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I nvention relates to the partial oxidation (partial conbustion) of myy[u;ﬁg)%ﬁn
.Ssul phide and in particular to a nmethod of and apparatus for form ng sul phur
vapour by partial oxidation of hydrogen sul phide. ”‘ii " i de

cont ai ning gas streans (sonetines ref(_ar1r_ed to as "a Mmﬂm um ns") are
typically formed in oil refineries and natural gas procggsihng units. Such
streans cannot be vented directly to the atnosphere because hydrogen

sul phide is poisonous. A conventional nethod of treating a_hydrogen

sul phi de cont ai ni NBARISALIGEMBSTIGN, OFHYBRQGEN SkbPRUEK
pre-concentrated) is by the Caus process. In this process a part of the
hydr ogeThisuhydritide reteetd thef partiel gaiRlasibn ¢pantias combjustidr@dofthydeagdrustion in a
furnace so as to form sul phur dioxide. The sul Phur di oxi de then reacts in
the fur pdlBBidRi 3Nd InRATHEIIRT IAMRIBRIf I35 dPagtussior dommypansslRNyRYAPQEhour .
Thus, t sul phi | ively partially oxidised. The N
reactioﬁy82%&@@%@9@’?‘88@k%&%hﬂéﬁ@tﬁd sul phur di oxi de does not go to
conpletion. The effluent gas streamfromthe furnace is cooled and sul phur

is extracted, typically by condensation, fromthe cooled effluent gas
str eam HYREYeBHRTG CHAGINFE s, StEeaTs (semeAMesrglaread @8 awdigagon

sul phi d ; i Ok ; : ' s whi ch
cat bl ysoP R A e Miodl et g (P ORBANEEC A rBubaPLfs BlotSSRGR. &0l phur
di oxi deStueakegepac@nnBebalventar dinkpthuto thepatarospheex beeatssdhytiragst r eam of

each stage,. The effluent gas fromthe nos ownst ream of the sul phur

ext ract?@ﬁ@'%d? PRSNRES néY %%\t?rtﬂlpnéhﬁ]eémie?frsam ?ﬁﬁﬂr@Q%?W@Hi‘{% eg by the
SCOT or Wi ; 5 ' t ed
R A

cyl i ndr poales$ utmtite promss regpart loé ttgg hydmgent sriplaible dicatstt ef theagas siraathie
range of fromz2:1 tq 4:1. .The furnaces be crossfired o

{ angent PUPIPEIER P EaMHR SR F AdLIACH SR Ae e Yo AUBTCAC Ve oTBE SUBRYES or
tangent hllde thbh@dadtdliN el fRRREE WAHORRHUE KyBkbdh éuﬂ@niﬂé%@té% fe@am cal

species. |f desired, mxing can be enhanced by "providing the furnace wth
baf f | essdiphuheaparwdmiuswiie Bydrogeosadphide 1s effertively patially oxidised. The

reaction between hydrogen sulphide and sulphur dioxide does not go to completion.

The effluent gas stream from the furnace is cooled and sulphur is extracted, typically
. by condensation, from the cooled effluent gas stream. The resulting gas stream, still
containing residual hydrogen sulphide and sulphur dioxide, passes through a train of
stages in which catalysed reaction between the residual hydrogen sulphide and the
sulphur dioxide takes place. Resulting sulphur vapour is extracted downstream of
each stage. The effluent gas from the most downstream of the sulphur extractions
may be incinerated or subjected to further treatment, eg by the SCOT or Beavon

process, in order to form a gas stream which can be vented safely to the

atmosphere.

Most Claus plants are equipped with right cylindrical furnaces having a length to
internal diameter ratio in the range of from 2:1 to 4:1. The furnaces may be cross-
fired or tangentially-fired by a burner or burners mounted at the side. Cross or
tangentially fired burners achieve good mixing of the reacting chemical species. If

desired, mixing can be enhanced by providing the furnace with baffles or
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checkerwork walls.



=2 Ailr may be used to support the conbustion of hydrogen sul phide in the
initial part of the process. The stoichionetry of the reactions that %%E%WZ
place is such that relatively |arge volumes of nitrogen (which is, ?
course, present in the air that supports the conbustion) flow through the
process and therefore place a ceiling on the rate at which the gas stream
cont ai ni ng hydrogen sul phi de can be trﬁgéed in a furnace of given size.
This ceiling can be raised by using confrercially pure oxygen or
oxygenenriched air to support the conbustion of the hydrogen sul phide. If
commercially pure oxygen or oxygen-enriched air having a nole fraction of
oxygen above 0.65 is used to support the conmbustion of the hydrogen

o {he. i faves Bpd S diadfiie CoRBustiEtiF R ulBub R e MR RSt e
dependi nge Protdss. CTHEDOBIdHIGMety df e ChattforfscPdt Ga@ pldbe ILs @Hethat Relatiasly of
proposals in the art to solve this problem Sone proposals involve

i nt r odudaigenvalmes Mditrasesy AYHER iss e cassevresentin dhe ai thak sizrprortsoibier s

e to. morir PR R REER IR e p AR HRE SRR AR by BBy 2 °°

pl ural i tyhieh thelgaasesastc@salning hytdtoddresapnidetcaif bé eabtest inanfurhate b
performed in each individual furnace, thereby obviating the need for an

ext er nal 9iveEEEnIdds 88iHRg 62N 06 r@éi%ﬂ:bé Uging S9TBMeACabANIE @8/EaRH9T OBIIerhe
ant. ' { lexity of the plant.
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~used instead of cross or tangentially fired burners in Caus furnaces. Such
axially or longitydinally fired burners can be designed to provide average
r esi denclé CPMRACIEBEHPAFRBKYISH PhOXIRNCRiCRe®4Y haVEIg ¢ AMYBARACHPD P OXYgeRd
bur ners 2L f I r i)l Level s of
oxygen. i e BE e UyRd i SUAAREE coRBLcHBY of O hBEER Sulinide MR &

bur ner irelativet/ igkdiskof Baneueato thet reftactopllintal ofcthe Gudbse2bnd\craatesvlych

there is a central pipe for oxygen, at |east one second pipe for dr ogen

Ul phi denEdRBAIAg g PBSR R R EEpacakur ARPENONg & Beehpbyson o BR r ounds

the cent calushbed gadh Il 8id 8ithb EGKb RpoBLRSN RS aRlth soRetidibRflems used
y gas cont %

when t he rogen sul phide fee ins at | east by vol une of
car bon dbomiedwoposdly dnades indrosiucibe obfipgenmeodecaiptysuth ahevadertints thef t he

b i inth ; f f 5 50 t d (typi | 150
Tot T o6 pLEE: SIS P\ EEEIT O 00 ik 2P e 68 g RT3t ipars PBH hiBr ange
of 10 toy3Rt §BRERS nﬂﬁfer§teect9@C*em-éE@?HﬁIrétiH$r?éfdrHaéé]?r{chr@%tﬁérs@QB 3000C

are generated in the core of the burner flame, and a gas m xture having a
t enper at piuealitynot henacasyzo af ta §50 the Ar650a dfccnrelbustion that isseeyformedingas

m xture contains, at .l east 2% vpl ume qf carhaqon nonoxide and at | east 8%
by ‘vl ursAgt RO B SAaER R PRYRTBadpaen Tor AF POIER.EMe Mogdiat
refineryot faerebpdie gak frdrh ehdbwestieaen sat Bhtdepiant Al tHig [BraposalEERoReRE®
produced for treatnment by the C aus process is not constant and can vary

qui t e wi @@d {o thetcarsplenidy ef theeplasti rabl e that the furnace be capabl e of
effective operation over a wide range of different rates of inflow of the
hydr ogen sul phi de contai ning gas. WO A-96/ 26157 al so di scl oses the use of

an axi al Axiafy of w@ituumam?lﬁlre/d buFrRsts bt didh theeddkamall Rra9aRs Esediztsad | y

paral lel flows of a first gas containing hydrogen sul phidée and a second gas
enr i chedof ¢rogx pgéanaandially fifrd edmess imelauspfumacaseudugh axiaiyer ngitedinaitye
rati o of g o f fiar V, ' gas is
ot L SR8 bR ekl g 4RrLUE BRI itk oRER TR

those of cross - or tangentially - fired burners at a specified throughput, and may be

preferred at higher levels of oxygen-enrichment.

The use of such an axially or longitudinally fired burner is disclosed in European
patent application 0 315 225 A, in which there is a central pipe for oxygen, at least

one second pipe for hydrogen sulphide containing feed gas which coaxially



-Nei t her EP-A-0 315 225 nor WO A-96/26157 discusses the problemof how to
handl e a wide range of different rates of inflow of the hydrogen sul gpbf gl&0]
_containing gas. fn fact, neither discloses a method which is capabl e of
effective operation if the rate of supply of the feed gas containing

hydr ogen sul phi de varies considerably. The nmethod and apparatus according
to the invention have it as aimto address this problemand to provide a
solution superior to any possi ble whenr3-+he disclosure of EP-A-0 315 255 or
WO A- 96/ 26157 is fol |l oned. 18 D E C 2002 -4 According to the present
invention there is provided a method of form ng sul phur vapour by parti al
oxi dat | Wr&n&y%@%ﬁré E|p%h'aﬁ€ arf 8RR 8l dHhxPR §isd fd‘rgana PHé BBFNeYJs @ed O
establis | ame haV|n? | east three stages in a furnace in or into

whi ch thebmlna@rydlfqge@sﬁ ;s!mgplfwdmgas@ommnm%maﬁafmba valurse of egrasm of t he
mout h of. t he bur easi _one flow,of a first onpri si ng
nydr ogeHouliesm erordbenty The Toser vaechZabha H Bl BB BRI S ng
gas 1o |aRjecoflfFamIoe mm@n@% ;ﬁé?%e%hae(fyp?éﬁinymao riztie3epdriseeBnd A t he
first contustible gas supplying to the froma second region of the
nmout h ofhet ¢mrrdapongigiged ogmeigman@ lsﬁaeéange o1 840 0fmetres pegsecorat. | east
one thi of a econd o S conprisj dro en ul phi de,
causi ngﬁ—ﬁmpleé%@fesbw FSaFER © ??@Qﬁ %lé)%g)e@oarfa g{%ﬁeﬁtggﬂat t2‘§ue froma
regi on gi R Giafits afhfd 4 pgs kiufe @hvirdea berperatGre lrnOcH@dQHg@)éf 385d tsecond
region and mx in | ame with the second conbusti bl e"gas, causing at

| east oi6567G teraveémh%mmgtse fThisngas mixiuhe cantaingipklieagt g%{sby goleme ph t he

recurt antregndFRgRaRaERtkR e B R A bS8 v apour , sul phur

di oxi de, hydrogen and residual hydrogen sul phide. The invention also
provi des apparatus for form ng sul phur vapour by partial oxidation of
hydr ogeRusinppiaraél operasionafn@r £xammeca) o4 rgfdﬂrqryﬁhe r&fe atuyhiakk 8ydepgsdr ner

navi ng SrorERIChRPER GFs eAPR AR ARt R Rt bERh e 3Rt nace

for a rasutédrenanigasd aa:xt/ar;eqmmwml)ﬂgItsgltmémfor@muable/\mraethe/apmwe beul phur
di oxi de, and reS|duaI hydrogen sul phi de; wherein the nouth of the burner

has a fFRRaDIGRf EHEcChye spat?aloafOV@Jﬁ \ytdée ne@rgesqwﬂf@/reﬁg ratgs hiflovarkthgt | east

one fi rﬁg?'fog?Wﬂ'P*ﬁdé cEﬁ#alﬁlﬂ gtible gas conprising hydrogen sul phide, a
second o or ‘group o I"et's for causing at | east one second flow of a

first oxidising gas to issue fromthe burner and mx in the flane with the
first c u ti e gas, a.third outlet or p of out surroundi.ng and
spaced” SHarA-oprashTase Histosss P oG ey oflanatugially, Fed BRI s o
the fla BHD e f rising
hydroge%gfaajhl debegﬂddaeth:‘egﬂltytéﬁ\gﬂfg‘ ﬂe@%?é?ﬁﬁ? of o&%lmerfgs‘g)zcﬁ? gﬁﬁded by
sai d t hisuighile brd acﬂeogandug:asoénrcnhteldensmygenmesupghem td mmp Gaenduiby oh f | ow

of & Se?hoengu%)gr.dﬁienr%ti o tr%é’ vc'a%cnlf)(fa of {hen}lrst gag o T velocny o?the second2 gas

is selected so as to be in the range of 0.8:1 to 1.2:1.

Neither EP-A-0 315 225 nor WO-A-96/26157 discusses the problem of how to
handle a wide range of different rates of inflow of the hydrogen sulphide containing
gas. In fact, neither discloses a method which is capable of effective operation if the

rate of supply of the feed gas containing hydrogen sulphide varies considerably.

The method and apparatus according to the invention have it as aim to address this
problem and to provide a solution superior to any possible when the disclosure of
EP-A-0 315 255 or WO-A-96/26157 is followed.



and mx in the flame with the second conbusti bl e gas; wherein a passage or
passages are defined between the burner and the port, or extend thrpgghcaosg
termnate in the nouth of the burner, and are able to cause an outer nost
fifth flowof a third oxidising gas to mx in the flame with the second
conbusti bl e gas. Burning the hydrogen sul phide in three stages, nanely an

i nner nost stage, an outernost stage, qqp_an internedi ate stage, makes it
possible to handl e effectively a wider range of different rates of inflow
of the hydrogen sul phide containing gas than if one or two such stages are
enpl oyed. OQther advantages accrue from such staging of the conbustion. In
par t i cuRGEQraNG kKl tei Fep§Nt ipviertiafpBiaie s eredded e mal ffeeming suiRhWut er nost

stage ey : j . Qf , j
inngrnn¥§8%@§§§?g§%h§§ﬁgﬁ@?§?ég?#@Eﬁﬁﬁﬁgiﬁgg8&%§9§R§q%§$§%%{ggéﬁﬁ?ﬁg%g of
the fur paee cetdliibie akdphe havigcptadt erée¥Rlges iA iughadeimmenatovRichtthat is a
tenperature well in excess of 200D C, is ?artlcularly advant ageous because

it faci buiardisessupPng imthst flame feamwnlitg! regionet the Broutvrbinetbwner gas and

cut phur RrapafF TEke ¥ Bret Gy SAbleEaT R B P BPn Bl oS b

sul phi deasabhersetbad flow cbﬂ‘aafiisndkrcﬁmt\%rga@tte iSSP irgmigeanbdirt dftRe Wurserre

hydr ogen sul phide or sul phur to sul phur di oxide and then reaction of the
thus foRREMIXIN gHufamedkithitheaitshcoaiugtinle gasssgalyiraipiedamedeon acti on of
amoni a j i1 e IS e stream
pr ocessfggéorgf?%d;@péf P%u@%’p ﬁfﬁ)ﬁeﬁ%ﬂ? L%ﬁﬁ?é”?ﬁ@%’{i%%@fé@c %(F g%w whi ch
 hydr ogeregioh ahiedat and tisind fibwrofdi sedatel c@abustilsigefdserorhpriding mytrudener

sul phur vapour, the anmonia acthﬁg to block the catal yst by fornation of
anmoni uSHPRIG canpingRideastiang ianrbflow eha sseone idisied 9as Presya HaP & t hout
resort ; i I ] t her

W th sonedgn o Rk R b e Sl ORI TR Se T A,

avoi di ngnik firethesftame avitty theessconotl coenipastide gasdcalsing atriaast boe fithne even when
using air for ustion, the ability of the burner to handl e effectively a
wi de raﬁijéermosgic% P{eﬂgh‘fq’ SISt gag o MUK PR EIMEWVIh P Gue to a nore
effecti tigk ddsS ahunasam | dd gl ; : ur by
Fher mal e R e S A R e R e 8 e g PO ARG e
suppl i edulpbut hepbun, maxtett vamhi swiphar dioxite, hytir@®yeh &hdCreddeal hydragmvery of
sul phur VF?P r fromthe furnace, provided the furnace gases are cool ed

ef f ect i PHIRMfownst ream of the furnace. Preferably the flame extends
generally longitudinally within the furnace. The furnace is typically

di sposed with its |ongitudinal axis horizontal, and therefore the burner is
t ypi cal [Tpedhe@ntipinsales @dovides appardtos fprifotnimg sulrhgr vapdur byt ertialSuidation

h keep .d he risk of
g BB Er R Sh et ren R RRE A iod i tind m HRERARaSE o B bR
pr ef er aphouthaveated it boRGhdUperhbittol RAgthlish 2 AamechadNg Be sy gaBeenr i ched

air or pure oxygen. The third oxidising gas is preferably atnospheric air
nei t her stagasdndiae fyinaee, aepratadlebfrooxtheciirnace fswgresehancgremixtufe t o 25%

by vol uk . n, L gher ndi_n n the. cq ition of t feed, is
gener ol 1 Sdnd SERRT veaelk d0hr JERRL’ RBLRP o & RREREIEM pclse®

conbust ishlphigasvieateir! ihe masth 61 Ve B@her Bas bR sBEGIhr Rty of bhtietsdes to the
burner are controlled i ndependently of one another. Such an arrangenent

faci | it &Heplydeioadhedlaree af lrasbonadirstfowahalfissheambystine gara comprissiaal rate

accor of RYtos e FONGE piofRB-IRTRL S & by B ol i berriedoe

first flsesos@fibwadf aviitsy @xidisibg igaksb isdurehbmanbaurfgpany migin tre flametwith
conbusti bl e ?as to the burner, and a second flow control valve in a second
pi pel i nd"§ Grstsapuptinle gae aHishRUted obGEe U PEOYHRlSt BUrPeNdNg RBA SRATETT i r st
and sec I vl i J . Ina
ypi oal SPart PPt R ARt bE G DEBGIRE fof SEBBRATL I thedlarip g ot R

conpr i sithigd hywradgesecardotodbusiiie g@@wmiéiugihyafdgenprhidbf fed erfburth
conpositions. Preferablé%the first conbustible ?as is of a different

conposi tAUARt oF graupef adtesheuEsHbaed PyIsaigrd ewtiatiar graermrs olietsdopossi bl e

h Ui mse. . . Y yni th ot Ut
Lo °BLL BESErEILaLIAD Rl OFRUBELRL S ASng AL B3LL0 (BB Rotbinth
conmbusti bl es and at | east 20% by vol une of hydrogen sul phi de.



~ a0 Ec zoo2 , |If there are two separate sources of conbustible gas
conpri sing hydrogen sul phide, one containing amonia, the other nohg l?ﬂf@pz

all the anmonia containing gas is preferably enployed in formng t

conbustible gas. As a result it becones possible to direct all the ammonia
to arelatively inner region of the flame where a relatively high flane
tenperature can be maintained in order to destroy all the anmmonia. For
exanple, if one source of gas containing hydrogen sul phide is socalled
"sour water stripper gas", which typically contains about 20 to 35% by

vol ume of hydrogen sul phide and 30 to 45% by vol unme of ammoni a, and anot her
sour ce anhd gux icthe Bame mgthhpéersrpomdsedmphusiédle gasowbardied pagsage gas" whi ch

typi cal ly contains er, . 80% by ,vol une of dr ogen_ sul.phi de first
conbuot PRI SR S as E SRR B lF ke tne i 8 oAk B b HE bt a1 o
the soufsM@iAE iBtHd PRRKH BREhe BiMhel NEnS QeO BE|CRNBHIRL dH BuLBAHOBRNIS ABRIdfSe
the remaining am ne gas. Preferably, the conposition of the mxture is

vari ed aithind pkidising gas tamix ot the tamefwitho truseddsicecenbustinggasi ng Hydr ogen
sul phide to the flane, with the proportion of amne gas in the first
conbusti bl e gas being increased if the said total rate of flowis reduced
bel ow aaghﬂﬁgﬂné/ﬁwggel?rs@fwa@hrytﬁrae SHBGSs, faenely alnenréride stagstarpxi di sing
gas and the mass flow rate of the second oxidising gas to the burner are
cont r ol peigrinedepeadeand gndntesmediaiotsiage, rsakes Apoapibimipehandle feflectiveldt es

" es! f oo/ Ge bl rBE B e o s Bl bt BT et B8 bat hanges
in the thagivbaeal twasschh lsevgaspdesedbldyed. fOIMer advdnegeedcaabust sddre gas

streans. The a#otgar atus according.to the invention preferably additionally
i ncl udestagingheiri@eraosmp ussienr dn PaaliGar @ Blatiehyloy fssnperatyrercadilil yi ng t he

first oxidisi : (o) C. val op a
fourt n PRI H3fe shiertpsrstl e thdhdia i dpkistieintice ‘G 2RGC T
third andyfeictdatedint inabridastvstagas en@fiedrafdre rlskasf piznteyy toyawyf refrectamot her .
The first and second oxidisi ng gases may be taken fromthe sane or

di f f er elRing St rpace crabs; kAPt daacceptame favelsat A il tesrperalirentiadyea, the
first oy.gisi ; 0p2; d i r osition
from  norib@altedast in chel o 2B007E is et BBl MR Pdlcd B CS as
of diff Gacilitttesaigstrsictiomof addanraontzeinftheXirst ¢aryustiblé hes medhordatord of

apparatus according to the jnvention i ffectively handlin ariable rates
of " suppFINSTORH ML NBTeeseA8e PrARORBNethaceruing SUBRIEYRPPH B5 f5 t he fir st

and sec ol S [ i I Y, t lepgndi ng
ot he. e L R K o Bl e ndn e P
gases. @aute inmrudving oxidatiakeaf sonehpdibgenesatipmide am sejptes $6 gelphermpenddeair e at
any location in any refractory enployed ta |ine the furnace. NMbdern

cormer cFAf ﬁ@e%{%ﬁqtéﬁlcg t?%fb‘é%{%me@ss‘ﬁa‘ﬂurt‘%?“@&lW@‘ W%‘Mg\@ﬁ%er atures up
to 16506yiphitR. OBYSRICtRIN bCAIRFhMid iCHed e BXLEESE ﬂfis@'ﬁb%hd% {dge@r both of
the first and second oxidi sing gases nmay be conposed nay be taken directly

f r om anadversebpiownstoramipaacessikg ohthiengffloant iemptheifunase inteatalxygen product

oxi di o1 Fer SR8 G Rt v TN BB et iRl BloplsBieqrl BioeliHaT680 e, 11
gener al furtraregshurRAPLUE thardimeRRNaddE o HBcR &l calRt b§ibiR@esn 8RS, or
am ne gas, or mxtures of the two, it is preferred to formeither or both

of the BMMENIGR sitS. niogeeyainthe Zdmiacan®ea desraygdjashe flamewiigodn oxygen

roduct of e_alr ration nt_with atnospheri ir hat is.air d
thicn i St B POl eRRa R Helt & et e i So R Bl Foling RStoer R o “bot
of the kbmrtofand apeifenfhs-BhsédtddBasBsto thetrBastimYom@k8y dvoidiagihdl e to
vary the nole fraction of oxygen during operation of the nethod and

appar at igegdde Hythass avinengas alrsmnd be.comghusiiont zane ewan whgntusingay fehe nol e
fractio t Lyl . rat.us
accordi Eaﬂ{bggﬁ%rg,etﬁﬁﬁlﬁygﬁ tIﬁ%%gHeg)étt) m\?éﬂdiyélﬁ‘g%%‘f%@gg\%%?%@a?gf g‘i%(g?ﬁtsuppl y
of conbiisiv fates gfeed gases is enhanced due to a more effective use of its turndown

range. In addition, forming sulphur vapour by thermal cracking reduces the rate at

which oxygen-enriched air needs to be supplied to the burner to achieve a given



M xiong of the first conbustible gas with the first oxidising gas is
preferably facilitated by directing at | east sonme of the first oxi ﬂ:ﬁjpgg
gas along a path or paths which neet a path or paths followed by t ;ﬂlﬂl
conbusti bl e gas. Accordingly, the second outlet or at |east sone of the
second group of outlets each have an axis which extends at an angle to the
axis of the first outlet or the axes of, at | east sone of the second group
of outlets. The angle is preferably iﬁat’he range of 10 to 30. Preferably,

t he 1 80ECZ2002 g flowof the first conmbustible gas is axial and the
flow of the first oxidising gas is at an angle to the axis of the burner.

Al t er natgGRYEHY OhsWPY \FPAUREom the fupaBasidIdediie fuinasetaasesiareCafddi si ng

gas Caneﬁ%ctg\féw P&Gvﬁgt‘?garhyof%%@?%%aeg. at | east sonme of the first oxidising

gas at a Tirst’ ['fnear vel oci along a path or paths extending generally

contiguous and generally parallel to a path or paths followed by the first

conbustible gas at,a second |inear velocity, and one of the first and
%ﬁ(ml%{

second Prefes0ly M1SETP&Xends 9RNRrady fnal nUtHP dhe FuBRGe £ THmfimace
100% g ' 5, (f ack 4 1 he

ai 1 er ot J B UL PoRE o s IR ShDRUERA aifsMdioal A5 e Biofe R EHIR i¢
conbust typicallgadse disabssd Mthdisslongitstieat axiberoeizehist.e BucPrefaeaants cani s t he
first linear velo i% whi.ch L selected to ,be the greater of the two said
linear (EIPIQIKEERCOWHhIRE Hpk q é‘%’??@ﬁ? PR efraCEYY YBgMBioYerdn the nace to
ensure {hat.@ll the ammonia is destroyed init. A further alternative for
facilitating mxing of the first conbustible gas with the first oxidising
gas is to inmpart a swirling notion to one or both of the first oxidising

gas and_the first conmbustible gas. Devic that are gble to . inpart swirl to
The gas TRPATTATY RFGUR OYH eadaras PIalr CRnUParGR T TTACIRR ¥ aniee g 22
facilitahg nﬁ%%b@%x?@erﬁ%ﬂriéﬁédjafr%#rﬁd?efdxgp/eﬁ.f THRAANE o‘il?ﬂiﬁhg'g'ég igas flow wth
the said third fl ow of the second conmbustible gas. Neverthéeless, it is

pr ef er r peefeably atnegphare auppitheranridheddnirdrideiplaiedofl okygan, falthibogs so as to

facilitate m xing. . Fgr,exanpl e, at |east sone of the second oxidising gas
mmy 1 oBNAETRANE IS 26 BATBLE e AhoRGR S TS GAPSCEEIs Ohite SHEPPFOR pat hs
i nt er seet thedfeed! isl gattdrally hodkpthlsiet Wo gases cl oser together. Preferably, the
second conbusti bl'e gas | eaves the nouth of the burner essentially axially,

and at | east sone of the second oxidising gas |eaves the nouth of the
bur ner t LS. IS | cal int r f 10
o 50 t o RIS B iRy M Ard Bty Bag Ehathe PP RE
fourth thowscdrrhyembbstidieigagto ahe baserearenR bl aidevahdantidiof basent
vel ocities such that shear therebetween aids m xing. 18 DE C 2002 -10
another. Such an arrangement facilitates operation of the burner to handie
variations in the total rate at which it is desired to feed combustible gas to the
burner. The apparatus according to the invention therefore preferably additionally
includes a first flow control valve in a first pipeline for supplying the first combustible
gas to the burner, and a second flow control valve in a second pipeline for supplying
the second combustible gas to the burner, the first and second control valves being

operable independently of one another.

In a typical refinery there is more than one source of combustible gas comprising
hydrogen sulphide. The sources typically have different compositions. Preferably
the first combustible gas is of a different composition from the second combustible
gas. By this means it is possible to optimise combustion of the combustible gas.
Typically, both the first and second combustible gas streams contain at least 40% by

volume of combustibles and at least 20% by volume of hydrogen sulphide.



I'f the total flow of the conbustible gases becones | ess than the maxi num
for which the burner is designed, then a reduction may be nmade in the flow

.of the first and second oxidising gases and in the mole fraction ofl boRk§GH6

in both oxidising gases. Further, in order to maintain a high tenperature
at the core of the flame when the burng; is turned down, the proportional
reduction in the rate at which the secdnd conbustible gas is supplied to
the burner may be greater than that in the flowrate of the first
conmbustible gas. In addition, if the first conbustible gas is a m xture of
sour water stripper gas and am ne gas, the proportion of amne gas in the
m xture be changed. For this purpose,.the first .pipelipne m .
conmuni Yangra e srals st oP aiisble GanrograSiidnideostiyRlide.

pi pel i ngnwidohtaAnipgHreonfa, #é Behetatot, tHeer | R %nﬁ)rﬁé’@@ma‘iniﬁ%@%‘sﬂg the
second pipeline iR conmunication with the first pipeline, and a further

f1 ow comreferabinereloyed iRdoringibe feahermbusiivlie gast rAs riragult it Gecofeani ne gas

! it o : 4 b . . .
there 1 2ogbipfe PGS &M Tas EE b BE e s B E  hE e b e et i bf
gas whi ¢ati@siiinia fsmi Netnberdtufes taw bl hirdaidediih Wrdb%idé%tr?ﬁtﬁlﬂﬂea

plurality of second tubes defining second passageways for e first
oxi di si mgrgasianticiexaaute tibphe sarEce af gas eapiening dydegardsdphidetis sand a

e | ni ny e s TR SRRt G o Ry alhibS AbBRL 0 aTsree BE vallts b
gas whi of hy@rrdgiegwid@ ahle30 fol 430,08y L elunfenef amphatial aiy anbdthkedblizetdfbes

for the second. i sing gas which each extend within the third passageway
and whi SRs@eNtaRING AYLfPderhsYRRERdS $ocalied: ‘@minadeisnyhiah typricadpeeniains f ourt h

tlet. ' ' t gL st
oxi d sf RIP5 IR BALEBRAESRrBGe Tlmtit, Bk Tt Shnostfie w8l v dofialbe 8
vi ce vemsigturanflsamsamfdde astinepiasdfuttdiicoffthewoot wider trippér gasTtamt thel e gas

i ndependently of the flow of the second conbusti bl e gas, and vice versa.
Alter natSieq@n%P@F@#ﬁ@aeagasaﬁgéﬁ@m@rlsgrf@eﬁegsanwns.amwe@?@- shieheraphamenent |
the fir R=To W i i bove. In
addi t1 oo TRSHRRE e FiRERe & FaRe Wit 06 SHaRa YR Breabte Bag P T,

t ube t o cdefprisind edreget Bubphidmioihar flder dithalss agey@tioh of afdivsvgat it tree second
oxi dising gas, the third passageway . .1 8 0 E C 2002 -11 termnating in a
nozzl e HFstARSRE 2k ?'Hgdn?wge@tsgdafr*@efw%&ﬁ?' B 0§ﬂpwu§ FRONGRSLORB RNt 1 i ¢
W th angnsuss oyipdi ng the third tube to define therewith an annular fourth
passageway for the second conbustible gas termnating in the said third
outlet. Such an arrangenent also permts adjustnent of the flow of the

i el SR ARIEREBIE e el et el T eRRde N L I 2
gas i ndepeprekidisifg ghB%o thOWuRiertdie R&EBNEY %ﬁ?g&ﬁbﬁh? o98fe afdther ce

versa. I n yet another preferred arrangenent, re are four concentric

‘radi al | Ybuspaaredrrapgementiaeitatesiapengtion obtfter lirnenbu handlgassiationayn thend

i nnernmost, i nt.ernedi.ate, and oufeynmost annul ar passage s. The centr

tubul ar el BIE AR s ARett TR cornb e RS TR e Rt e arhlp P
passagewrung8s ihef individu0 wa s flow hetelldighe FivQ IRPSAIRERIEMBRStHIEEs T N
respective nozzles, the nozzles defining the second and third groups of
out | et s.StUrEAMS. af e Ageamiys Recarditthier thetineentin praeferabty additiemallyoincludesta ow

f the fi. i disi i,nd t f th i di si , d
o L SRS haL VTS TSI St FE TR PR oo
| ndependsgihéry anll d fRRrBERANdorvobiETe M 8 168 BHLINEGEr ¥8EHding!the Ise8snd
preferred burners there may be three concentric tubes defining a central

t ubul ar qxidisiagarsyiodhd biupmesr Ehrithitt @nd frstacevegl valveseaareanarablet ubul ar
passage i f] utl et and the outer annul ar passageway in the
third oﬁ@%%ﬁgg%ﬁgvpﬁﬁgFi%ﬁ%ﬁ?gr passageway termnates in a nozzle in which
both the second and fourth group of outlets are defined. Such an

arrangenent does not permt the flow rate and conposition of the first
oxi di si nd&gfist aad secany axidising gaspe MR be yakan rae hegvamearcs dffRie@onposi ti on

'n o wastl e R ER N dfeh TR bB A A BTt dfe s BB 7Y

passed to a condenser in which sul phur vapour is condensed therefrom The
resultant gas streamis preferably subjected downstream of the sul phur
condenser to at | east one stage of catalytic reaction between



1 8,U E C 2002 -12 hydrogen sul phide and sul phur di oxide so as to enable
further sul phur to be extracted. The nethod and apparatus accordi ng gcb &Q@Z
.present invention will now be described, by way of exanple, with re} ré

to the acconpanying drawings in which: Figure 1 is a schematic sectional
side elevation of a first burner for use in the nethod and apparat us
according to the invention; Figure 2 is a schematic end view of the nouth
of the burner shown in Figure 1; Figurd 3 is a schematic sectional side

el evation of a second burner for use in the method and apparatus according
to the invention; Figure 4 is a schematic end view of the burner shown in

Fi gure @ayfhaw @ difersntecanpesition ¢rosetie ssedndodidistieyasi Bmpmibyiagtiinstr d
burner for use in the , .
and second oxidising gases of different composition adds to the flexibility of the
method and apparatus according to the invention in effectively handling variable

rates of supply of combustibie gas.

The mole fraction of oxygen in both the first and second oxidising gas is typically in
the range of 0.3 to 1.0 depending on the proportion of combustibles in the first and
second combustible gases. Care shouid be taken to avoid creating an excessive
temperature at any location in any refractory employed to line the furnace. Modern
commercially available refractories can typically withstand temperatures up to
1650°C. The oxygen-enriched air or pure oxygen of which either or both of the first
and second oxidising gases may be composed may be taken directly from an air
separation plant. Depending on the purity of the oxygen product of the air
separation plant, either or both of the first and second oxidising gases may have a
mole fraction of oxygen greater than 0.99. In general, however, particularly when
handling sour water stripper gas, or amine gas, or mixtures of the two, it is preferred
to form either or both of the first oxidising gas and the second oxidising gas by
mixing an oxygen product of the air separation plant with atmospheric air, that is air
which is neither enriched in nor depleted of oxygen. Forming éither or both of the
first and second oxidising gases in this way makes it possible to vary the mole
fraction of oxygen during operation of the method and apparatus according to the
invention. Again, this ability to vary the mole fraction of oxygen adds to the fiexibility
of the method and apparatus according to the invention in effectively handling
varying rates of supply of combustible gas.

Mixing of the first combustible gas with the first oxidising gas is preferably facilitated
by directing at least some of the first oxidising gas along a path or paths which meet
a path or paths followed by the first combustible gas. Accordingly, the second outlet
or at least some of the second group of outlets each have an axis which extends at

an angle to the axis of the first outlet or the axes of at least some of the second

group of outlets. The angle is preferably in the range of 10 to 30°. Preferably, the



met hod and apparatus according to the invention, Figure 6 is a schematic
end view of the nouth of the burner shown in Figure 5; Figure 7i53§mEE%WZ
.schematic sectional side elevation of a fourth burner for use in the method
and apparatus according to the invention; Figure 8 is a schematic end view
of the mouth of the burner shown in Figure 7; Figure 9 is a schematic
sectional side elevation of the fifth_Rurner for use in the nmethod and
apparatus according to the invention; Figure 10 is a schematic end vi ew of
the mouth of the burner shown in Figure 9; 18 DEC2002 - 13 Figure 11

Is a schematic flow diagramillustrating apparatus for supplying.
combust HBH & s h AOTRLATAF HdaeHa ARaBUIGHER! (e ESHOREB S GRg isat an

angle to the axis of the burner.

Alternatively, mixing of the first combustible gas with the first oxidising gas can be
facilitated by directing at least some of the first oxidising gas at a first linear velocity
along a path or paths extending generally contiguous and generally parallel to a path
or paths followed by the first combustible gas at a second linear velocity, and one of
the first and second linear velocities is from 25 to 150% (and preferably from 25 to
100%) greater than the other thereof. Mixing is facilitated because the differential
velocity between the first oxidising gas and the first combustible gas creates forces
of shear therebetween. Preferably, it is the first linear velocity which is selected to
be the greater of the two said linear velocities. This arrangement facilitates design
of the furnace to ensure that all the ammonia is destroyed in it.

A further alte'rnative for facilitating mixing of the first combustible gas with the first
oxidising gas is to impart a swirling motion to one or both of the first oxidising gas

and the first combustible gas. Devices that are able to impart swirl to the gas are
well known.

The natural curvature of the flame tends to facilitate mixing of the said fourth flow of
second oxidising gas flow with the said third flow of the second combustible gas.
Nevertheless, it is preferred to arrange the supply of the said third and fourth flows
so as to facilitate mixing. For example, at least some of the second oxidising gas
may flow at an angle to the second combustible gas such that the flow paths
intersect, or at least bring the two gases closer together. Preferably, the second
combustible gas leaves the mouth of the burner essentially axially, and at least
some of the second oxidising gas leaves the mouth of the burner at an angle to the
axis. The angle is typically in the range of 10 to 30° to the axis of the burner. In
another arrangement the third and fourth flows leave the burer alongside one

another and at different velocities such that shear therebetween aids mixing.



Figure 12 is a schematic flow diagramof a Caus plant for treating an acid
gas includi ng hydrogen sul phide which nay use any of the burners shpgmE(ri(0?
Figures 1 and 2, Figures 3 and 4, Figures 5 and 6) Figures 7 and 8, and
Figures 9 and 10. The drawings are not to scale. Referring to Figures 1 and
2 of the drawings, a burner 2 is of generally cylindrical shape and has a
proximal end 4 and a distal end (or nmpygh 6). The burner 2 has a central
passageway 8 defined by an innernost tube 10 for flow of a first
conbusti bl e gas stream conprising hydrogen sul phide. The | ongitudinal axis

The contiiar (aid sh By EoHER ke hactirts s han B eblnbBFigt WRfetecone
tube 14tHeshgpaKisedesiyidd, tthen i regllctioRendPbe Tgdd Ml R bagR Mkt AR tube 14
makes a frictional engagenment with the outer surface of the tube 10.

(Al t er nagt¢orsl gxidising gasss amd knte1noteafradiéon of aameancindrdh axistisieg gegesreans of

an integn fl [ | de nnection.) Athird tu 16_1s spaced from
and 1s* E0aRe i RE: T AL 2T00 EbBrathrd, ol Pekorbr Tad Bl BRES ol ar
passagepaetd furre@ds@eotik ploparednasbustidrbirethaastd hixivHice thesaebsd N9

hydr ogen sul phide term nati at its distal end in an outlet 2

(her ei npemsretiple gasds 'Svﬁaliqqqn?q e mer may be greries é‘@lcm\aémrmsf?qmme@és
i Tk ' i . 0.
A oS bBase 1E, {8 BN K Bel el AmBEIE 088 s Aiphdlfie'Y 3Bu 2o

t her et hnatgtstamserdefs ares apass gg@,sthéllperbrﬂd?ﬁoff dpiMeodagirf theshix@iredhsy Be gas

m xture. Each passageway 24 has_an outlet 26. (These outlets are terned
"the seEbOS oYY 16FS BfPOsE sthenfEsbpipaline endy samumeatesvith aseuea ef i n the

sane pl ; T let typi I i dyjpn.a ring
wni oh 1 S0 B5er S ek el eriiogh 'y BUGEe of BB R ePe T
2002 - 1heirgsecomdliiplaaypngahetseoond 28pélmhedinsquesedinidativhevifrassafiret\pipellite,
defined by the tupes 14 apd 16. Each tube 28 each defines_a passageway 30
for a sBEBRIUANBLIOH cSRial i inyike leinAmeandng ooyl oe'darmae 588, The
tubes 2 i ) e in the sanme plane as the tube 10. The outlets 30 of
t he tub§§8?393$§b§¥$§%ged inaring which is coaxial with the | ongitudinal
axis of the burner 2. The respective tubes 22 and 28 nmay each be provided

with a ider 34'tq hel p suppqrt them when the burner, is disposed with its
L 'ongi t ull A&F PIRIPEeABmETRCHOTdBadRITR TYPHogIReTaL S afiest durR JEGHISE ddrabl e

{1 exi bl bhbdaddivafloPed fifbt LBMAGHER gaL AR StetiridiSs tiBRSIFofst 4 The
construction of the burner 2 so as To enable to the respective flows of
conbust withe ghichadierck adilgiality efeseauindttubes detining sagopldi pbsageways or the
relatively sipple. The .outer tube 16 is provided with a first port 36 for
the 11 ol beHAENE aad e RAGR VBT DB AT SARRCLVE sHEPR BHUeh bR B ki

sul phi deubelQ\ardurRingrahd §esherdllyt A @Mtvith iHERrsifubes ahardashing tharéwith ange 38
integral therewith or welded thereto. The flange 38 is bolted or otherw se
secur ed anpular §iird pagsagenayefos thaveednd sombuetiplalgas whicbrtemeingtes indhehe t ube

pet ween I Reo T 0o B s AT LIR ol hUFeta pRflsidy GhE wid oath ©"970°C
t her ebelewren. willie the engPpdSsdquwe Ahe wihig abfirntbueth a ys4achhi ch

receives the second oxidysinqagas and which has a port 44 enabling it to be
pl aced FeTMEBRHAEHINCRITRSCHVE otz outiele DEchs BB IRr@IGSMEM Pegarts ariestmeski nal

ends of - . i Ot i I -
aper t ur SR SR R BBl ES HE st s ke SR SR REBRa tise e
chanber g4g, arddeicehangrartlalkasadiistidrt of W flod@f thé firdlicombgibrogas 44 1s
formed, which is provided at its distal end with a flange 48 which is
f ast enedndapgndepilyat theoflewef thexrgeonmbcambuatibletgaspaogivieg veise- with a fl ange
50. The flange 50 is bolted or otherw se secured fluid-tight to a
conplementary flange 52 which is integral with or is welded to the proximal
end of tAtertative preferddibaifrhngg®ents AR Possibipl O iomel suwhl Arr@igdrient frearher 42.
It also fornms a distal wall of a further chanber 54 having a side wall 56

n

with a FFsessnt dibrsiateneividedpne Hisessras dercribrgmbavesdniasidiomitried in

. . . o of oy . - & of
Che chanpa M e bdheafiic R arkl Syrtodiing MEHE 1B E 188 nd Mertlth ol 1
ot her wi senskc tiietiphssagbvaygitr floey dbhibefdenae dxidising gas, the third passageway



1 8 DE C 2002 -15 second flange 62 at its proxinmal end which is bolted or
ot herwi se secured fluid-tight to an end plate 64 which forns a diVH%Mﬂszu
.wall between the chanber 54 and a yet further chanber 66 for the firs
oxi di sing gas m xture and which receives fluid-tight in apertures forned

t her et hrough the proxi mal ends of the tubes 22 so as to enable these tubes
to receive a flow of the first oxidisthf-gas m xture. The chanber 66 is
provided with a port 68 which is coaxial with the |longitudinal axis of the
burner 2 and is able to be placed in communication with the source of the

first oxdrehisdtitg igBnEEAS W RhichsthehRWrth dutfetgarFe fkmddandizstoaithande 6 of the
burner 2 extends into a port or quart 70 of a furnace 72 for the partial

conmbust Forcastrihywith &genswigwidioe theathishiuneaio griinedgerewitiuan anedlaséowden t he

di st al d of th 2 he,. 70. AT Lied. hi

74" a0 abemauey Al fgrose EtblSuRR des Bl HR e Ol o Prane
16 may Bechanhmethriferfertefis@ebanits BRfjdtmet BEthePRdW Df e fifke oRididheg gds may be
formed of stainless steel. |In operation, the first conmbustible gaS exiting

t he bur inglepgnéemtiy efieedieow et thezsenarshedisiitg gas.aind Wi ¥arss, @ndtaieo f i r st

i di sing. h | et i St f
e SPhefetoR o IBYR, ha et a b g R R PRt T e
burner geddHPpehblistbioyuketind@@idecesrggs i ntimately mxed with the flow of
t he second oxi di sing gas which | eaves the burner 2 through the outlets 32,
thus form ng a second stage of the flame. A third stage of the flane is
¢ q o9 i . . ‘ . i h
the seoinit chid R EId e anbefielty Bl Bl Bk b 26 R R e Bl et

20. Arrangsnasiinirfigoa cetpal ibutardidssayentaygasd fnrmsmndsoirtéenddiateeand i s shown
in Figure 11. Referring to Figure_ 11, a first pipeline 80 for sour water
st ri ppePUBEROSHANMHAT PRSTAEEWANS: h T GRBYRMHUBUIas wageagewanARERImNa Ehi nat es

in the gﬁ{ &t Y fﬁ%oé_d?%rrﬁb'ét%{d\ﬁarp%%ﬁfede@f ih AW ¢ SR BQ{IetVam’egH@%rit odi sposed

: l :
in the prpeline second pi or am ne gas ( predom nantly

conpr i sesasspgbveysrbcthlephi idepspestivienadeded, thé hezzled d@fibing t6e43@dnd Hodport 36
of the bualer 2 and ﬂg{é ag?siecond flow control valve 86 disposed therein. A
third pifhe 970eP8eT Sgheisni LS iARRNEENMEN 18 d0PHET Witieh BREMIS agiusimert of the

oxi di si i Il - ! i i inaat .t he port
58 of t REWARIENBORRIIRG SRl ep SR, SIhp SEER ki AT fid VRel /G

pi pel i ngeR, aAdfatao adijupinpent ofeth82loswoiingi firat corgbustibile @as ondemer(deoit!y tiown)

of second oxidisin conposed .of air or oxygen-enriched air term nates
in the B}ﬁ@%@d}orﬁg@sﬁq‘lﬁ Hgg a51d VIC® ¥8F%h 1 ow control valve 94 is |ocated
in the fourth pipeline 92. Afifth pipeline 96 conmunicating with a bl ower

(not shown) or other source of conpressed air (neither enriched in nor
depl et eth Bissgxgigeied bunatntitese may be thrgestontestricotuben siefiningi@eentidlc h

comuni tc?s w th the annul ar passage 74 defined ﬁﬂe\/\een tlh orts 70 and
the. bur 13 PASSAORIVAY AMEngE " RAQ Shite F339aBRHAY SortiedieVa P8R ai sposed
t her ei npaksa gty &9 irAthi sl bineat LY t@?étcﬁﬂgﬁaﬁﬁlﬁlﬁﬂﬁﬂses?a ReHyom tRE thikg second

pi peline 84 upstream of the second flow control valv 6 to a region of the
first pogtet nEhesbneoanstias paseageay temsinatesanacuerziein whloheb@h they si xt h

flow Corslgégrlmd \a/%tld Yoeur%hoéréusp gf ggt?eﬁg%ré rc]jetfirqu.pIS?.J%h]'aonoélrrangement does not
permit the flow rate and composition of the first oxidising gas to be adjusted

independently of the flow rate and composition of the second oxidising gas.

The resultant gas mixture is preferably cooled in a waste heat boiler, and the cooled
effluent gas stream is preferably passed to a condenser in which sulphur vapour is
condensed therefrom. The resultant gas stream is preferably subjected downstream

of the sulphur condenser to at least one stage of catalytic reaction between



In operation) the flow control val ves described above may be set to
determ ne the overall nole ratio of conbustibles to oxygen supplied|§dt(Ha)?
flame of the burner 2, so as to enable different |local ratios of the
reacting species to be created in different regions of the flane, so as to
enabl e a hot innernost region to be maiintained in the flanme at a
tenperature in excess of 1400C, so as to enable a nuch | ower tenperature to
be mai ntai ned at the periphery of the_qune, to create within a | ocalised
region of the flame conditions which favour thermal dissociation of

hydr ogen sul phide, and to ensure that all amonia is destroyed. Typically,
the rates of supplg,of EGngeacLants are controll ed such %hat t he nol e

rati o ofMYRREVYRHPRIGEANCHRMIPRUSHPKKI SR8 1P g8kl Uther §ulBNi 1@ B8 e | eavi ng

t he f“rQQ%%ckﬁ approximately 2:1. Wthin the respective regions of the

fl ame, however, the nole ratio of hydrogen sul phide to sul phur di oxi de can
vary significantly. The kind of flane that is formed in operation of the

b i h h tically i i 11 dis indicated th in by th
ref or endaimiRbion 419 BoPaR Fercingdla fedarespagesention WimouRg dess oo e
; . 1T ) ° . 17 nt

I nner rm% \?%f@?eﬂérap!e? withte®tehBs &0 8hd %ﬁf%@?ﬁggﬂgg?{?\gﬁgﬁ i€Qgch: 17 1 nto

whi ch t st oxidising gas and the gas flow. In an
exanple in which the first conbustible gas is conposed of a m xture of sour

wat er stripper.gas _and am ne.gas, .the first oxidisin S is.s lied at a
fate t ndiobe Lis PerEnEls SCCHITA sidanelevalion of & THBcaYTTED [a58n dhbron & and
any hydr Ik | B8 s A dStrdi sk s and oxidation of nore than
one thi rrﬁé@}p@fﬂﬁj ﬂg})dérogesn iﬁp’ﬁgggq éAI'Jﬁ%eg"ﬁi%tﬁ’errperature in the innernost
stage 112 is thus ensured. The tenperature can be controlled by the control
val ves 90,and 102. The second.internedi ate stage 114 aof the f]anme 110
{ecet ved 0@ 2 BLOATGRALF S AS! HRITIAHD obiha AU TEESHRUNIBAEIE bl o gas.
This stage 114 is typically operated oxygen-poor that is to say that the

relative rates of supply of hydrogen sul phide and oxygen nol ecules to this
st age arfdguigch is dschemeadc shationaisideheleyation ohassdepad dyenersior pae dethes

oxi di sed u iLoxide. T it f _oxygen in this region together
W th them%@é)?j %@%M%@%r%?ﬁqrﬁ'galtmﬁé' \%Ieég'éml% favour formation of sul phur
vapour by thermal’ cracking of hydrogen sul phide. Since the thermal cracking
of hydrogen sul phide proceeds endothermically, it provides a nechanism for
nmoder at i gura 4ifed sehp@rte end \ig diévedumerphevenin Fgg@@s%:i ve tenperatures
being created in the outernost stage 116. Further, it can reduce the denand
for nitrogen nolecules to noderate the flane tenperature, and thereby

enabl es Figerd b is& sahdmaitic eadtionaldide BRVAESEDf hahhrabarmefbeusain thef ract i ons
of oxygen than ul d otherw se be possible, The tenperature can be

cont r ol 1188thod anfbarpargius agcaldlingde thadavesttion; ow of the first combustible
gas and by its nole fraction of oxygen. The third outernost stage 116 of
the flanme receives the rest of the second conbustible gas and the air which
i s supplFigdrea8 i3 Aaschamatic @nddiiswng thasnduthtdfi¢hebpelarshod inTFiguresh,e of
supply of air is controlled so as to ensure that an excessive fl ane
tenperature is not created in the stage on 116. The total supply of oxidant
is contr ; j r.ad.) f i I { ned
after th’gb\lfvgésjzZyﬁggbe?&%%%gﬂsﬁ%{hﬁqeteﬂéé)aggﬁﬁf?§8§Fggbe@%?fozﬁlggln§tto t he
first anthefexbant eppinasts bteorgasy rthedhventimeci fi ed maxi num typically the
rates of supply of the oxidising gases are each at a nmaximum If the total
rate of supply of conbustible gas falls, various control

Figure 8 is a schematic end view of the mouth of the burner shown in Figure 7;

Figure 9 is a schematic sectional side elevation of the fifth burner for use in the

method and apparatus according to the invention;

Figure 10 is a schematic end view of the mouth of the burner shown in Figure 9;



19 D E C 2002 -18 strategies are available to maintain suitable conmbustion
conditions in the flame. Most sinply, the control valves 94 and 98

.reset to make a conplenentary reduction in the flowrate of the oxﬂ@?@“ﬁ@m
gases. In addition, means (not shown) nmay be provided in the apparatus
shown in Figure 11 for adjusting the nole fraction of oxygen in the first
and second oxi di sing gases. For exanple,,additional flow control valves
(not shown) may be provided in pipes (T&ﬁ'shomm) whi ch introduce
comercially pure oxygen into the third and fourth pipelines 88 and 92,
respectively. Thus, the nole fraction of the oxygen in the first and second
oxi di si ngigyEs &S inapchemayation! diagraradiivstratingsanrarpis fak SHPRIMES oper at i ng

Lo ensur TR B e BB A T Bt A P RHSTR I Then:  gases | eave

the furnace 72. Another control strategy which can be used when the rate of
supply of the conbustible_gas is relatively lowis to increase the
pr opor t i bigued 12 fiea seNARagiadionhdiggras afia/elausdplent Widieating asl 3Qi% 9gepel i ne

100. The sj S rdi jhng. a
greater 'B?!?@Hrq rﬁgdrlbé?k tS\k/i@h\a{t(?ne glvg]?cgas élbg?sl%%&f ?ffs}} &@%L%ﬁ%mggfguﬁ%ﬁ F1t ai ns
t he vel oghd 2, Bigutde3fandss, Kiguiesss Bhi &, Fagures aadig| ahdiFeguresiodenance of a
hi gh ammoni a and hydrocarbon destruction rate particularly when the first
oxidising gas is air. As a result) conpared with operation at the maxi num
speci fi ; tible gases, there is a disproportionate
reductigﬁh%ﬁhgﬁgaggﬁzggggpaﬁﬁéh t he second conbusti ble gas and the second
oxi dising gas are supplied to the burner. It is possible to increase the

rate at jch the_burner sh in Figure 1 and 2 js gble to handle the
conbustigg rﬁ%%&[:_l%”rgﬁﬂpﬁ%ﬂp%fmﬁﬂ'@ BESr& Hﬁ}ert%'érpaeﬁeln_ef%“yt%’énﬂﬁ%ﬁage 74.
I'n order gg e Bhdhak Masirﬁélsér{oe@'ah@t 8i léﬁﬁd{)&gﬁ@tﬁ%)m*%?b&rﬂﬁ%m%rh
nol ecul es entering the ane, the nole fraction of oxygen in the first and
second oeséntiaipagsggeway Bsdafmeddspam dimermostt tidres 46 dak. fldw ioba first compbgtibiey t he

74 to handl i this . ] . ith nitr.
b her  moftb hiea e ia By SRert S BaBR” S oot Belis of 1t b 895" D
E C 2002¢5iA8dBaf @itk itﬁ@l&@duaiﬁa@agiesg%frtﬁé tdb&@RE, Fnd éeﬁw;%llpab,sag&ﬁa%i%fseai

that all the gas streans 1eave t urner 2 substantially axTally. xi ng
bet ween filseogiletst2 akitzitistal grgasA seaond duhe ¢4 i coaxiabwithtioaifitst tHe Ut | et s 26
and the f£irst co i ble ) aving through,the outlets. 12 thereby takes
pl ace byfrbﬁ5 MNFe Sgﬁlﬂg%@gtih%gf%ﬁ”? %érbcg@%ia{lgn%%%erggpé\g%_%hel-ﬂg{eaegr ee of
shear i ssgmdrnserelMb8a0. NAIRrHIVERS 8l fuBks Vel £¢d t ¥ 8} BB fSInEd e bhest
conbusti ble gas and first oxidising gas. In one illustrative exanple, the
vel oci t yanetheney Mmeans ehiariindemg! fasge eaweided penmeatios:) A thgddoben!§ iand t he
vel ocity i :C USt i i f i igures 3
and 4 of ° Ceetotcﬁ%%vign@}s',s a u%rh’ve'{r?.! %%%ﬁgsﬁazlﬁ?%%ﬁégﬂgﬁ{aé é%%%\éveé%gstal end
- 206. Theahnuiagpad8adgewal dsned avddchnt floaeoteshibastidlekes rAikbire Zbbhmisihg? 12
which are radiallﬁgﬁ aced fromone another. The axis of the tube 208 is

coi nci deRYARROER sUiRhI¢e igyminaiinmat bk distarendiia asupriet 2thereigbptore tei@nedibe
208 defi« ' ﬁgggu i hl i he
passagemg§§S?EP?E@%?ﬁgﬁgggéécéﬁiC@?@%Eﬁﬁg |n§gﬁg%ﬁT@%ﬁH%%%h?éﬁdg e first
conbust i Wrmirgss .in e sadiengane tasithettbiee tghe 208 from beyond its proxi mal end
is an array of tubes 218 each defining a respective passageway 216 for the
flow of a first oxidising gas. Each tube 218 term nates at its distal end

inthe s PO’ t 0 an out| et
222 for ? ﬁ‘;arfil rst ugéls g‘?ﬁ? ’ﬁgﬁcéﬁm H?ﬁg&#ﬁcﬁter\%@rg xgggllhen%déef\i}hf% #ﬁP Eg%t ube 208 a
passagewther2idodgir antielefinewpabsageseRorior thei fitive bhg figstoxidibiagpzessagewsy 224
termnates at its distal end in a nozzle 226 in which are forned at an
angl & o aRE PARPAISHSY Bé ik e Pullet Fa: SIS RIS RES (TSR 0% FBFYIhg  gas.
The outl i j e ; st f t ube
205, e Srup bUBAST rﬁs@%ﬁ‘gdatgé’%t}f e de ??ég%?q%@ﬁ'ﬂgg'%g PmeplarRad it 110

| f desir the theTtesudleteRd aoé tyfieallyodispeset?iB ardpg behitioisechxiditviittatheannul ar
proj ection ghich IS mgldeg to the end of the tube 210. The tubes 210 and
212 def i FOHHIRGHAKISOT S8 DYGRs 230 for the flow of a second conbustibl e
gas. The passageway 230 ternminates at its distal end in an outlet 232 in
the sane plane as the outlet 216. The outlets 228 fornmed in the nozzle 226
direct, in use, the second oxidising gas into the second conbusti bl e gas
conpri sing hydrogen sul phide issuing fromthe outlet 232.



1 8 DE C 2002 -20 The burner shown in Figures 3 and 4 has relatively
sinple arrangenents for the supply of the gas streans to it. Thus, the tub
.212 has an inlet port 234 for the supply of second corribustible gdd DEEZUUZ
m xture conprising hydrogen sul phide. The tube 212 has integral therewith
or welded thereto at its distal end a flange 236 which is bolted or

ot herwi se secured fluid-tight to a conplenentary flange 238 integral with
or welded to the proximal end of the tule 210. The flange 238 forms a
distal wall of a chanber 240 for receipt of a second oxidising gas. The
chanmber 240 has a cylindrical wall 242 having at its distal end a flange
244 whi Oﬂhsesodmarcraxd obtubses s dispssedi irethef passdgeinglyt 18 defiren by emegrib288 and
at its proxi rral anot her flange 244 which is bolted or ot herwi se secured

f 1 ui d-ti'ghand 466a HeReS 23S) FPtinRfea PASSRARWEY 0 fl RIFe6PNAPHed to t he

pr oxi mal 6 | t he
chanber oj(i@gmﬁdgatsng H%I%néaﬁ re%&t&/%urt hér%écrfah%rb %?@ #ch"?(t'eﬁmrﬁ‘f’gsrﬂ[ ﬂ’%f
conbust idanee Eme dhthectybiendr. | Trad owdels 2013 e mbesmaarbearrWMasa an%| nl et
port 250 enabling the chanber 240 to be placed in comunication with the

sour ce ofhigh é\%@%@?ﬂald&mﬂ?"ﬁ Wﬁgﬁﬁgma*rﬁé'scqfé}ﬁ%é’wrﬁf@ hale sesRActieties 22l |
252 whi ¢ I r | ded
Cher ot o A 28" g Se PLViagRtifh 4 Shiler cudadud LS Al alrehl nd SlimlF 28
and at nssinsproeadmih nemtdan@ntsemahdx@Ilmngen%@svﬂhomm insFibotet €d Toeretsher wi se
secured fluid-ti n en | ate 258 ich for th r oxi wal | of

t he charﬁ%‘fs‘dﬂ@b[g?{?é‘tﬁvv|”P1§?595§T‘g\;\%? ACB) nRDesS Bgﬁ'\e @Egg ?ﬁlg%dm ssi on
of the first conbustible gas conprising hydrogen sul phide. The end plate

+ 258 also fornms a wall of a yet further chanber 262 for the first oxidising
gas. TheTtsheomstruckion df sheletimes® beederenzbée MMep‘eapectma‘lcammoh general |y

I nb 64 whicgh is bolted t dth
Cher ot o.COMRSHEIBARS 269 -T7 BB, TN H o8 SHPRIBRL® 55 A EHY I TMBBaxi a
Wi th t herduipier t@5é216T§‘§rc§%§édﬂ~ltﬁ®fn%@§oﬁfséﬁ&?tﬁé‘ﬂ@ﬁ%f%@@sS&Sr‘%@dS into a
port 268 of a furnace 270 for the partial conbustion of hydrogen sul phide.

A passagenatnstivle gas mia@racommmmmm@gag sgkwnde; dbeipieximadendad thére out er

b
be suppct HELY b RbFE8miin 4 68n38 il ARl Sr Ve BE RSN T o

| ongi t udidiRfe IXisHdMed Grasthatwids seRaK¥eY idha Elnﬁﬂﬁrelaﬁge%ﬁ/ﬁfcm@ uﬂfeg?eh@mlhur ner
shown in Figure 3 and 4 is anal ogous to that showi in Figures 1 and

M xing off weldedite me t»hedi@ Hgiegsargdwatgaskaéorr other se@lnﬁmmrrmear (gafssh@wn)'

facilitated b ent | el oci ebet of t.he_second
oxt di i 5 SaPedtd DELIGH e MRS 4 ahgE TEbsTarrebics Mo bt eq by
t he anglthegtfwbse. Q%@ﬂﬁrfge%@fdrm@ﬂhdsdléﬂaeeﬁdi @Waca‘hamﬁerusaswmw feteiveshe

outl et 232. Referring nowto Figures 5 and of drawi ngs, a burner 302 is

of genﬁrtaﬁl%?cé‘wIoﬁm'ﬁﬁlgaﬂﬁb’ew mﬂ\mamﬁr%ﬁwhmm%b&pmddnd. stal end
306. T
205 I MRS R0 Aoyl A TSP, FOR e

| ongi tud:i!ﬂnafe alk recedfed thaidkighaén c&&blerﬁbﬁtaﬁ‘wbge@@&slthrouyhﬂhwm ganD.t he tubs
314 outer rmst. The tube 312 surrounds the tube 310. The tubes 308 and 310
engage atNihdhe tyhes: 2h cemrunicate wih e shamBes42THde sy BAs #8s a
first p 3] i

sul phi deoghaener APwhith Be'ndrtha i IBHEH NIRRT B0 S I EATRR 2 ¢, o

end of tflengeudewBidh iarfdstemedrfuid-tighBibihiesiamge\ddiadd at ith paoximahand vaﬂma:l ar
pr oj ectl n which %eflnes an outlet 320 fromthe burner 302 for the first

combust i NgeRE. ThRdlange&d @d@%@rﬁtbeﬁ’@ﬁ?ﬁécﬁwdafﬂﬁgﬂ‘&ht Hadsageway 322 for
a first t t ich
has for rr%hﬁher et% oug 'Ehg% ggﬁ&g%g ?I ﬁ%ﬂbp% \gélglgartégge g&ta'lﬁgl Eérélo\zﬁgnt al ,
out | et s tB24ube dd tTre bange652368n$ arprbhmeillweﬁtofdhechhmnt@prgt?s it Bl foutset s
324 direct the firs xi dj sin as into th st conbust | as at a

regi on \ﬁfr?if"’ra@a%ao ﬁéc paY 3 H?P‘@’ﬁ%aéf"?q Wé'@@r‘ﬂ@? aqRPt Eéﬁ ffhes 310
and 312 daflinGiieERRBIAARE HARHIIAL BABRREE R LoRFAiBANSH i Lenabea
second oxi di sing gas e passageway 32 ermnates I1n a nozzle whi ch
def i nes ofuhkdirst c}ﬁ@blﬂsirble Igassél'qudatbﬁﬁd:f?.hmghga&ershmm fiestSlaage (et i ned

out war . Frotefal <A UaEh g5 SBHE B2 eyt Serisegdurt HaRdeie dgnoe 32 ha b



1 8 DE C 2002 -22 The tube 312 and the outernost tube 314 define

t herebet ween an annul ar passageway 332 for a second conbusti bl e gas

.conpri sing hydrogen sul phide. The passageway 322 has an outl et 334 1ot 0FG Y0
distal end for the second conbustible gas. In operation, downstream of the
outl et 334 the second conbustible gas fl ow becones m xed with the flow of
second oxidising gas by virtue of the orientation of the outlets 330
relative to that of the outlet 334. ThéSouternopst tube 314 is provided with
a port 336 for the flow of the second conbusti ble gas m xture. The proxi nmal
end of the tube 314 is formed with a flange 338 integral therewith or

wel ded tBEs®d fandd182 fat aBGRoRARI endDOhiERds BbIted be biaiwistesauesd flaidatight | ar
flange 340 which is integral with or welded to the tube 312. If desired, a
gasket & aotenarplatedi4 whicheiopas 3 dvidisg wal)beiweepdhe shageer Bétansea Yehe

fl anges 338 ' fluidztight .The
f1 ange 418 BatRaLe eoaf i Msh aRbsng oo hinyer e B s ELEr Bkl o ge
326. Thepehardicordéa thesttroaghithdbredmarahlds A dhavibe: 2Bspaevb@edbri its
distal end with the flange 346 which is bolted or otherw se secured

f1 ui d- t thgae Whes e reqeirr)a flonoo! thedirahpxidising gas mixipee + TBRGHABHISEH6t Ber ei n
: axi:-di S] : I 342.
The or oBr RS HihafpER BB INEHLS L5RRE BAT IS GIRHRE! pRE drind BE{RETRRY

bol ted @ apiehems glecsetucadnfunication ghth the saucengtltretirstaxidisihgnege 352
integral with or welded to the proximal end of the tube 310. The flange 352
forns alodi®n wal | between the chamber 342 and a further chamber 354 for
the first oxidising gas. The chanber 354 is contiguous to the passageway
322. The chanber 354 has a cylindrical wall 356 which has at its distal end
a fl angés3&dthwihincFiguse bothieetistat entl ieofithedsreu? extdridsiidiot a gbtt drayuahke7@ | ange
352. The cylindri ca%gmﬁll 356 h% a port 360 forned t herethrolléjgh so as to
enabl e ©he TEHBFEE WEANG pafias ePTUstiPeof HyAERaamepighide. ALapR ¥Rl mal end of
t he wal | I f Whi i I r I\ secur ed
to a fl gﬁggg%%llf %lﬁ%ﬁ t?eg%fegp r;ég%?ﬁta Eg&%&tﬁ tﬁu@re p?sé@gﬁh%épﬁ Zg't \#é'sr;sr oxi mal
end of tshepiiethtr inspassdge BO8s atthedfdxidigeg3fis.f orns a conmon wal | bet ween

t he chanber 354 and a yet further chanber 366 which is contiguous to the
passageway 318 and conmuni cates therewith. The chanber 366 is provided with
an axi alif pyite 36k HRtaMinebitAs dutdStupEOTEPHSY Y Bre@el dis @paRidr) Réta. 1 8 D
E C 2002 -23 supplied. The port 368 is coaxial wth the |ongitudinal axis
of the KAhaepad92f thasbginen? may Biegareesd of stainidisstsédelend 306 of the burner
302 extends into a port or quart 37Q of a furnace 372 for the parti al
conmbusti on of hydrogen sul phide. An annul ar space defined between the port

370 and | bpehitione the3fiet BEMPUBEEle2 RPEFARE tY Bufrth X fieémfthewudibt a2t hird
oxi dising gas, nanely air. In oReratl on, the air becones m xed with the

second deebISSi ibliatrly mised wilh thadirpiexdisingogas thedlegyes Herasghithe agtigts

Oper at i f r._sho i.n F.qures I : at shown
hF quess ol G4 ARt tarofl, SiRitaG e B aad PRt BRI o

Fi gur es nfixaurd |€adiig tHebdmasingsoudh i dtlet 200 duvinds ptimdtaRimixed withitend a

di stal end 406. The burner conprises an assenbly of three coaxial radially

spaced diout of thersesond@xidisinggas whigh lages thigdaurnes?2 deougbshe opisteaddway 414

havi ng i i t for.. Lrst i:pl
conpri si&Hrjlng;é L@/’Hﬁ%%tgﬂéescﬁﬂghsﬁg%gld%hge ft'%égs %g@%a%ébgﬂswe #ﬁrg '?kflgrre eP%een an
annul ar ip@asegenayg 41thd aif passihgwhefugbrthdiiseege s, witPtheesedmide, oxygen
enriched air. The passageway 418 termnates at its distal end termnates in
an annulC@MBlstiPlegas nixilre Ieaving theghwingr afthrauasttheutiet 20422 f or ned
t her et hrough and each inclined at the same angle in the range of .10 to 15
degrees to the longitudinal axis of the burner and which are inclined
t owar ds Arnarsgeaest fon sapplyirecdifforemfgagdows @wherrethe tusiowd lire Fgure dtls 422
provi de flow of _first oxi,disi_a%_r%as %ﬂich m xes with the fi.rﬁt. d
conbust i BFEMIESCIIEHES 1 &adnflibt RIPRING 89 faT sovg WESE SIPPREIBR FWRich Jpdudes

both hydrogen sulphide and ammonia) terminates in the port 58 of the burner 2.

The first flow control valve 82 is disposed in the pipeline 80. A second pipeline 84

for amine gas (which predominantly comprises hydrogen sulphide) terminates in the



A second group of outlets 424 is also forned through the nozzle 420. The
outlets 424 are each inclined at the sane angle in the range of 10,t0
DGR

.degrees to the longitudinal axis of the burner 402, the gas divergi

the axis inits direction of flow. The group of outlets 424 therefore
enabl e a second oxidising gas to issue fromthe distal end 406 of the
burner 402. An annul ar passageway 426 is defined between the tubes 410 and
412. The passageway 426 ternminates at_jgs distal end in an outlet 428. In
operation, the second conbustible gas 1Ssues fromthe distal end 406 of the
burner 4D2 through the outlet 428 and becones m xed with the second 18 D

E C 2002 - i di Si | i the, b 402 t h th tlets 424.
The 11 obPT i § bF DL F31 MBR ARLrany HOY DOVchZ B A ISERISH LGN gs | <
det er m pedh Areliftess ebafmWacst er5b0QRa! (ndf sASwAY oiti*l’f@} 9Kit|sHPgdz2 and

With
424. The tube 412 has a port rgo formed therein to enabl e the passageway
426 to bempbaedadf ain oc onygen-eatricoad wir termirsdes dethef parh 68d dombur@mzusAi bl e

OP oo s IR s R & shly T i CRpatee BRo Dt dds 435 2
bol t ed @p Pl HEEMAZOWSEE Worted twt%fdmghtofts%canamiﬁﬂg@ta@?gr%ﬁgéggofgw chis

wel ded to or fornmed integral with the 'tube 410. The Tlan SO
bol t ed or opydesrenrizheskaiutesthinatesdn the poritdt af thenpiroaeft d fouithaioye casiol

t endi ng, from . Dj 438 .whi. ch j - ovi ded. wi i nl et. port, 440
For e dyparor Ak aad PhRCRLEP Ul O ke ARERY PHo s st MeinB i fne
end pi egpRwkIdnanshavdi)rdresindr §b @Bef4bhpresybd aft (hBrhdH enricel igndrof the end

pi ece 438 is wel ded or otherw se secured fluid-tight. Oxidising gas flows,
i n oper depietedef X@epltsTEYINAYS injant iolatH®4dera nazge 406 wiNeb sgmrowacaled pi ece

a00 i o SbaRRREYPERtadd Pe iR bR e IR e PR TR BBy o Tn &

sour ce @fpdliRg 9biHaal a EARMIEGL cdnteol SasCOBRIdpDsRE thE /iR IRNagditioh] deipeling
di stal end 406 of the burner 402 extends into a port 432 of a furnace 434

for dt P_eﬂ@aretxmd%tbmymﬁl 6egioh of e Rpaerdpipalinp i destrerm ahthe aﬁchmsfga@e 438
oxi di s g GA0 1y g B el plamb Y Rae et 1ad |

oper at i @onedl vdhe' BRI ResixthOlow Thatropeilaé i1oR iotdiddaeebiun fits pip@210G anal ogous
to that of any of the burners shown in Figures 1 and 2, Figures 3 and 4 and
Figures 5 and 6 of the acconpanying drawings with the exception that there
is no fackhhiy~F Ok M ' %TB 9@% ; first
oxi di si ﬁg%ﬁ@'?ﬁﬁ‘ﬁﬁdﬁ%%‘ﬁ@%“f e g?)éré)doéy?l on én%g tﬁ %%téa ge@gm%ﬁtgesecond
oxi di si ngegdisnoleeatiaé cbotbustibesttakeygbneupplied torthe Samead tiseipptier®,tso t he

ort 440 of the burner 402. 18 E C 2002 .
P asto enagle éﬂferent local ratios of tlae reactzmg species to be created in different

regions of the flame, so as to enable a hot innermost region to be maintained in the
flame at a temperature in excess of 1400°C, so as to enable a much lower
temperature to be maintained at the periphery of the flame, to create within a
localised region of the flame conditions which favour thermal dissociation of
hydrogen sulphide, and to ensure that all ammonia is destroyed. Typically, the rates
of supply of the reactants are controlled such that the mole ratio of hydrogen
sulphide to sulphur dioxide and the gas mixture leaving the furnace is approximately
2:1. Within the respective regions of the flame, however, the mole ratio of hydrogen

sulphide to sulphur dioxide can vary significantly.

The kind of flame that is formed in operation of the burner is shown schematically in
Figure 11 and is indicated therein by the reference numeral 110. The flame has

three stages 112, 114 and 116. The innermost stage 112 is a high intensity zone



-25 Referring nowto Figures 9 and 10 of the draw ngs, a burner 502 has a
proxi mal end 504 and a distal end 506. The burner 502 includes an assenbly
.of two inner coaxial tubes 508 and 510. The inner tube 508 defines 188 QEC 2002
passageway for a first flow of gas m xture conprising hydrogen sul phi de.
The passageway 512 has at its distal end an outlet 514. The tubes 508 and
510 define therebetween an annul ar passageway 516 for the flow of an

oxi dising gas) typically oxygen-enriched air. The passageway 516 term nates
at its distal end in an annnul ar nozzle 518. The nozzle 518 has a first
group of. . [ r D, T I e Lngli ned
ot the sRE iRy L ORI R Bh DMt e e bRe M iRt R
the dir eghigdntheffirbi eombiistidhe ggads cdhposeddfa mbduiessofad o watevstdedengadh a
second group of inclined outlets 522, The outlets 522 are each inclined at
the sane2BAGMRNeachde Hrprxidiinmeasss surpliadet 3 (Afe talgs Sﬂiﬁ@'%’ﬂttP@f@U@M

bei ng ar : i J

nozzl e STB P2 PReY aperaicr]'S #Rfdria SR ArrBbans MM fisTebmauclie | o,
whi ch i sggoaddatxédhtiontof hbe thas dreatringoftthe hyardgen Sdiphaied Ahigcond flow
whi ch is conducted into a second fl ow of conbusti bl as conprisin

hydr ogent&iupeatere in de inarmest gleger 1 rets thep shsuter i@gé?lmp?faé‘f”ec CFﬁé'IgP@lbes
508 d i i 4 hi t ube 526. The tube 526 i
coax?gl %&%&Iﬁ%&fﬂt{@o%@v'gﬁvgggbfglgcf%ﬁ'@ép% lrjlatees at itg diusteal enldsi n the

same plane as the distal end of the tube 512. However, its proximal end is
closer to thecghgxi mal %nd 504 of the burner 502 than thesgrox' mal . ends of

t he t ubedNSGE egneqiie plage @2"6? @Ie‘lfI?éQevIﬂPHePﬁ'é(eF@B%_ 19" AXIISNA ar
passage r PR a bol en

sul phi degggﬁ@e aafsﬁggfgtg\lﬁ/a%gcggg%?er m ni:'Et){Ral ega%t $|h{E sgtglﬁé? ;ﬁqgﬁydﬁ |Iééll@g%5yor§£élegt 530.
| n oper abkygen-pher that entd $dyotwabtheoselativa redes ab stippynof hgdpgensubihidaiandt s
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therew t Bu@hid@ﬂs%iw@f&kﬂpﬁhr HioRidd. OI‘IIIéTBIaugiWoﬁoUg%'?ﬁﬁ tﬁé?re?%etogéfﬁﬁge

532 is bolted or otherwise fastened fluid-tight toan end plate 53

t ubes 50&itAriie @t cadjaipd fromithe inngristage d06dhwourcioosatien BB8sulahut apoeur 1 B
0 E C 2002,-26 nfoxinal ds. The pipes %538 are enaaged f]uid-tiaht at the
di stal - emgdneinaieeReiTBa of BY gt s RlaE atpech I PR ab ks S et ot o
534, andsgRmEEbrREedWMchBothesdENG!T it PEOVIHESE a0bEh&hiBs 18R dMergthd fateunded
at one end by the end plate 534 and which is secured fl ui d-tlght t hereto.
The chanmtrRimpsEiUeRNhREipaItePrevEntfexcessivaitempgrajuees teing createdpeil i on of

t he burn i di sjng 5 I f : r,.n4 rough
t he pi peghg%g%lsﬁg %{gt%hﬁiégagggg%@y%%ﬁ%&uf%? t{'ng\ﬁtehéaﬁmdfo\?ﬁgg%ﬁo hee%ug%stzt% e 518
into a finicderbledtetfinteitimpotonet batishsrbyvdHabledrtnectirsihhl sebend orbdisitg bl e
gas issuing fromthe outlet 514 and a second flow through the outlets 522

whi ch i gagesia hayebigdhermeleifiaciogasf pyxgeminary wanidrihewise begmssibipe

conmbust i ISt fi. .S i . r 4550 i n
t he tube%‘%ég%ﬁé&%‘%&,ﬁh ec%%@s“??ﬁ'ﬁ @%Qﬁa%"ﬁ?ﬁ@ﬁ%g tpyoqlt’;lgt’b I stprgif %tt ed
bet ween thmbustiblet gasSdrd apdtsSiOle fradtain ofeoxygenortHeotnyrdfduainigstistagad he

outl et depending on the relative sizes of the outlets 514 and 530. The
di stal eRditsodaBe rereives thrres@s the speend gembuptiple gasiantbtheAlr whidhyisace 562

for the Bgé@h@d aQ%@gﬁId' &ﬂd@fngt%jsr {%ﬂe@ﬁ@liﬁé’b@hiﬂ% ra %9?%?%?93%6‘“ t he
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When the combined rates of supply of the first and second combustible gas are at a
specified maximum, typically the rates of supply of the oxidising gases are each at a

maximum. If the total rate of supply of combustible gas falls, vanious control



out ernost tube 526. The burner shown in Figures 9 and 10 nmay be operated
simlarly to the other burners described and illustrated therein. qqrﬁ E
.although a three stage flane is able to be fornmed, there is no facil g
varying the conmposition and flow of the hydrogen sul phide-contai ni ng gas

m xture exiting the burner 502 through the outlet 514 fromthat exiting
through the outlet 530. Simlarly, there is no facility for varying the
conposition and flow rate of the oxidjiépg gas exiting through the outlets
520 18 0 E C 2002 -27 independently the flow rate and conposition of

t he oxidising gas exiting through the outlets 522. Any of the burners shown
in Figures 1 and 2, Figures 3 and 4, Figures 5 and 6, Figures 7 and 8, and
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condenser 606 in which sul phur vapour is condensed. The resulting
condensate is passed for storage. The residual gas mxture flows fromthe
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reacts with sul phur dioxide to form sul phur vapour® and water vapour, and a
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known treatnments for rendering C aus process effl|uent nore

gas and facilitates maintenance of a high ammonia and hydrocarbon destruction

rate particularly when the first oxidising gas is air. As a result, compared with

operation at the maximum specified throughput of combustible gases, there is a

disproportionate reduction in the rates at which the second combustible gas and the

second oxidising gas are supplied to the burner.

It is possible to increase the rate at which the burner shown in Figure 1 and 2 is able
to handle the combustible gases by supplying amine gas rather than air to the
passage 74. In order to maintain the desired ratio of hydrogen sulphide to oxygen
molecules entering the flame, the mole fraction of oxygen in the first and second
oxidising gases is correspondingly increased. Prior to employing the passage 74 to
handlie amine gas, this passage may be purged with nitrogen or other non-

combustible gas so as to flush oxygen molecules therefrom.



1 8 DE C 2002 -28 suitable for discharge to the atnosphere. For exanple
the gas nay pass to a reactor 614 in which it is subjected to hydr?bﬁﬁgzwz
. and hydrogenation. Any residual carbon oxysul phide and carbon disu

are hydrol ysed over a catal yst by water vapour to produce hydrogen

sul phide. This catal yst may be, for exanple, alumna inpregnated with
cobal t and nol ybdenum Such catal ysts at@-well known in the art. At the
same tinme, residual elenental sul phur and sul phur di oxi de are hydrogenat ed
to form hydrogen sul phide. The hydrolysis and hydrogenation take place on
t he i npr pgratieg aghinnforkigaisal wat 2att willtRaepRiciHted tyfi dithk)yasrstigaeng ange  of
300 to 350C. The resulti as mxture consisting essentially of hydrogen
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flow of a first oxidising gas to issue fromthe nouth of the burner and m x
inthe flame with the first conbustible gas, supplying to the flame froma
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surrounded by said second region and mx in '?%arre wth the second
combust i ¢ eoigeidentositls thagloagltUélaat axineffthé brnendca et Thetubs 2@8 tafimeks

oxi di sin as to mx.in th a h the second_conbusti bl e s, and
ot hor e R Al E% 16 dot 8 D e oAbl 095 B as THE HARSPEBIAY STt phur
vapour, Yéhfihaté3Reus dlswl éHHan @h 9&t|§ﬁ21@¥c§’rﬁﬁ€%s%t5@§!b‘i’é‘ hshydrogen

sul phide. 2. A nethod as clained in claim1, in which the mass flow rate of
the first conbustible gas and the mass flow rate of the second conbusti bl e

gas to t bur ner ..ar €9 nt r i ndependent | ong. _anot he . A Jret hod
9% ol oi i ne AbG Robiforh BeRARTR oot SRE LA TRk pt fhibeS ATy
but the éa@r@adfumﬂgwﬁetspbbﬁ/@pasgdg:dWm@@oﬂmwwoféfnrs%dm@ag gs. cl ai med
in any one of the grecedln clainms, in which the first oxidising gas and

the secoRachylulr 2il B {eFasatascatts tistat pgerindhe srgeplaneiasHag exdrof the tube
208. Each tube 218 has an outlet 222 for the first oxidising gas. The tube 210

defines with the tube 208 a passageway 224 for the flow of a second oxidising gas.
The passageway 224 terminates at its distal end in a nozzle 226 in which are formed
at an angle to the axis of the burner outlets 228 for the second oxidising gas. The
outlets 228 terminate in the same plane as the distal end of the tube 208. The
nozzle 226 is engaged fluid-tight between the tubes 208 and 210. If desired, the
distal end of the nozzle 226 may be formed with an annular projection which is
welded to the end of the tube 210. The tubes 210 and 212 define an annular
passageway 230 for the flow of'a second combustible gas. The passageway 230
terminates at its distal end in an outlet 232 in the same plane as the outlet 216. The
outlets 228 formed in the nozzle 226 direct, in use, the second oxidising gas into the

second combustible gas comprising hydrogen sulphide issuing from the outlet 232.



18 D E C 2002 -30 5. A nethod as clained in any one of the preceding
clainms, in which the mass flow rate of the first oxidising gas and é%% Qﬁﬁs
.flow rate of the second oxidising gas to the burner are control | ed C

i ndependently of one another. 6. A nethod as clainmed in any one of the
preceding clains, in which mxing of the first conbustible gas with the
first oxidising gas is facilitated by directing at |east sone of the first
oxi dising gas along a path or paths which neet a path or paths which neet a
path or paths followed by the first coffustible gas. 7. A nethod as cl ai ned
in any one of clains 1 to 5, in which mxing of the first conbustible gas
with the first oxidising gas is facilitated by directing at | east sone of
the first oxidising gas at a first linear velocity along a path or paths
extendi ng generally contiguous and generally parallel to a path or paths
fol | oneditig/buiner shewn ie figires iSbard gamsatelativaly simpie ianeagerenttfarihie and one
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gas with the burner, the first and second flow control val ves being
oper abl eﬂangﬁemwmrr ig befitedroy cdheniee secured fluid-tight to an end plate 258 which
forms the proximal wall of the chamber 248. The cylindrical wall 252 has a port 260
for the admission of the first combustible gas comprising hydrogen sulphide. The
end plate 258 also forms a wall of a yet further chamber 262 for the first oxidising
gas. The chamber 262 is defined between the end plate 258 and a generally conical
member 264 which is bolted or otherwise secured fluid-tight thereto. The member

264 is formed with an axial port 266 which is coaxial with the burner 202.

The distal end 206 of the burner 202 extends into a port 268 of a furnace 270 for the
partial combustion of hydrogen sulphide. A passage 274 for air as a third oxidising

gas is defined between the outer tube 212 and the port 268.



11. Apparatus as clained in claim9, or claim10, additionally including a
third control valve in a third pipeline for supplying the first OXLﬁ%ﬁiqﬂE
.gas to the burner, and a fourth flow control valve in a fourth pipé&Pi @ r
suppl ying the second oxidising gas to the burner, the third and fourth fl ow
control val ves being operabl e i ndependently of one another. 12. Apparatus
as clainmed in any one of clains 9 to 11, in which the burner has a first
tube defining a first passageway for thg first conbusti ble gas which
termnates in the first outlet and wthin which extend a plurality of
second tubes defining second passageways for the first oxidising gas which
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the outlets 330 relative to that of the outlet 334.

The outermost tube 314 is provided with a port 336 for the flow of the second
combustible gas mixture. The proximal end of the tube 314 is formed with a flange
338 integral therewith or welded thereto. The flange 338 is bolted or otherwise
secured to a similar flange 340 which is integral with or welded to the tube 312. If
desired, a gasket or other sealing member (not shown) can be engaged between the
flanges 338 and 340 so as to ensure a fluid-tight seal therebetween. The flange 340
bounds in part a chamber 342 which is contiguous to the passage 326. The
chamber 342 has a cylindrical wall 344 which is provided at its distal end with the
flange 346 which is boited or otherwise secured fluid-tight to the flange 340. The
wall 344 has a port 348 formed therein so as to enable the second oxidising gas to
be supplied to the chamber 342. The proximal end of the wall 344 is provided with a
flange 350 which is bolted or otherwise secured fluid-tight to a complementary flange
352 integral with or welded to the proximal end of the tube 310. The flange 352
forms a common wall between the chamber 342 and a further chamber 354 for the
first oxidising gas. The chamber 354 is contiguous to the passageway 322. The
chamber 354 has a cylindrical wall 356 which has at its distal end a flange 358 which
is bolted or otherwise secured fluid-tight to the flange 352. The cylindrical wall 356
has a port 360 formed therethrough so as to enable the chamber 354 to receive first
oxidising gas. The proximal end of the wall 356 also carries a flange 362 which is
bolted or otherwise secured to a flange 364 which is formed integral with or is
welded to the proximal end of the innermost tube 308. The flange 364 forms a
common wall between the chamber 354 and a yet further chamber 366 which is
contiguous to the passageway 318 and communicates therewith. The chamber 366

Is provided with an axial port 368 to which the first combustible gas is able to be
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supplied. The port 368 is coaxial with the longitudinal axis of the burner 302. As
shown in Figure 5, the distal end 306 of the burner 302 extends into a port or quarl
370 of a furnace 372 for the partial combustion of hydrogen sulphide. An annular
space defined between the port 370 and the burner 306 provides a passage 374 for
the flow of a third oxidising gas, namely air. In operation, the air becomes mixed

with the second combustible gas leaving the burner 302 through the outlet 334.

Operation of the burner shown in Figures 5 and 8 is analogous to that shown in
Figures 1 and 2 and that shown in Figures 3 and 4.

Referring now to Figures 7 and 8 of the drawings, a burner 402 has a proximal end
404 and a distal end 406. The burner comprises an assembly of three coaxial
radially spaced apart tubes 408, 410 and 412. The tubes 408 defines a passageway
414 having at its distal end an outlet 416 for a first combustible gas comprising
hydrogen sulphide. The tubes 408 and 410 define therebetween an annular
passageway 418 for a flow of oxidising gas, for example, oxygen enriched air. The
passageway 418 terminates at its distal end terminates in an annular nozzle 420
which has a group of first outlets 422 formed therethrough and each inclined at the
same angle in the range of 10 to 15 degrees to the longitudinal axis of the burner
and which are inclined towards this axis in a direction of gas flow therethrough. The
outlets 422 provide a flow of first oxidising gas which mixes with the first combustible
gas downstream of the distal end 406 of the burner 402.

A second group of outlets 424 is also formed through the nozzle 420. The outlets
424 are each inclined at the same angle in the range of 10 to 15 degrees to the
longitudinal axis of the burner 402, the gas diverging from the axis in its direction of
flow. The group of outlets 424 therefore enable a second oxidising gas to issue from
the distal end 406 of the burner 402. An annular passageway 426 is defined
between the tubes 410 and 412. The passageway 426 terminates at its distal end in
an outlet 428. In operation, the second combustible gas issues from the distal end

406 of the burner 402 through the outlet 428 and becomes mixed with the second
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oxidising gas leaving the burner 402 through the outlets 424. The flow ratio of the
first oxidising gas to the second oxidising gas is determined by the relative cross-
sectional areas of the outlets 422 and 424.

The tube 412 has a port 430 formed therein to enable the passageway 426 to be
placed in communication with a source of the second combustible gas comprising
hydrogen sulphide. The proximal end of the tube 412 has a flange 432 formed
integral therewith or welded thereto. The flange 432 is bolted or otherwise secured
fluid-tight to a complementary flange which is welded to or formed integral with the
tube 410. The flange 434 is also bolted or otherwise secured fluid-tight to a
complementary flange 436 extending from an end piece 438 which is provided with
an inlet port 440 for the oxidising gas. The tube 408 extends at its proximal end into
the end piece 438 and carries a flange 442 to which the proximal end of the end
piece 438 is welded or otherwise secured fluid-tight. Oxidising gas flows, in
operation m" the burner 402, into the port 440 and through the end piece 438 into the
passageway 418 defined between the tubes 408 and 410. The tube 408 is open at
its proximal end and may be placed in communication with a source of the first

combustible gas comprising hydrogen suiphide.

The distal end 406 of the burner 402 extends into a port 432 of a furnace 434 for the
partial combustion of the hydrogen sulphide. An annular passage 438 is defined
between the burner and the port 432 through which a third oxidising gas, typically

air, can be supplied to the burner flame in operation of the burner 402.

The operation of the burner 402 is analogous to that of any of the burners shown in
Figures 1 and 2, Figures 3 and 4 and Figures 5 and 6 of the accompanying drawings
with the exception that there is no facility for varying the composition and the flow
rate of the first oxidising gas independently of the composition and flow rate of the

second oxidising gas, because both are taken from a common source supplied to
the port 440 of the burner 402.
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Referring now to Figures 9 and 10 of the drawings, a burner 502 has a proximal end
504 and a distal end 506. The burner 502 includes an assembly of two inner coaxial
tubes 508 and 510. The inner tube 508 defines a passageway for a first flow of gas
mixture comprising hydrogen sulphide. The passageway 512 has at its distal end an
outlet 514. The tubes 508 and 510 define therebetween an annular passageway
516 for the flow of an oxidising gas, typically oxygen-enriched air. The passageway
516 terminates at its distal end in an annnular nozzle 518. The nozzle 518 has a
first group of outlets 520 formed therethrough. The outlets 520 are each inclined at
the same angle towards the longitudinal axis of the passageway 512, in the direction
of flow of the gas. The nozzle 518 is also provided with a second group of inclined
outlets 522. The outlets 522 are each inclined at the same angle to the longitudinal
axis of the tube 508, the outlets 524 being arranged such that the gas is conducted
away from the axis. The nozzle 518 is therefore able to divide the oxidising gas into
a first flow which is conducted into the gas leaving the outlet 514 and a second flow
which is conducted into a second flow of combustible gas comprising hydrogen

sulphide, as will be described below.

The assembly of the tubes 508 and 510 is located within an outermost tube 526.
The tube 526 is coaxial with the tubes 508 and 510. It terminates at its distal end in
the same plane as the distal end of the tube 512. However, its proximal end is
closer to the proximal end 504 of the burner 502 than the proximal ends of the tubes
508 and 510. The tube 526 defines with the tube 510 an annular passage 528 for
the flow of combustible gas mixture comprising hydrogen sulphide. The
passageway 528 terminates at its distal end in an outlet 530. In operation, the
second flow of oxidising gas from the group of outlets 522 becomes mixed with the

flow of hydrogen sulphide containing gas leaving the burner 502 through the outlet
530.

The tube 526 has formed integral therewith or weided thereto at its proximal end a
flange 532. The flange 532 is bolted or otherwise fastened fluid-tight to an end plate
534 The tubes 508 and 510 engage fluid-tight an annular closure 536 at their
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proximal ends. The pipes 538 are engaged fluid-tight at the distal ends in the
closure 536 and at their proximal ends by the end plate 534, and communicate with
a chamber 540 for oxidising gas which is bounded at one end by the end plate 534
and which is secured fluid-tight thereto. The chamber 540 has an iniet 542 for
oxidising gas. Thus, in operation of the burner 502, oxidising gas is able to flow from
the chamber 540 through the pipes 538 into the passageway 516. It is then divided
by the nozzle 518 into a first flow through the outlets 520 which mixes with the
combustible gas issuing from the outlet 514 and a second flow through the outlets
522 which mixes with the combustible gas issuing from the outlet 530. The
combustible gas is itself supplied to the burner 502 through a port 550 in the tube
526. The flow of combustible gas will naturally be distributed between the outlets
514 and 530, relative proportions flowing to each outlet depending on the relative
sizes of the outlets 514 and 530.

The distal end 506 of the burner 502 is received in a port 560 of a furnace 562 for
the partial combustion of the hydrogen sulphide. The burner 502 and the port 560
define therebetween a further annular passageway 564 for the flow of air to the
burner flame, the air becoming mixed with the hydrogen sulphide, containing gas
issuing from the outlet 530.

If desired, the tube 510 may carry on its outer surface support fins 570 so as to

enable the assembly of the tubes 508 and 510 to be centrally located within the
outermost tube 526.

The burner shown in Figures 9 and 10 may be operated similarly to the other
burners described and illustrated therein. However, although a three stage flame is
able to be formed, there is no facility for varying the composition and flow of the
hydrogen sulphide-containing gas mixture exiting the burner 502 through the outlet
514 from that exiting through the outlet 530. Similarly, there is no facility for varying

the composition and flow rate of the oxidising gas exiting through the outlets 520
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independently of the flow rate and composition of the oxidising gas exiting through
the outlets 522.

Any of the burners shown in Figures 1 and 2, Figures 3 and 4, Figures 5 and 6,
Figures 7 and 8, and Figures 9 and 10 of the drawings may be employed as the
burner 600 shown in Figure 12. With reference to Figure 12, a combustible gas
mixture which typically includes more than 40% by volume of hydrogen sulphide
flows into the burner 600. Partial combustion of the hydrogen sulphide is supported
by the supply of oxygen enriched air and atmospheric air to the burner 600. The
burner 600 fires into a furnace 602. A gas mixture comprising hydrogen sulphide,
sulphur dioxide, sulphur vapour, water vapour, nitrogen, carbon dioxide and
hydrogen leaves the furnace 602 typically in the range of 1100°C to 1600°C. The
effluent gas mixture passes through a waste heat boiler 604 in which its temperature
is reduced to a little above the point at which sulphur vapour condenses. The mole
ratio of hydrogen sulphide to sulphur dioxide in the effluent gas mixture is
approximately 2 to 1 after some recombination of hydrogen and sulphur in the waste
heat boiler 604. Downstream of the waste heat boiler 604 the effluent gas flows
through a condenser 606 in which sulphur vapour is condensed. The resulting
condensate is passed for storage. The residual gas mixture flows from the
condenser 606 through successive catalytic Claus stages 608, 610 and 612. Each
of the stages 608, 610 and 612, in accordance with the general practice in the art,
comprises a train of units consisting, in sequence, of a reheater (not shown) to raise
the temperature of the gas mixture to a temperature suitable for catalytic reaction
between hydrogen sulphide and sulphur dioxide, a catalytic reactor (not shown) in
which hydrogen sulphide reacts with sulphur dioxide to form sulphur vapour and
water vapour, and a sulphur condenser (not shown). f desired, depending on the
environmental standards which the plant shown in Figure 12, one or more of the

catalytic stages 608, 610 and 612 may be omitted.

The gas mixture leaving the downstream catalytic stage 612 may be subjected to

any one of a number of known treatments for rendering Claus process effluent more
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suitable for discharge to the atmosphere. For example the gas may pass to a
reactor 614 in which it is subjected to hydrolysis and hydrogenation. Any residual
carbon oxysulphide and carbon disulphide are hydrolysed over a catalyst by water
vapour to produce hydrogen sulphide. This catalyst may be, for example, alumina
impregnated with cobalt and molybdenum. Such catalysts are well known in the art.
At the same time, residual elemental sulphur and sulphur dioxide are hydrogenated
to form hydrogen sulphide. The hydrolysis and hydrogenation take place on the
impregnated alumina catalyst at a temperature typically in the range of 300 to
350°C. The resulting gas mixture consisting essentially of hydrogen sulphide,
nitrogen, carbon dioxide, water vapour and hydrogen leaves the reactor 614 and
flows first to a water condensation unit (not shown) and then to a separate unit (not
shown) in which hydrogen sulphide is separated, for example, by chemical
absorption/desorption. A suitable chemical absorbent is methy! diethylamine. If

desired, the hydrogen sulphide thus recovered may be recycled to the burner 600.
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CLAIMS

1. A methaod of forming sulphur vapour by partial oxidation of hydrogen sulphide,
comprising operating a burner so as to establish a flame in a furnace in or into
which the burner fires, supplying to the flame from the first region of the
mouth of the burner at least one flow of the first combustible gas comprising
hydrogen sulphide, causing at least one second flow of a first oxidising gas to
issue from the mouth of the burner and mix in the flame with the first
combustible gas, supplying to the flame from a second region of the mouth of
the burner surrounding and spaced from the said first region at least one third
flow of a second combustible gas comprising hydrogen sulphide, causing at
least one fourth flow of a second oxidising gas to issue from a region or
regions of the mouth of the burner surrounded by said second region and mix
in the flame with the second combustible gas, causing at least one fifth,
outermost flow of a third oxidising gas to mix in the flame with the second
combustible gas, and withdrawing from the furnace a resultant gas mixture
including sulphur vapour, water vapour, sulphur dioxide, hydrogen and
residual hydrogen sulphide.

2. A method as claimed in claim 1, in which the mass flow rate of the first
combustible gas and the mass flow rate of the second combustible gas to the
burner are controlled independently of one another.

3. A method as claimed in claim 2, in which the first combustible gas includes

ammonia, but the second combustible gas includes no ammonia.

4. A method as claimed in any one of the preceding claims, in which the first
oxidising gas and the second oxidising gas are both oxygen or oxygen-

enriched air.
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5. A method as claimed in any one of the preceding claims, in which the mass
flow rate of the first oxidising gas and the mass flow rate of the second

oxidising gas to the burner are controlled independently of one another.

6. A method as claimed in any one of the preceding claims, in which mixing of
the first combustible gas with the first oxidising gas is facilitated by directing at
least some of the first oxidising gas along a path or paths which meet a path
or paths which meet a path or paths followed by the first combustible gas.

7. A method as claimed in any one of claims 1 to 5, in which mixing of the first
combustible gas with the first oxidising gas is facilitated by directing at least
some of the first oxidising gas at a first linear velocity along a path or paths
extending generally contiguous and generally paraliel to a path or paths
followed by the first combustible gas at a second linear velocity, and one of

the first and second linear velocities is from 25 to 150% greater than the other
thereof.

8. A method as claimed in any one of the preceding claims, in which the third

oxidising gas is atmospheric air.

9. Apparatus for forming sulphur vapour by partial oxidation of hydrogen
sulphide, comprising a furnace, a port in the furnace, a burner having its
mouth located in the port and operable to establish a flame in the furnace,
and an outlet from the furnace for a resultant gas mixture including sulphur
vapour, water vapour, sulphur dioxide, and residual hydrogen sulphide;
wherein the mouth of the burner has a first outlet or group of outlets for
supplying to the flame at least one first flow of a first combustible gas
comprising hydrogen sulphide, a second outlet or group of outlets for causing
at least one second flow of a first oxidising gas to issue from the burner and
mix in the flame with the first combustible gas, a third outlet or group of

outlets, surrounding and spaced from the first outlet or group of outlets, for
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comprising hydrogen sulphide, and a fourth outlet or group of outlets
surrounded by said third outlet or group of outlets for causing at least one
fourth flow of a second oxidising gas to issue from the burner and mix in the
flame with the second combustible gas; wherein a passage or passages are
defined between the burner and the port or extend through or terminate in the
mouth of the burner, and are able to cause an outermost flow of a third

oxidising gas to mix in the flame with the second combustible gas.

10.  Apparatus as claimed in claim 9, additionally including a first control valve and
a first pipeline for supplying the first combustible gas in the burner, and a
second flow control valve in the second pipeline for supplying the second
combustible gas with the burner, the first and second flow control valves

being operable independently of one another.

11.  Apparatus as claimed in claim 9, or claim 10, additionally including a third
control valve in a third pipeline for supplying the first oxidising gas to the
burner, and a fourth flow control valve in a fourth pipeline for supplying the
second oxidising gas to the burner, the third and fourth flow control valves

being operable independently of one another.

12. Apparatus as claimed in any one of claims 9 to 11, in which the burner has a
first tube defining a first passageway for the first combustible gas which
terminates in the first outlet and within which extend a plurality of second
tubes defining second passageways for the first oxidising gas which each
terminate in a respective second outlet, and a third tube surrounding and
generally coaxial with the first tube, and defining an annular third
passsageway for the second combustible gas which terminates in the third
outlet, and a plurality of fourth tubes for the second oxidising gas which each
extend within the third passageway and which define fourth passageways

each terminating in a respective fourth outiet.
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Apparatus as claimed in any one of claims 9 to 11, in which the burner has a
first tube defining a first passageway for the first combustible gas which
terminates in the first outlet and within which extend a plurality of second
tubes defining second passageways for the first oxidising gas which each
terminate in a respective second outlet, a third tube concentric with and
surrounding the first tubé to define therewith an aﬁnular third passageway for
the flow of the second oxidising gas, the third passageway terminating in a
nozzle in which the fourth outlets are formed, and a fourth tube concentric
with and surrounding the third tube to define therewith an annular fourth

passageway for the second combustible gas terminating in the said third
passageway.

Apparatus as claimed in any one of claims 9 to 11, wherein the burner has
four concentric radially spaced apart tubes defining a central tubular
passageway, and an innermost, an intermediate, and an outermost annular
passageway, the central tubular passageway ending in the first outlet and the
outermost annular passageway ending in the fourth outlet, and wherein the
innermost annular passageway and the intermediate annular passageway

both end in respective nozzles defining the second and third groups of outlets.
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