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sulphur compounds, in particular hydrogen sulphide, is generally known.
Accordingly, there exist a number of processes, which are directed towards the
removal of hydrogen sulphide from gas.

The best known and most suitable process for removing sulphur from
10 gas by recovering sulphur from hydrogen sulphide is the Claus process. In this
process hydrogen sulphide is converted by oxidation to a considerable extent
into elemental sulphur; the sulphur thus obtained is separated from the gas by
condensation. The residual gas stream (the Claus tail gas) still contains some
HsS and SO0..
15 The method of recovering sulphur from sulphur containing gases by

the Claus process is based on the following overall reactions:

2HoS+30:—>52H0+2802 - ¢y
4 HoS + 2 S02 <> 4 H20,+ 6/n Sy (2)
20
Reactions (1) and (2) result in the main reaction:
2HS + 02« 2 Ho0 + 2/n Sy (3)
25 A conventional Claus converter - suitable for processing gases having

an H»S content of between 50 and 100 % - comprises a burner with a



conbusti on chanber and a condenser, the thermal stage, followed by a nunber
of reactor stages - generally two or three. These reactor stages constitute
the soVQPV¥TTatal ytic stages and consist each of a reX&TOMLOP&d with
catal yst and a sul phur condenser. 5 In the thermal stage, the incom ng gas
stream which is rich in H2S, is conbusted with an anount of air, at a
tenperature of approximately 1200C. This anmount of air is adjusted so that
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WO 01/ 2307@%@9 %9%%%6695 Be Tr11e gases oco)rquDgng fromthis catal ytic reactor
are subsequently cool ed

10 2 H2S+ 302> 2H20+2S50; 1)

After this partial oxidation of H2S the non-oxidised part of the HaS (i.e.
basically two-thirds of the amount offered) and the S02 formed react further to
a considerable portion, in accordance with the Claus reaction
15
4 HoS + 2 S02 >4 He0+ 3 52 (22)

The gases coming from the combustion chamber are cooled to about
160°C in a sulphur condenser, in which the sulphur formed 1s condensed,

20  which subsequently flows into a sulphur pit through a siphon.
Thus, in the thermal stage, approximately 60 % of the HsS is converted

into elemental sulphur.
The non-condensed gases, in which the molar ratio of
H.S : S0, is unchanged and still 2 : 1, are subsequently heated to about 250°C,

25 and passed through a first catalytic reactor in which the equilibrium
4 HoS + 2 S02 <> 4 He0 + 6/n S,y (2)

1s established.



again in a sul phur condenser, in which the liquid sul phur fornmed is
recovered and the renmaining gases, after being re-heated, are passed to a
second WQPHEWIc reactor. 5 In the O aus process, H2S | FGIGYL00/00695
gquantitatively converted to elemental sulphur, mainly due to the fact that
the Caus reaction is an equilibrium reaction and ther efore the conver si on

of H2S and SO to el enental sul phur is _not conpl et 10 2 l;’%s' C%
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gaseous phase being oxi gl sed to sul pﬁ di oxi de. Wth the environnental

requi r emerdesahgmomantprstricter, this wll not be allowed anynore because

t he sul phur di oxj de epi ssion inv di t 0Q..hi j fo
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sub- dewpoi nt processes such as Sul freen, CBA and MCRC, and the SuperclausTM
process. Thet @oafepeocess is an effective process for the treatnment of tail
gas 25 (See GB-A-1, 356,289). In this process the tail gas, together with
hydrogen, is passed over a cobalt oxi de/ nol ybdenum oxi de catal yst on an

AL2(8 (car rpey,s aldo, ! PO e@ma@ent s presemﬂb)t hus being catal ytically
reduced to H2S. The total ampunt of H2S is then separated fromthe O aus

tail gas in a conventional rmanner by absor ption in a suitable liquid. The
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allowed to discharge residual gas containing HS to the atmosphere, and so the
gas is oxidised, with the hydrogen sulphide and other sulphur compounds as
15 well as the elemental sulphur present in the gaseous phase being oxidised to
sulphur dioxide. With the environmental requirements becoming stricter, this
will not be allowed anymore because the sulphur dioxide emission involved is
too high. It is therefore necessary to further treat the residual gas of the Claus
installation, the so-called tail gas, in a so-called tail gas treater.
20 Tail gas processes are known to those skilled in the art. The most well-
known tail gas processes are the SCOT process, the BSR Selectox process, the
Claus sub-dewpoint processes such as Sulfreen, CBA and MCRC, and the
Superclaus™ process.
The SCOT process is an effective process for the treatment of tail gas
25 (See GB-A-1, 356,289). In this process the tail gas, together with hydrogen, 1s
passed over a cobalt oxide/molybdenum oxide catalyst on an AlxOj3 carrier, all
sulphur components present thus being catalytically reduced to H2S. The total
amount of HS is then separated from the Claus tail gas in a conventional
manner by absorption in a suitable liquid. The H2S 1s recovered from the

30 liquid absorbent and recycled to the Claus thermal stage. One drawback of the



WO 01/ 23075 PCT/ NLOO/ 00695 4 SCOT process is that it requires an expensive
and conplicated installation. Another drawback is the hi

consunpn&‘bwl%mﬁol ved in renoving the hydrogen sul phide ?%B.(Jﬁﬁt%ﬁ)’g&’égsorbent

again. In the SCOT process a hydrogenation catalyst is used which is based

5 on a carrier material, usually y-A12034with a high specific catalytic
surface area of typically nore than 300 n2/g, the carrier material being

rovided with _active.c ounds such as nol ybden cpbal t, - -ni ckel
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N SOz + 3 Ho —» H.S + 2 H20 (4)
1/n S, (vapour) + H2 — HeS (5)
15 COS+H:0 - HeS+ COq ©)
CS» +2H;0 — 2 H2S + CO2 (7)

In this process it is essential that all sulphur species are converted to
20  H.S down to the ppmv level over the hydrogenation catalyst, in order to
prevent corrosion and plugging with solid sulphur in downstream equipment.
For instance, partial catalytic hydrogenation of SO2 to sulphur vapour or a
mixture of sulphur vapour and H,S is not allowed for the SCOT process. In
order to achieve complete hydrogenation to hydrogen sulphide and complete
25 hvdrolvsis of COS and CSg, high catalyst bed temperatures in the range of
280-330°C, as well as low space velocities are required. A process of this kind,
using complete conversion of the sulphur species to hydrogen sulphide 1s

described in GB-A 1,480,228.



5 An alternative way to rempve hydrogen sul phide fromtail gas is partial
oxidation to el enental sulphur, as in the so-called BSR Sel ect ox process,
descri ba¥W0 PH230% A 4, 311, 683. According to this process tRFETNY03i | gas
i s hydrogenated, 5 water is renoved andsthe H2S containing gas, m xed with
oxygen, is passed over a catal yst containing vanadi um oxi des and vanadi um

sul phides on a non- _al kal.ine, porous, fractor carfr.
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No. 4,988,494, one of the basic patents for the SUPERCLAUSTM process, it
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to the d agslekﬂﬁf { Pilcest Psgﬁ%aﬂhmﬂ Cheasthiail ey, HE@rannRopenationnfithe t he
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gas, h@mvgﬁlphm@tcohmot@ms ko H.S| avedtsirsEbe canleHis arder tmremeve thewages o by
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and this widrthetgrentercmantt Wates exeathpinter ew@#ﬂ%@r ?g%‘i@ﬁ‘&‘? Todt of
typically O)(1% tion oﬁﬁzé)Due to the high investments involved, the costs of tail gas

treatments according to these known methods are high.
In the SUPERCLAUS™ procesé the Claus tail gas is subjected to
15  further treatment, whereby HzS present in the tail gas 1s selectively oxidised
to elemental sulphur in a dry bed oxidation stage.

In US patent specification No. 4,988,494, one of the basic patents for
the SUPERCLAUS™ process, it is described that the HoS concentration in the
gas leaving the last catalytic Claus stage 1s increased to a value ranging

20  between 0.8 and 3 % by volume by reducing the quantity of combustion or
oxidation air passed to the Claus thermal stage.

The increase of the HoS concentration in the Claus tail gas, will result
in a decreased S0 concentration in said tail gas, however, not to very low
levels. For an HsS concentration of 0.8 % by volume, the SO2 concentration will

25  be typically 0.03 - 0.15 % by volume, and this will still result 1n a sulphur
recovery efficiency loss of typically 0.09 - 0.45 %.

In EP-A 669,854 a process for sulphur recovery 1s described which
makes use of selective hydrogenation of SOz to elemental sulphur. This patent

suggests the use of a cobalt-molvbdenum catalyst on a y-alumina support, as 1s

30 usedin the SCOT process.



In EP-A 669,854 a process for sul phur recovery is described which mnakes

use of selective hydrogenation of SO2 to el enental sul phy I t ent
suggest Y&H&3Se of a cobalt.-nol ybdenum catal yst on a yE{J\T/ﬁ'ﬁW@%sﬁpport ,

as is 30 used in the SCOT process. WO Ql/ 23075 PCT/NLOO' 00695 6 During
the Fourth Sul fur Technol ogy Conference, Novenber 5-6, 1998, Houston, TX,
USA, a paper has been presented, "PROC aus Process: An Evol utionary
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ronote the reaction of elenental sul phur, vapour, wi th hydrogen, r ltin
ipn decr easadsufficiently selective conversion to Fguijphur, F%esul‘cs 15 8 deREa 8 Thoveray 9

SO; conversion.

The process of selective reduction to elemental sulphur is thus rather

15  restricted in process conditions and requirements, with the consequence, that
difficult and costly measures are required to meet the criteria for the selective
reduction to elemental sulphur. One example thereof is the necessary
reduction of the Hz-content of the gas mixture. A further disadvantage of the
proposed process resides therein, that the temperature needs to be high,

20  because of the required conversion of SO.. High temperatures promote the
reaction of elemental sulphur vapour with hydrogen, resulting in decreased
yields to sulphur. As a result the product gas of this PROClaus process 1s still
relatively rich in H2S and SOs.

Accordingly, this process of selective hydrogenation of SO3 to elemental

25  sulphur is not a viable alternative for providing an increase in sulphur vield.

Even though these considerations direct the skilled person away from
using a hydrogenation step 1n relation to treatment of Claus tail gas, the
inventors have realised, that the hydrogenation of sulphur dioxide might

provide a new way to improve the sulphur recovery from Claus tail gases.



yields to sul phur. As a result the product gas of this PROC aus process is
still relatively rich in 112S and S02. Accordingly, this process of

sel ecti WO dyHPUgenati on of SO2 to el enental 25 sul phur PETAG0A0695 ap| e
alternative for providing an increase in’sul phur yield. Even though these
considerations direct the skilled person away from using a hydrogenation
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PCT/ NLQO/ 00695 7 An inportant aspect in this . is the fact that Cauys tail
gas cont aiohd 0z40%drsyelaimg | Bheiwaden varourettEen &Iy peamoteh the reyrsgHs Ye
within the r ange of 10-40% by vol ume. The water vapour strongly pronotes
the rever SFAGH %‘aus reaction. 5 3/n S + 2 HHOH 2 H2S + SO (2c) The

ef fectveness with respect to the renoval of SO2 by selective conversion
to el enmental sul phur can in general be adversely affected by the 10
occur r ence3/nfSre2cdz@On«2c2 Hebet SGzphur f or med b¥2B2 reduction, reacts back
with the water vapour to form hydrogen sul phide and sul phur di oxi de. The
substanti al renoval of water vapour has evident technical disadvantages,

such as the necegg { . o, AlbB46ithv8 QQQB& REMRSAE HNY0SLFIRIediVe 15

addi ti onal sul phur rem)va‘%?esta e or ydrogenatl on stage followed by a

vat er - r emyinRerbans R1éhageal s'[flph@ﬁ cani e aegewdl behmlveirsdyradfectédhy what i oned
above is partly determ ned by practical conditions, such as tenperature,
cont ad® t i grenrxeatcerof reaction 2¢.

The sulphur formed by SOz reduction, reacts back with the water
vapour to form hydrogen sulphide and sulphur dioxide.

The substantial removal of water vapour has evident technical
disadvantages, such as the necessity of an additional cooling/heating stage, an

15  additional sulphur removal stage or a hydrogenation stage followed by a
water-removing quench stage.

The occurrence of the side reaction mentioned above is partly
determined by practical conditions, such as temperature, contact time, water
vapour content, sulphur vapour content and catalytic activity, and has the

20 effect that the sulphur yield is decreased.

The present invention has accordingly as one of its objects to provide a
process for the removal of sulphur compounds from gas mixtures, 1n an
economic manner, without too much unit operations being necessary. Another
object is to improve the sulphur recovery from Claus tail gases, compared to

25 conventional methods. Also it is an object to provide a process for the reduction
of sulphur dioxide to hydrogen sulphide and/or elemental sulphur in water
containing gas mixtures, which process is suitable for incorporation in various

sulphur recovery processes, to improve the sulphur recovery therewith.



vapour content, sul phur vapour content and catalytic activity, and has the
20 effect that the sul phur yield is decreased. The prese I Lon has
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be done in various ways, i mportant ones being the use of the
reaction kipggdis¢mnastSOhandd€:$This cahddeydine moheariws We S aldie pest n

pronoting the Caus reaction. The duction qf. SO2 an ul \ t
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The reduction of SOz and sulphur vapour according to

SO;+2Hs —» 1/m S, +2H0 (8)
15  SO2+3Hz —» HoS+ 2 HeO (4)
1/n S, + Ha — HaS (5)
SO:+2CO — 1/mSy+2CO: 9)

is thermodynamically complete and 1s not reversible, in contrast to the
20 Claus reaction.

It has been found that the reduction of SO2 (equations 8, 4 and 9)
proceeds faster than the reaction of sulphur vapour and hydrogen to HoS. By
applving a sufficiently high space velocity, the majority of the SOz is reduced,
without the need to restrict the amount of hydrogen and/or CO in the system

25 or to lower the temperature.

The invention accordingly relates to a process for the removal of
sulphur dioxide from a gas mixture at least containing 10 vol.% of water. 1n
which process the gas mixture is passed over a sulphur resistant
hvdrogenation catalyst in sulphidic form, at a space velocity (Gas Hourly

30 Space Velocity: GHSV) of at least 2000 h'!, in the presence of a reducing



S2 +2CO-* 1/n Sr, + 2 CR2 (9) is thernodynam cally conplete and is not
reversible, in contrast to the 20 Caus reaction. It has been found that
the redY®PuB03§ SCO2 (equations 8, 4 and% 9) proceeds fadCdMNLRAPH% he

reacti on of sul phur vapour and hydrogen to H2S. By applying a sufficiently
hi gh space velocity, the majority of the SO2 is reduced, w thout the need
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of water. in which the s 1 X IS o A=t u h

resi st ant teﬁg})&%b aﬁ%?z}oﬁ@%?ﬁ ?%1T%m%&ph§&a§s®m%d%a% Iglli}étglg%’eh\?g#gc?ty
(Gas Hour li B0 PRASEH, YakO&HH ¥ diF43¥Aa@bn dbd lfeashie 3AdAtionlf sullpline presence
of a reducing WD 01/ 23075 PCT/ NLOO/ 00695 9 conponent, preferably at |east

par t | ysconsnstduglsoindrgdngganicular hydmigen suiphide, tf elemwntphgulpbfonent to
sul phur di oxi de of nore than 10 up to 100, at, a te a f to
300C, followed by y&%g}‘f?é‘t’coﬁ’elsgaﬁgﬁ‘?%e_ﬁ?%‘? Wdﬁ é’rprf)ﬁee@seféﬁﬁéé r?ee 88% Fgﬁ
through a it dop¥h Aak) e Bckn!dls G uP Gald PRocdhs ebthphindtiRosmunds, fmore
i n particul-ar Rydrogen sul phite, to elenental sul phur. e invention is
al so concerned W tdonaepting gast bbthd hgdrogan\salpluile ihtalswpbmrdappidiede from
gas m xtures, said process conprising the steps of convertin ar f.the
hydr ogen sul phi de swuectsng prripuigtwe t@dhe (aps geasep that iﬁ%?ﬁ%?‘ “ta%ag’ﬁ%
Claus reactiop in at |least one catalytic 10 reactor, subjecting the

sul phd? di'GXCHE present in the resultant gas nmixture to a catalytic

reduction step usigghithena bRy sulpdssrdibede presastsin thedresultant gas mixture
to a catalytic reduction step using the above described process, and

selectively oxidising the hydrogen sulphide present in the resulting
gas mixture to elemental sulphur.

15 The present invention is based on the surprising discovery, that by
careful selection of process conditions, it is possible to remove sulphur dioxide
from a gas mixture containing substantial amounts of water, without
difficulty, and without the need of difficult measures to obtain the correct
process conditions, such as gas composition. The process of the present

20  invention, in view of its carefully balanced optimal process conditions, allows
the hydrogenation and subsequent conversion to elemental sulphur, of sulphur
dioxide in various gas mixtures, such as Claus tail gas. More in particular the
present invention allows the operation of the process within a suitable window
of operating conditions, while obtaining a suitably high level of sulphur

25  recovery.

In the process of the invention, the use of the additional
hvdrogenation step with the specific process conditions leads to a greatly
improved system for sulphur recovery. Not only is the sulphur recovery
increased due to the additional amount of SO» that is converted, but also the

30  process allows the Claus process to operate more efficiently, as it 1s not



sel ectively oxidising the hydrogen sul phide present in the resulting gas
m xture to el enmental sul phur. 15 The present invention is based on the

sur pri sWOIE38tovery, that by careful selection of proc®I™NIHAIPOF ons, it
is possible to renmove sul phur dioxide fPoma gas m xture containing
substanti al anmounts of water, without difficulty, and w thout the need of

difficult &easur estotc%ngxbol%bg t%gges%c’drlf (f h}%%é}ffl?ﬁsstﬁg@‘g'ttdnoﬂl%re%éﬁh as gas

ar
conposi ti %ﬁ'l Y rocess o invention, in view of its

careful ly }ga{r@ggﬁguqmlu@abv@rmqﬁ@&aﬁcgml ddingso the kelastive Immdqu'mgs&mor on
and subsequent conversion to el ement al sul&hur of su xide in

vari ous gakhisinesultesn askyxgrhemom/%z@sort Hl thy éauwe%(lggﬁﬂ §‘$ rt he
\F,)Mr ﬁ?ig\r/]vt :)?r\égg%elrrg? qtﬁé{egl\é\%bt 18rJi grre\%%ﬁlz(f goxg‘%e[rtsp)% i AfERhuY r]ra)'cg'?]@lo%rrs afke

arning a suit 1 gh level of

sul phug 2QOBﬁCiﬁ“cﬁ@%eléc@w%hﬁu@éﬁ@ﬁ%ﬁerpfwﬁlbﬁ adgAye i a@WBnﬁaIQGOU§ﬁorotfhet he
addi ti onal ydrogenation step with the specific process conditions |eads

to a greatdulphunyicdead thpstedentiveroxsddtpimstapecovery. Not only is the sul phur

recovery increased due to. the add tiona nt of SER th i onverted,
but al so the 30 prddédBugcleststhagd ?:ﬁB%%‘hﬁ @g’égattl%n God gésrrét))ffteh%

efficient lh%resgﬁt hrlvéxﬁuﬁ?{) ¢ HQF}‘Pﬁ %éi @gr I%R)Q/e@%%5atléﬁ ofi€ke poédess tladd

cont rol process air tage at an increased hydrogen

sul phi de | gveltlyi thckbesddaidlpgas yieling fusthdrexspettertsides theireiay, itbat tact or .
This results in a higher conversion in the C auls %roce% g her sul.phur
recovary epficesenayirol Frgasiemdraaniethecpoersl Bl 48 588l ?ﬁe&%%%sl ower s

the sul pherngParcsm Srire C Brae v s b e PR e RECREL BaEO
the specif 50 COM HBtHOMQbus BAIUESStepE falie better in the operating window (for
example because of lower load), thus enabling a better performance of the
process step. Further, the gas fed to the selective oxidation step contains less
15  SOs, which has the consequence that a lower starting temperature can bu used
in the selective oxidation step, which is advantageous for the sulphur yield.

It is to be noted, that the hydrogenation of sulphur dioxide will proceed
at least partly to hydrogen sulphide, although also elemental sulphur may be
formed. The present inventors have been the first to realise that, when using

20 the catalytic hydrogenation reaction of SOz, it 1s important for the sulphur
vield that the reverse Claus reaction is suppressed, at least by the selected
reaction conditions and preferably also by the properties of the catalyst.

One of the advantages of using the invention resides in the fact that a
high conversion of SOz is obtained at a low temperature, whereas at the same

25 time only a low conversion of sulphur vapour into H»S is maintained, in the
presence of substantial amounts of water vapour.

Important considerations in the process are i.a. the space velocity,
which should be at least 2000 h-!, which is very high compared to conventional

Claus and Claus tail gas processes. Space velocity 1s defined as Nm? gas/m*



present invention provides for a greatly inproved operation of the process
and greatly increased sul phur yield. A further aspect resides therein,

t hat t hév@O/RIGTess control is easier than in the prior #HGT/NEJ0006P5s
treatment processes. In general it can ?F said that the present invention
provi des therefor that the operation of the various process steps falls
better in the operating wi ndow (for exanple because of |ower |oad), thus
enabl i ng achedlyst/hper.ftherapper biit hen gpnecdlsbs kept belomt h2000 bHemyxre fed to
t he selective_ oxidatjion_step contains |less 15 SO2, which has the
consequenc@r?f?ﬂe(&b?]@%m@@ bty ng tenperature can bu used in the selective

oxi dation step, Imyg%g%e{ssco%qgﬂﬂhg%gﬁQ%hs&gﬁgpig%sggh%%:ésé@@|Bc$cah§e bBthe be

not ed, that the enation o i oXIl proceed at | east

partly to hyduoagemepephédef Cal, thixugmpdmtak eapablalof vatpbing 3@y, Ivethis
formed. The present 1 nventors have been the first to reall

_ 53 t hat, \é\/r&fn)
using 29 t heax &ChRgtsiia thedeoue mayi ahhy deagenoand masturpofihydrogsdt 28RCPor

t he sul phur. ield that the.reverse C a reacti on | e iredk]y east
e ! P el BB Lo oy SPEL Aoty BHRRS Sl est
of the cataliysi, pJaictbnlilanadvankagessHaft ﬂéﬁbﬁgr_lf(Eg. ioyention resides in
the fact that a  high conversion of  SO2 is obtained at a | ow tenperature,
whereas at the sane 25 tine only a | ow conversion of sul phur vapour into
H2S is maintained, int presepnce of substantial anounts of water vapour.

| npor t ant c%%%i*a%%?ti’bﬁga%*L tlfﬂe pr oc@%s are i.a. the space velocity, which

shoul d_he | e 20 h; ' which i ery high conpared to conventi onal
Cl aus éﬁd @9%@9?8}2}& T)chesses. @%ce velocity is defined as N33
gas/ n83 WD 01/ 23075 PCT/ NLOO/ 00695 11 catal yst/hour. The upper limt can

general |y be kept bel ow 12000 h-1, nore preferred bel ow 10000 h-1. In the
gas contai ni ng SR omlesdo Gbtain aigoad hud fastseductiBacthes @moung jpé reducing

component (hydrogen and/or CO), should be high; on molar basis more than 10
times the amount of sulphur dioxide. The advantage thereof is that there is a
15 fast and efficient removal of SOz:.

Excess of hydrogen compared to SOz is normally present in the Claus
tail gas of a sulphur recovery unit. The hydrogen in the tail gas 1s produced 1n
the thermal stage of the sulphur plant, one of the main reactions for hydrogen
production being the thermal cracking of H2S

20
2HxS - 2Ho+ S» (11)

The excess of hydrogen compared to SO» in the Claus tail gas 1s
determined by the Claus process, and cannot be controlled easily. In case
25 additional hvdrogen is required, this can be generated by sub-stoichiometric
combustion of fuel gas in the in-line reheaters, or added to the tail gas in the
form of a concentrated hydrogen stream from outside battery limits. Removal
of hydrogen, as is necessary for the selective reduction of SOz to elemental

sulphur as described in EP-A 669,854, is very difficult and cost ineffective.



reduci ng properties of CO this conponent is capable of reducing SQ2. In
this 5 way CO acts in the sane way as hydrogen, and a m xture of hydrogen
and CO WO 8H20% or al so suitable for reducing SO2, eithePCAMNIOM8YS (Eq. 9)
or indirectly via H2 production in the water-gas shift reaction (Eq. 10).
S +2 CO-a2C®2 + 1/n S (9) 10 CO+2H20H C2 + H2 (10) In order to
obtain a good and fast reduction, the anount of reducing conponent

(hydr ogen &gdégﬁ}% tl’,,hes roe%le§g ?x?\ﬁ%{et%dltqg' P k&l vRAs hhelRé s hipdr oxiden®s

t he amount oxl advantage thereof is that there is a 15

fast and efdfivek&id tof bn@ulSae obteetemohtdlylplyen conpared to SQ2 is
normal ly present in the aus tail gas of a sul phur recovery unit. The

hydrogen in the Thelprgeessiof the saveipn has theadraniage fi?ag’éﬁﬁfo’ft‘h"e sul phur
pl ant, one, of the nain rea tions for h%l

d ' ' t her mal
cracki ng obyqprgengtiongfgulnhurygpourgso i‘i %h% tRE e946L 'u?ﬁ't Heupg whent her ma

e excess of hydrogen conpared

to S Jn he) ] Atkivigh leadP® & Surtdlel Bid cfthetsubisbguéhamsidptionassge.and
cannot "be controlled easily. In case 25 additional .hydro‘gﬁ%l S requi r]i;’j’
this can be geneThtedtiysstbbsused i theprésent dnyienriden o Qeqt Y t he

hydr ogen seriadem? Femadrateda bR elg 19 AR kb R e R T
descr i bet CRmeby B R R e L ot e, VD
01/ 23075 PEI{M-Q6%100888ve tRatdeidr ding to the present invention it is not
rel evant whet her sul phur dioxide is_ converted }igl Qe/grag en, %’Jo%i\?ﬁs,or to
el emert@l sul phuAs an effective catalytically active mate
VIIB or VIII, preferably a molybdenum or tungsten compound is used, or a
mixture of molybdenum, tungsten, nickel and cobalt compounds, optionally in
combination with one or more promoting compounds of non-metals.
The active component is present on the carrier in an amount preferably

15 in the range of 0.1-40% by weight, more preferably 0.1-10% by weight
calculated on the total weight of the catalyst, and 60-99.9% of a carrier
material.

The catalyst has to be in the sulphided form in order to be suitable.
Sulphided catalysts are known as such. Generally, sulphiding is done by

20  contacting the catalyst with HS, an organic sulphur containing compound,
such as dimethyl-disulphide or sulphur, prior to use. The catalyst may contain
one or more promoting materials. Suitable promoting materials according to
the invention are phosphorus compounds. These can be applied to the catalyst
inter alia by impregnation with a soluble phosphorus compound.

25 It 1s preferred to use for the reduction step a catalyst on a support, said
support having substantially no activity towards the Claus reaction, as defined
later on. By this aspect of the invention a further improvement of the sulphur
recovery occurs, in view of the absence of the reverse Claus reaction, which

reaction would result in the production of SO;. More in particular this

30 embodiment is of importance in the case that the Claus tail gas contains



The process of the invention has the advantage that little or no

hydr ogenati on of sul phur vapour, comng fromthe Caus unit occurs, which
5 woul dWR #d3i5se | ead to a further |oad of the subsequeRCTONOHEIPODNn st age.
The catalyst to be used in the present i¥ention should be catalytically
active in the hydrogenation of SO2 to el enental sul phur and/or to H2S.

oot al vt el L GRS ARG BF FRDY FURRSHELT cfind bRl Anc
material a rdcﬁ?&%m%‘teC@S(?HH W B sired l%ﬁp%dl%@t,' leadie{ea dekyearennlthibdenum or

tungsten conpound 1s used, or a mxture of nolybdenum tungsten, nickel
and cobal t seipinauedsverypid strahgly depressenbbnshé uee of & hydnegesratian eatglvttot i ng

conmpounds of non-netal s. The act:lve conponent %f reégnt on. he carrier in
an anount prEng swhstanigllyme sataldigactyity tqwa %@V Wit 2°HBPe preferably

0.1-10% by wei gh&hegpggoggr%@ésegeqan%& Rt gg.}pfsétﬁ't tefihl oA ceAliakYSlausand

60-99. 9% of a ca errat. e cat as to be in the sul phided

formin or ‘é@fiv{tg) Bepsid bakhe.emistiphindeth cateathesChuamrastimpnef e siunport
Ceneral ly, sulphiding is done by 20 contacti n% t he cadéal st with H2S an
organi ¢ suliphak vernimapetayt.compeRrkentioneh SEBPRRtHRT ANYIIPECRIITY SRS

sul phur, prior,to use, The catal yst . cont ai r i
mat eri al s. nﬁ%ﬁ’?ﬁﬁ*s‘éappb%eﬁ PRy© e?lpgﬁ%mé%ﬂ(}o@gﬁlsﬁg{igle?% ﬁgg ?ﬁ’v@ﬁﬁ% Ogtrzje

phosphor us &Hé‘i@?ﬁ&ﬂ& mARESE thanidso PRl ds ihe Glhat yedctidmtSaritalilea by
i npregnation wth a sol uble phosphorus conmpound. 25 It is preferred to use

for theoreduppbors theegfon ace; iad.yslicam-alwoppo silicasalvgningy, EE6P 1120 591
subst anti al l'é no activity towards the C ails react}g{gn, as efined later on.
By this aspffibresd camhides)phospbates (Fafh AxAYRINBTLRBATPRA®Y he sul phur

recovery occurs, {in vi f .t.h ) r X%"b%@n@ SUSIhRAEINALY is
whi ch Teaction i Boresktiat 1Pﬁtht%ﬁ)§8%ér:r(;&d18%telhgﬁng§ S02. More in particul ar
this defined in the experimental part, preceding the examples. This definition of

the Claus activity is based on direct measurement of the Claus reaction

15  activity, according to the reaction
2 HaS + SO2 <> 3/m Sy + 2 H20 (2b)

If a material is Claus active, the presence of water results in the
20  reaction taking place in the direction of H2S and SOsq, with a part of the
sulphur being converted to H2S and SO: again. SOz 1s then hydrogenated with
the H. present to sulphur and water vapour, whereafter the Claus active
catalyst converts the sulphur back into SO2. Due to the concurrence of these
reactions a catalyst with Claus active sites will in the presence of water give

25 rise to a strong decrease in conversion, according to

2 HZS + SO_) «— 3/n Sn + 2 HZO (2}7)

toL

3 Ho 2 Ho

30



30 enbodi ment is of inmportance in the case that the Claus tail gas contains
WO 01/ 23075 PCT/ NLOO/ 00695 13 substantial anmounts of CO éinﬁgo/&y&g 0.5 %
un

by vol ) WQ9VRE® heen found that the production of COS, & esired

by-product, leading to a decrease in thel4 sul phur recovery, is strongly
depressed by the use of a hydrogenation catalyst having substantially no

he suppor . mat eFhaisppagRcRE G ek RiARe Su et SR G R En o e

t he support nate _ on the enbodi nent.

In case thg g)ﬁéﬁe?fﬁl%‘ﬂi%}{ef’&h&ﬁﬁt SURRF ha2/g, Sintela yeudyadtivioy tantbe any
convent i onaf support for "a hydrogenation catal yst nmay be used gsltghthe

pr ef e_rr;ad Enmgéamh duush vaded. mm(;mewﬁoixés al¢vepessgperte usechedtadustdravyng
material that is _not active towards t a reaction, i

supports t hdpefBETaywrfage fa?easis\}ll\?}éé,s 052 ‘U’rﬂaﬁéa}segia?X ggSPgér%Mﬁggt%’ r%%()ni a,
carbon (fibres), carbjde phosphat e (Fat] ®er It is
noted that in thé rﬁéégb]g’t %bﬁ\%ﬁ?l%ﬁu{ aggzagggﬁgzh%%@%%ﬁm AE?%??y ﬁer

defined i nfhe spRaEiBihehlyRaTn gdc@aPHb Bgedifie addiipidsdvEitageeaiai ti on
of the Cdaus activity is based on direct measurenent of the Cl aus reaction

15 acti vit gaimatatidh hggheo viafhees.eaction 2 H2S + S02 H 3/n S* + 2 H20 (2b) |If

a material is Caus. actjve, the. presence of. wat
reaction taking pYEbin the seppegty tIPES?\nB?nF%CéF%%S@a?é \t?v?% r&gb%g?g:ﬁgf t he

sul phur beiéeﬁp%%gya%ﬁfﬁgata% sl SOBraaRLEr ethR, inSJ Ahers. el 309888y with
ul'p

the H2 pre to's ur and wat €r vapour, whereafter the C aus acﬁi ve
catal yst COMWEBET &ldasdhpliis drekmimidbBaRtrogee atsonpioncané ity agrosdyis

wator give 28herosalbddhves paipgBereRsE . Lo uerara i B SEFE STE 6P LS
+ S F 3/annlst;ogen2m|g%gzll(lg li)g set at 16.2 A2,

In principle the catalysts can be prepared by the known methods of
preparing (supported) catalysts.

15 According to the process of the invention sulphur dioxide is removed by
reduction, by passing a sulphur dioxide containing gas together with a
reducing agent containing gas over the sulphided catalyst at an elevated
temperature.

The reduction is carried out by adding such an amount of reduction

20  component. such as hydrogen or an hydrogen containing gas, to the sulphur
dioxide containing gas, using a known per se ratio regulator, that the molar
ratio of reduction component to sulphur dioxide is from more than 10, up to
100, and preferably up to 50.

The process according to the invention can be used for the treatment of

25 all gases, which comprise sulphur dioxide.

The process according to the invention 1s eminently suitable for
treatment of gas mixtures which do not contain more than 1.0% of SO,
because then a normal, adiabatically operating reactor can be used.

In the hydrogenation the inlet temperature of the catalyst bed 1s

30 selected above 125°C and preferably above 170°C. This temperature 1s partly



3 H2 2 H2 30 WD 01/ 23075 PCT/ NLOO 00695 14 The specific surface area of

the catal yst according to the invention can be consider | t han at
| east SWﬁ%‘)léz?“'ési nce a good activity can be obtained wi tﬁgtééﬂblw&%es.

However, it is also possible to use a cdtwal yst having a |ow BET surface
area, such as a-alum na based hydrogenation catalysts. 5 Preferably, the

specific surface area of the catalyst wll ng e r of
cat al yst. ‘kjﬁtﬁt@a&yaﬁ‘%ﬁe%é%?l?? géqvfd'ihteﬂgﬁm ergé?/%n?éatgleeg:%g?g%bggfl%gguvq\;@ é)ﬁ
hi gher val &'%Ezle Wd DiikRStiSS PR petatule of MyaRd selphenetstCrasdalacebarea”
means t he surface area as defined by S. Brunauer et al., in J.ACS.

60, 309 (lga8iew pinThempBerhtsawe bhtlke swlphurs det er mi ned by nitrogen

adsorption at 77_K according to the so-called three-point r In
the cal cul ati on BNEKRQWYR BEE SqmReares Ehe, Maxyman (apg ﬁ?teurferslﬁggfg Cgt b2 a2,

|0 P nE! Pl g DG 8L Y 38y Gafle B BLERON R AR rBRrkDREITR ISTSS . of

pr eparing According to the process of the
i nvention sul phurf gico80deohtentasbygbrishanr EOUchy enlumhy itpasyi bignecessrphur

di oxi de containing gas together with a reducing.agen ont ai ni. n as over
t he sul phi tetakasteppsn adento preveat dhe t?@ﬁﬁé@%ﬁ%ﬂ%%ﬁ@?@%@ﬂ%ﬁﬁ CtoP

Ry
gas, using¢d. kNeW.Pfe 5 624 tool&FHARDEY for ifidthnthe tublibar rasatdm wdiere
reducti on conponent to sul phur dioxide is fromnore than 10, up to . 100,
and pre6 er ahé yatylysoisid. a tube which is surrounded by a coolant. Such'a reactor is

known from European patent specification 91551. A reactor containing a

cooling element may also be employed. Further, it is possible to return the

treated gas to the reactor inlet after cooling, and thus an additional dilution of

the gas to be hydrogenated is attained.

15 The process according to the invention can be utilised with particular
advantage for the hydrogenation of the sulphur dioxide containing residual
gases coming from a Claus plant. Because of the very high selectivity of the
catalyst for the reduction of SOz, compared to the reverse Claus reaction, a
very important additional advantage is thus obtained in that the removal of

20  water prior to the hydrogenation is no longer required. If the process according
to the invention is used to oxidise the residual gases referred to, these gases
are passed directly to a selective oxidation stage.

If in the process according to the invention the sulphur vapour
containing gas coming from the hydrogenation stage, optionally after

25 condensation and separation of the greater part of the sulphur, 1s passed over
a bed in which the sulphur is removed by capillary absorption, or the gas 1s
further cooled in a so-called Deep Cooler to below the solidification
temperature of sulphur, see European application 0655414, the sulphur

recovery percentage is increased to more than 99.5%.



The process according to the invention can be used for the treatnment of 25
all gases, which conprise sul phur dioxide. The process according to the

i nvent i oMOE238M$ nent |y suitable for treatment of gas nmi RANEOHMEISHh do not
contain nore than 1.0% of SO2, because then a normal, adiabatically
operating reactor can be used. In the hyH?ogenati on the inlet tenperature
of the catalyst bed is 3 0 sel ected above 125C and preferably above 170C
Thi s tenper at ur e1j,S, pafctdla M 62307 SulRei NeAOLRO69BIydSofdhetiavestiby is he
requi renent that the tenperature of the catalyst bed should be above the
sol i di fi catised asemsgratue bedfcldsedoittie sultleh wf thd 16¢C)(sesonddcatalibiskdaushe dew
poi nt tenperature_of the sul phur, By known _.per se neasures_ the maxi mum

t enper at ur geagtor nBeeattsgl gfdhe aarefy splechanof &FP%PS&&PH&&M% the Pg%ogﬁg%l and
pref erabl y . bal ow ' i i r P Yn¥ethere it
may be necg’ggarte;sluﬁ? ggtaaégerds(?g%g%rgﬁ%rg hg?&fl %é%e?fgggﬁtoﬁﬁh%@% aieﬂrrtg%% gt u}/}g in the
hydr ogegat isop K @a8iokide fd RyiRgearsulghidec Ahfugbheiusd tamtale of thistaohodigagnt

rel eased. Such steps include for instance the use 0(; a. coi)l ed reactor, for
i nst ance a residek aheradncthat, itupapbnecesspry tainatyld an adqigional FERFIQGH LAY s

surrounded by a cool ant. Su a reactor s

speci fi cat ie(%stgi%g an%A&?%tgéﬁgpeﬁ%ﬁ?’&ﬁ%?r%l% 13%8%0 i‘%ﬁg% E?riérgtB gﬁg?/&?l Izgﬂfaee
enpl oyed. FREIRIOF the shii PRESERBr | @singltHE Prévalinkreateion gasditivishia theact or
inlet after cooling, and thus an additional dilution of the gas to be
hydr ogenat adattoraTharetsdthelsulphar ghaode $s hgdmaginaged.-o t he i nvention can be
utilised with particular advantage for the hydrogenation of the sul phur

di oxi déOcont ai ni ng resi dual gases conming froma C aus plant. Because of
the very high selectivity of the catalyst for the reduction of SQO2,
conpared to the reverse C aus reaction, a



very inportant additional advantage is thus obtained in that the renoval of
20 water prior to the hydrogenation is no longer required. |If the process
accor di WP 0¥230The invention is used to oxidise the resi dE&T/NIAYBET ef er r ed
to, these gases are passed directly to a selective oxidation stage. If in
the process according to the invention thé sul phur vapour containing gas
com ng fromthe hydrogenation stage, optionally after 25 condensation and

separat i on@{]g%ﬁﬁl&{&ﬁt&rboart of the sul phur, is passed over a bed in
whi ch the sufphur 1s renoved by capillary absorption, or the gas is
further cooled in a so-called Deep Cooler to below the solidification

t enperature of sul phur, see. European application O 414, t he sul.phur
recovery percent ag€ ¢auspatvase "%Ba’ffb“i"remiaﬁ%{‘ﬁab’@.@gﬂsb%e@ll?&g}be/goﬁ)owmg
PCT/ NLOO/ OQQS%S_ 16 In a particularly preferred enbodi nent the catal yst of

the invention'is wused as a separate bed close to the outlet of the |ast

(secondy cat al yt isctIhaus quaearicictorBadenan interinad deanetear ofSiél man j writlddd
process conditions, the use of such a bed results in a particular]
ef fi ci ent hith dgohaf tncafrienupetemal. 411 theopng hapd, theseATFIRTPANSNG 8¢t o
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plant. Instead thersah RdwfRichRiylakay 86 a0bidcdicabyisé peasture debpeedodsithehe
bottom of the said |ast reactor, "using the prevailing reaction conditions
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with sieves of the appropriate mesh size. Carrier materials in the shape of, for
instance, extrusions or beads can simply be crushed and sieved to the
appropriate size.
The filled reactor is placed in a furnace, which ensures an isothermal
15 temperature profile along the axis of the carrier bed. The reactor temperature
is measured by an axially placed thermocouple in the bottom, i.e. the outlet
side, of the carrier bed.
The carrier bed is heated to 225 °C in a helium flow, at atmospheric pressure
and a GHSV of 6000 Nm3 gas/ m? carrier bed/ hour. At 225 °C, a mixture of 1
20 vol% H.S and 0.5 vol% SO. in helium is contacted with the carrier bed, at
atmospheric pressure and a GHSV of 6000 Nm?3/m?¥h.
Sulphur vapour produced in the Claus reaction is removed from the product
gas by condensation at 120 °C. Subsequently, the sulphur free gas 1s dried.
Methods to remove water vapour from gases are well known to persons skilled
25  in the art. The HsS and SO. concentrations in the dry product gas are
determined by gas chromatographic analysis.
After a stabilisation period of 24 hours, at 225 °C. the product gas 18
analvsed and the HsS and SO2 conversions are calculated by approximation

from the product gas analysis by the following formulas:



test. 5 A tubular quartz reactor, with an internal dianeter of 15 mm is
filled with 4 mM of the carrier material. On the one hand, the carrier
particl W@0128075shoul d be | ess than 10% of the internal rBaEMNBLV/MEhet er
and, on the other hand, it should be suUficiently large to avoi d excessive
pressure drop across the reactor. Such particles nmay be obtai ned by

conpr essi nﬂg carrier powder into 10 tablets, subsequently crushing the
tabl ets and? iC89Y?F§’1?rhe crushed material wth sieves of the appropriate
nmesh size. CarriRyolyREBRL@astdiint heolshHpS-infdryfmoducnghayice, extrusions or
beads can sinply be crushed and sieved to the appropriate size. The filled
reactor is placedolt Be9-ueactorinMhlQ@Woensures an isothermal 15 tenperature
profile al 69 the axis_of the carrier bed. The reactor tenperature is
measur ed bs ArrOBXPHYS “pl aced thernmocouple in the bottom i.e. the outlet

side, of the car figfo, Besl.reHaBorCR 1 V&% B64-ihHrkgabadcet-gad25 C in a hel i um
flow, at atnospheric pressure and a GHSV of 6000 NnB gas/ nB8 carrier bed/
hour. At 225 C, &dlo30s-eeadtot-indO10@H% H2S and 0.5 vol % SQ2 in heliumis

contacted with the carrier bed, at at rms!g;)her{‘jagl B@s&ure and a GHSV of 6000
N8/ n8/ h. Sul phuFrompidus the s38Eaes SRVERAOTISERA &Y on is renpved fromthe

product g%rs{@{J e&%@&%?ﬁgﬁ@g{%gmrgonsugw%ﬁﬁ%l@@nﬁ@e sul phur free gas

is dried. 0 renov er vapour from gases are well known to
persons skilled AScdridrhfatérial ihensidSrahth 5O nosubatardidldplauisraativatyddy
product gas are determ ned by gas_chromatographic analysis. After a

st abi | 1 Gat ithe aperdgsdcasvepgiondadess tenod05%C "t he product gas is anal ysed
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some Claus activity, even if the chemically pure carrier material 1s
theoretically Claus inactive (viz. silica). This is due to traces of precursor
materials from which the carrier is produced, or the presence of residual
15  amounts of additives, for instance binders, which have been used to shape the

carrier material.

Examples
20 Example 1

A commercial y-AlzO; catalyst carrier material was tested for Claus
activity in an isothermal reactor according to the procedure described in the
experimental part. y-Al2O3 is well known for its Claus activity. The test data

25 are summarised 1n table 1.



18 H2S conversion = [(vol % H2S-reactor-in - vol % H2S-i n-dry- product - gas)/
(vol % H2S-reactor-in)]*100% SO2 conversion = 5 [(vol % S02-reactor-in - vol %
S02-i n- dv@-opexdsict - gas)/ (vol % S02-reactor-in)]*100% Fr RETFL0Y/00498 aver age
conversion is cal cul ated: average conversi on = (H2S conversion + SQ2
conversion)/2 A carrier material is considered to have no substantial C aus
activity if JIO t he average conversion is |less than 20% Commercially

avai | abl e d&ledr naterial's al most invari abl y exhibit some Caus activity,
even if the chemcally pure carrier material is theoretically C aus
inactive (viz. silica). This is due to traces of precursor materials—$+rom

whi ch the ca%ééqeégi s produced, or the preseanavglf(%)li_ia2 i@‘@{r%l%smﬁ'ﬁﬁ of
: :

additives, fance binders, which haye been ‘used’ to shape the carrjer
material . Exanples 20 Exanple 1 A comer ¢i al y-AlZ%é% al gz carrier
materi al wasGtesYed for aus activity im an isoth Q{gﬁn?éé’c B “accor di ng
to the procedure—desertbed—nthe—experimental part. y-ALZOB 1s well knpwn

for its C alRea@bi téfyperdturet est data 25|are sunmariséddi’f table 1. WO

01/ 23075 PCLLNLOO/Q0B95 19  Table 1 feedrgas—t—vol 6 H2S—0-5vot 9% SO21
He

Claus activity = average H2S and 94.5%

SO: conversion to sulphur

5 Example 2

A commercial silica carrier material was tested for Claus activity as m
example 1. With this material the average H2S and SOz conversion to sulphur
was 12.5%.
10

Example 3

A Claus process gas containing 1.89 vol% HsS, 0.62 vol% SO2, 3.85 vol%
15  Hs, 1.33 vol% CO and 30 vol% H:0O was contacted with a standard Claus
catalyst at 220 °C, atmospheric pressure and a GHSV of 870 Nm?#/m3/h. The
product gas was fed to an isothermal reduction reactor, in series with the
Claus reactor, containing a sulphided Co/Mo catalyst on a y-Al2Ox carrier as n
example 1. The fresh catalyst, in oxidised form (1.e. before sulphidation),
20  contained 4 wt% CoO and 12 wt% MoOQ3, based on the total weight of the
catalvst. The B.E.T. surface area was 225 m?/g catalyst.
The reactor temperature was set at 225 °C. The product gas composition was
determined at three different GHSV’s: 3000, 6000 and 9000 Nm*/m#*h. The

results are shown in table 2.
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prevailing exper|i % "™conditions. Table 2 5
GHSV = GHSV = GHSV = 9000
3000 6000 Nm>3/m3/h
Nm3/m3/h Nm3/m3/h
Ho2S (vol%) 0.82 1.35 1.00 0.82
SO2 (vol%) 0.076 0.005 0.010 0.011
COS (vol%) 0.083 0.043 0.042
S-vapour (vol% Si) 1.64 1.10 1.48 1.66
H: (vol%) 3.85
CO (vol%) 1.33
H:0 (vol%) 31.1

The SO conversion is the net result of kinetically determined

reduction and back formation from sulphur by the reversing Claus reaction:

3/nS, + 2 H20 « 2HLS + SO

Under the test conditions, the sulphur vapour in the feed and product

. . . : Y Y-k -TA!
gas is a mixture of mainly Sy, Ss and Sx. The average value of nin Sy at 225 °C

18 7.42.



Conmponent Reduction Reduction reactor out reactor in GHSV = GHSV = GHSV =
9000 3000 6000 NmB/nmB/h NmB/nB/h N8/ nB/h H2S (vol % 0.82 1.35 1.00 0. 82
SC2 (vomig 013076 0. 005 0.010 0.011 COS (vol % 0.083 0. OBRGTDLOWG6IT- vapour
(vol% Si) 1.64 1.10 1.48 1.66 H2 (vol %,+3.85 CO (vol% 1.33 H20 (vol %
31.1 The SO2 conversion is the net result of kinetically determ ned
reduction and back formation from sul phur by the reversing C aus reaction:
10 3/nS" + 2 H2Fn2kRSrmodyRaincidata eand calowlated shat, af MeteduPPIAIMIS apour

in the feed. and praoduct is.a mxture of. nmainly 32, :

aver age va‘l’flv@%f(at en“@“rgf f‘ig?‘fltgm Pﬁhf3 ﬁ%lﬁ\hﬁ‘ﬁﬂégﬁ t%%ﬁé%%% 21
Fromthernefjax{k .Gidatie it can be calculated that, at a tenperature of 225
C, the natural Togarithmof the equilibriumconstant for the reversing

C aus r eacki(Bm) Eskn{[(v0Kp)HS/L0G) 2k otk BOZBIADO0) 2x( vol % S02/ 100)]/ 5 [( Vol %

S7.42/100) 3i 7. 42X( vol % H20/ 100(% é}z] %{é: -11. 77 Fromthe ﬁ:)rrposi tion of the
products gas | eavi ngl(vél86 Peadut@)dh* ‘éd?/‘oﬁzoéwoéﬁbar'éﬁt n(Kp) val ue can be

cal culated. From the composition of the product gas leaving the reduction reactor

an apparent In(Kp) value can be calculated.
For the CoMo/yAl:O3 catalyst the apparent In(Kp) values are —13.54, -13.57
and —13.92, at space velocities of 3000, 6000 and 9000 Nm3/m3/h respectively.

10 At low space velocity, the apparent In(Kp) approaches the
thermodynamic equilibrium value, indicating an increasing influence of the
Claus reaction. Although the SO; content in the product gas 1s still low, due to
the high reduction activity, the interference with the reversing Claus reaction,
suppresses the SOz conversion to some extent.

15 At high space velocities, the apparent In(Kp) deviates more and more
from the thermodynamic equilibrium value. In this regime, the SOz conversion

is determined by the kinetics of the reduction reaction.

20  Example 4

The experiment as in example 3 was repeated with sulphided Mo on the
same silica carrier as tested in example 2. The fresh catalyst, in oxidised form,
contained 6 wt% MoOs3, based on the total weight of the catalyst. The B.E.T.

25 surface area was 250 m2/g catalyst. As was shown in example 2, the silica
carrier exhibits no substantial Claus activity.

The product gas composition was determined at two GHSV's: 6000 and
9000 Nm?*/m?3/h. The results are shown in table 3.

Compared to Co/Mo on Claus active y-Al:O3, the catalyst on Claus

30 1nactive silica produces far less COS.



For the CoMb/yAl 2G8 catal yst the apparent |n(Kp) values are -13.54, -13.57
and -13.92, at space velocities of 3000, 6000 and 9000 NnB8/n8/h

respecti “@91/2307510 At | ow space velocity, the apparent In(PﬁﬂfNIe?B/B?(lgéches t he
t her rodynam c equil i brium val ue, indicating an increasing influence of the
Cl aus reaction. Although the SO2 content 1n the product gas is still |ow,
due to the high reduction activity, the interference with the reversing

Cl aus reaction, TEB@@@@SéﬁBlﬂ(K@)S@mm@@@) and 99090Nm*nt/brare -1t Ap amdgh
space veIOC|t|es t he apparent | n(Kp) rmre from

t her nodynarmi 8. Séqmspe@mhh Whﬁ%ﬁéﬁgwﬁ%ﬂ?%r éPWet attﬁl}e ‘Hh"\%?‘é’l ﬁlegs
det erm ned, thegi}?{ n§ Aelf%a&ﬁv&f?héﬁ dM | 8ROk %ulﬁﬁ% 1ﬁc§nfﬂ§’e

experi ment THEUGHFC epeate suI phi ded same
silica car 85 te?xﬁ%@ig % (ﬁﬁ%ﬁ@'r@daetlaﬁ'@eid‘c@ﬁ bt @r@écﬁhnﬁﬁpademedmldy s
form congdgf?%red 6wt I\/DOn r based on the total ?ht of the catg}; st.
The B. & T. tRehsgh éﬁd@faheapmv%eltyrﬁhgge,atml 15/19?1310%9 Wk TeHYGkon A mpl e
2, the silica carrier its . no sybstanti ctivi roduct
gas conpos il igmavasteretl qu g e r Or@%‘?ﬁesafl%gb ﬁ%s%bso%%ﬁr}%?fhﬁg

The results aretsw xﬁ'/ e 3. Conpared to Co/M on Claus active

y- A1203, t FBTER aus 30 inactive silica produces far |ess CCS.
WO 01/ 23075 PCT/ NLCI)/ 00695 22 The apparent | n(Kp) values at 6000 and 9000
N8/ nmB/h are -14.25 and -13.84 respectively. These figures clearly show
that the SO2aldendersion is less influenced by Caus activity than Co/ Mo on

yAl1l2C3, resulting in significantly |ower SO2 em ssions fromthe reduction
react ob®at medi um space velocity. At 5 the high end of the space velocity

range, the }((llo?nep}c:n%it or stere jl%g;[hllgtrl]orll ?e;cr%gr Reduction reactor out
in
GHSV = 6000 GHSV = 9000
Nm3/m3/h Nm3/m3/h
H:S (vol%) 0.82 1.06 0.82
SO, (vol%) 0.076 0.0045 0.012
COS (vol%) 0.0081 0.0086
S-vapour (vol% S1) 1.64 1.46 1.69
H: (vol%) 3.85
CO (vol%) 1.33
H,0O (vol%) 31.1
Example 5
15 The experiment as in example 3 was repeated with a sulphided

commercial Co/Mo catalyst on y-AlbOs. The fresh catalyst. in oxidised form.



limting factor. Therefore, the performance of both catalysts is roughly
the sanme at 9000 Nn8/n8/h. Table 3 10 Conponent Reducti on reactor
Reduct i OYOPE2IHr out in GHSV = 6000 GHSV = 9000 NnB/ nBCOI/NHB0MFh H2S
(vol% 0.82 1.06 0.82 SO (vol9% 0.076 D045 0.012 COS (vol % 0.0081
0.0086 S-vapour (vol% S 1) 1.64 1.46 1.69 H2 (vol% 3.85 CO (vol% 1.33

i th o sul prradeed SonmiicCad o R RR b osha shARECPER Grgnf PRhEPect o

catal yst, | el frony Q43 FAOTIPIQRLARBES 23 contained 2.5
wt % CoO ans&gﬂﬁt&%g%;@ggggﬁggg%ﬁ total weight g’f@ the catal %stq. The

B.E.T. surface dtesprdscB8aas n@hgositioal was detranpedatdwodall o 28l was
determ ned at two GHSV' s: 3000 and gOOO.N &%/h. The results are shown in
table 4. 598RMMEMY/Y. Ebevsselis arg shown - taAbko% i n exanple 3, the

comercial  Cof 2’%@%@%}?&?&9‘3@6@[6’ é%téill%\!t_td?u fé@'ﬂ'd.{ & SBimpR 2ndeMancaetant and

surface area, e sane V1 OU
Co/Moly-Al203 catalyst, with a different Co and Mo content and surface area,

exhibits the same behaviour.
The commercial catalyst also produces considerable amounts of COS.
The apparent In(Kp) values are —13.38 and —14,13, at space velocities of 3000
10  and 9000 Nm3/m3/h respectively. At low space velocity, the SOz conversion 1s
therefore limited by interference with the reversing Claus reaction, as was the

case with the Claus active catalyst in example 3

Table 4
15
Component Reduction reactor Reduction reactor out
in
GHSV = 3000 GHSV = 9000
Nm3/m3/h Nm?3/m?3h

H:S (vol%) 0.82 1.20 0.82
SO2 (vol%) 0.076 0.0080 0.0090
COS (vol%) 0.0175 0.0255
S-vapour (vol% Si) 1.64 1.31 1.68
H» (vol%) 3.85

CO (vol%) 1.33

H>0 (vol%) 31.1




The commercial catal yst al so produces consi derabl e anbunts of COS. The
apparent I n(Kp) values are -13.38 and -14,13, at space v it f 3000
10 and %?b@s / B/ h respectively. At |ow space vel oci ty?bﬁﬁ@@@ﬁ)
conversion is therefore limted by interference with the reversing C aus
reaction, as was the case with the O afs active catalyst in exanple 3
Table 4 15 Conponent Reduction reactor Reduction reactor out in GHSV =
3000 GHSV = 9000 Nm 3/nmB/h NmYm 3/h H2S (vol% 0.82 1.20 0.82 SO (vol %
0.076 0.0080 0.0090 COS (vol% 0.0175 0.0255 S-vapour (vol % S1) 1.64 1.31
1.68 H2 (Efhpl 65 CO (vol 9% 1.33 H20 (vol% 31.1 WO 01/23075

PCT/ NLOO/ 00695 24 Exanple 6 The experinment as in exanple 3 was repeated
with a sulphided 5 coonmercial Ni/M catal yst on Caus_ actiyve .y-A1203. The
conposi tion of The expariathrsttadm@kampbeﬁwaérrﬁp%@ds‘ﬁ@@ﬁ?%@?ﬁée i O < 25

br oductS ga@IBBIEEaT N Mo L et SRS St bugrele T B¢ iSR! ¥,
N8/ 8/ h. The r&sul {54868 1$18Wad Bd AR Ead NiO: < 25 wt% and MoOs:
10-25 wt%, based on the total weight of the catalyst.
The product gas composition was determined at two GHSV's: 3000 and
9000 Nm3/m3/h. The results are shown in table 5.

10
Table 5
Component Reduction reactor Reduction reactor out
n
GHSV = 3000 GHSV = 9000
Nm3/m3/h Nm?3/m3/h
H1S (vol%) 0.82 1.40 0.85
SO (vol%) 0.076 0.0070 0.0175
COS (vol%) 0.0502 0.0300
S-vapour (vol% S1) 1.64 1.08 1.64
Hs (vol%) 3.85
CO (vol%) 1.33
H.0 (vol%) 31.1
15 Under the prevailing experimental conditions, Nv/Mo on v-Al2O3

produces considerable amounts of COS. The apparent In(Kp) values for Ni/Mo-




10 Tabl e 5 Conponent Reduction reactor Reduction reactor out in GHSV =
3000 GHSV = 9000 NnB/nB/h NnB/nB/h H2S (vol% 0.82 1.40 0.85 S (vol %

0. 076 OM@IR3P70D175 COS (vol % 0.0502 0.0300 S-vapour PEEMNIPEPYIT 64 1.08
1.64 H2 (vol% 3.85 CO (vol% 1.33 H2GK{vol% 31.1 15 Under the
prevailing experinmental conditions, Ni/M on y-Al1203 produces considerabl e

amount s of €55, 0 PBRLSELIEn{KR) alueafRle N 0000808380 R

PCT/ NLOO/ O are space velocities of

3000 and 9%eméf§géﬁﬂlcéﬁﬁgeiﬁﬁér‘fﬁjeﬁce With eld ta@rbimgeCTRisaraetivht h t he
reversing us reaction. Fromthe experinents in exan*[)l e 3, 5and 6 it

follows that all meaﬂyesa)mernnelytsAnmrmpdhlaalﬁamhﬁlltﬁﬂ Qg thatsalkgatalysts
behavi our, despite djfference nmet al oxi de co ion. W h of
these cat aP}gtal 29@@?%11 Ega%aﬁ&tﬂ%ﬁaw VAR {36 &P ?g\}}é Rt é '{hegcﬁ?
reaction interfere sugmﬂcantly wi th the reduction of SOZto H2S and/ or
sul phur5 giﬁp on silica. This clearly indicates that C aus

activity Of the @@thicakh BREREdAdathlysds bdth et produttiog dfdc®Braridnthehe
cat al yst perfornmance.
reversing Claus reaction interfere significantly with the reduction of SO2 to
H,S and/or sulphur, as opposed to Mo on silica.
This clearly indicates that Claus activity of the carrier material is a

10  determining factor in the catalyst performance.

Example 7

The effect of the CO content in the feed gas on COS formation was
15 tested in the following experiment
A Claus process gas containing 2 vol% H2S, 1 vol% SOq, 3.85 vol% Ha,
30 vol% H20 and a variable amount of CO was contacted with a standard
Claus catalyst at 225 °C, atmospheric pressure and a GHSV of 870 Nm?3/m3/h.
The product gas was fed to an isothermal reduction reactor containing a
20  sulphided Co/Mo catalyst on y-Al203, identical to the catalyst in example 5.
The COS content of the product gas from the reduction reactor was determined
at a reactor temperature of 225 °C and a GHSV of 3000 Nm*/m?h. The results

are shown in table 6.



Exanple 7 The effect of the CO content in the feed gas on COS formati on was
15 tested in the foll owi ng experinent A C aus process ga g 2 vol %
Hs, 1 YARWBEP 3.85 vol % H2, 30 vol % H20 and a vari ab?gggur}rjg% 57 O was
contacted with a standard C aus catal ysieg at 225 C, at nospheric pressure
and a GHSV of 870 NnB/n8/h. The product gas was fed to an isothermnal
reduction reactor containing a 20 sul phided Co/ Mo catal yst on y-A1203,

i dentical Table® catal yst in exanple 5. The COS content of the product gas
fromthe reduction reactor was determned at a reactor tenperature of 225
C and a CHSV—e+—3060-MNrBfB3+h—TFhe—resttts—are showrTm table 6. WO

01/ 23075 RCT/ NLOO/ 008965C(26 Tablg 6 Vol % COVAId &S0S in the feed gas to
the in product gas fromthe reduct|ion reduction reactor reactor 1.34
0.0313 0.{70 0.0 i ment; ct Bad e tiOei@tiict i on dr ops
very rapidly SmV\AQEkzhfeggrc]gr%g?gﬁ% CO clgf\é}grqt% of the feed gas. It|{follows from
thi s exanp| e t hatdusthan reactorrum SO2 conver si oreactor not required, catal ysts
on Cl aus i } at-sfaetory—wth—feed—gases having a | ow
CO content} For highS§2 conversigns and feedogsd8s 10 having|a high CO
content, al catalyst on a Claus indctive carrier is preferred| Exanple 8 15
A gas contpining O. 8?0 >/8| % H2S, 0./074 vol % SO8,00%9 Vol % H20, 3. 85

The experiment shows that the COS production drops very rapidly

5 with decreasing CO content of the feed gas.

It follows from this example that, when maximum SOz conversion is
not required, catalysts on Claus active carriers perform satisfactory with feed
gases having a low CO content. For high SOz conversions and feed gases

10  having a high CO content, a catalyst on a Claus inactive carrier is preferred.

Example 8

15 A gas containing 0.83 vol% HsS, 0.074 vol% SOz, 30 vol% H20, 3.85
vol% Hs and 1.35 vol% CO was contacted, at 225 °C, with sulphided CoMo on y
-Al,O3, identical to the catalyst in example 5. The feed gas was virtually
identical to the feed gas of the reduction reactor in example 5. However, 1n the
experiment of the present example, the feed gas contained no sulphur vapour.

20 The product gas composition was determined at two GHSV's: 3000 and

6000 Nm?*/m3h. The results are shown in table 7



vol % H2 and 1.35 vol % CO was contacted, at 225 C, with sul phided CoMo on y
-A1203, identical to the catalyst in exanple 5. The feed gas was virtually
i denti c3O0R3PMHe feed gas of the reduction reactor in ex® 080060 wever ,
in the experinent of the present exanplg; the feed gas contained no

sul phur vapour. 20 The product gas conposition was determ ned at two

GHSV' s: 3000 and 6000 Nm;/n8;/h. The results are shown in table 7 WO

01/ 23075 PTabh.00/ 00695 27 Table 7 Conponent Reduction reactor Reduction
reactor out in GHSV = 3000 GHSV = 6000 NnB/nmB/h NnB/nB8/h H2S (vol % 0.83

0. 89 0. 89 [S&2(vot 900740700000 COS (Vo9 0. 0I5 0. 016 S-vapour
(vol % Si ) |@dRpénett?) 3.85 C(Rodoti¥h reag®r |H20 (vBJed@w@wmarp%n of
table 4 and table 7 shows thdgt hydraogenation of sul phur 5 vapour is a
maj or factlor in the productidn of H2% at | ow space velocities. Wth
sul phur fr feedTgas, the HZScontent i n the product gas decr S from
1.2 to 0.9 vol% Wth no sullphur in the fee 8 dé)%Qom ﬁ%r%e 00
product gas drops below the |detection |evel, d @ﬁle reduced, é}grm DN
of sul phur| vapour to H2S and SO2 in the reyersi & aus r(=act| on

H3S (vol%) 0.83 0.89 0.89

SO2 (vol%) 0.074 0.00 0.00

COS (vol%) 0.015 0.016

S-vapour (vol% S1) 0

H: (vol%) 3.85

CO (vol%) 1.35

H20 (vol%) 30

Comparison of table 4 and table 7 shows that hydrogenation of sulphur
5  vapour is a major factor in the production of H2S at low space velocities. With
sulphur free feed gas, the H2S content in the product gas decreases from 1.2 to
0.9 vol%. With no sulphur in the feed, the SOz content of the product gas drops
below the detection level, due to the reduced conversion of sulphur vapour to
H.S and SOs in the reversing Claus reaction.
10

From this example it follows that for extremely high SO: conversion
and minimum loss of sulphur recovery a separate reduction reactor with a
preceding sulphur condenser 1s preferred over an integrated reactor, filled with

two stacked layvers of respectively a Claus catalyst and a reduction catalyst.



Fromthis exanple it follows that for extrenmely high SO2 conversion and

m ni rrumwlg&@ﬁ:;g{?usul phur recovery a separate reduction re?ggmw%(;@sa

pr ecedi r condenser is preferreggover an integra reactor, filled
with two stacked |ayers of respectively a C aus catal yst and a reduction
catal yst. WD 01/23075 PCT/NLOO 00695 28 Cains 1. Process for the

catal ytic reduction of sul phur dioxide froma gas mxture at |east

containing 10 vol.% of water, in gejch process the gas m xture is passed
over a sul phur resistant hydrogen Scatalyst in sulphidic form at a
space velocity of at |least 2000 h-1, in the presence of a reducing
conponent, 5 preferably at |least partly consisting of hydrogen, in a nolar
rati o of reducing conponent to sul phur di oxide of nore than 10 up to 100,

at a tenperature of 125C to 300C, followed b sing th as mxture,
after the said redbeadesnior thereiglytic r&rdylcﬂﬁpd’itsggﬁ“ﬁe‘gmf‘&fe ﬁﬂgl B%%ati on of
sul phur conpounds,. nmore in_.part ay, |1d8esd theedk MBIk AL

sul phur. 1pUBturgdflgast %)ﬁgflpflﬁgmf%&b{ <'§1)|!?}rcr‘g{lt,gg’(-}1 e‘?gilcﬁmtxﬁeescat al%/st is
supported QI f&sefafvel arsulphef rédistaitingireghsition tafalystna sadphidic formowal ds
the Cl aus reaction and having at |east one sulphidjic h dr,ogenati on

conponent apphieselosityd atdeastaboh s thecpreseree ofed EeduFing §OMROHEDLs
according to cl i

im2, wherein the.said dro at.i PYFSRH
sel ect € be@fP%’%élyg?YtdﬁfJSto?a %Q@lﬂn@gﬁﬁér%?g: Er{/%lq’é&gﬁ 9\EZBII gl}l _b%%ge
periodic taflg,glbnelERRhsr cﬁoxiﬁé%‘f‘iﬁ&e%‘éﬁrm (g tba 00| at & td3mpuraceraof he
hydrogenat ron-conponent = i s based on nol ybdenum and/or tungsten_and/ or
cobal t. 5. 1PpeCesS0aecCofolliongd oy phsding4he ghemeixturd aftprdhegaad rpdnction,

gﬁgggP te ,nt pﬁé?@gbg ylggto?(li&/astgorij ggg ?orn&eyc?xqggtulgnn o sJ{lﬂ)r}l%srtc%%lgonunadss, 'Irll(')r%ain
particular hydrogen sulphide, to elemental sulphur.

10 2. Process according to claim 1, wherein the catalyst is supported on a
carrier material having substantially no activity towards the Claus reaction
and having at least one sulphidic hydrogenation component applied to the
surface of said carrier material.

3. Process according to claim 2, wherein the said hydrogenation

15 component is selected from the group of metals of Groups VIB, VIIB and VIII
of the periodic table of elements.

4. Process according to claim 3, wherein the hydrogenation component
is based on molybdenum, and/or tungsten and/or cobalt.
5. Process according to claim 4, wherein the hydrogenation component

20 1s a catalyst based molybdenum or tungsten on a silica support, preferably

containing 0.1 to 50 wt.% of molybdenum or tungsten.
6. Process according to claims 2-5, wherein the carrier material is
selected from the group of silica, a-alumina, silica alumina, zirconla, carbon
(fibres), carbides, phosphates (such as aluminium phosphate).

25 7. Process according to claims 1-6, wherein the said space velocity 1s

less than 12000 h'!, preferably less than 10000 h-'.



containing 0.1 to 50 wt.% of nol ybdenum or tungsten. 6. Process according
to clains 2-5, wherein the carrier material is selected fromthe group of
silica, WOAI2¥ha, silica alumna, zirconia, carbon (fi BCEAENLOVRYH; des,
phosphat es (such as al um ni um phosphate),,25 7. Process according to clains
1-6, wherein the said space velocity is ?ess than 12000 h-', preferably

| ess than 10000 h-'. WD 01/23075 PCT/ NLOO/ 00695 29 8. Process for the
renoval of 8sul phur Pecrisafomneing gerhovah afaslphwt eamgamingntwifrproges MEBHWSS si ng
the steps of converting part aof the hydrogen sul phide into sul phur dioxide,
subj ect i ngsaepyfcRsueENPHSIMEthY $§8s Okaction in at |east one catalytic 5
reactor, subjectin { r Qi 0%j . AN i Xxture to
a renoval step us%ﬁ%ngﬁgﬂ%ﬁ%#égghg?bgggggﬁéﬁgpu%ﬂgﬁg?§¢%§@%§g§§¥g}ecpively
oxi di si ng the hydr ggbjctinkiihiedai-Rues enthd Claderaaesiontinry legstsoms gataletic o

el emental sul phur. 10 9. Process according to claim8, wherein the said
step ofSselexdtovely oxidising is carried out in a dry oxidation bed.

subjecting the sulphur dioxide present in resultant gas mixture to a
removal step using the process of any one of the claims 1-7,
- selectively oxidising the hydrogen sulphide present in the resulting
gas mixture to elemental sulphur.

10 9. Process according to claim 8, wherein the said step of selectively

oxidising is carried out in a dry oxidation bed.



