4
typically in the range 1350 C to

The heat exchanger or waste heat boiler 36 has, as shown, two passes
for the effluent gases from the furnace 28. A ma;or_port;on of the
effluent gases flows through both passes and is thus cooled to said
temperature in the range 275 to 325°C. A minor portion of said
gases flows through only the first pass and leaves the waste heat
boiler 36 at a higher temperature, in the range 590 to 600°C. and
is used as is described below. The major portion of the effluent
gases then enters a first sulphur condenser 38 in which sulphur
vapour formed by the reaction between sulphur dioxide and hydrogen
sulphide is condensed out of the gas stream 1eaving the furnace 28.
This condensation is effected by cooling the gas stream to a
temperature in'ﬁhe order oE-140°C. The sulphur condensate is then ‘\,/
passed to a sulphur seal pit 54. The gas mixture exiting from the
condenser 38 typically comprises hydrogen sulphide, sulphur dioxide,
water vapour, nitrogen (resulting , for example, from the supply of
air to the burner 8) and carbon dioxide together with traces of
other gases. This'gas mixture is reheated at 40 to a température in
" the range 220 to'2SO°C, by being mixed:with a first stream taken

from said minor portion of the effluent gases. The



*l[err] The effluent gases are then cooled in a waste heat boiler or heat
exchanger 36 to a tenperature, say, Jfathe range 275 to [err]. The heat

. exchanger or waste heat boiler 36 has, as shown, two passes for the
“effluent gases fromthe furnace 28. A mgjor portion of the effluent gases
fl“ogvs t hr ough both passes and is thus cooled to said tenperature in the
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carbon disulphide present in the gas mixture entering the reactor 42.

From the catalytic reactor 42, the gas mixture passes through a
second sulphur condenser 44 in which sulphur is condensed out of the
gas mixture. The resultant sulphur condensate is passed to the
sulphur seal pit 54. Downstream of the sulphur condenser 44, the
gas mixture is reheated at 46 from a temperature of, say, 140°¢c to
a temperature in the range, say, of 200 to 220°%¢ by mixing with a
second part of said minor portion of effluent gases from the waste
heat boiler 36, said temperature being typically slightly lsss than
the inlet temperature to the fifst catalytic reactor 42. The gas

_ stream then passes through a second catalytic reactor 48 where

\g/ further reaction takes place between residual hydrogen sulphide and
residual sulphur dioxide to form water vapour and sulphur vapour
with the evolution of heat such that the temperature of the gas
mixture is typically raised in the order of 50°C as it passes from
the inlet to the outlet of the catalytic reactor 48. The catalyst
employed in the second catalytic reactor 48 is typically the same as

that employed in the first catalytic reactor 42.



alum na. Since the catalytic reaction between hydrogen sul phide and sul phur
di oxi de at these |ower tenperatures is.exothermc, there is arise in the
tenperature in the first catalytic reactor 42 and accordingly the gas

m xture leaving this reactor 42 will typically have a tenperature in the
order “of 300 to [err]. If desired, the outlet tenperature of the reactor 42
may be arranged to be higher, say in the range 350 to [err]. Such a higher
outlet te tRE Ul BVARE | theeFRFANE §RRARYFHDIFEOEP i 8r INFsPRS FRXEHRR car bon
oxysul phi depayads Celaagh G sHifhisdepniresentent 8 90 i gamibh xdulpRueniiser i ng t he
reactor 42. Fromthe catalytic reactor 42, th%e- gas m_xture gasses t hrough a
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slightly less than the inlet tenperature to the first catalytic reactor 42.
The gas streamthen passes through a second catal ytie reactor 48 where
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t he cat al ytgbgoggtaector 48. The catal yst enployed in the second catal ytic
reactor 48 Ts typically the same as that enployed in the first catalytic
reactor 42. - 15 - After leaving the second catalytic reactor 48, the /

gas m xt ur eBassAY, t HO0WHE A ahPi ddui Ul PR P IdENSRe @hvilgiuaGh 83 phur is
the burner 8, first furnace 10, heat exchange 20 and associated
pipelines may be an existing plant for recovering suiphur from a
hydrogen sulphide containing gas stream by the Claus process. In
normal operation of such plant, rather than sﬁpplying pure oxygen to
suppnrt combustion of the hydrogen sulphide in the combustion region
26, air, unenriched in oxygen, is used for this purpose. Since
about one-third of the hydrogen sulphide is burnt in such normal
operation,’ approximately 14 volumes of air, and hence 11 volumes of
nitrogen, are employed for each 6 voiumes of hydrogen sulphide.
Thus: a considerable part of the capacity of the plant is taken up
in conveying nitrogen and not sulphur-containing gases.
Substituting pure oxygen for the air, (and, if necessary, making
modifications to the burner 24) and adding the pipeline 4, burner 8,
furnace 12, heat exchanger 20 and pipeline 22 to the rest of the
plant, makes it possible for the plant to be operated in accordance
with the present invention while substantially reducing the mass
flow rate of hitrogen through the plant. Moreover, since the total

number of moles of water introduced into the burner will



*condensed out of the gas stream The sul phur condensate is passed to the
sul phur seal piit 54. The gas stream | eayes the third sul phur condenser 50
.as :a tail gas streamat a tenperature in the order of [err] and then enters
‘the'tail gas clean-up plant 52. The tail gas clean-up plant 52 may be of a
conyentional kind. Typically, the furnaces shown in the drawing are
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hydrogen sul hide in the conbustion region 26, air, unenriched in oxygen,

i s used for Thhimethed B6Serdiggnc® taf)o’d‘f"eﬁﬁ’émt bf rigrihes Hél‘f‘ﬁfdraEJ@%r?YsﬁlFephl de is

burnt in SUQBll’b@ﬁH@-'exGﬂ@l’eatihQ«FhlcﬁpeprpQXhﬂ%ﬁli.¥arl4oVﬂialﬂ.ﬁEﬁov&f iRimiguaed hence
11 volunes of nitraq are ee? ¥1 for ea ch 6, vo of h droge
st (1 3V

sul phi de. ThEis*seg- sT’bIté‘r 4B} fg?shé E%aﬁnaémf HePprant v s t aken
up in conveyadty catirymgerrandommemgjleplﬁente@om alnmng:tgas@ts EKMI tuting

pure Oxygenrgt er Taz lb? ml(x"ilgI ’tlhe %gge%@géﬂ Ytit % —g‘ggéécd ¢24h Qs to the

burner 24) an he pi ur ner e 12, heat exchanger
20 and pi pehlmmEQléttG rémionegf the wasse phentt b°’n"ﬁl€e§5 |(taspi¥§§’F‘b+'é Figpre he
plant to bejpperated in accordance with the present invention while
substantially reducing the mass flow rate of nitrogen through the plant.
Moreover, since the total nunber of noles of water introduced into the
burner willa gaS'sﬂﬁéam comprising 90% by volume of hydrogen sulphide and 10%

by volume of carbon dioxide is treated at a rate of 100 Kmole per
hour. A minor portion of the gas stream is passed at a rate of 8.5
Kmole per hour into a first combustion region and all of its
hydrogen sulphide content is burnt to form sulphur diozide and water
vapour. Pure oxygen is passed into the first combustion region at a
rate of about 11.5 Kmole per hour in order to support combustion of
the hydrogen sulphide. 1In 6rder to maintain the maximum flame
temperature at about 1250°C. water is introduced in atomised state
into the flame at a rate of 27 Kmole per hour. The combustion
products comprising 80% by volume of water vapour, 18% by volume of
, sulphur dioxide and 2% by volume of carbon dioxide are passed at a
N rate of 43 K mole per hour through a heat exchanger to reduce their
| temperature to 300°C. The resulting cooled gas mixture is then
mizxed with the remainder of the gasedus mixtufe of hydrogen sulphide
and carbon dioxide. This ﬁixture is then passed into a second
combustion region forming part of a furnace in which hydrogen
sulphide is oxidised with oxygen to sulphur dioxide such that the
. resulting gas contéins hydrogen sulphide and sulphur dioxide in the
ratio of 2 to 1. In addition sulphur dioxide reacts in the furnace

- with hydrogen sulphide to form water vapour and sulphur vapour.



typically be a small fraction of the total nunmber of noles of nitrogen
contained in the combustion air in conwentional operation of the plant, the
pl ant may by operation in accordance with the invention be consi.derably
uprated. The method according to the invention is further illustrated by

the follow ng exanple in which a plant simlar to that shown in Figure 1 iksé
used, but with reheat of the gas streaminmedi ately upstream of each

catal yti c PefRTOF2beiRy BHELEE SP™BY TG FLRRUACYAPOBRXC HRNBE Y28PREr t han by

m xi ng t heng@Sogehr eapniad h sgapndry dpesiaed ¢4:®6hadidxates mmdi éaa1r egi on of the

wast e heat _boil er as shown .in Figure 1). A gas stream conprising 90% by
vol une of ﬁ’)‘}?ﬁn&ﬁeﬂggﬁﬁﬁ?ﬁe&é SHPoross ’"5& ¢ °€a?%ﬁ%g%b%ﬁngghﬁc§ treat ed
at a rate efe lfo@médsea persubbrt sAderimeertixorsh i bymvek thee fgamcet aeam i s
passed al guflScole Bc5altiR! £ RO BOUT:ol AldicBalid $hnfT0USL IiBNfeQ1 ON and
all of its ﬁy rogen sul phide content is burnt to form sul phur dioXide and
wat er vapodt® Pire2 yRybRheps hridssd iTheoIINBirtyrst levribgsticomaskyyi on at a

rate of abgede bdibeiBl faskes hiftdigh e QudSHurl CosdRBEF i nCORRUS kL Bh@f the
hydr ogen sul phide. In order to maintain the maxi num fl ane tenperature at

about [err}s SRAEEPSSSs ARG ITRAEE P F AL QLS P REEACE D ELOT S T MikEHRe-at a rate
of 27 Knol prqar the Wxtrddih ot Osh thki HULpRLRO dkipbar AMPEAS Mgt GRYnbY vhel une of
wat er vapoyr,, 18% by vol.ume qf sulphur dioxide, and 2% 2,\:. ;/%‘OI ure of carbon
di oxi de ar &> passed [P AP. G V2 foP & EREF HEEFT 1 YTREHR  exchanger
to reduce $iimhideé dizp@bat weket va@O0@r Q0%Thearbes Ll ioxhide Go@%kecthygasgem Xt ure i s
then mxed3W«J;hc;&%nrﬁmx@egro.%ﬁ,,F@&bgasd%ggﬁlmdiﬁgua?ssQ,f. hydrogen sul phi de

and carbon dioxide. This mxture is then passed 1nto a second conbustion
region formng part of a furnace in which hydrogen sul phide is oxidised o

Wi th oxygefhdr@ sid RPPLcAi9Xbkle coHEdhiBALL tshBgd£34! LAy ORS cERUARIBS
hydr ogen sul phi de and sul phur dioxide in the ratio_of 5 to 1. In addition

sul phur di 'b‘3<iadgi?"eeaa“éuieﬁp’f?‘f’é:tf"ﬁ’f‘.n%ﬁ?é’eﬁi‘ IR0 §RIPRIAP ARCHEX IR or m wat er

vapour anddiutlipéiur vpaptesh. of the first such stage the gas mixture from the
sulphur condenser is reheated to about 233%. 1t leaves the first
stage at a temperature of 343.5°C. After condensation and
extraction of the thus formed sulphur vapour, the gas mixture is
reheated to about 215.5°C and is then passed through the second
catalytic conversion stage, in which its temperature rises to about
261°C. The resultant gas mixture has sulphur vapour condensed and
extracted therefrom and is then subjected to a conventional tail gas
treatmént to remove most of the hydrogen sulphide that remains in

the gas mixture after the second catalytic stage.

A modification to the plant shown in Figure 1 is now described with
reference to Figure 2. In this modification the first burner 8 is
not supplied with water and hence the conduit is omitted. 1In its
place a gas recycle is provided by means of a blower 60 disposed in
a conduit 62 which terminates at its inlet in the conduit 22

downstream of the heat exchanger 20 and at its outlet in the conduit

'SS



. 17 - Aresultant gas m xture conprising sul phur vapour, water vapour,
hydrogen sul phi.de, sul phur dioxide, cagpon dioxide, and snall anounts of
«hydrogen, carbon nonoxi de and carbon oxysul phide (which are formed as a
result of side reactions) |eaves the furnace at a tenperature of about 1423
C é@d is reduced in tenperature to about 316 €Cin a waste heat boiler. The
gas m xture | eavi ng the waste heat boiler is passed through a sul phur
condenser it wWAPctP §6Fb°ﬁ’(1r e RSRENSB ARdit ﬁ@%‘ﬁh&@ ain &8t r act ed
fromthe gamamexturperavAfrteeﬁntm eeqﬂoacio @8 ofchbben s;uhpehurn YR Qdhgd he gas
m xture has e f ng,co 05|t| ol une : r d0|de67%
hydr ogen su}gﬁ aeqf58 % et ere’\‘/?im our (5%’3 ‘bsgrf)g '83(‘1[15(%‘*% é‘%‘ hydr ogen
3.2% car boirhqmnvxwdeufb Q%aoﬁa:leboqasoxymﬂmpmmi:elﬁ)u%%% Hyerelwteeof ypi cal | y
two convent f IETRY, v i £V fUrLher reaction
bet ween hydé%ég%\ergﬁagﬁadg gn@ 13 %} gﬁf%oglf?éﬁg%std?g’?r%%o s ts??r st such
stage the gs&onfha lRFEeJPr”Gn’Fthéz Lﬂfpﬁb? S(S(Sﬁ%me‘i‘-lvlestﬁéﬁea?e@et pipout

[err]. It leavese tﬂi}ﬁrééé’ﬁ&uﬁ}lﬁﬁ@ cinténd %@‘p@feaghﬁ anQEul[éarfﬁ.:]mlréf tRfough
condensati on and extraction of the thus forne hur vapour, the gas

mxture is TEnBR%R4G 10 Dapbhittoiyinhue doFife at“ﬁe‘f?"ﬁés%‘ﬁtﬂ’“f h‘l”b&@ﬁ t he second
catal yti c cmmpestsioanrefiagel2 iof whd eBoling bergper adsuieidd Sesbds@iahout 261 C.

The resul tant S i xt.ur has,s hur Japour cond nse .and graot ed
t her ef rom 8“99‘% R8n-TSubf Be s H?'P 5 Fonventitonat &Y lﬁﬁs fter"' Stment to

renove nostcogfied msmmtegemssmbpincaéattelﬁato rebeneombuspidrheegiam AR xtaure after
the second eahed it kfe sctea.?@rae%rmefrg%ta'tog stuqtéﬁ% RLANL SPHaWRehdy fgure 1

is now described with erence to Figure 2. t hi s nodi |cat|onthe
/st bur n&f 88§ £OALIS G T H*EHT S iShthen @l“‘%’n(tflﬁeﬁée teaiedardafithes onitted.

In its pl agRed @aSstaMCEie tne psvidegl by neans of a bl ower 60 disposed in

A further example of the use of the modified plant shown in Figure 2
is given below. 1In this example, reheat of the gas upstream of each

catalytic reactor is effected by indirect heat exchange.

A gas stream comprising 90% by volume of hydrogen sulphide and 10%
by volume of carbon dioxide is treated at a rate of 100 Kmole per
hour. A minor portion of the gas stream is passed at a rate of 11.5
Kmole per hour into a first combustion region and all of its
hydrogen sulphide content is burnt to form sulphur dioxide and water
vapour. Pure oxygen is passed.into the first combustion region at a
rate of about 15.5 Kmole per hour in order to support combustion of
the hydrogen sulphide. .In order to maintain the maximum flame
temperature at about 1250°C, a stream of moderating gas (whose
formation is described beiow)_is introduced into the flame at a rate
of 71.5 Kmole per hour. The combustion:products comprising 47.4% by
volume of water wvapour, 47.4% by volume of sulphur dioxide and 5.2%

by volume of carbon dioxide are passed at a rate of 93.35 K mole per



a conduit 62 which termnates at its inlet in the conduit 22 downstream of

the heat exchanger 20 and at its outlet in the conduit - 18 : 4. In
operation, the rate of recycle is chd®en to maintain the flame tenperature "
in the region 10 at a chosen value in the range 0 1200 to 1400 C. -lIn one

exanpl e of the use of the nodified plant shown in Figure 2, a feed gas o~
st keam conpri si ng 90% by vol une of hydrogen sul phide and 10% by vol une of
sul phur dine¥i Q&rbﬁgrpa%e& ieht:maxfglae w p@hljuﬂae tReirl 2emmdrathse Tor eami s

di ve_rted iné@ th?’ﬁ%fp %:}1419 §° hlyegro epnlgy hl.det cont e 1tdegf ntt e.4as m xture

fl ow ng t AP urn hur Foxi de and wat er vapour in
t he conbusfarﬂsn. r ege q:rari2(7c1f 5t kr@ledlnt ) ng l@sfedt ae nhesmﬁeirﬁgiremgbaﬁndon

product s I g E}be hé rngécébaiagﬁrflagt SompHE {15! ?{Emﬂo”'fhgnoﬁie g.£o0l ed gas

m xture i S-recirculate e conbustion region 12 to maintain the
t enper at uK@lidfekeplr/ar) aissmiredhwath el rempiadelp ntidmodt/Hrhect ddred gas

T XtUre | GaLiRR FLiGHeYo BybREsdheURiHES Bk Lidohcerhdas. Subeam in the

conduit 6. A further exanp t he use of the nodif ant shown in

Fi gure 2 Mixgjinpehs H’éleavwaslsﬁdt‘l'ﬁ@ BxEATEPe, c%@h%%?“ofe‘ilﬁé g‘ég‘lﬁ?)s&arréam of

each cat abyt i Gurgacd Qh ﬂrlﬁcﬁffxﬂ?ﬁo@dn ya1pRilier €€ todiantieE v tRRGEge tgas St ream

conprising 90% by, val une c(;‘t %gen S + h| de and._10% ﬁ%/ vol ume of carbon
n

di oxi de i SUtPR; BRI SY 9 aps 580> ior portion of the

hour .
gas streasulpghigassel salptarr aicen@é id the Kratlie e hour | It @ddifianst

combust i og,, 'Oawga eddacel id %thamg@@ with AYadEo &P LB  dbSePUolph to form

sul phur di'o e and water vapour. Pure oxygen I's passed into the first
conbust i omategyivepowrt aad relehws vapews- 15.5 Knol e per hour in order to _
support conbustion of the hydrogen sul phide. In order to nmaintain the \/

maxi mum f | anme
A resultant gas mixture comprising sulphur vapour, water vapour,

hydrogen sulphide, sulphur dioxide, carbon dioxide, and small
amounts of hydrogen, carbon monoxide and carbon oxysulphide (which
are formed as a result of side reactions) leaves the furnace at a
temperature of about 12423°C and is reduced in temperature to about
316°C in a waste heat boiler. The gas mixture leaving the waste
heat boiler is passed through a sulphur condenser in which sulphur
is condensed and the condensate is extracted from the gas mixzture.
After the extraction of the sulphur vapour the gas mixture has the
following composition by volume : sulphur dioxide 8.6%; hydrogen
sulphide 16.65%; water vapour 61.6%; éarbon dioxide 7.95%; hydrogen
4,0%; carbon monoxide 0.67%; carbon oxysulphide 0.50%. o

There are typically two.conventional stages of catalytic conversion
to achieve further reaction between hydrogen sulphidé and sulphur
dioxide. Upstream of the first such stage the gas mixture from the
sulphur condenser is reheated to about 232°c. It leaves the first
stage at a temperature.of about 369.5°C. After condensation and
extraction of the thus formed sulphur vapour, the gas mixture is

reheated to about 215.5°C and is then passed through the second



‘tenperature at about 1250 C, a stream of noderating gas (whose formation is
descri bed below) is introduced into the@ £lane at a rate of 71.5 Knol e per
hour. The, combustion products conprising 47.4% by volume of water vapour,
"47 A% by volune of sul phur dioxide and 5.2% by vol ume of carbon dioxide are
passed at a rate of 93.35 K nole per - 19 - hour through a heat
exchanger 'eb RAHECANRIL ;P UREIAL U CrkiBn 3 &mpl;.b?t&:eesvkéémoc&%ed gas
m xture is th i VI Into two part 71.5 Knol e/ hr) is used
as the rmde?r"ét‘i:ﬂg'rgasreénélt#"s? 9%@”‘@%% hé%l St“éPIELFFeVFP?‘srt cerfysediadd regi on.

The other Raktadrdd. &@ﬂé@&ﬁ/aha)ld $héh %08 ¢t €@ EOMTRNBISa1( 88:15 gKel e/ hr).
of the gaseous m Xt ure of droggn suk&hlde and. carbon di oxi de. This

mxture i s CABHSHsERFoPAYD "8SE SRl PSARRRAED BHRPAET JHaF ot MRS fdvt of a
furnace in tnai gds hydtwgearsx pid decosl extaliyzéd stagh. oxygen to sul phur

di oxi de such that the resulting gas contains hydrogen sul phide and sul phur
dioxide in the ratio of 2 to 1. In addition sul phur dioxide reacts in the
furnace with hydrogen sul phide to formwater vapour and sul phur vapour. A
resultant gas m xture conprising sul phur vapour, water vapour, hydrogen

sul phi de, sul phur di oxi de, carbon di oxide, and small anounts of hydrogen,
carbon nonoxi de and carbon oxysul phide (which are forned as a result of
side reactions) |eaves the furnace at a tenperature of about 1423 C and is
reduced in tenperature to about [err] in a waste heat boiler. The gas

m xture | eaving the waste heat boiler is passed through a sul phur condenser
in which sul phur is condensed and the condensate is extracted fromthe gas
‘m xture. After the extraction of the sul phur vapour the gas m xture has the
fol¥ow ng conposition by volunme : sul phur dioxide 8.6% hydrogen sul phide
16. 65% water vapour 61.6% carbon dioxide 7.95% hydrogen



4.0% carbon nonoxide 0.67% carbon oxysul phide 0.50%

There are typically

two conventional stages of catalytic conversion_to achieve further reaction

bet ween hydrogen sul phi de and sul phar 2Hioxi de. Ups

[err]. It é&al%gs the first stage at a tenperatu

of the first such

stage thé gas mi xture fromthe sul phur condensel/”'/ '(/j,heate boeut .

condensat i omand extraction of the thus formed sul g

.5 C.:After _ /
A W he gas
m xture is reheated to about [err] and is then passed thfoug «the-second
- 20 - catalytic conversion stage, in which its tenperature rises to about
[err]. The resultant gas m xture has sul phur vapour condensed and extracted

therefromand is then subjected to a conventional tail

gas treatnent to

renmove nost of the hydrogen sul phide that remains in the gas mxture after
the second catal ytic stage. - 21 - CLAIMS 1. A nmet hod of recovering

sul phur froma feed gas stream conprising hydrogen sul

phi de, conprising

dividing the feed gas streaminto a major streamand a m nor stream

burning in a fi 0. stiaon rJeionl t |
cont ent 01I‘l°t he ‘[m%%gr?‘)drsTth?eléeﬁof'%r r Ry q’l“ﬁhurr°

gast 50%.of the hydrogen sul phide
MR oS8 IR S ERBTE vapour, and

t hen cool i ng t hempt idngshydeagen suwiphide.i cnor@rset:tmdix_zx;.]ﬁﬁnqs_tﬁea_rfeéegja@nt I efss
th one-third qf ' cont. f the.major streamto form
an el o8 BA50 VOO CRa TR MEHL et B 2 o o

sul phur di oxi de and water vapour, supporting

e conpus

sul phi de in t hEigaf emBestdam mwoisapt yeagt GRygeh-the divdgaser aslperdei nbef or e

content of the minor stream to form sulphur dioxide and water

vapour, and then cooling the minor stream, burning in a second

combustion region less than one-third of the hydrogen sulphide

content of the major stream to form sulphur dioxidg(water

vapour, supporting the combustion of hydrogen sulphide in the

major stream by supplying oxygen-rich gas (as hereinbefore

defined) to the second combustion region, reacting hydrogen

sulphide with the thus formed sulphur dioxide in a thermal

reaction region associated with said second combustion region

to form sulphur vapour and water vapour, extracting said

sulphur vapour from the resulting gas mixture,

and reacting

residual hydrogen sulphide in the gas mixture with residual

sulphur dioxide to form further sulphur vapour

.and water

vapour, and then extracting the further sulphur vapour,

wherein the cooled minor stream is introduced into the second

combustion region or the thermal region associated therewith

(or both) and about one-third of the total hydrogen sulphide

content of the minor and major -streams is burnt to form

sulphur dioxide and water vapour.,

2. A method as claimed in claim 1, in which substantially all

hydrogen sulphide content of the minor stream is burnt to form

sulphur dioxide and water vapour.

3. A method as claimed in claim 1 or claim 2, in which the

oxygen-rich gas is pure oxygen.



® defined) to the second conbustion region, reacting hydrogen sul phide with
the thus forned sul phur dioxide in a_thernal reaction regionmassoci-ated

W th said second conbusti on regi on Td“form sul phu r vapour,
exfracting said sul phur vapour fromthe resulting Imrwugngmgm reacting
resi.dual hydrogen sul phide in the gas mxture with* r di oxi de
to formfurther sul phur vapour, and water vapour, and then extracting the
further sdkpHumetBgsoads, claiBediin pRe AB80Pfdhai BrECedinceshRing. | Ht rddge ddei nt o
the second con@aas&a@@twgi @6ntink b dehekdRbo% & Gallﬁfésﬁ)glha'tie&betnhgﬁfﬂ/nlhg (or
both) and about one-third of the total hydrogen sul phide content of the

m nor and major streans is burnt to form sul phur dioxide and water vapour.
2. A mst hod mashad aknelhimed Clnakbbaily, 41 ninvkhide shdsteantdal kyredm céirdiiagen

sul phi de contaetntleggt Z rredtyﬁg‘gé o3t ﬁf’ °ﬁe’§ sul_JL gtd to form sul phur dioxide and

wat er vapour . as c arm 1 or claim2, in which the
oxygen-rich gas IS pure oxygen. -22- 4 A nmet hod as cl ai rred i n any one
of the prgcedj ngtmdawsclallmeml CQ,,,I faﬁef@feqlsm gt{fLam ﬁp%%moﬁwf‘ert han
60% by vol ume_of hydrogen sul phid nmet as claimed in claim4, in

whi ch t he feefc}ug%smsﬂ*'é%aﬁ*e%tlaitﬁsth&t S?@&étcwwmnuﬁégw ﬁwrégerf:ooled

sul phi de. 6. MAnBEldtedarmSnal idTBdyddh-atdh @ae. of clains 1 to 5, in which no
other fluid is introduced into the second conmbustion region than the cool ed

m nor stream and the oxygen-rich gas. 7. A nmethod as clained in any one of
the preceding obehodsas iqlaped inaagasnerofgase mrktediegcortiak ni ingwabdreaul ar

oxygen is US;‘?‘! st & %gg%vttuzae %%Hpéjsrhlngr}n kil mrpé)en PLNRAY o uppom%unt of

mol ecul ar o gen
/ combustion of the minor stream, the amount of molecular oxygen being

supplied to the first region being in the range of 90 to 100% of that

necessary for the complete. combustion of the hydrogen sulphide.

8. A method as claimed in claim 7, in which the gas exiting the first
combustion region is, downstream of where it is cooled, introduced
into the hot zone of at least one flame in the second combustion

region.

9. A method as claimed in claim 8 in which the said exiting gas is mixed
with the said major stream upstream of its introduction into said hot

zZone.

10. A method as claimed in any one of claims 7 to 9, additionally
including the step of introducing a moderator or quenchant into the

first combustion region so as to -control the temperature.

11. A method as claimed in claim 10, in which the moderator or quenchant

is selected from steam, liquid water, nitrogen or carbon dioxide.

12. A method as claimed in any one of claims 7 to 11, in which upto 10%
¥ of the feed gas stream is employed to form the minor stream, and the

balance of the feed gas stream to form the major stream.



supplied to the first region being in the rangeof—90 to 100% of"t'hat v

necessary for the conplete. conbustion of the h —
met hod as claimed in claim7, in whi h “t he gas Fgl‘mm“m m“im] conbustl on’ -
region is, downstream of whére it is cooled, in uced Imto the hot zone-.

of. at Ieast one flame in the second conbustl on region. 9. A nethod’ as "\F-J
claimed in claim8 in which the said exiting gas is mxed with the said

maj or st riank uptheéan olained imtangdems ic6nciaimme Baiodlhotinzemiczh 8Dl thenet hod-
as claimed ip,ARY MOkt Ll 15 1helfadeaddidicbt fPalty dHaCLUdid0 AR 386D Of

introducing a noderator or quenchant into the first combustion region so as

to control t¥RIiCBAperature. 11. A nmethod as clainmed in claim 10, in which’

t he noderator or quenchant is selected fromsteam I|iquid water, nitrogen

or carbon dioxide. 12. A nethod as,clainpged_in any one of clains to 11, in
whi ch upti§- 1095 s F%%’d’eﬁaé“ SEPEA-i éné'WdFBﬁ&”fB“F‘oPﬁm 'tbr?ec?r‘i’)rﬁ?r stream -
and t he bal afimroétidaa ieedcgeseastoeﬂm Ebrdtoconbuie iomjreyicd neanvderatd3. A

nmet hod as cla‘er’rggmln A J claims 7 to 12,- in which all the cool ed

m nor streantis THroduce Sl rectly into the second combustion region. 14.

A net hod as cl ai rred |n claim 7, in which a portion of the cool ed ninor
stream i §gf egygl g ta% Ei‘ﬁmfehrfﬁ c‘iQEﬂPLﬁt | B0 A OGh Qf'}oInOa A£G I;é‘ﬁxme of

--tenperature thereof. A method as claimed in claim 14, in which froms8
to 15% by votharéeed qaﬁesﬁr@éﬂ agsed rtea it the dpines $&redmt t@‘dnf-h%rbaé??@am

and the bal agcenef rddaegd£edreas tot ESMNhO nagbM dehieainj Or stream 16. A ---
net hod as clainmed in any one of the preceding clains, in which said further

sul phur vapour is forned over a catal yst of the reaction -- between
hydr ogen 18ul plriedBod @sdcEasmphuin Ainpxdrdeof -the preceding claims, in which said  \J/

further sulphur vapour is formed over a catalyst of the reaction <=

between hydrogen sulphide--and sulphur dioxide. -

17. A method of recovering sulphur from a feed gas stream comprising .
hydrogen sulphide, substantially as herein described with reference
to Figure 1 the accompanying drawings or Figure 1 as modified in the

manner shown in Figure 2. .-

18. A method of recovering sulphur from a feed gas stréam as described in

any one of the examples herein.

19. Apparatus for recovering sulphur f;om a feed gas stream comprising o
hydrogen sulphide, including a first conduit for recovering a major
portion of said feed gas stream; a second conduit for receiving-a
minor portion of said feed gas stream; a first combustion region - -
having at least first.burner-associated therewith for burning at
least 50% of the hydrogen sulphide content of the minor stream to

form sulphur dioxide and water vapour, said burner having an inlet --



¥17. A nmethod of recovering sul phur froma feed gas stream conprising --
éhydrogen sul phi.de, substantially as hex4ekn descri bﬁﬂwuflwr"uﬁ"ﬂm to
«Fiqure 1 the acconpanying drawi ngs or Figure 1 as AR manner
shown in Figure 2. 18. A nmethod of recovering sul phur from a"f etd gas
st heam as described in any one of the exanples herein. 19. Apparatus for

recovering sul piiunf EQng §88ds IR s8EJRARLERITR! | Hangatl ¢ PPE Ropihiibde,
including a first conduit for recovering a major .portjon of said feed gas
stream a secoftFCBnRRIIPIFH OPELRE GPMREPACHTHIGr Iy BPOHPISE RGiddPt¥ed gas
stream a firséxdnanbe sieans foegtaulihg\gazgmidtureasionf k4t fhtsnRbmAstachat ed
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be burnt to form sulphur dioxide and water wvapour,

20. Apparatus as claimed in claim 19, wherein said burner associated with
N the first combustion region has means for introducing a moderator or
quenchant therein, said moderator or quenchant being able to be

selected from steam, liquid water, carbon dioxide and nitrogen.

21. Apparatus as claimed in claim 20, wherein the means for introducing
the cooled gas mixture exiting said heat exchange means is able to
introduce all the cooled gas mixture into at least one flame in the

second combustion region.
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