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20 In the case of solid fuels, the sulfur compounds
are absorbed after the combustion in the power station as
sulfur dioxide by a flue gas desulfurization system using
milk of lime and converted into calcium sulfite. By
oxidation with the residual oxygen present in the exhaust

25 gas, gypsum is formed as end product.

In the case of liquid fuels, such as diesel fuel
or light fuel o0il, maximum permissible sulfur contents
are prescribed. This is because flue gas desulfurization
after possible consumption in engines, for example, can

30 no longer be implemented. The desulfurization of these
fuels is carried out in the refineries. The sulfur
compounds present in the crude oil are recovered in the
distillate, the heavy oil fraction having the highest
sulfur concentrations.

35 The desulfurization is performed using gaseous
hydrogen (H,). The organic salfur compounds are converted
in this case into hydrogen sulfide. The hydrogen sulfide,
which is present in the gas mixture with hydrogen and
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gas at a content of up to 30% by volume and in the off-
gas from sewage treatment plants at a content of up to 5%
20 by volume of hydrogen sulfide.

The industrial utilization of hydrogen sulfide is
limited. Therefore, it is first converted into elemental
sulfur and then in special plants into sulfuric acid.
Elemental sulfur is required in the rubber industry.

25 Sulfuric acid is used in the chemical industry.

Direct conversion of sulfuric acid into elemental
sulfur is possible by thermal cleavage of hydrogen
sulfide, wet oxidation of hydrogen sulfide in a liquid
(agqueous) phase and dry oxidation of hydrogen sulfide in

30 the vapor phase. .

The direct conversion process most frequently
utilized with over 2000 plants worldwide is the Claus
process, which was developed as early as 1883. This
process is based on a dry oxidation process. A multiplic-

35 ity of process variants have arisen. all process variants
are based on the same fundamental chemical reactions and
on the use of a thermal reaékor and a catalytic reactor.

The thermal reactor consists of a combustion
chamber having a burner, a waste-heat boiler and a first
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The remaining associated gases present due to the
process, such as hydrogen, methane, higher hydrocarbons,
ammonia, steam, carbon dioxide, react in accordance with

15 their concentrations in a multiplicity of side reactions.

The actual Claus reaction between sulfur dioxide
and hydrogen sulfide in which elemental sulfur and steam
are formed is reaction 2. This proceeds in the catalyst
bed.

20 Elemental sulfur is additionally directly pro-
duced by the thermal cleavage of hydrogen sulfide into
sulfur and water in the combustion chamber:

3. HS » H, + 1/2 8,

This reaction is highly endothermic.

25 In terms of the process, one third of the amount
of hydrogen sulfide, usually a mixture of Claus gas and
sour water stripper gas, is burnt by the burner substo-
ichiometrically by the combustion air to give one third
of sulfur dioxide. The remaining hydrogen sulfide is

30 thermally cleaved in the combustion chamber into sulfur
and hydrogen in the temperature range between 900°C and
1300°C and is catalytically converted at temperatures
between 180°C and 400°C in ﬁﬁe catalytic reactors togeth-
er with the unburnt hydrogen sulfide to give elemental

35 sulfur and water. The reaction to give sulfur is optimum
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sulfide concentrations between 30% by volume and 50% by
20 volume.

In the main stream operation, the entire quantity
of hydrogen sulfide 1is partially combusted with the
combustion air in the combustion chamber. Owing to the
thermal cleavage of the hydrogen sulfide in the combus-

25 tion chamber, a high proportion of sulfur is already
separated off in the first sulfur condenser downstream of
the waste-heat boiler. For hydrogen-sulfide-rich gas, the
degree of sulfur conversion in a three-stage Claus
process is 96 to 97%.

30 Downstream tail gas treatment plants, generally
Claus processes having a thermal afterburning, then make
it possible to comply with the regulatory limit wvalues
dependent on the plant capacity.

In the side stream operation, on account of the

35 low heating value of the hydrogen sulfide gas, the gas
stream is divided. At least one third of the hydrogen
sulfide gas is burnt with tH; necessary combustion air in
the combustion chamber and the resulting sulfur-dioxide-

rich reaction gas is mixed with the remaining hydrogen
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o Thor cased. ShF Ert s ey BBt Sanet YR qpgpanet ton related
increase in refinery capacity, use of cheaper but higher-
sulfur crude oil qualities or for reduced sulfur concen-
20 tration limit values in the end product. The term "sulfur
capacity" here means the amount of sulfur produced per
unit time.
In addition to the new construction or conversion
of the Claus plant which may be necessary, there is also
25 the possibility of bypassing the bottleneck in the
apparatus by the use of oxygen. In these processes, the
combustion air is partly or completely replaced by
oxygen. By using oxygen, the combustion temperature is
increased and the inert gas content is decreased or
30 eliminated. This means that specific process gas volumes
and thus the plant pressure drop are decreased. Thus the
throughput of the sour water gas and Claus gas can be
increased and low-hydrogen-sulfide feed gases having a
low heating value and high ammonia content can also be
35 processed in a main stream reactor. The use of oxygen in
Claus plants is currently the state of the art.
In the processes cd;rently used, the enrichment
of combustion air with oxygen is the easiest to imple-
ment. The increase in throughput hydrogggm§g;§ide is
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20 into the combustion chamber through the burners to
decrease the temperature. The higher process gas rates
increase the pressure drop in the combustion chamber and
in the waste-heat boiler. In the downstream catalytic
reactor stages, the pressure drop is lower on account of
25 the reduced process gas rates.

The Lurgi-oxygen-Claus burner is a burner which
can be operated with air, with oxygen, or with air and
oxygen as oxidation medium. The maximum possible oxygen
concentration is approximately 80% by volume. The Claus

30 gas and the ammonia-containing sour water stripper gas
are fed separately. The sour water stripper gas is burnt
together with the fuel gas with air in a central burner
muffle. The Claus gas is burnt with oxygen and air as
oxidation medium by a plurality of twin-concentric

35 individual burners which are symmetrically arranged
around the burner muffle. An individual burner consists
of a central oxygen nozzle,-; concentric Claus gas nozzle
and a twin-concentric air nozzle. This arrangement
produces individual oxygen/hyd;ogen sulfide flames which
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20 Claus process. The hydrogen sulfide gas is apportioned
between the two combustion chambers. In the first combu-
stion chamber, combustion with oxygen produces sulfur
dioxide alone. To control the temperature, downstream of
the waste-heat boiler, a partial stream of the cooled

25 sulfur-dioxide-containing partial stream is blown into
the actual combustion chamber through a burner together
with the remaining hydrogen sulfide gas and oxygen in
order to set the hydrogen sulfide/sulfur dioxide ratio
necessary for the Claus reaction.

30 The use of up to 100% by volume oxygen as oxida-
tion medium offers the greatest potential for increasing
the output of the Claus plants. However, for this
purpose, not inconsiderable capital expenditure on plant
equipment must be made. In all known oxygen-Claus pro-

35 cesses, at least the burners and the combustion chambers
must be replaced. Further costs arise if, in addition, a
recirculated gas fan or a séﬁond combustion chamber with
waste-heat boiler and sulfur condenser are required.

Furthermore, operating a recirculation fan is not without
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F ry for the Claus reaction. The use of up to 100% by vol unme
25;32?161% oxida- tion nediumoffers the greatest potential for increasing
the output of the Claus plants. However,-f®&r-this purpose, not .
i'nconsi derabl e_capital expenditure on Iant equi pment nust be nade. In a
known oxygen- CPFSOLSIE. QNG tonpassddile; walfumdeposidst.he conbusti on

eactors nust be repl acksievied,t Nelie CRSER Fore@itiih | éiﬂé’d'itﬂ NeaBacity.

;em rculated g %ﬁ oroa second . aﬁugtlgl react or (\%ft wa e-%ég? Bg! | er
and sul fur con%ﬁns?er ar e ’PS uiAvéd: £t He#hoteuabp¥r aetndar explested: i on
fan i s not witlisdmce the downstream systems, the catalytic re%E%®EE$E%ﬁE¥$NT

?gFETproblgns egﬁﬁﬁ&e areS%| YRS ngggngast OXygeRRRXEFhment hi gh
potential oper EEANG TS &Y }Omséhcaplthéneapandiabhmpahutlswﬁi:hy?ﬂl)ir e
expl oi ted, si nmaxhhamdaﬁﬂﬁé%wmn?ér% hy[:jﬁ ? éf?%orfiﬁe

‘exanple, are a, ott#gneck ontrast, oxy n enrlc

| owest capi tal *expBhtftar & hebu st oﬁP?eﬁthﬁkl rﬁﬂﬁoflnm vohunehef
oxygen in the séﬁbasewy afr a Clausfpeaattihe | owest potential for increase

[ bCi fore underlying
in the effpciency of a The ohj ect there
t he |nven§'|bon was to ogercon'?e {:ﬁm%e a%95‘§1§§lgf" hEhErJ-%Ye%TF%O%rP@Qo

provi de a prockSs CXeF camea e atiysaﬁyanhagdam pfpattd opttHsr t Bgtﬁm{cﬁtﬁ@g
capacity and tbeodeaéeg PFo S8 i Y agpmfﬂ"tﬁgeﬂg H#Iéﬂﬁ:er} oﬁﬁe]a:err% ¥ o be

sul fur are inp rocess agnd t aratu

able to be int ég?af’gﬁrﬁﬁﬁg‘geﬁ%%yﬂ% ‘ﬁ#%mtisgwi@ hogompavarstiorelof | ow
addi ti onal expkvdrogen. sulflde tthe dnerada 1 ss@pfﬁﬁvggebg_m?ﬁg;,%gessrﬂ@w ng

f eat d. an at us havi ng eatures as
élggcr ?gegiig?\ g‘lgéngé.‘[ggarltf’ err «?(?adfe"‘\r}éﬁ dp@%@geﬁl’“@r%eéi@l &d ba abike to
subcl ai ns. be 1n¢ﬁ€r§#§desl@t@cmmtmg1g OClédngs i pyantsowibas ddwpadiant age

f
the sul fu C I reased with the use o
E)Q;tgen gr an o%/giﬁ?r}%% ch%&%&ﬁap é?%gvt%fla% tal costs being necessary.

However, at the same tT]Pr% °§ﬂ|§§f—aﬁﬁ a‘iq eyieghdry oxygeacesachattiat iz
features according to claim 1 and an apparatus having the

20 features as described in claim 16. Preferred developments
are specified in the subclaims.

The process according to the invention has the
advantage that the sulfur capacity of Claus plants is
increased with the use of oxygen or an oxygen-rich gas,

25 with only low capital costs being necessary. However, at
the same time, substantially higher oxygen concentrations
or hydrogen sulfide throughputs are possible in compari-
son with a conventional oxygen enrichment.

According to the invention, the oxygen is not

30 used solely as oxidation medium as hitherto, but is
additionally used to increase the mixing energy in order
to improve the mixing between oxidizing agent and feedgas
in the existing combustion chamber. By increasing the
mixing energy, the combustion density and thus the

35 throughput of hydrogen sulfide can be increased. This is
because this integrates, into the existing combustion
chamber, an additional aftéfburning zone which is pro-
duced by highly turbulent self-priming oxygen jets. The
process gas which is partially reacted with air or
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or hydrogen sulfide throughputs are possible in conpari - son with a
conventional oxygen enrichnent. According to the invention, the
oxygen is not used solely as oxidation rmedumas hitherto, but is
additionally used to increase the mxing energy in order to inprove the
m xi ng bet weenP&RMdXEChGndgéat exAtingefyan thet hembnstor ngr conbustinar

chanber. By Inciee@ﬁuegstliage@téaneoees&tﬁyetéh&f@&ﬂ@ﬁfﬁiﬂ@ dfunf%ﬁérﬁaﬁethus
t he throughput dro en sulf de can, be |ncrease his is because fhis

h
i nt egr at es, Fg‘et SF ¢ g & StPHFCE eddt obhe &?%ttmenathamber
af t er bur ni ng zpmecdedchclesero-td}luthé bﬁhéﬁrﬂidynémﬂci)uqulliﬁkfmﬂtl NrRE

gg,g;&lwgt SHEE;FRJ 06235¢938 g ds o td @ 1 aftea%lgg@m L N Felafl o

exiting from t k&ecspishdomet rilre combust ios . t hus subj ected to conplete
fterburnin Furt her e rgact 1 st n
a 9. Mahecehle IFACtih i %&aﬁeg s rglgéfﬂ o 19

react or proceed clgser. to the therm)dynam c e rons "partial
conbusti on" anﬁuPBgtlg A GEAPEEESEE e AP SlHESS 3 difi diRdten O%brushish.

Instead of tecpmesaurgrade oxpgenlnhich istavep! f@&ncomw:ﬁeﬂneuwt@iel It ng
or is takeg of Eoﬁt__aglnghspr% %[Iﬂlao‘%lq?ﬁ)lyé ulllgbgtat from vac‘%JP |%nsn€oa e

cont ai ners, oxygen Rhavin .
oxygen cont ent 188% @Vso’oﬂem@seutygﬁm $qr1$qmrtefcamtd];sq)rhnjumﬂlelemlys

on-site by nol ?%ke&am V& radtlell IR ILL G - sflctfe éfoér’]@%tg{”%%%‘g

adsorption sys Or pressure vacuum sSw ng

9
( PVSA) . g?ﬁeg’ﬁc}&?‘t Sy & Sxy FOF |e§<a“§2:1@or‘tﬁm§1m (ﬁwin_g i adeerpohon not

added as hithesystems (WSAPUSHSrdBmaY Weltiueh %h@nﬁogéés‘éib@{'oﬁ'én}{ﬁ .?' S
preferabl bIo vkR)at hi gh velocity through at | east one or a tiplicity

I ndi vi uaI \r{{ezz]aeé These are, depending on the existing construction of
the conbusti on react or Thei naddﬁ.alibadlsyonpgehcaiéy dhstordihied tdH tige

conbustion reaghobnpabh,i mmbhe A4 gonhifﬂ%gﬁot%r%bahe_ HQTPHRERE O by
downstream of the burnéf at fhe begl nn| n
enriching the combustion alr, but is preferably blown in
at high velocity through at least one or a multiplicity

20 of individual nozzles. These are, depending on the
existing construction of the combustion chamber, in-
stalled symmetrically distributed in the combustion
chamber wall in the transition region to the combustor or
downstream of the burner at the beginning of the combus-

25 tion chamber.

The process gas which is exiting from the combus-
tor or the burner and is substoichiometrically burnt or
premixed with the combustion air of the burner is, owing
to the intensive mixing with the oxygen, subjected to

30 complete afterburning and the stoichiometric hydrogen
sulfide/sulfur dioxide .ratioc of two to one which is
required for the Claus reaction is set, the hydrogen
sulfide/sulfur dioxide ratio being measured upstream of
the tailgas treatment system.

35 For intensive mixing, the exit velocities from
the individual oxygen nozzles are preferably in a Mach
number range between 0.4 ana 2. Mach number (Ma) is here
taken to mean the ratio of the nozzle exit velocity to
the speed of sound of the gases. On account of the
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fion reactor . The process gas which is exiting fromthe combus-
tor or the burner and is substoichionetrically burnt or prem xed with the
combustion air of the burner is, owi ng tolbhe intensive mxing with the
oxygen, subjected to conpl ete afterburning and the stoichiometri c hydr ogen
sul fi de/ sul f ur *iletiigelyat hbobf exdt t yedoeilyi chfi theqoxygenf,or highl@ aus

reaction is seturidQ dmdregrn jeilsl bde/ suk-hihl Qh%hgg:rréﬁt .thR Lel-PGuARaSY" ed

upstream of the tailgas treatnment system _ Intensive mXing, the
egit vel ocitie§ &%%tlﬁél i%‘%%a?zﬁﬁﬁgﬁrﬁozﬂlé_% e pearkr avith i kha Mach
nunber range beowbertlbl eansbrist ivasth trmnbmﬁe(g@afbgehe(r?@l;falte%n 10 eggg Enhe
ti f the n | e .exi l Qcity.to_the speed of sound o e gases. !
ggcgan? of t%t he%ée l@(Ibq.lr\fl% %O S¥11fur glox:l.%e._ 10 - rel ativel y hi gh eX|F
vel ocity of the oxygenAthi ghl yextifr bokedorityeecpetrespordfng mad Wai chaghaw i n

surroundi ng CORRIBELOB @A OTehaAl TSR Grodld SPGEgas! i Nedlito
combusti bl e constituents. The hydrogen sulfide in this Case Ts Durnt to
sul fur dioxi de®R accounty o thy; infengdvey madingspdme netebchivnebrbanber
of one, that i &yﬁheg&ne@i;lﬁidﬁﬁﬂﬂfdxﬁr%ﬁﬁrﬂé er?tlgikéafﬁo:ﬂ?br Q:‘;cla_ Epcg)}?edei?at -
I nt ensi ve .\ Xi tol chiometric rogen sul fide/sul fur di

of two tolglne %%tggtig'g’ |§ﬁed{r8+ﬁi STRERTS, ‘%?‘Fe RYFET pPESERTLI niPhethe
conmbust i on r eacpabuist iconpitetmdier rbactetpldhelgonpheted. eatid ofomblébe

i [ |} : a ¢ reactor. _This is
betause at ?22%%?8?'3?8?#3EF;FE&SE‘%?@%B%F%F%t_%é%o?ﬁéo%%%ﬁ%? PRES e eted
oxygen ot her- w-E8Lpre’eAtYEic orapctatant Thisacis Wedausse stl freadioxi de

present to formespkiatulresositdesOSCl eor 5309 Chné eagéSsdi &R ddte Sljdd nu
o the foll ow ng reactjon ‘eguati on: 4.

oxi de cat alLyst |l ets according % %:

Al[err]qg%r] whEe present 1in it %V?]@(ﬁaé"rtrg] Fegfefrwith the sulfur
dioxide present to form sulfur trioxide (SO;) which
reacts with the aluminum oxide catalyst pellets according

to the following reaction equation:
4. Al,0, - Al,S0, + O,

20 Aluminum sulfate forms, which coats the catalyst
surface and thus inactivates the catalyst.

Furthermore, at oxygen velocities corresponding
to a Mach number of 1, the oxygen nozzles are thermally
relieved, since the flames of the hydrogen sulfide/sulfur

25 dioxide free jet diffusion flames do not stabilize on the
nozzle, but burn free in the combustion chamber, lifted
off from the nozzle. In addition, the flame routes are
thus displaced from the oxygen nozzles into the combus-
tion chamber. The absolute oxygen pressure at the nozzle

30 exit necessary for an oxygen velocity corresponding to a
Mach number of 1 should preferably be 1.93 times the
pressure prevailing in the combustion chamber (PBRK) .

The angle of inclination of the oxygen injection
lances is preferably 45° to_§0° to the direction of flow,

35 the axes of the oxygen jets intersecting the central axis
of the combustion chambers. The oxygen injection lances
are advantageously installed into the inner wall of the
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Al um num sul fate forns, which coats the catal yst surface and thus

I nactivates the catal yst. Furthernore, at oxygen velocities
corresponding to a Mach number of 1, the atygen nozzles are thermally
relieved, since the flanes of the hydrogen sulfide/sul fur dioxide free jet
di ffusion fl amePmRASTEORs iclisinkiens o tthhé heo zwlze 1 dsutt lmsihn okr eedesddir
conbustion reactor , |ifd eghdf Lakeo e ,hl Nyaddi t 4 , ame
routes are thus.di sq%ltaceg from tfksl(g 3’33@%9%% ggli%r}llt %%‘iefégeon%gg-riﬁlgn
reactor . The }t}?ﬁl e bRIGeMSAES sHPECht hawe ngzzradial t viedessidar yahdr an
ixggen_ vel ociht pcrmammﬁnmgi_jlxgxﬁ]d\m mr?ﬂwﬁ)ﬁfbh@fiﬁdﬁmml pé%%géRK bg_be

: timesthe. pr u evaili.ng .i.n _the conbustion reactor .

The angl e 5f i B n%fls;tél;lgngtﬁ)l? t55% d‘%;g]éﬂ" | FRaEPeHn Itg‘ﬁcé%xX%ererlé?ﬁ fon
45[err] to 90[ d@rcesoarkepuefecably iofstfdlded thetaibatell &rmexygea119t S

I ntersecting the ' i reactors . The_oxygen
i nj ection | ances ogl(rﬁeIait g%&aﬁ%%é@%&ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%lrkntao%fﬁ ealnﬁﬁeP?v@PPX% 1fhe

- 11 - conbusfRERIFe cSr #Tuiths FREPHSE PESChaTbAr odiametssedneasured | n
the case of burfmems tiei cenpeedugetawi EbinBdstk8AShakbal . "RADS ﬁ?&&@c@gve a
radial vehgcity and %%rﬁc Q,t.r?t i ogldi stribution of the individ gas conpo-
nents on fhe combiatron FEACESS T1PHeddk§GERdi APRiRFbnthansesrhref the
preferably i nsmainedldmst.ri buted symetrically around the periphery
preferably at a distan of I - gt el.y 0.25 of the conbustion reactor
di anmet er, neasur ed fro‘rinﬁtehe c teg%( oJTlﬂ?ehcng)éélnbulsaﬁcoerF r 45§ orPreferably
produces an ox{¥GBASEMACedthf o iveR clear kyydiaisiy suerowndedobyt Aerhimdgn

flame. glbe nsyges. i I egiricdRkaneesgase kpi\%‘fr?gt ab| ymgﬁ%‘ﬁmt rig et he
oxygen noigl e Qgh_g i l}J,I‘I‘OUI’lded bé_a ri ng-_lﬁap nozzle. A protective gas
having a i ni mim exit?vEPSEFEYOREPEspBnai Nk oamirgE oh b risfadvan+ s

advan- tageouskFpgpernsdyepekyabeaniyi Rlownhd nteiis iUnERAGIH diMRMGR the

ri ng-gap nozzl r 0 t gen_nozzl e and tao protect against
sul ?u? gi ffusi ESrF{r}gﬂ eh &Qnéhg‘l"%r% %%¥¥hglréa%r ged¢ sc?ﬁ%efté?%H’W%?W,

nitrogen or caPBBAl8i 8RAJEC protect against sulfur diffusing in.
The protecting gas used is preferably air,
20 nitrogen or carbon dioxide.
Experiments have shown that, using this process,
depending on the hydrogen sulfide concentration, equiva-
lent oxygen concentrations (X0,) of 21% by volume to 40%
by volume of oxygen can be achieved. The equivalent
25 oxygen concentration is described here by the equation

(X0,) = 0, total/(air + 0, additional).

The rates of Claus gas and sour water stripper
gas are increased in accordance with the oxygen supply.

Examples:

30 The examples below show that the temperature in
the combustion chamber increases on account of the high
equivalent oxygen concentration and combustion density.
More steam is produced in the waste-heat boiler on
account of the higher amounE of waste heat (see table).
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= [ [ [ [ he hydr ogen
Experiments have shown that, using this process, depending on t

sulof i de concentration, equiva- |ent oxygen concentrations (X(ferr]) of 21%
by volune to 40% by vol ume of oxygen can ke achi eved. The equi val ent_
oxygen-concentration is described here by the equatlon (Xgerr]) =gerr]

total/(air + (Qerr] additional). The r elt es am% aus %as anes sour
wat er stripper gas are increased in accordance gen &

Exanpl es: gxanpl es bel ow sh t hat the terrperature in the
combusti on react or %creases on accot of the Hi*gh equi$™l ent oxyHén

the
concentration aff §6ﬁbust i on densityka/bMore steaspi s prazhsced in
wast e- heat boi | &ir,080sacount of the ygher armqlrgtlsof waplg heat (sgg

tabl e). K -
xyge g/h 0 71 1 146 2
Exanpl e Bxanpl e
gxagplaﬁs ga".-srrp Combustiorlrlpc@lﬁqr temp. °42 6033 13436 S8 gas
kg/ h 240waste-heH?Oboiler tedfpl0 A I, total gg 517kg/ hl 641 1?}12
1222 797, Qé¥gce N oc kg/ h ) 0 259 7
Combusti on reactor - tenpr18FF] C 1213 £331 1415 \A%$t e- heat
boil er tenp. [%ﬁatc}:@ temp. R1 597 °C 617 35641 Busner terrpe_:rgature
[err]C H2s2§6 ratio 259 & S0 2]68 t{?eact LOpgtenp., Bl [er; 9
err err] ratio
3531 313)701 i ""p?:‘l_i apaci %y ¥ % 100100 126 126 142 142

he event of an
X[err] = 85%b cwatsuﬁe, x%’erby]mlu%%)tgys_yaglamm by volume InNn t
iLcre!ase of thgx perm ssi bl e conbustion reactor tenperature of 1500[err]C,

the equival ent oxygen genceiy rébéef SaNaRe 1ifas!, %%%eqaf }ﬁé bEARL <4081 8Y
vol ume. Since h%d%d%%id@?% a%&%reégggg%gguggug% 1558°E the equivalent
oxygen concentration can be increased to at least 40% by
15 volume. Since heat and mass are exchanged equally rapid-
ly, the temperature in the combustion chamber is evened
out at a higher level as a result of the intensive mixing
and the heat transfer to the combustion chamber wall is
improved. This means that the amount of heat released to
20 the surroundings via the combustion chamber wall is
greater. The waste-heat boiler is thermally relieved. The
temperatures at the burner and in the combustor do not
increase.
The process causes the temperatures to increase
25 due to the higher sulfur conversion in the catalytic
reactor, with the permissible operating temperature of
the catalyst of up to 650°C being able to be exploited.
The high combustion-temperatures when oxygen is used have
beneficial effect on the thermal cleavage and complete
30 combustion of higher hydrocarbons and ammonia, in which
case, in particular, a minimum temperature of 1350°C
should be maintained for complete cleavage and combustion
of ammonia. Owing to the lack of nitrogen ballast, at an
equivalent oxygen concentration of 40% by volume, the
35 concentration of hydrogen sulfide gas in the gas mixture
used can be decreased to 20% by volume of hydrogen sulfide.

The invention is now described in more detail
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\ tenperature in the conbustion reactor is evened out at a

:gt/elt h:s amr)esult of the intensive mxi ng and t he heat transferttoftﬂgat
ecombustion reactor wall is inproved. Thid3nmeans that the am)unI I o] N

rel eased to the urroundi ngs via the conmbustion reactor wa S
greater. The wa 9% tq $hensnaings elFiigeed.1 e 3t)enper at u

t he burner and |n the mstmr ﬂ@ @otshagre&asgurfl?ur convteyrim (r)oce S causes

hi gher
L e A R e L e Bt S0 oo b Chany”
cat al yst of uth1@n$50Féer]3¢rhernghahhemCF1b§ ax B pg? Ih&d@%?bonally

I ect on'the
tionste S xygen is used have beneficia
fﬁgPﬁZI c|§av23§%§% %'ﬁﬁﬁgﬁe%bonbustlon of hi gher hydrocarbons and

ammoni a, in which caseFign pashpwel the bumhermim teapehpen’ gref £d35pLgrr] C

q,{%q, f_amoni a. Ow ng
houl d be mai ntaBrREDLEOCCRERILSLR TheRYaATs st ion o
tso 'ltJhe | ack of (?l)]tro en ballast at an e ui va r&@rﬁ?a’f‘tﬂaﬂ of

ture
% b I e3coHEENPREL ViR BI“eh'PHIi b%nt’smflﬁb «ya@ e tClEawasSWS X
329/% Xa\rllobgngegagagga tloe 2006 day mﬂjem(g)of AydraoeRssehfi g6 the burneTJ:he

Ilgvent :/mot]hbfepg!rwegce tl)gtgﬂ ¥ émreT et I%Ifcfj‘ébusltjt‘?il 3fakes place Fiigs. theto 3
show a bur ner Sﬂ'&]bPﬁE°§ect(?bn %@@ne@@@dumtm:et Oclﬁmkbéhe cabuddpissgast or

. 2 additionally having
of a O aus pl atherébe. %é&d?ﬁ%% 'tt'?1e': %Prﬁé};i‘ % gfn X8 n e a Y

g ?glnguzggtr:entrl e ?]% Wl%%ﬁ@hﬁ@ﬂbﬁﬁtépnt qbeml()e# @id Laelncgmé/l a
the niddl e tubé9]4) Iancdddi¢ iGmausi S\WEs gahowha Hd1e oM

I The conbusti on ta%es p?cac qrn the
Conbust or -~ (7) " aRoREELG i Ly dn (o) Wy Rihiicu cde dvemst soatezor di ng

to the inventi%h, 2 GRigeeansenturisd tube, athhlgiayg@ﬂlq&éing |- RSP RSt | on

reactor via a trl@ezzhﬁnég) +dbe a@gitlggd 'af éé?lé O&?@Sé@ﬁt gf%[ aéchg I%rltlee for

i - concent 1A, LLhe e TP it i o dorh b 2 bl 1)
and a protectiangl@s"fb hepe detiotes the angle of inclination of the
20 oxygen lance in relation to the direction of flow (R).
The angle "gn according to the invention is in the range
from 45° (B) and 90° (B8’). Combustor (7) and combustion
chamber (8) are here a one- piece construction.

Fig. 2 shows a similar embodiment as Fig. 1,
25 combustor (7) and combustion chamber (8) being separate
from one another. The burner (1) has a three-fold
concentric tube (2) having an inner tube (3) for pilot
gas, a middle tube (4) for fuel gas and an outer tube (5)
for Claus/sws gas. Air is fed via a line (6). A combustor
30 (7) is arranged upstream of the combustion chamber (8).
Oxygen and a protecting gas are fed via a twin-concentric
tube, the oxygen being conducted in the inner tube (11)
and the protecting gas in the outer tube (12). The oxygen
lance is at an angle B8 to B’ (45° to 90°) to the

35 direction of flow (R).
In Fig. 3, the combg?tion chamber (8) is directly
connected to the burner (1) of the Claus plant. In this

embodiment, the pilot gas is introduced into the burner
via a separate tube (13).
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) ing introduced via the outer tube (12). The angle "[err]" here
Sgﬁglgs(?%eb:n ?e of inclination of the oxygen lance in relation to Fhein
direction of f Qmﬁ@éﬁ9°?ﬁe angle "[err]*® a&ogrdlng to thchpypggé@@2§§
the range from4sierr] ([err]) and 90 ([err]"). Conbustor (7) an - ,
combusti on reagié-L@m 8) are here a one-piece construction. _ géctor
shows a simlar enbodinent as Fig. 1, conbustor (7) and conbustlgnlg
(8) being sepagate from one another. The burner (1) has aéthre§£d3|6b be
concentric tubg’(2) haVi igran*PRner®t ubEoWring: pilewengad, aul %i be
(4) for fuel geembndtaonouiferhydbegét) shafiGeaus)t SWE Iﬂﬂisrog%r{-_é@lfﬁg%-t e
line (6). A coabHghohifhd) ghs a&kagg%g.u§itre%n1 f the ConbusFlﬁHn££;Chhe
(8). Oxygen and a prote t?ng’ as are f&4-FFaa uﬁ-é%ﬁﬁﬁﬁﬁ%lp chhe
oxygen bei g c%ﬁugt’éaogﬁnt pulfider orulizhe( mdmﬂmm%@@%ﬁ%ﬁ@%%[e”]
outer tube (123as The oxyoenal anbiee | 3eplell BU0LSSL ed@lSdd (4

e directi , . . Fgs
Lgngg[s?{{)]rl) re;]%tl%?ef@ni 2 gPrbrekjororhatbed wéthhedddthen ©F) adfr tfhigy O aus

plant. In thisoxhbadioemediie, piHObxgaeni Srifhd %Jégrpcgif}grpgurgg%r via

a separate tm%ki&é)fed to the combustion chamber by at least one 14 -
REPLACEMENT SHEET ) .. LE b pBhyst i of
CLAI Ms: 1Q. segond opdditionapr dewdicey o et_rmtebm?u_ iiJcBn ggﬁi 8RS ik
hydrogen sul f iveei en n\;&\;hans lt):het ﬁ%&%&: rﬁggéeﬁi'ﬂageéxc%gma#{&gg-o en-gultide-

[ reactor,. ere | , : e
ﬁ;’é‘? g;;.nog ul i TG i 97° gh8  Fibleekeddtoyafberbarhjngoahdstsnghen

. . 5 PS : oakd She
wi th addition fid dio sasvddte Qe 0N 78 EndM he 'fjggtntgg,feﬁ?,rﬁ; Im§§§yto

ogen sul fide or hydrogen sulfide :
g?tnglrjzhregi ng b aacd%%lxg%' gn oxygen-containing gas to the partially
conbused IFas, %nd f eedihey Rtwcess Ad icbpimed in claim 1, in which the

oxygen-containing gas has a purity of 80% by wvolume to

100% by volume of oxygen.

3. The process as claimed in claim 1 or 2, in which

the oxygen or the oxygen-containing gas is blown in by
20 one or a multiplicity of individual nozzles.

4. The process as claimed in one of claims 1 to 3,

in which the intake velocity of the oxygen or the oxygen-

containing gas into the combustion chamber is in the

range of a Mach number between 0.4 and 2, as a result of
25 which the mixing between the oxygen, the combustion air

and the hydrogen—sulfide—containing Process gas 1is

increased on account of high turbulence.

5. The process as claimed in one of claims 1 to 4,

in which the oxygen or the oxygen-containing gas enters
30 into the combustion chamber at an angle of 45° to 9Q°

measured in the direction of flow.

6. The process as claimed in one of claims 1 to 5,

in which, in the case of a process having swirl of the

main flame in the combustion chamber, a swirl flow of the
35 oxygen or oxygen-containing gas is produced which is

directed against the swirl gf the main flame.

7. The process as claimed in one of claims 1 to 6,

in which the entry point of the oxygen or the oxygen-

i



reacti on gas to a waste-heat boiler and thereafter to one or nore catal ytic

réactors, characterized in that afterburning occurs ip t he
eonbustion reactor, whereby the -o&?gen-?ontalnlng_ggs !3 de to the
conbustion reagtor directly by a nultiplicity o _individua

nozzl es, mhere%?n%ﬁénﬁﬁgaﬁésvéPBEiF?eo?omh@56k9@eﬂh@@h¢alnsr@pq&ﬁdlim@

t he conbusti onigerrbbectedi agahﬂs{:aage'fgflai%ﬁaki]ﬁgE?ﬁ] bet ween 0. 4t ainﬁi ﬁg
. 2. The pgocess a | Al in_c ml, ip | Cl e oxygen-conta
gas has a B goncZﬁ%rghgg%Sﬁfa%O%%&m%!’cﬁre‘ﬂti)lr&db{’/o%}}f che fir
oxygen. 3. C9RdipFecdss additidmedai pmdtaidaing i ga_ghli@hhfér@ to_ the
oxygen- cons ai NEBEbdas i 8At €A Smi . . C stiopn chapber at an
anélge of 45[ert[_% to 90 err]énrlr%%éajfne l}enrteﬁg gl'l ngFHSnp%:fnt Of entyy &% 4.
The process as"t¢faPri¥der fmtde  erygeretcontainting agas ol naopthee omkayi Ng

swirl of . ustide ohambérane in the conbustion chanber, a swirl flﬁw of
t he oxygen-congai ni ng as is oduced, which inpiges agali nst the
swirl of the n%in flant s %?°°gssrhaesp$%€é%%daﬂ§lalé1%@u Arombich eliai,ns 1
to 4, in whi chitHeCEeR r9r poiripomfdidreide is USRKY O -t B HH YY) _into the

conbusti ono chapder is gl Al | t d . ai nst sutfur
diffusing in. _6. . .The p}'?lg%ess. aésS gcfl;%lrreedfllﬁl cqlzfilr.ﬂ %?qrn Anhiidh whigh
cooling, in addit i Jittaks oVederagy of theaspirotketlive tdws Cafiust itdR o
chanber in thecomgismiai thambeintisdfaenteyse! M, numberO)bx%e,n'anntaa' ning
gas into the

| ha . i _
- 15 - 7. %ﬂe pr&?;ggllggoﬁﬁi HeEPheRt drixBire paginasm she, omiygeagen or
carbon di oxi déhes gewbustion ads mmad eché nEyg@@?en_Sfulffiatgﬁcghgggﬁings
clainmed irs cl gL i .t i-nt ake velocjty o e
protective ga?int o% rlggasco%o\tljgsattlﬁgnloc e 15¥e458%ast Mach nunber 0.2, as
a result 11 of wiflh RURCess Iad edaimed uneochet vEerlkhfs0xyg8N1o0,

cont ai ni ng gasin tWiel OIS tHEE of i reggd; Lh :
hydr ogen-sul f igde-cont aini ng_pr ocesso,}é%%éills a d}% i %%%H?/lll%%réﬁs§89°r9.
The process as ¢l a ngd Bn gﬁe SFe1GhdMetEyt B, the Whietls tremcetaten ofinoxygen

fed is susdnta olbedern tdeoor dREC MG tdied sggéc@%srr%iuog,{ the Caus

, , Ion-air
So0l oA A seren e A AL I LS
gases so thatcH§b&g5é§§q”géﬁﬁﬁigOpthsemno exXxcess oxygen is present
_ downstream of the combustion chamber.
12. The process as claimed in one of claims 1 to 11,
in which the rate of oxygen fed is controlled in accor-
25 dance with the stoichiometry of the Claus reaction in
such a manner that the hydrogen sulfide/sulfur dioxide
ratio corresponds to the theoretical value 2.
13. The process as claimed in one of claims 1 to 12,
in which the rate of oxygen fed is controlled in accor-
30 dance with the stoichiometry of the Clause reaction in
such a manner that the maximum temperatures in the
burner/combustor are 250°C/1200°C and the maximum temper-
ature in the combustion chamber is 1500°C, so that the
heat transfer to the combustion chamber wall is improved
35 and the maximum temperature in the waste-heat boiler is
670°C.
14. The process as claiaed in one of claims 1 to 13,
in which the concentration of oxygen in the oxidation
medium (equivalent OXygen concentration) is between 21

L
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downst ream of t he conbusti on chanmber. 10. The process as clained in one
of. clains 1 to 9, in which the rate of oxygen fed is controll ed |n
accordance with the stoichiometry of the CTbadse reaction in such a

manner that the erature in the burner is 250[err]C and that the
maxi mum terrperﬁpgag g]ﬁ’ CcHfBustor is 1200[err] C and the maxi mum

t enper at ur e |nThbe goaBHESEt hAN rid s,1500F e sp that the
p cEQﬁH@& 1h oﬁ% 8% éii %1§éaadHﬁ the

heat transfer 3 ust i on
nexi mim terrper at ufrigCfi S WEREHIAT IR Ioefr the hYdrOBSHGQGI.éldQB Cin tHd.

The process asfefdi gad Ilﬁ ehelefst| 2095b} ¥6ldfe.i N Which the concentration
of 5 oxygen i n ghe 0xi n tain equi val ent oxygen
concentration) Bﬁa‘}@th% Ztcf%n %%6/‘“9)0‘39 i gfgntal 1 sulfurhdy
process as cl a?%ﬁu?ﬁlﬁﬁeoé‘f Rydregen sulfidei mm\hacmﬁ&&g&ﬂ@"ﬂﬁﬁé on of

t he hydnogeningl dasle im ﬁaﬁlf&quggs ?. aﬁg 20% voI une.

13. An appar N ment al rogen
sul fide or ﬁ{ﬂfoéé’ﬁ g’dl’?gbéﬁ gal fi ehé’é']ﬁloa'em ﬁglléasie GOlﬂqtllallSJJllfhg‘ Fas
conbustion chah%eparbl&hlyhcambusted 1dﬂgrﬁﬁrﬂérfhé@ﬂnénawwdﬁﬁugggon

hydrogen sal figleambest Ney ro | fide-contai ning gas
partially combust edevm t h{%’t di (lgg%ﬂcjl)? A r 23* naSK¥IRBaPThEN eXYSet -co@-or

nor e AR Rg | g2F cheises fedhé;toad:tl'a | cenbu st 1dat cl@arﬂyéfl phicity of

R e oen S e R Rt oA b A S o
-16- rrr&tb | on $ @H‘Eﬁ the Bydwsagen osuhfida ohethgdhygeagaﬁLf i de
or the hydrogew-lflde co@dﬁnndg(gﬁﬁ&i@lé\ﬂoﬂé’été& éabb‘fgéggu’t:ﬁhn%ha{lﬂ

afterburnisng. igl4n ra as.claiped.in clarm
nozzles, in the |nsfatnai%lré£&%?at ‘e”a%tlgehea ggl%??aﬁﬁ@dthﬁﬁgﬁfwrrEOeeBed in

the refract or;Prbt“IOé“I@ HSANPLSE. t he conbusti on chanber. 15. The appar at us

as clained inid.ai m 130y k0 C case of aprocess
having a swirled qain fi api'aélra SWQE Q l?l((E)nlnh'en(‘:hgil‘r‘fiﬁézrf 1fhe iRoyRiehj ghe

i nstal | ed gﬁgen]tnr gtﬁ??/ é’f‘s'éa%ll%@aﬁ‘éétﬁvomhamngﬁd of Luidle or
conmbusti on cham!ig!elssm th the refﬁ&lstf@m%]é (1191]1%% E#fnﬁ the d' aneter of

the conbysgtiopughagher, so that a sw e ox
oxygen-contai ning gas i s produced which i m pi nges agai nst the swirl
of the main fiL&ne. The apparatus as claimed in claim 16 or 17, in

which, in the case of a process having a swirled main
flame in the combustion chamber the nozzle(s) are in-
stalled tangentially at a distance which corresponds to

25 0.25 times the diameter of the combustion chamber,
measured from the center of the combustion chamber, so
that a swirl flow of the OXygen or oxygen-containing gas
is produced which is directed against the swirl of the
main flame.

30 19, An apparatus as claimed in one of claims 16 to
18, in which, in the case of a process having a swirled
main flame in the combustion chamber, the nozzle(s) are
installed tangentially at a distance corresponding to
0.25 times the diameter of the combustion chamber,

35 measured from the center of the combustion chamber, so
that a swirl flow of the oxygen or oxygen- containing gas
is produced, which is directed against the swirl of the
main flame.

20. The apparatus as claimed in one of claims 16 to
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16. The apparatus as claimed in one of clainms 13 to 15, in which the
oxygen- containing gas is blown in via at |east one or a
multiplicity of nozzles which are - anstalled in the conbustion

chanber wal | s;_/%met,ri C‘*ﬁ%ily around the burner. 17. The apparatus as
claimed in one'df i B &he 1BXvIen wiir cthe oxygemapomegzhing gas ikS
g g

arranged arountlowe nazzres d©r18h8W Blel B RE QIMIGH 5 £he, pxygens
cont ai ni ng gaswhgg%pugh mhichtrifgag%Q nozzle a pﬁ%%g€f%§@’d%§ ¥8221es
addi tional | y bREGn thsta ymmetrically in the combustion"-'~
~ ————— ra '' Cehamberiwalll it?the transition area to the combustor.
5 21. The apparatus as claimed in one of claims 16 to

20, in which a ring-gap nozzle is arranged around the

nozzles for blowing in the oxygen or the oxygen-contain-

ing gas, through which ring-gap nozzle a protective gas

is additionally blown in.
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