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The invention relates to a supported caialyst for the
selective oxidation of sulfur compounds, iniparticular

hydrogen sulfide, to elemental sulfur, a prbcess for preparing
such catalyst and a process for the selectlve oxidation of
5 hydrogen sulfide to elemental sulfur.
The necessity of purifying gases which are further treated
in chemical processes, supplied to buyers, or discharged to

()

the atmosphere, from sulfur compounds, in particular hydrogen
sulfide, is generally known. Accordingly, a.number of

10 processes are known which are directed toc the removal of
hydrogen sulfide from gas. '

One of the best-known methods of converting hydrogen
sulfide to non-harmful elemental sulfur is the so-called Claus
process. '

15 In the Claus process, however, the HjS is not
guantitatively converted to elemental sulfu¥, mainly as a
result of the equilibrium character of the Glaus reaction:

~ 2 HaS + S0z -> 2 Ha0 + 3/n S (L

20
A residual content of H20 and SOz remains. Now, generally it
is not allowed to discharge HzS-containing ﬁesidual gas, and
50 the gas must be combusted, whereby the hﬁdrogen sulfide and
other sulfur compounds as well as the elemental sulfur present

.25 in the gaseous phase are oxidized to sulfur .dioxide. As the
environmental requirements are becoming stricter, this will
not be allowed anymore because the resultant sulfur dioxide
emission would be too high. It is therefore: inecessary to
further treat the.residual gas of the Claus': :plant, the so-

30 called tail gas, in a so-called tall gas plant.

Tail gas processes are known to thogse gkilled in the art.

The best-known and to date most effective piocess for.the
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to el emental sulfur, a process for preparing such catalyst and a process
for the selective oxidation of hydrogen sulfide to elenental sulfur.

The necessit WO#S49856 f yi ng gases which are further treated RETEOHOAPRAS
processes; supplied to buyers, or discharged to the atnosphere, from

sul fur conpounds, in particular hydrogen sulfide, is generally known.
Accordingly, a nunber of processes are knowg which are directed to the
renoval of hydrogen sulfide from gas. One of the best-known methods of

converting hydreseipadt! Ui’eth@llngﬂshﬁé nExe sﬁm&b&éssutdw GBS A-11§ 461, 070) .
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over a cobalt oxide/molybdenum oxide catalyst applied to Al20;3
as a support, whereby the SO; present is cagalytically reduced

5 to H3S. The total amount of HS is then sepa?ated in

conventional manner by liquid absorption. oie drawback of the
SCOT.process is that it requires a complicaﬁed plant. Another
drawback is the high energy consumption invélved in removing the
hydrogen sulfide from the absorbent again,

10 Another option in converting hydrogen sulfide in tail gas
to elemental sulfur is the so-~called BSR Selectox process,
disclosed in US-A-4,311,683. According to this process, the { .
HzS-containing gas, mixed with oxygen, is péssed over a
catalyst containing vanadium oxides and vanédium sulfides on a

15 non-alkaline, porous, refractory oxidic supéort.

An important drawback of both the SCOT-process and the
Selectox process is that in both cases the tail gas, after
hydrogenation of the sulfur components preseént to HzS, must
first be cooled to remove the greatexr part 6f the water,

20 Dbecause water greatly interferes with the aﬁsorption and the
oxidation of HzS. Due to the associated higﬁ investments
involved, the costs of tall gas treatments éccording to these
known methods are high. 3

Another process for the oxidation of H3S to elemental

25 sulfur is disclosed in U.S. Patent 4,197,277, According to
this publication, the hydrogen sulfide-containing gas is
passed with an oxidizing gas over a catalyst which comprises
iron oxides and vanadium oxides as active material and
éluminum oxide as support material. Furtheﬁ, the support

30 material, which has been impregnated with the active material,
has a specific surface larger than 30 m?/g and a pore volume
of 0.4-0.8 cm3/g, while at least 12.5% of the total pore
volume is constituted by pores having a dlameter greatexr than
300 A. It has been found that this catalyst gives rise to at

35 least a partial Claus equilibrium, so thatfthe formation of
80; cannot be prevented. As a result, the eéffectiveness of

o

this process is insufficient.
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to elemental sulfur may generally ‘be adversely affected by the

occurrence of the following side reactions:

1. the continued oxidation of sulfur:
i/n Sp + O3 -> SOy | (2)

2. the reversed (or rather reversing) claus equilibrium
reaction:

3/n Sy + 2 Hz0 <-> 2 Hz3 + 903 :(3)

Here the sulfur, once it has been formed, e&ters into a
reverse reaction with the water vapor also present to form
hydrogen sulfide and sulfur dioxide.

The occurrence of the side reactions mentioned above is
partly determined by practical conditions.

In general tail gas comprises, in addiéion.to elemental.
sulfur, a considerable amount of water vapor, wﬁich amount may
be within the range of 10-40% by volume. The water vapor
strongly promotes the reversing Claua reactfon. The
substantial removal of water vapoxr has evidént technical
disadvantages, such as the necessity of an additional
cooling/heating stage, an additional sulfur ‘recovery stage or
a hydrogenation stage followed by a water-rémoving guench
stage. A process in which the conversion tolelemental sulfur
is not influenced by the water content of the feed gas is
therefore desirable.. '

Another important circumstance is that?generally in the
selective oxidation some excess of oxygen will be used not
only to prevent the HzS from "slipping throhigh® but also on
the ground of considerations of control technology. This very
excess of oxygen, however, may give rise to;the continued
oxidation of the elemental sulfur formed, thereby adversely
affecting the effectiveness of the process.:

U.S. Patent 4,818,740, which is incorporated herein by
reference, discloses a catalyst for the selective oxidation to
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:2 treatnent of tail gas is the SCOT process (See GB- A1, 461,070). In this
process the tail gas, together with hydrogen, is passed over a cobalt

oxi de/ mol yOWOMMI8&Ki de catal yst applied to A1203 as a supdeﬂﬁ“ﬂh@W@by t he
S err] present is catalytically reduced:

4

elemental sulfur, the use of which prevents %he above side
reactions to a large extent, while the main reaction

HaS + 1/2 0z -> Hz0 + %‘ Sh : (4)

takes place with a sufficient degree of convérsion and
selectivity. :

The catalyst according to that patent compriaes a support
of which the surface exposed to the gaseous phase does not

10 " exhibit any alkaline properties under the reéction conditions,
while a catalytically active material is appiied to this
surface. Further, the specific surface area ¢f this catalyst
is less than 20 m2/g and less than 10% of thé total pore
volume in this catalyst has a pore radius in: the range of

15 5-500 A. 3

' An improvement of the method disclosed in the above-
mentioned U.5. Patent 4,818,740 is disclosed iin European
patent publication 409,353, which is incorporated herein by
reference. This patent publization relates td a catalyst for

20 the selective oxidation of sulfur-containing .compounds to
elemental sulfur, comprising at least one ca@alytically active
material and opticonally a suppoxt, which catilyst has a
specific surface area 6f more than 20 m2/g a@d an average pore
radius of at least 25 A, while the catalyst exhibits

25 substantially no activity towards the Claus ﬁeaction under the
reaction conditions. X :

It has been found that the catalyst according to this
European patent publication gives a clear imérovement in the
activity and selectlvity of the catalysts. Ié spite of this,

30 there remains a need for an improvement of the catalyst in
order to increase the yield of elemental sulfur.

The object of the present lnvention is to provide a
catalyst for the selective oxidation of sulfér compounads to
elemental sulfur, which shows a higher conversion of the

35 sulfur-containing compounds to elemental sulfur.
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part of the watf®® ed to a support material, which catalyst is
5 obtainable by applying the catalytically active material to a
support material which comprises at least éne alkali metal
promoter, :
Surprisingly, it has been found that éuch a supported
catalyst shows an improved conversion of sdlfur-containing
10 compounds to elemental sulfur, In this conn%ction, it is
- essential that the alkali metal promoter ig present in the
- support. It has been found that this can beirealized only by
providing the catalytically active materialion a support which
contains the alkali metal promoter. This cah be effected by

15 applying the alkali metal promoter during tﬁe preparation of
the support or during the shaping theraof'(éxtrusion,
tableting, granulation, etc.). It is also péssible to
impregnate the support with a solution of tﬁe-alkali metal
promoter prior to the application of the caialytically active

20 material. A simultaneous application of the two components
does not lead to an improvement of the eleméntal sulfur yield,

According to the invention, therefore,git is essential
that the alkali metal promoter ig not appliéd to the catalyst
simultaneously with or after the active comﬁonent. It has been

25 found the activity of the catalyst does not -improve or may
even deteriorate if the promoter is applied.to the catalyst
simultaneously with or after the active component,

The catalysts according to the inventién can have a
specific surface area which can vary within ‘wide limits.

30 starting from the given that the catalyst péeferaﬁly exhibits
substantially no activity towards the Clausfreaction under the
reaction conditions, a skilled artisan can-@etermine the
desired specific surface area. This surface larea also depends
on the nature of the support, a smaller surface area beiﬁg

35 @desirable for aluminum oxide supports than for silicon oxide
supports. :

{
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prefexrably has silicon oxide as a support.

According to another embodiment of the :dnvention, the
catalyst has a specific surface area of 1es§.than 20 m2/g and
less than 10% of the total pore volume in th?s catalyst has a
pore radius between 5 and 500 A, With such a catalyst, it will
be preferred to start from aluminum oxide as: support,

It is noted that in the present inventibn the absence of
Claus activity is defined as the absence of the influence of
water on the selectivity of the oxidation re?ction of HzS to. C}
sulfur in the presence of minimally a stoich30metric amount oOf
02 at 250°C. More particularly, this means t@at in the
presence of 30% by volume of water the seleciivity of the
reaction to elemental sulfur should not be m@re than 15% lower
than the selectivity in the absence of water. This definition
of the Claus activity is based on the equiliﬁrium
Claus reaction )

3/n Sp + 2 H0 <-> 2 HzS + 503 (3

If a material is Claus.active, the presence bf water results
in the reaction proceeding in the direction éf H2S and S0z, 7
whereby a paxt of the sulfur is converted toéngs and 803z h
again. Hz8 is then oxidized with the 03 presént to sulfur and
watexr vapor, whereafter the Claus active catalyst converts the
sulfur to 802 again. Due to the concurrence 6f these reactions
a catalyst with Claus active sites will, in the presence of
water, gilve rise to a strong decrease in seléctivity.

Within the scope of the invention "specific surface area"
means the BET surface area as defined by 8. Brunauver et al.,
in J.A.C.S. §0, 309 (1938). Use was made of a nitrogen
adsorption at 77 K according to the so-calleﬁ three-point
measurement, For the purpose of the calculation, the surface
area of a nitrogen molecule was assumed to be 16.2 A2,
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may generally be adversely affected by the

7
The average pore radius is determined.starting from a

cylindrical pore model, using the following formula:

20,000 % pore volume (cm3/q)
BET surface aréa (m?/g)

Average pore radius (A) =

The pore volume used herein is graviméirically determined
by impregnation with water in vacuc. The sﬁécific pore volume
can also be determined using mercury porosiﬁatry up to a
pressure of 2000 bar. The values obtained by the two methods
10 show a good correspondence.

PN The specific surface area of the catalyst according to
the invention can correspond with the valueé according to
U.S. Patent 4,818,740 a5 well as with the vilues according to

. Buropean patent publication 409, 353 More partxcularly, the

15 specific surface area is at least 25 m2/g, Blnce a good
activity can be obtained with such values, !

Preferably, the specific surface area of the catalyst
- will not be larger than 300 m?/g of catalyst§ In general no
specific additional advantages can be gaxned with higher

20 values. i

The requirement as regards the average bore radius is
relevant in connection with the nature of the reaction. Toe
many small pores involve the danger of contlnued oxidation of

= sulfur to 502 due to the sulfur remaining in,the pores too
25 long, which is undesirable. The average pore. radius is
generally preferably at least 325 A, while 2?00 A is an upper
limit., In general, nc additional advantage i% to be gained
above this limit, while on the other hand problems may arise
in the preparation of the support. More particularly, an
30 average pore radlus not exceeding 500 A is preferred.

The nature and amocunt of the alkalli metal promoter can
vary. In respect of its nature 1t is obserVeﬁ that it ‘can be
based on the conventional alkali metals, more particularly
lithium, rubidium, cesium, potassium and sodium, the last two

35 materials being preferred most,
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.of sul fur: ' l/n Sn + Jerr] -> SOerr] (2)
2. the reversed (or rather reversing) C aus eqU|I|br|un1react|on

3/n Sn + 2weswse <-> 2 Herr]S + S err] (3): MmeTaupkeceal f ur,
once it has been forned, enters-into a ;

8

The amount depends at least partly on tﬁe nature and
amount of catalytically active material. A pﬁeference is
expressed for amounts of alkali metal promotér relative to the
amount of catalytically active material, botﬂ calculated as

5 metal, between 1 and 350 atomic percent, more particularly
between 5 and 100 atomic percent. :

The catalyst according to the inventionggengrally
comprises 0,1-50 $ by welght, calculated on éhe total mass of
the catalyst, of a material which is catalytically active for

10 the selective oxidation of HzS to elemental gulfur.

It should be stressed that this relates ito the active
material which is accessible to the reaction;gases. In fact,
by sintering or by a different process of préparatiOn, a part
of the active material, in particular metal ¢xide, can be

15 encapsulated, for instance by sintering up n%rrow pores in the
support. However, the difference between encépsulated metal
oxide and metal oxide present on the support%can easily be
determined by temperature programmed reducti&n (TPR), Details
of this measuring technique are described in!N.w. Hurst,

20 S.J. Gentry, A. Jones and B.D. McNicol, Catal. Rev. Sci. Eng.
24 (2), 233-309 (1982). The amount of metal oxide present that
is accessible to gases ‘can thus be determineé.

As catalytically active material, effectively a metal
compound is used, or a mixture of metal compOunds, optiomally

-
Y
I

25 in combination with one or more compounds of nonmetals.
Preferably, the catalytically active material used is an
iron compound or a compound of iron and chrdhium is used,
Effectively, a molar ratio of Cr:Fe is chose? which is lower
than 0.5 and preferably in the range of 0.02-0.3,

30 The catalyst according to the invention may also contain
one or more other promoting materials. suitable promoting
materials according to the invention are phésphorus compounds .
These can be applied to the catalyst inter alia by
impregnation with a soluble phosphorus compound.

35 The catalyst consists of a support matérial to which a
catalytically active materlal has been applied.
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.and. sul fur dioxide. The occurrence of the side rea¢tions nentioned
above is partly determ ned by practical conditions. “In Eeneral tail

gas- conpri s¥92 daf t Has RebreRephated!  sul fur, a consi dera of
wat er vapor, which ano In the range of 10-40% by vol une. The
wat er vapor strongly p ersing daus reaction. The substantia
renoval of water.vapor has evident technicg disadvantages, such as the
necessity of an additional cooling/heating stage, an additional sulfur

recovery stage or erdfuifadignathenastige danpgonsnt hy prﬂé&ﬁt-dﬁ”ﬂhﬂ ng quench
el ool i S, B LE O LS ko b a0 e
preferably 0.1-10 % by weight, calculated on the total weight
of the catalyst. ;

5 Generally, as a support a ceramic material is used which
exhibits no Claus activity under reaction coéditions or has
been deactivated as regards this activity. Séitable materials
ipclude aluminum oxide, titanium oxide and silicon oxide.

Howevar, it is also possible to use, as%a support, other
10 materials which exhibit no or minimal Claus éctivity and are

P thermostable. Examples are thermostable non—éeramic materials,
such as metal gauze structures and surfaces éf ({incompletely)
sintered materials. Very suitable is a honey§0mb structure
having a high thermal conductivity. Suitahleimaterials for

15 such supports are the various metal alloys which are stable
under the reaction conditions. Examples are Hetals such as Fe,
C€r or Ni or alloys containing one or more of .these metals.

on the surface of these materials, if désired, a layer of
oxidic material may be provided'as a support:for the

20 catalytically active material and which incofporates the
alkali metal promoter. f

In principle, the catalysts according té the invention
can be prepared by the known methods for preéaring supported
catalysts. . ;

25 In order to bring the catalyst support into a suitable
form, it may, if necessary, be subjected hefﬁrehand to a
sintering treatment before and/of after appllcation.

A sintering treatment c¢an optionally be?carried out with
a finished catalyst, whereby microporas are:%intered up.

30 The application of the alkali metal pro&oter can be
effected in a manner which is conventional fbr the application
of components on a supported catalyst. Prefe}ably, sequential
precipitation is used, i.e. first preqipitaﬁing & precursor of
the alkali metal promoter, followed by the application of a

35 precursor of the catalytically active component. As alkali

. metal compound, it is preferred to start from water soluble
alkali metal salts, which, after application, are converted
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'SOITE_excess of oxygen will be used not only to prevent the Herr]S from
"slippi ng thro but also on the round of considerations of control

t echnol ogy. “1?1? however, may give rPEENLSIR052S
conti nued OX|dat|on of quur forned t hef eby adversely
affecting the effectlve ocess U S. Patent 4,818, 740,

whi ch is incorporated herein by reference, M scl oses a catal yst for the

sel ective oxidation to
into the desired promoter by calcination. Suztable salts are,

first of all, nitrates and carbonates, as wal &5 alkali metal
salts of organic acids, such as oxalate, ciérate, acetate, and
formate, f
5 It is also possible to incorporate the .alkali metal

promoter or precursor thereof into the oxidﬁc material during
the éreparation of the support material or the shaping .
thereof. This can be effected by preparing ﬁhe support from
starting materials already incorporating précursor for the

10 alkali metal promoter. It is also possible to add alkali metal
compounds during the shaping of the support material.

It is observed that Example 9 of European patent
publication 409,353 describes a method in which a
coimpregnation of a sodium citrate and an iron compound takes

15 place. AS can be derived from the Examples included
hereinafter, such coimpregnation does not priovide any
advantages with regard to activity and seleétivity.

In the preparation of supported catalyéts, the
homogeneous application of the promoting alﬁali metal and of

20 the catalytically active material to the suﬁport material
requires particular care, and furthermore iﬁ must be ensured
that this homogeneity is maintained during and after the
drying procedure, .

To satisfy these requirements, it is qulte eligible in

25 the preparation of such catalysts to utilizg the “dry"
impregnation of the support material with a!solution of a
precursor of the active component or componénts. This method
is known as the so-called inciplent wetnessgmethod Good
results are obtained with a solution of EDTA or citrate

30 oomplexes An amount of a viscosity increasing compound such
as hydroxyethyl cellulose may be added to tpe solution. By
impregnating the support material with this' solution by means
of the incipient wetness method, a catalyst is obtained on
which the active material is provided with & high degree of

35 homogeneity. :

The invention also relates to a process for the selective
oxidation of sulfur-containing compounds, in particular
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pat ént _conprises a supp he surface exposed to the gaseous
phase does not " "'

hydarogen sulfide, to elemental sulfur, usiné the catalyst
according to the invention. ' 3
. According to this process,; hydrogen sulfide is oxidized
directly to elemental sulfur by passing a hydrogen sulfide-
5 containing gas togethexr with an oxygen-contﬁining gas over the
catalyst at an elevated temperature. ;

It is noted that pnot only the nature of the catalyst but
also the process parameters determine whethgr optimum results
are obtained, Of particular importance are the selected

10 temperature and the contact time for the oxidation. The use of
the present catalyst, incidentally, permits tolerating an
excess of oxygen and/or the presence of watér in the gas to be
treated. 3

The oxidation process is carried out by adding to the

15 hydrogen sulfide-containing gas such an amoént of oxygen or an
oxygen-containing gas, using a known xatio éegulator, that the
molar ratio of oxygen to hydrogen sulfide is between 0.5 and
5.0, and preferably between 0.5 and 1.5. '

The process according to the invention ican be used for

20 the selective oxidation of all gases containing sulfurous
compounds, in particular hydrogen sulfide. éxamples of
processes where the oxidation according to éhe invention can

i be suitably used are the processes described in Buropean

. patent application 21551, European patent aéplication 78690
25 and U.S. Patent 4,311,683,

The process according to the 1nventionfis eminently
suitable for oxidizing gas which does not céntain more than

1.5% of BH2S, because then a normal, adiabatically operating

reactor can be used. 3
30 In the oxidation the inlet temperature ‘of the catalyst

bed is chosen to be above 150°C and pre:erably above 170°C.

This temperature is partly dictated by the éequirement that

the temperature of the catalyst bed must be above the dew

point temperature of the sulfur formed. ‘

35 One of the advantages of using the invéntion resides in
the fact that a heightened activity is obtained while the
selectivity is maintained, which leads to a better sulfur
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catalytically active material is applied to this surface. Further, the
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35

total pore volume in this catalyst has a pore radius in the
[err]. An i nprovenent of the nethod disclosed in the

d US Patent 4,818,740 is di g osed i n European patent

, 353, which is incorporated herein by reference. This patent
a1 d.0 Ad 8ot ahgsgas orengearattirechay ebeximittiaal yollower

RSO shenSi ROl Sl s SOTRYASH MalerkBlsh, 6
due theegxothapnict eharautey ofr thg extdatiow qeagdipsr and dheas
Aacthith@t! he £AéataRperRthirdl 48 too high a non-selective
thermal oxidation of the sulfur compounds may occur, lowering
the initiation temperature is of great importance for
increasing the sulfur yield. ’

By measures known pex se, the maximum temperature in the
catalyst bed is generally maintained below 330°C and
preferably below 300°C.

If the HS content is higher than 1.5 % by volume, it may
be necessary to take measures to avoid the temperature in the
oxidation reactor becoming too high due to the reaction heat
released. Such measures include, for instapce, the use of a
cooled reactor, for instance a tubular reactor, where the
catalyst is in a tube which is surrounded by a coolant., Such a
reactor is described in European patent specification 91551. A
reactor containing a cooling element may a}so be employed.
Further, it is possible to return the treated gas to the
reactor inlet after cooling, whereby an ad@itional dilution of
the gas to be oxidized is attained, or to distribute the gas
to be oxidized over a plurality of oxidati@n reactors while
simultaneously distributing the oxidation air over the various
reactors. .

According to a particular embodiment of the process
according to the invention, the catalyst is employed as a
fluid medium in a fluidized bed reactor, shortcircuiting being
prevented by the arrangement of one or more apertukred plates.
Thus, optimum heat transfer is obtained.

According to another particular embodiment, the catalyst
is utilized in the form of fixed, for instance honeycomb-like,
structures of high thermal conductivity, whereby an
undesirable increase in the temperature of the catalyst is
avoided in a suitable mannex.

The process according to the invention can be utilized
with particular advantage for the selective oxidation of the
hyd@rogen sulfide-containing residual gasgesg coming from a
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condi tions. It has been found that the catalyst accordlng to this
Eur-opean patent publication gives a clear inprovenment inithe activity and

selectivit cat §1E§Ha§1§bex$]m;)laeed0f this, there remai for an
I pr overren%@%;"’q?ﬁ% cat gw o i ncrease the yield ngmﬁegﬁ@ﬁf

sul fur- GB- A 916, 7 MEU m cat alyst for the direct oxidation of
H2S with air with a cat tlng of a sodiumalunminumsilicate in
whi ch part of the sodiumions have been repl aced by other metal ions.

Claus plant. Apart from the very high selecti?ity of the
catalyst according to the invention, a very i@portant
additional advantage thereby obtained is that the removal of
water prior to the oxidation is no longer regﬁired. If the

5 process according to the invention is used to]oxidize the
residual gases referred to, these gases can p}eferably be
passed first through a hydrogenation reactor,fin which, for
instance, a cobalt-molybdenum containing catalyst is present
and in which all sulfurous constituents are hydrogenated to

10 hydrogen sulfide.

According to a variant of the process according to the
invention, the selective oxidation stage in which the catalyst
according to the invention is used is combinéd with a
subsequent hydrogenation stage, followed by absorption of

15 hydrogen sulfide, all this as described in European patent
application 71983, In the process, 98% of thé sulfur compounds
present are thus removed in the part precediﬁg hydrogenation,
so that the hydrogenation stage and the absorption mass are
not unduly loaded. In this way sulfur recovery percentages of

20 up to 100% can be achieved., According to a viariant of this
process, it is possible after the hydrogenation stage to use,
instead of the absorption mags, a renewed seiective oxidation
according to the invention, whereby a total sulfur recovery

vt percentage between 99.5 and 99.8% is attained.

25 Further, the proceass according to the invention is
particularly suitable for desulfurizing, for inmstance, fuel
gases, refinery gases, biogas, coke furnace %as, gaseous
effluents of chemical plants such as viscosé factories, or
gases which are burnt off at gas and/or oil ‘extraction sites.

30 If in the process according to the invention the sulfur
vapor-containing gas coming from the selective oxidation
stage, optionally after condensation and seéaration of the
greater part of the sulfur, is passed over a bed where the
sulfur is removed by capillary adsorption, the sulfur recovery

35 percentage is increased to virtually 100%, '

The invention ig illustrated in and by the following
examples.
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use a zeolite as a catalyst for the O aus reaction. ; The object of the
present invention is to provide a catalyst for the selective oxidation of
sul fur conpodREW¥ee| enental sul fur, which shows a higher cSRYEHS4PR2e1

t he sul fur-containing conpounds to elenental sul fur. * The invention
relates to a catal yst on support for the selective oxidation of
sul fur-contai ni ng conpounds to 14

Example 1

100 g Silica (Degussa OX50, B.E,T. 44 m2/g) was mixed
5 with 147 ml water and 1.5 g HEC (Hydroxy Etﬂyl Cellulose) and
extruded. The extrusions were dried at 100‘@. To obtain
sufficient mechanical strength, the extrusiéns were calcined
at 700°C. The preformed support thus obtainéd had a
BET surface area of 45.5 m?/g, a pore volumé of 1.1 cm3/g and
10 an average pore radius of 350 A. |

Example 2

5.23 g ammonium iron citrate (16 wt.$% ée) was dissolved

15 in demipneralized water and supplemented to 25 ml. An amount of
10 g of the extrusions obtained in' Example 1 was impregnated
with 11 ml of the above solution. The extrusions were first
dried at room temperature for 3 hours and tﬁen at 120°C for
another 3 hours. The dried extrusions were cﬁlcined in a

20 rotary quartz tube under an air flow of 50 ml/min at 500°C.
The catalyst obtained in this manner had a BET surface area of
51 m?2/g, an iron oxide content of 5 wt.%,
Bxample 3 (comparative)

25 :

0.28 g trisodium citrate dihydrate and§5.23 g ammonium .
iron citrate (16 wt.% Fe) were dissolved in idemineralized
water and supplemented to 25 ml, An amount éf 10 g of the
extrusions cobtained in Example 1 was impregéated with 11 ml of

30 the above solution. The extrusions were firét dried at room
temperature for 3 hours and then at 120°C fdr another 3 hours.
The dried extrusions were calcined in a rot&ry guartz tube
under an air flow of 50 ml/min at 500°C. The catalyst obtained
in this manner had a BET surface area of 50 m?/g, an iron

35 oxide content of 5 wt.%. The molar ratio of sodium to iron is
1:5.
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.active naterlal applled to a support naterlal, wher eby t he average pore
radius of the catalyst is at |least 25 A said catal yst bei ng.obtai nabl e by

appl ying sajy@osaisgs ytically active material to a support nepefinBdaodsisCh
contains at |east one al kali nmetal pronoter. Surpr|5|ngly, It has been

found that such a supported catal yst shows an i nproved conversi-on. of )
sul fur-cont ai ni ng conpounds to el enental sulfur. In thig connection, it is
essential that the alkali nmetal pronoter i&5present in S n Réplacddas
been found that this can be realized only by providing t ﬂﬂi y
active nateri Bxagple.&upport which contains the al kal i Thi s
can be effected by applying the aIkaIi netal pronoter during the

preparation of the s éoporéri%rodq%l 2 esgﬁpyd}%tteh%;goéiésegfru |on
‘ demineralized water and supplemented to 25 m}. aAn amount of
5 10 g of the extrusions cbtained in Example‘l%was.impregnated
with 11 ml of the above solution. The extrusions were first
dried at room temperature for 3 hours and tﬂen at 120° for
another 3 hours. The dried extrusions were calcined in a
rotary quartz tube under an air flow of 50 ﬁl/min at 500°c.
10 The sodium promoted silica thus obtained hadfa BET surface of

45 m2/g, a sodium content of 0.29 wt.%.

Example 3

15 5.23 g ammonium iron citrate (16 wt.%® F?) was dissolved
in demineralized water and supplemented to-2§ ml. An amount of -
10 g of the sodium promoted silica obtained in Example 4 was
impregnated with 11 ml of the above selution. Again the
extrusions wexre first dried at room tempexatére for 3 hours

20 and then at 120°C for another 3 hours, whereafter they were
calcined in a rotary quartz tube under an ai; flow of
50 ml/min at 500°C. The catalyst obtained'in?this manner hagd a
BET surface of 52 m?/g, an iron oxide conteni'of 5 wt.%, The
molar ratio of sodium to iron was 1:5. :

25

Examples 6, 7 and 8

From the catalysts prepared according t? Examples 2, 3

and 5, sieve fractions were made with a particle size of

30 between 0.4 and 0.6 mm. A quartz reactor tubé having an
internal diameter of B mm was filled with 1 ml of this
catalyst. A gas mixture of the following nolar composition was
passed downflow over the catalyst: 5% 02, 1% HpS, 30% Hz0 in
Be. The space velocity (Nml of gas per ml of catalyst per

35 hour) of the gas was 12,000 hr-l. The temperature was raised
by steps of 10°C from 200°C to 300°C and then lowered again to
200°C. The sulfur vapor generated was condeﬂsgd downstream of
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support with a solution of the alkali

application of the catalytically active nateri al .
applicatio f!,sﬁrn&;tv\/o conponent s does not
el emental sulfur yreld

essential that the alkal
simul taneously with or after the active conmponent.
activity of the catal yst does not
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net al pronoter

prigr to the

According to the invention,

nmet al pronoter

A S|nultaneous
| ead to an |npr

therefore

t he

It

is not applied to the catal yst
It has been found the
i nprove @ may even deteriorate if the

i's

promoter is applied to the catalyst simultaneously with or after the active
theTheactdrl gtsti3 02CcoThie ptar tvapomwest remdead wichte aawater

specific surfage,alge WiiiaGR" HAkY clinbs{tild®r Lie! Enfluent ana the

effluent gas was determined with a gas chromatograph. The

conponent .
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results of the experiments are summarized in Tables 1, 2

and 3.
. Table 1

Example Temperature Act. Sei. Yld
2 200 33 96. 32
only 220 72 96: 67
iron oxide 240 99 94; 93
250 100 89; B9

260 100 82 82

280 100 60 60

300 100 22 22

Table 2

Example Temperature  Act, gél. Yld
3 200 17 94 16
sodium-iron 220 39 94 37
coimpreg- 240 70 o4 66
nation 250 94 94 88
260 99 g3 92

280 100 a8 88

300 100 s 75
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substantially no activity towards the Cl aus reaction under the reaction
conditions, ¥FO¥B¥J artisan can deternine the desired speciMGTEVI¢PRAEe
area. This surface area al so depends on the nature of the support, a
smal | er surface area being desirable for alum num oxi dé supports than for

silicon oxide 17
Table 3
X Example Temperature Act. ESel. Yld
5 ;

5 200 35 -~ 86 34
sodium-iron 220 64 196 61
sequantial 240 95 .96 91
impregnation 250 100 95 95
10 260 100 93 93
“ 280 100 ‘84 84
' 300 100 ‘69 69

15 act. =~ percentage of converted hydrogén sulfide

gel. = selectivity to elemental sulfuﬁ
yld = sulfur yield

20 ample

Of the extrusions prepared according tb Example 1, a

sieve fraction was made having a particle size of between 0,4
and 0.6 mm. A guartz reactor tube having an: interpal diameter

25 of 8 mm was filled with 1 ml of this sample, Placed hereon was
1 ml of sieve fraction of the catalyst prepared according to
Example 2. Under identical conditions to those described in
Examplea 5, 6 and 7, measurements were performed on this
sample. The results of this experiment are summarized in

30 ‘Table 4. '
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-enbodi nent, a catalyst according to the invention has ajspecific surface

area of nDreghE§@3 nferr]/g and an average pore radi us of E%T%ﬁgﬁbm&%S

[err]. Such st preferably has silicon oxide as a sup

18
Table 4
Example Temperature  Act. Bel. Yld
5
8. 200 33 96 32
iron oxide 220 72 6 67
catalyst 240 99 4 93
with silica 230 100 89 89
10 |under it 260 100 79 79
280 100 a4 44 o~
300 100 0 0 e
15 Example 9

Of the sodium promoted silica preparedéaccording to
Example 4, a sieve fractlon was made having: a particle size of
between 0.4 and 0.6 mm. A quartz reactor tube having an
20 internal diameter of 8 mm was filled with 1 ml of this sample,
Placed hereon was 1 ml of sieve fraction of the catalyst
prepared according to Example 2. Undex identical conditions to
those described in Examples 5, 6 and 7, mea?urements were
performed on this sample. The results of this experiment e
25 coincide exactly with those summarized in Table 1.

This Sheet Has Been Replaced
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specific surface area of less than 20 n2/g and | ess than:10% of the total
pore, volune in this catal yst has a pore radius between -5 and 500 A Wth
such a catalyst, it will be preferred to start from al um num oxi de as
support . WO SBB7856 noted that in the present invention thecPCEATEMOBRE]
Claus activity is defined as the absence of the influence of water on the
sel ectivity of the oxidation reaction of Herr]Sto sul fur in the presence

of mni rral ly a stoichionetric anmount of q r] at theévgaﬁgegamgplagddl arly,

this means that in the presence of 30% by volune of tivity
of the reaction. to elenental sulfur sh t be rrrmml‘ m Hﬂ wer than
the selectivity in. the absence of mate i's definf aus
activity is based on the EQUIllbrIUHICIaUS reaction.

1. A catalyst on support for the selective gxidation of
sulfur-containing compounds to elemental sulf@r, comprising at
least one catalytically active material applied to a support
raterial, said catalyst being obtainable by a@plying said

5 catalytically active material to a support material which
comprises at least one alkall metal promoter..
2. A catalyst according toc claim 1, wherein the alkali metal
is selected from the group consisting of soditm, potassium,

R rubidium, cesium and lithium,

10 3. A catalyst according to claim 1 or 2,. wherein the amount
of alkali metal promoter relative to the amount of
catalytically active material, both calculated as metal, is
between 1 and 350 atomic percent, more particularly between 5
and 100 atomic percent. :

15 4. A catalyst according to claims 1-3, which catalyst has a
specific surface area greater than 20 m?/g and an average pore
radius of at least 200 A, while under the resction conditions
the catalyst exhibits substantially no activity for the Claus
reaction.

20 5. A catalyst according to claims 1-4, cha%acterized in that

, the specific surface area is greater than 25!m%/g.

e 6. A catalyst according to claims 1-5, characterized in that

the average pore radius does not exceed 2000 A.
7. A catalyst according to claims 1-6, characterized in that

25 the support material is 51i0;. ’

8. A catalyst according to claims 1-7, characterized in that
the catalytically active material is present on the support in
an amount of 0.1~10% by weight, calculated ¢dn the total mass
of the catdlyst. :

30 9. A catalyst according to claimg 1-8, characterlzed in that
the catalytically active material is g metal compound or a
mixture of metal compounds, optionally in combination with one
or more compounds of nonmetals.

-

RO R
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‘material is Caus active, thé presencé of Water results.in the reaction

proceeding. in the direction err], whereby a part of the ,e
sulfur is coOesoress to H err] unm ﬂﬂﬁ pﬂruﬂﬁ{ H[err]S | PCriRESssdstsdi zed .
with the Jerr] present to sulr™urcand wa wapor, whereafter the O aus .
active catalyst. converts the sulfur to SJerr] again. DPue to the

concurrence of these reactions a catal yst th Caus active sites will, in

the presence of water, give rise to a stro decrease in select|V|ty
it the sogge oh b aibﬁy"?%g“*ﬁaﬁ'ée%f opbi'd. " udbBler TEEI 1 Siotose)
Use was nade &heamgtalogappound is an iron compound or a mixture of iron
compounds and chromium compounds. :
11. A catalyst according to claims 1-10, chhracterized in
5 that further one or more phosphorus cOmpoundé are present.
12, A process for preparing a catalyst acco}ding to one or
more of claims 1-11, characterized by preparing a catalyst
comprising at least one catalytically active?material applied
to a support, the catalytically active material or a precursor

10 thereof being applied to a support comprising an alkali metal
promoter or precursor therefor.

13. A process according to claim 12, wherein a support 63
material is first impregnated with a precursor for the alkali
metal promoter and, optionally after drying and/or

15 ' calcination, is then impregnated with the precursor for the
catalytically active material. :

14, A process according to claim 12 or 13, compriszng dry
impregnation of a support material with a sclutmon containing
alkali metal ions.

20 15. A process according to claim 14, wheéegn the
catalytically active material is applied to a support material
which has been provided with an alkali metal promoter during

the preparation and/or shaping. :
16. A process for the selective oxidation of sulfur- o

25 containing compounds, in particular hydroget sulfide, to
elemental sulfuxr, characterized in that a hidrogen sulfide-
containing gas, together with an oxygen—conéaining gas, is
passed over the catalyst according to one or more of claims
1-11 at elevated temperature. .

30 17. A process according to claim 16, chaéacterized in that

the molar ratio of oxygen to hydrogen sulfide is maintained
between 0.5 and 1.5. 5
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adsor ption at 77 K ac so-ca] | ed three-point -reasurenent. For
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surface area of a nltrogen nntecule was
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CLAIMS

1. A catalyst on support for the selective oxidation of
sulfur-containing compounds to elemental sulfur,said catalyst
comprising at least one catalytically active material applied
to a suppbrt material, whereby the average pore radius of the
catalyst is at least 25 A, said catalyst being obtainable by
applying said catalytically active material to a support

material which comprises at least one alkali metal promoter.

2. A catalyst according to claim 1, wherein the alkali metal
is selected from the group consisting of sodium, potassium,
rubidium, cesium and lithium.

3. A catalyst according to claim 1 or 2, wherein the amount
of alkali metal promoter relative to the amount of
catalytically active material, both calculated as metal, is
between 1 and 350 atomic percent, more particularly between 5
and 100 atomic percent.

4. A catalyst according to claims 1-3, which catalyst has-a
specific'surféce area greater than 20 m2/g and an average pore
radius of at least 200 A, while under the reaction conditions

" the catalyst exhlblts substantially no activity for the Claus
reaction.

5. A catalyst according to claims 1-4, characterized in that
‘the specific surfadé area is greater than 25 m?/g.

6. A cataiyst according to claims 1-5, characterized in that
the average pore radius does not exceed 2000 A.

- 7. A catalyst according to claims 1-6, characterized in that
the support material is SiOj. )
8. A catalyst according to claims 1-7, characterized in that
the cat;lytically'active_material is present on the support in
an amount of 0.1-10% by weight, calculated on the total mass
of the catalyst. :

9. A catalyst according to claims 1-8, characterized in that
the catalytically active material is a metal compound or a
mixture of metal compounds, optionally in combination with one

A 0 R

or more compounds of nonmetals.
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a pressure of. 2000, baru ,he'values obtalned by the tmo nethodé shOM/a:good ;
correspondeﬁce “The-specificsurface area df-the catalyst., acg@ggang to ;

the invention cmmrvﬁsmemfe sétﬁé‘ﬂvt%ié%ﬁxﬁéﬁ%ﬁSWFm EORPOBRNERT

4,818,740 as well as with the values acc ng to European patent

publ i cation 409, WELWE?J'WQE’ILF@H'ﬁédESé?@R%wmﬁG%ﬁé@@ﬂm%f s at

| east 25 nferr]/g, since a good
AND PROCESS FOR THE SELECTIVE OXIDATION OF SULFUR

COMPOUNDS TO ELEMENT SULFUR

The invention relates to a supported catalyst for the
selective oxidation of sulfur compounds, in particular
hydrogen sulfide, to elemental sulfur, a process for preparing
such catalyst and a process for the selective oxidation of
hydrogen sulfide to elemental sulfur.

The necessity of purifying gases which are further treated
in chemical processes; supplied to buyers, or discharged to

- the atmosphere, from sulfur compounds, in particular hydrogen
sulfide, is generally known. Accordingly, a number of
processes are known which are directed to the removal of
hydrogen sulfide from gas.

One of the best-known methods of converting hydrogen
sulfide to non-harmful elemental sulfur is the so-called Claus
process.

In the Claus process, however, the H3S is not
quantitatively converted to elemental sulfur, mainly as a
result of the equilibrium character of the Claus reaction:

2 HyS + SO3 => 2 H0 + 3/n Sp (1)

A residual content of HjO and SO; remains. Now, generally it
is not allowed to discharge H;S-containing residual gas, and
so the gas must be combusted, whereby the hydrogen sulfide and
other sulfur compounds as well as the elemental sulfur present
in the gaseous phase are oxidized to sulfur dioxide. As the
environmental requirements are becoming stricter, this will
not be allowed anymore because the resultant sulfur dioxide
emission would be too high. It is therefore necessary to
further treat the residual gas of the Claus plant, the so-
called tail gas, in a so-called tail gas plant.

Tail gas processes are known to those skilled in the art.
The best-known and to date most effective'process for the

This Sheet Has Been Replaced This is the replacement sheet
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activity can be obtained with such val ues. Preferably, the specific
surface ‘area of the catalyst will not be |larger than 300 nferr]/g-of -

I n general no specific additional advantages can be alned mnth

catal yst.

hi gher val ues. The requirenent as regards the avera h

rel evant in connection with the nature of the reaction.

pores involve the danger of continued exdation of sul fur to

the sul fur

remaining in the pores too long, which is unde5|rable The

average pore radius is generally preferably at |east 325 A, while 2000 A is
an upper |i treathengeneredil rgasatidl h-.hengf:o@dyﬁa&ég@ {Sed %dtliqurhggg?gmﬁ
this limt, 0, e ot er robl ens |

of the supp%‘r‘é{'khﬁ) @té)gﬁiﬁ savéf’ﬁﬁEH%% ?’hﬁwﬁf% ' e*8cBYF$RA 500
A is preferP¥ar a cobalt oxzde/molybdenum oxide catalyst applied to Al;0,

as a support, whereby the SO; present is catalytically reduced -
to H2S. The total amount of HS is then separated in
conventional manner by liquid absorption. One drawback of the
SCOT process is that it requires a complicated plant. Another
drawback is the high energy consumption involved in removing the
hydrogen sulfide from the absorbent again.

Another option in converting hydrogen sulfide in tail gas
to elemental sulfur is the so-called BSR Selectox process,
disclosed in US-A-4,311,683. According to this process, the
H3S-containing gas, mixed'with'oxygen. is passed over a
catalyst containing vanadium oxides and vanadium sulfides on a
non-alkaline, porous, refractory oxidic support.

An important drawback of both -the SCOT process and the
Selectox process is that in both cases the tail gas, after
hydrogenation of the sulfur components present to H;S, must
first be cooled to remove the éreater part of the water,
because water greatly interferes with the absorption and the
oxidation of HS. Due to the associated high investments
involved, the costs of tail gas treatments acco:ding to these

known methods are high. .
Another process for the oxidation of H3S to elemental

sulfur is disclosed in U.S. Patent 4,197,277. According to
this publication, the hydrogen sulfide-containing gas is
passed with an oxidizing gas over a catalyst which comprises
iron oxides and vanadium oxides as active material and
aluminum oxide as support material. Further, the support
material, which has been impregnated with the active material,
has a specific surface larger than 30 m2/g and a pore volume
of 0.4-0.8 cm3/g, while at least 12.5% of the total pore
volume is constituted by pores having a diameter greater than
300 A. It has been found that this catalyst gives rise to at
least a partial Claus equilibrium, so that the formation of
S0; cannot be prevented As a result, the effectiveness of

this process is insufficient.
This is the ropiacernent sheel
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The nature and anount of the alkali metal pronoter can vary. In respect of
its natture it is observed that it can be based on the conventional alkali

nmetals, nore pa‘hf&smedmsliﬂﬁnﬁﬁ“{%m rubi di um cesium potassi um and sodi um

the |ast two rratﬁm‘mﬂl referred nost.
9

The effectiveness with reépect to the conversion of HjyS
to elemental sulfur may generally be adversely affectéd by the
occurrence of the following side reactions:

1. the continued oxidation of sulfur:

-3-

1/n Sg + O3 => SO3 ' (2)

2. the reversed (or rather reversing) Claus equilibrium
reaction: '

3/n Sy + 2 Hy0 <=> 2 HyS + SOz .(3)

Here the sulfur, once it has been formed, enters into a
reverse reaction with the water vapor also present to form
hydrogen sulfide and sulfur dioxide.

The occurrence of the side reactions mentioned above is
partly determined by bractical conditions.

In general tail gas comprises, in addition to elemeptal
sulfur, a considerable amount of water vapor, which amount may
be within the range of 10-40% by volume. The water vapor
strongly promotes the reversing Claus reaction. The
substantial removal of water vapor has evident technical
disadvantages, such as the necessity of an additional
cooling/heating stage, an additional sulfur recovery stage or
a hydrogenation stage followed by a water-removing quench
stage. A process in which the conversion to elemental sulfur
is not influenced by the water content of the feed gas is
therefore desirable.

Another important circumstance is that generally in the
selective oxidation some excess of oxygen will be used not
only to prevent the HaS from "slipping through” but alsoc on

the ground of considerations of control technology. This very
excess of oxygen, however, may give rise to the continued
oxidation of the elemental sulfur formed, thereby adversely
affecting the effectiveness of the process.

U.S. Patent 4,818,740, which is incorporated herein by
reference, discloses a catalyst for the selective oxidation to

Th& 8 The (aniscernen sheel



The anmount depends at |east partly on the nature and anmount of

catal yttically active material. A preference is expressed for anounts of

al kali metal pronoter relative to the anount of catalytically active
material, both calculated as netal, between 1l and 350 atomi c percent, nore
particularly between 5 and 100 atom c. percent. The catal yst according
to the invention generally conprises O-#-<0 % by wei ght, calculated on the
total nmass of the catalyst, of a material which is catalytically active for
the selective oxidation of Herr]S to el enental sulfur. It should be
stressed t hateliemeatrd| sudsuro the uast ofewhichrpreventsithe aboyessitdee to

the reaction ﬁ%%%ionkntéastlame Sxtiellt], nanﬂiebuné faid F@deinocess of

preparation, a part of the active material, In particular netal oxide, can
be
HaS + 1/2 03 -> Hy0 + ;11- Sa (4)

takes place with a sufficient degree of conversion and
selectivity.

The catalyst according to that patent comprises a support
of which the surface exposed to the gaseous phase does not

" exhibit any alkaline properties under the reaction conditionms,
while a catalytically active material is applied to this
surface. Further, the specific surface area of this catalyst
is less than 20 m2?/g and less than 10% of the total pore
volume in this catalyst has a pore radius in the'range of
5-500 4.

An improvement of the method disclosed in the above-
mentioned U.S. Patent 4,818,740 is disclosed in Eurcpean
patent publication 409,353, which is incorporated herein by
reference. This patent publication relates to a catalyst for
the selective oxidation of sulfur-containing compounds to
elemental sulfur, comprising at least one catalytically active
material and optionally a support, which catalyst has a
specific surface area of more than 20 m?/g and an average pore
radius of at least 25 A, while the catalyst exhibits _
substantially no activity towards the Claus reaction under the
reaction conditions. .

It has been found that the catalyst according to this
European patent publication gives a clear improvement in the
activity and selectivity of the catalysts. In spite of this,
there remains a need for an improvement of the catalyst in
order to increase the yield of elemental sulfur.

The object of the present invention is to provide a
catalyst for the selective oxidation of sulfur compounds to
elemental sulfur, which shows a higher conversion of the
sulfur-containing compounds to elemental sulfur.
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encapsul ated, for instance by sintering up narrow pores in the support.
However:, the difference between encapsul ated netal oxide and netal oxide
present on the support can easily be determ ned by tenperature programred
reduction (TPR) Details of this nmeasuring technique are described in NW
Hurst, S.J. Gentry, A Jones and B.D. McNicol, Catal. Rev. Sci. Eng. 24
(2), 233-309 (1982). The anmount of net-a88 -oxi de present that is accessible
to gases can thus be determ ned. As catalytically active materi al
effectively a netal conmpound is used, or a m xture of netal conpounds,
optionally in conbination with one or nore conpounds of nonnetal s.
Preferably, the Fheaipvesticy zelatas e & CAtalyS§ PR S¥PRPITH LBMFdend or a

conpound of Je@RtaRd ERLAALLM i6f UAREurEdonthalinghy, compdhids g i 0 of COr:Fe

's chosen \A@lc;er:}\eln%aioglgifag ? ncgzﬁg)riasni% raeg (ire%gltyolng ;[:an{ﬂligcealqy %’c%ﬁrg' 3
material applied to a support material, which catalyst is
obtainable by applying the catalytically active material to a
support material which comprises at least one alkali metal
promoter.

Surprisingly, it has been found that such a supported
catalyst shows an improved conversion of sulfur-containing
compounds to elemental sulfur. In this connection, it is
essential that the alkali metal promoter is present in the
support. It has been found that this can be realized only by
providing the cétaiyticaily active material on a support which
contains the alkali metal promoter. This can be effected by
applyifg the alkali metal promoter during the preparation of
the support or during the shaping thereof (extrusion,
tableting, granulation, etc.). It is also possible to
impregnate the support with a solution of the alkali metal
promoter prior to the application of the catalytically active
material. A simultaneous applic;tion of the two components
does not lead to an improvement of the elemental sulfur yield.

- According to the invention, therefore, it is essential
that the alkali metal promoter is not applied to the catalyst
simultaneocusly with or after the active component. It has been
found the activity of the catalyst does not improve or may
even deteriorate if the promoter is applied to the catalyst
simultaneously with or after the active component.

The catalysts according to the invention can have a
specific surface area which can vary within wide limits.
Starting from the .given that the catalyst preferably exhibits
substantially no activity towards the Claus reaction under the
reaction conditions, a skilled artisan can determine the
desired specific surface area. This surface area also depends
on the nature of the support, a smaller surface area being
desirable for aluminum oxide supports than for silicon oxide
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The catal yst according to the invention may al so contain one or nore other
pronoting materials. Suitable pronoting materials according to the
i nvention are phosphorus conpounds. These can be applied to the catal yst

inter alia by inpregnation with a sol uble phosphorus conpound. The
catal yst consists of a support material to which a catalytically active
mat eri al has been appli ed. -6-

According to one embodiment, a catalyst according to the
invention has a specific surface area of more than 20 m2/g and
an average pore radius of at least 25 A. Such a catalyst
preferably has silicon oxide as a support.

According to another embodiment of the invention, the
catalyst has a specific surface area of less than 20 m2/g and
less than 10% of the total pore volume in this catalyst has a
pore radius between 5 and 500 A. With such a catalyst, it will
be preferred to start from aluminum oxide as support.

It is noted that in the present invention the absence of
Claus activity is defined as the absence of the influence of
water on the selectivity of ;he oxidation reaction of H3S to
sulfur in the presence of minimally a stoichiometric amount of
02 at 250°C. More particularly, this means that in the
presence of 30% by volume of water the selectivity of the

.reaction to elemental sulfur should not be more than 15% lower
than the selectivity in the absence of water. This definition
of the Claus activity is based on the equilibrium
Claus reaction

3/a Sy + 2 H0 <-> 2 HaS + SO3 (3)

If a material is Claus active, the presence of water results
in the reaction proceeding in the direction of H;S and S0,
whereby a part of the sulfur is converted to H3S ‘and SO;
again. HyS is then oxidized with the O, present to sulfur and
water vapor, whereafter the Claus active catalyst converts the
sulfur to SO; again. Due to the concurrence of these reactions
a catalyst with Claus active sites will, in the presence of
water, give rise to a strong decrease in selectivity.

Within the scope of the invention "specific surface area"
means the BET surface area as defined by S. Brunauer et al.,
in J.A.C.S. §0, 309 (1938). Use was made of a nitrogen
adsorption at 77 K according to the so-called three-point
measurement. For the purpose of the calculation, the surface
area of a nitrogen molecule was assumed to be 16.2 A2,
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10 Preferably, the active conponent is present on the support in an
anpunt in the range of 0.1-40 % by weight, nore preferably 0.1-10 % by

wei ght, cal cul ated on the total weight of the catalyst. General ly, as
a support a ceramc material is used which exhibits no C aus activity under
reaction conditions or has been deactivated as regards this activity.
Suitable materials include alum num oxtde, titanium oxide and silicon

oxi de. However, it is also possible to use, as a support, other

mat eri al s whi ch ex'hbbhtreﬂag@rpcu&élifwdiﬁ diss detkermihgdastianting hErowsat abl e.

xampl s ar e LHGLEILA! e DOTRGELAI fa I Vil B WEy 2Fo R 92U78

structures and Surfaces i'nconpl e sintere eri Very suitable
i s a honeyconb structure

Average pore radius (A) =

20,000 x pore volume (cm3/q)

BET surface area (m2/g)

The pcre volume used herein is gravimetrically determined
by impregnation with water in vacuo. The specific pore volume
can also be determined using mercury porosimetry up to a
pressure of 2000 bar. The values obtained by the two methods
show a good correspondence.

The specific surface area of the catalyst according to
the invention can co:respcnd”with the values according to
U.S. Patent 4,818,740 as well as with the values according to
European patent publication 409,353. More particularly, the
specific surface area is at least 25 m?/g, since a good
activity can be obtained with such values.

Preferably, the specific surface area of the catalyst
will not be larger than 300 m2/g of catalyst. In general no
specific additional advantages can be gained with higher
values. )

The requirement as regards the average pore radius is
relevant in connection with the nature of the reaction. Too
many small'pores involve the'danger of continued oxidation of
sulfur to SOz due to the sulfur remaining in the pores too
long, which is undesirable. The average pore.radius is
generally preferably at least 325 A, while 2000 A is an upper
limit. In general, no additional advantage is to be gained
above this limit, while on the other hand problems may arise
in the preparation of the support. More particularly, an
average pore radius not exceeding 500 A is preferred.

The nature and amount of the alkali metal promoter can
vary. In respect of its nature it is observed that it can be
based on the conventional alkali metals, more particularly
lithium, rubidium, cesium, potassium and sodium, the last two
materials being preferred most.
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having a high thermal conductivity. Suitable. materials for such supports
are‘the various metal alloys which are stable under the reaction
conditions. Exanples are metals such as Fe, C or Ni or alloys containing
one or nore of these netals. On the surface of these materials, if
desired, a layer of oxidic material nmay be provided as a support for t he
catalytlcally active material and whi ch-i8rcorporates the alkali netal
pronot er . | n Phe ramiqung dependst at:ykecsammgm ¢hehaaitarenandn can

be prepared bymdiyge W%t@&%‘i@ﬁli? a@ﬁf?érdx&‘,’ezsi‘é‘ipor ‘F’:‘}e%%}@hléét £s In

order to brlqg t he %L? st “su L ;k%f suitab

necessary, be“XRET eFHPB ﬁd fo hiRetay HﬁQQQFﬁEhFeBéFbV% %ﬁuﬂhﬁ

after appli caamaunt of catalyniiealby actiwemmutenmahgpmbanabhycbmaaadraguj out

wi th metal, between 1 and 350 atomic percent, more particularly
between 5 and 100 atomic percent.

The catalyst according to the invention generally
comprises 0.1-50 % by weight, calculated on the total mass of
the catalyst, of a material which is catalytically active for
the selective oxidation of H2S to elemental sulfur.

It should be stressed that this relates to the active
material which is accessible to the reaction gases. In fact,
by sintering or-by a different process of preparation, a part
of the active material, in particular metal oxide, can be
encapsulated, for instance by sintering up narrow pores in the
support. However, the difference between encapsulated metal
oxide End metal oxide present on the support can easily be
determined by temperature programmed reduction (TPR). Details
of this measuring technique are described in N.W. Hurst,

S§.J. Gentry, A. Jones and B.D. McNicol, Catal. Rev. Sci. Eng.
24 (2), 233-309 (1982). The amount of metal oxide present that
is accessible to gases ‘can thus- be determined.

As catalytically active material, effectively a metal
compound is used, or a mixture of metal compounds, optionally
-in combination with one or more compounds of nonmetals.

Preferably, the catalytically active material used is an
iron compound or a compound of iron and chromium is used.
Effectively, a molar ratio of Cr:Fe is chosen which is lower
than 0.5 and preferably in the range of 0.02-0.3.

The catalyst according to the invention may also contain
one or more other 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 phosphorusncompound.

The catalyst consists of a support material to which a
catalytically active material has been applied.
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a finished catal yst, whereby m cropores are sintered up. The
application of the alkali netal pronoter can be effected in a manner which
is conventional for the application of conponents on a supported catal yst.
Preferably, sequential precipitation is used, i.e. first precipitating a
precursor of the alkali netal pronoter, followed by the application of a
precursor of the catalytically active.ogpoponent. As al kali metal conpound,
it is preferred to start fromwater soluble alkali netal salts, which

after applicati Ppef@raniy)VeheCactive component is present on the
support in an amount in the raange of 0.1-40 % by weight, more
preferably 0.1-10 % by weight, calculated on the total weight
of the catalyst.

Generally, as a support a ceramic material is used which
exhibits no Claus activity under reaction conditions or has
been deactivated as regards this activity. Suitable materials
include aluminum oxide, titanium oxide and silicon oxide.

However, it is also possible to use, as a support, other
materials which exhibit no or minimal Claus activity and are
thermostable. Examples are thermostable non-ceramic materials,
such as metal gauze sﬁrucpures and surfaces o. (incompletely)
sintered materials. Very suitable is a honeycomb structure
having a high thermal conductivity. Suitable. materials for
‘such supports are the various metal alloys which are stable
under the reaction conditions. Examples are metals such as Fe,
Cr or Ni or alloys cohtaining.one or more of these metals.

On the surface of these materials, if desired, a layer of
oxidic material may be provided as a support for the
catalytically active material and which incorporates the
alkali metal promoter.

In principle, the catalysts according to the invention
can be prepared by the known methods for preparing supported
catalysts.

In orxrder to bring the catalyst support into a suitable
form, it may, if necessary, be subjected beforehand to a
sintering treatment before and/of after application.

A sintering treatment can optionally be carried out with
a finished catalyst, whereby micropores are sintered up.

The application of the alkali metal promoter can be
effected in a manner which is conventional for the application
of components on a supported catalyst{ Preferably, sequential
precipitation is used, i.e. first precipitating a precursor of
the alkali metal promoter, followed by the application of a
precursor of the catalytically active component. As alkali
metal compound, it is preferred to start from water soluble
alkali metal. salts, which, after application, are converted
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11 into the desired pronoter by calcination. Suitable salts are, first of
all,” nitrates and carbonates, as well as alkali metal salts of organic
acids such as oxal ate, citrate, acetate, and fonmate. It is also
possible to incorporate the alkali metal promoter or precursor thereof into
the oxidic material during the preparatjpn of the support material or the
shapi ng thereof. This can be.effected by preparing thesupport from starting
materials al ready incorporating precursor for the alkali netal pronoter. It

is also possnﬁ& the 3dei2bddblolbidt P RO AW NSuliREnERARANEs Urd,NE
support nategirst of all, nitrates and carbonates, as well as alkali metal
salts of organic acids, such as oxalate, citrate, acetate, and
formate.

It is also possible to incorporate the alkali metal
promoter or precursor thereof into the oxidic material during
‘the preparation of the support material or the shaping .
thereof. This can be effected by preparing the support from
starting materials already incorporating precursor for the
alkali metal promoter. It is also possible to add alkali metal
compounds during the shaping of the support material.

It is observed that Example 9 of European patent
publication 409,353 describes a method in which a
coimpregnation of a sodium citrate and an iron compound takes
place. As can be derived from the Examples included
hereina%te:, such coimpregnation does not provide any
advantages with regard to activity and selectivity.

, In the preparation of supported catalysts, the
homogeneous application of the promoting alkali metal and of
the catalytically active material to the support material
requires particular care, and furthermore it must be ensured
that this homogeneity is maintained during and after the
drying procedure. _

To satisfy these requi:emenﬁs. it is?quite eligible in
the preparation of such catalysts to utilize the "dry"
impregnation of the support material with a solution of a
precursor of the active component or components. This method
is known as the so-called incipient wetness method. Good
results are obtained with a solution of EDTA or citrate
complexes. An amount of a viscosity increasing compound such
as hydroxyethyl cellulose may be added to the solution. By
impregnating the support material with this solution by means
of the incipient wetness method, a catalyst is obtained on
which the active material is provided with a high degree of
homogeneity.

The invention also relates to a process for the selective
oxidation of sulfur-containing compounds, in particular
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It is observed that Exanple 9 of European patent publication 409,353 -
describes a nethod in which a coinpregnation of a sodium t ate and an
i ron conpound takes place. As can be derived fromthe Exa ’ et ewad
herei nafter, such coi npregnati on does not provide any advant

regard to activity and selectivity. In the preparation

catal ysts, the honpgeneous application-ad1-the pronoting al kali netal and of

the catalytically active material to the support material requires
particular care, and furthernore it nust be ensured that this honpgeneity

i s maint ai n«a@a&ugeags@nﬂ;&é ! &0 lendntiald sRleGedUasing the tatadgefy these

requirenments, ! ui t I bl e |n .the preparation of such catalysts
to utilize Fﬁ§°r a?§" ? gﬁé%ﬁ B t he support material with a solution
of a According to this process, hydrogen sulfide is oxidized

directly to elemental sulfur by passing a hydrogen sulfide-
containing gas together with an oxygen-containing gas over the
catalyst at an elevated temperature. ‘

It is noted that not only the nature of the catalyst but
also the process parameters determine whether optimum results
are obtained. Of particular importance are the selected
temperature and the contact time for the oxidation. The use of
the present catalyst, incidentally, permits tolerating an
excess of oxygen,and/of the presence of water in the gas to be
treated. .

The oxidation process is carried out by adding to the
hydrogen sulfide-containing gas such an amount of oxygen or an
oxygen-containing gasf using a known ratio regulator, that the
molar ratic of oxygen to hydrogen sulfide is between 0.5 and
5.0, and preferably between 0.5 and 1.5.

The process according to the invention can be used for
the selective oxidation of all gases containing sulfurous
compounds, in particular hydrogen sulfide. Examples of
processes where the oxidation according to the invention can
be suitably used are the processes described in European
patent application 91551, European patent applicatibn 78690
and U.S. Patent 4,311,683. '

The process according to the invention is eminently
suitable for oxidizing gas which does not contain more than
1.5% of H3;S, because then a normal, adiabatically operating
reactor can be used. .

In the oxidation the inlet temperature of the catalyst
bed is chosen to be above 150°C and preferably above 170°C.
This temperature is partly dictated by the requirement that
the temperature of the catalyst bed must be above the dew
point temperature of the sulfur formed.

. One of the advantages of using the invention resides in
the fact that a heightened activity is obtained while the
selectivity is maintained, which leads to a better sulfur
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precursor of the active conponent or conponents... This rethod is known as
t he ‘so-cal | ed inci pi ent wetness nethod. Good results are obtained with a

sol ution of EDTA or citrate conpl exes. An anmpunfhi o3 BeemRepta |ncrea5|ng
compound such as hydroxyethyl cellul ose nay be a ution.
| npregnating the support material with 4 S solu f the
I nci pi ent wet ness nethod, a catal yst is bt ai ned on mhlch the active
material is provided with a high degree of honpgeneity. The invention

also relates to a process for the selective oxidation of sulfur-containing
conpounds, i &igda:idl$@r the gas temperature may be initially lower

because the catalyst has a lower initiation temperature. Due
to the exothermic character of the oxidation reaction and the
fact that if the temperature is too high a non-selective
thermal oxidation of the sulfur compounds may occur, lowering
the initiation temperature is of great importance for
increasing the sulfur yield.

By measures known per se, the maximum temperathre in the
catalyst bed is generally maintained below 330°C and
preferably below 300°C.

If the H2S content is higher than 1.5 % by volume, it may
be necessary to take measures to avoid the temperature in the
oxidation reactor becoming too high due to the reaction heat
released. Such measures include, for instance, the use of a
cooled :reactor, for instance a tubular reactor, where the
catalyst is in a tube which is surrounded by a coolant. Such a
reactor is described in 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, whereby an additional dilution of
the gas to be oxidized is attained, or to distribute the gas
to be oxidized over a plurality of oxidation reactors while
simultaneously distrzbuting the oxidaticn air over the various
reactors.

According to a particular embodiment of the process
according to the invention, the catalyst is employed as a
fluid medium in a fluidized bed reactor, shortcircuiting being
prevented by the arrangement of one or more apertured plates.
Thus, optimum heat transfer is obtained.

According to another particular embodiment, the catalyst
is utilized in the form of fixed, for instance honeycomb-like,
structures of high thermal conductivity, whereby an
undesirable increase in the temperature of the catalyst is
avoided in a suitable manner.

‘The process according to the invention can be utilized
with particular advantage for the selective oxidation of the
hydrogen sulfide-containing residual gases coming from a
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12 hydrogen sulfide, to elemental sulfur, using the catalyst according to

t he-i nventi on. According to this process, hydrogen sulfide is oxidized
directly to elenmental sulfur by passing a hydrogen sulfide- containing gas

together with an oxygen-contai ning gas over the catal yst at an el evated

t enper at ur e. It is noted that not18my the nature of the catal yst but

al so the process paraneters determ ne whether optinumresults are obtained.

O particular inmportance are the sel ected

Claus plant. Apart from the very high selectivity of the
catalyst according to the invention, a very important
additional advantage thereby obtained is that the removal of
water. prior to the oxidation is no longer required. If the
process according to the invention is used to oxidize the
residual gases referred to, these gases can preferably be
passed first through a hydrogenation reactor, in which, for
instance, a cobalt-molybdenum containing catalyst is present
and in which all sulfurous constituents are hydrogenated to
hydrogen sulfide. .

According to a variant of the process according to the
invention, the selective oxidation stage in which the catalyst
according to the invention is used is combined wiﬁh a
subsequent hydrogenation stage, followed by absorption of
hydrogen sulfide, all this as described in Eurcpean patent
application 71983. In the process, 98% of the sulfur compounds
pPresent are thus removed in the part preceding hydrogenation,
so that the hydrogenation stage and the absorption mass are
not unduly loaded. In this way sulfur recovery percentages of
up to 100% can be achieved. According to a variant of this
process, it is possible after the hydrogenation stage to use,
instead of the absorption mass, a renewed selective oxidation
according to the invention, whereby a total sulfur récovery
percentage between 99.5 and 99.8% is attained.

Further, the process according to the iavention is
particularly suitable for desulfurizing, for instance, fuel
gases, refinery gases, biogas, coke furnace gas, gaseous
effluents of chemical plants such as viscose factories, or
gases which are burnt off at gaé and/or oil extraction sites.

If in the process according to the invention the sulfur
vapor-containing gas coming from the selective oxidation
stage, optionally after condensation and separation of the
greater part of the sulfur, is passed over a bed where the
sulfur is removed by capillary adsorption, the sulfur recovery
percentage is increased to virtually 100s.

The invention is illustrated in and by the following
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tenperature and the contact tinme for the oxidation. The use of the present
catalyst, incidentally, permts tolerating an excess of oxygen and/or the
presence of water in the gas to be treated. The oxi dation process is
carried out by adding to the hydrogen sul fide-containing gas such an anount
of oxygen or an oxygen-containing gas, using a known ratio regul ator, that
the nmolar ratio of oxygen to hydrogen_gygl.fide is between 0.5 and 5.0, and
preferably between 0.5 and 1.5. The process according to the invention
can be used for the selective oxidation of all gases containing sulfurous
conpounds, in particular hydrogen sul fide. Exanples of processes where the
oxi dation according to the invention can be suitably used are the processes
described i pxBpoREedn patent application 91551, European patent application
78690 :

100 g Silica (Degussa OXS50, B.E.T. 44 m2/g) was mixed
with 147 ml water and 1.5 g HEC (Hydroxy Ethyl Cellulose) and
extruded. The extrusions were dried at 100°C. To obtain
sufficient mechanical strength, the extrusions were calcined
at 700°C. The preformed support thus obtained had a
BET surface area of 45.5 m2/g, a pore volume of 1.1 cm3/g and
an average pore radius of 350 A.

Example 2

5.23 g ammonium iron citrate (16 wt.% Fe) was dissolved
in demineralized water and supplemented to 25 ml. An amount of
10 g of the extrusions obtained in Example 1 was impregnated
with 11 ml of the above solution. The extrusions were first
dried at room temperature for 3 hours and then at 120°C for
another 3 hours. The dried extrusions were calcined in a
rotary quartz tube under an air flow of S50 ml/min at 500°C.
The catalyst obtained in this manner had a BET surface area of
51 m2/g, an iron oxide content of 5 wt.$%. '

Example 3 (comparative)

0.28 g trisodium citrate dihydrate and 5.23 g ammonium
iron citrate (16 wt.% Fe) were dissolved in demineralized
water and supplemented to 25 ml. An amount of 10 g of the -
extrusions obtained in Example 1 was impregnated with 11 ml of
the above solution. The extrusions were first dried at room
temperature for 3 hours and then at 120°C for another 3 hours.
The dried extrusions were calcined in a rotary gquartz tube
under an air flow of 50 ml/min ‘at S00°C. The catalyst obtained
in this manner had a BET surface area of 50 m?/g, an iron
oxide content of S wt.\. The molar ratio of sodium to iron is
1:5S.
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and U.S. Patent 4,311, 683. The process according to the invention is
em nently suitable for oxidizing gas which does not contai-n-nore t-han 1.5%
of Herr]S, because then a nornal, adiabatically operating reactor can be

used. In the oxidation the inlet tenperature of the S Replaced
chosen to be above 150[err] C and preferably above 170[err] H l
tenperature is partly dictated by the rd@ui rement that the I

the catal yst bed nust be above the dew point tenperature of the sulfur
f or med. One of the advantages of using the invention resides in the
fact that a Byamglliecded activity is obtained while the selectivity is
mai nt ai ned, which |eads to a better sulfur
0.28 g trisodium citrate dihydrate was dissolved in
demineralized water and supplemented to 25 ml. An amount of
10 g of the extrusions obtained in Example’ 1l was impregnated
with 11 ml1 of the above solution. The extrusions were first
dried at room temperature for 3 hours and then at 120°C for
another 3 hours. The dried extrusions were calcined in a
rotary quartz tube under an air flow of 50 ml/min at 500°C.
The sodium promoted silica thus obtained had a BET surface of
45 m2/g, a sodium content of 0.29 wt.s.

Example 5

5.23 g ammonium iron citrate (16 wt.$ Fe) was dissolved
in demineralized water and supplemented to 25 ml. An amount of
10 g of the sodium pfbmoted silica obtained in Example 4 was
impregnated with 11 ml of the above solution. Again the
extrusions were first dried at rocom temperature for 3 hours
and then at 120°C for another 3 hours, whereafter they were
calcined in a rotary quartz tube under an air flow of
S0 ml/min at 500°C. The catalyst obtained in this manner had a
BET surface of 52 m?/g, an i;on-oxide content of 5 wt.$. The
molar ratio of sodium to iron was 1:5.

Examples 6. 7 and 8

From the catalysts prepared according to Examples 2, 3
and 5, sieve fractions were made with a particle size of
between 0.4 and 0.6 mm. A quartz reactor tube havihg an
internal diameter of 8 mm was filled with 1 ml of this
catalyst. A gas mixture of the following molar composition was
passed downflow over the catalyst: 5% 0z, 1% H;S, 30% H20 in
He. The space velocity (Nml of gas per ml of catalyst per
hour) of the gas was 12,000 hr-l, The temperature was raised
by steps of 10°C from 200°C to 300°C and then lowered again to
200°C. The sulfur vapor generated was condensed downstream of
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13 vyield. Also,
catal yst has a | ower
character
too high a non-sel ect
occur,
I ncreasing the sul fur

Initiation tenperature.
i ve thernmal

yi el d. -16 -

the gas tenperature may be initially | ower because the

Due to the exothermc

of the oxidation reaction and the fact that

if the tenperature is

oxi dation of the sul fur conpounds nmay
lowering the initiation tenperature is of great

| mportance for

the reactor at 130°C. The water vapor was removed with a water
permeable membrane. The composition of the influent and the |
effluent gas was determined with a gas chromatograph. The
results of the experiments are summarized in Tables 1, 2

and 3.
. Table 1
Example Temperature Act. Sel. Yid
2 200 33 . 96 32
only 220 72 96 67
iron oxide 240 99 94 93
: 250 100 89 89
260 100 82 82
280 100 _60 60
300 100 22 22
Table 2
Example Temperature Act. Sel. Yld
3 200 17 94 16
sodium-iron 220 39 94 37
coimpreg- 240 70 94 66
nation 250 94 94 88
260 99 93 92
280 100 88 88
300 100 75 75

This Sheet Has Been Replaced
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By nmeasures known per se, the maxi numtenperature in the catalyst bed is
general | y mai ntai ned bel ow 330[err] C and preferably bel ow 300[err]C.

If the Herr]S content is higher than 1.5 % by volunme, it may be necessary
to take neasures to avoid the tenperature in the oxidation_reactor becom ng
too high due to the reaction heat rel eased. Such neasures include, for

i nstance, the use of a cool ed reactor-¥or instance a tubul ar reactor,
where the catalyst is in a tube which is surrounded by a coolant. Such a
reactor is.described in European patent specification 91551. A reactor
containing a cooling elenent may al so be enpl oyed. Further, it is possible
to return the treated gas to the react qigyiel gt after cooling, whereby an
additional dilution of the gas to be oxidized is attained, or to distribute

the gas to be—ex+d+fed-eve+—e—p+ﬁ+e+++y—e¥—e*+da%+eﬂ-aeah*nfc wail-e
Example : Temperature Act. : Sel. Yld

S 200 35 96 34

sodium-iron 220 64 96 61

sequential 240 95 96 91
impregnation 250 100 95 95

260 100 93 93

280 _ 100 84 ' 84

300 . 100 69 69

act. = percentage of converteq'hydrogen sulfide
sel. = selectivity to elemental sulfur
yld = sulfur yield

Example 8

Of the extrusions prepared accordin§ to Example 1, a
sieve fraction was made having a particle size of between 0.4
and 0.6 mm. A quartz reactor tube having an internal diameter
of 8 mm was filled with 1 ml of this sample. Placed hereon was
1 ml of sieve fraction of the catalyst prepared according to
Example 2. Under identical conditions to those described in
Examples 5, 6 and 7, measurements were performed on this
sample._The results of this experiment are summarized in
Table 4.

This Sheet Has Been Replaced
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simul taneously distributing the oxidation air over the various reactors.
According to a particul ar enbodi nent of the process according to the

i nvention, the catalyst is enployed as a fluid nmediumin a fluidized bed
reactor, shortcircuiting being prevented by the arrangenent of one or nore
apertured plates. Thus, optinmm heat trapsfer is obtained. Accordi ng
to anot her particul ar enbodinent, the tdtalyst is utilized in the form of
fixed, for instance honeyconb-|ike, structures of high thernal

conductivity, whereby an undesirable increase in the tenperature of the
catalyst is avoided in a suitable mannerable 4 The process according to the
I nvention can be utilized mnth partlcular advantage for the selective

oxi dati on ofr= y :
Example Temperature Act. Sel. ¥Yld

8 200 33 96 32

iron oxide 220 72 96 67

catalyst 240 - 99 94 93

with silica 250 100 89 89

under it 260 100 79 79

280 100 _ 44 44

300 ’ 100 0 0

Example 9

Of the sodium promoted silica prepared according to
Example 4, a sieve fraction was made having a particle size of
between 0.4 and 0.6 mm. A quartz reactor tube having an
internal diameter of 8 mm was filled with 1 ml of this sample.
Placed hereon was 1 ml of sieve fraction of the catalyst
prepared according to Example 2. Under identical conditions to
those described in Examples 5, 6 and 7, measurements were
performed on this sample. The results of this experiment
coincide exactly with those summaiized in Table 1.
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14 daus plant. Apart fromthe very high selectivity -ef-the catalyst
according to the invention, a very inportant additiagnal advantage thereby

obtained is that the renoval of water prior to the g Tonger
H Flze t he
CLAIMS

required. If the process according to_fghe invention i
1. A catalyst on support for the selective oxidation of

sulfur-containing compounds toc elemental sulfur,said catalyst
comprising at least cone cac;lytically active material applied
to a support material, whereby the average pore radius of the
catalyst is at least 25 A, said catalyst being obtainable by
applying said catalytically active material to a support

material which comprises at least one alkali metal promoter.

2. A catalyst according to claim 1, wherein the alkali metal
is selected from the group consisting of sodium, potassium,
rubidium, cesium and lithium.
3. A catalyst according to claim 1 or 2, wherein the amount
of alkali metal promoter relative to the amount of |
catalytically active material, both calculated as metal, is
between 1 and 330 atomic percent, more particularly between 5
and 100 atomic percent.
4. A catalyst according to claims 1-3, which catalyst has-a
specific surface area greater than 20 m2/g and an average pore
radius of at least 200 A, while under the reaction conditions

" the catalyst exhibits substantially no activity for the Claus
reaction. '
5. A catalyst acco:ding to claims 1-4, characterized in that
the specific surface area is greater than 25 m?/g.
§. A catalyst according to claims 1-S, characterized in that
the average pore radius does not exceed 2000 A.
7. A catalyst according to claims 1-§, characterized in that
the support material is $i0;.
8. A catalyst according to claims 1-7, characterized in that
the catalytically active material is present on the support in
an amount of 0.1-10% by weight, calculated on the total mass
of the catalyst. :
9. A catalyst according to claims 1-8, characterized in that
the catalytically active material is a metal compound or a

. mixture of metal compounds, optionally in combination with one
or more compounds of nonmetals.

Wy —
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residual gases referred to, these gases can preferably be passed first

t hrough a hydrogenation reactor, in which, for instance, a

cobal t - nol ybdenum cont ai nj rﬁi é?l st is present and in which all sulfurous
I

constituents are hy ydrogen sul fide. - According to a
variant of the proc o the invention, the selective oxidation
stage in which the I ng t-2@ he invention is used is conbi ned
wi th a subsequent hydrogenation stage, followed by absorption of hydrogen
sulfide, all this as described in European patent application 71983. In the
process, 98% of the sulfur conpounds present are thus renoved in the part

precedi ng hyll ogenaaitadyssoackarding tgdclajeon®.i eohagasgerinedt be whator ption

mass are notepidideall Q%ﬂ@@unhni&h&ﬁ YBdn Ségﬂwux{de%ﬁi/%r miReLEENSAUESPT U

to 100% can be achieved. "According to a varirant o hi s
compounds and chromium compounds.

11. A catalyst according to claims 1-10, characterized in
that further one or more phosphorus compounds are present.
12. A process for preparing a catalyst according to one or
more of claims 1-11, characterized by preparing a catalyst
comprising at least one catalytically active material applied
to a support, the cétalytically active material or a precursor
thereof being applied to a support comprising an alkali metal
promoter or precursor therefor. :
13. A process according to claim 12, wherein a support
material is first impregnated with a precursor for the alkali
‘metal promoter and, optionally after drying and/or
calcination, is then impregnated with the precursor for the
catalytically active material.
14. A process according to claim 12 or 13, comprising dry
impregnation of a support material with a solution containing
alkali metal ions. '
15. A process according to claim 14, wherein the
catalytically active material is applied to a support material
which has been provided with an alkali metal promoter during
the preparation and/or shaping.
16. A process for the selective oxidation of sulfur-.
containing compounds, in particuiar hydrogen sulfide, to
elemental sulfur, characterized in that a hydrogen sulfide-
containing gas, together with an oxygen-containing gas, is
passed over the catalyst according to one or more of claims
1-11 at elevated temperature.

17. A process according to claim 16, characterized in that

the molar ratio of oxygen to hydrogen sulfide is maintained

between 0.5 and 1.5.

L L I Sm—
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process, it is possible after the hydrogenation stage to use, instead of

t he absorption mass, a renewed sel ective oxidation according to the

i nvention, whereby a total sulfur recovery percentage between 99.5 and
99.8% i s attained. Further, the process according to the invention is
particularly suitable for desul furizing; for instance, fuel gases, refinery
gases, biogas, coke furnace gas, gaseous effluents of chem cal plants such
as viscose factories, or gases which are burnt off at gas and/or oil
extraction sites. If in the process according to the invention the
sul fur vapor-containing gas comni ng Rhg¥k§ sel ective oxidation stage,
optionally after condensation and separation of the greater part of the
sul fur, is passed over a bed where the sulfur is renoved by capillary
adsorption, the sulfur recovery percentage is increased to virtually 100%

CATALYST FOR THE SELECTIVE OXIDATION OF SULFUR COMPOUNDS
TO ELEMENT SULFUR, PROCESS FOR PREPARING SUCH CATALYST
AND PROCESS FOR THE SELECTIVE OXIDATION OF SULFUR

COMPOUNDS TO ELEMENT SULFUR

The invention relates to a catalyst on support for the selective of sulfur-containing compounds
sulfur, comprising at least one catalytically active material applied to a support material, this catalyst
being obtainable by applying the catalytically active material to a support material which comprises

at least one alkali metal promotor.
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The invention-is illustrated in and by:the followrng exanples ;',.. o
15 Exanple 1 : o T ‘

S ——

. e i?’/i/?‘i‘
CATALYST FOR THE SELECTIVE OXIDATION OF SULFUR COMPOUNDS
TO ELEMENTAL SULFUR, PROCESS FOR PREPARING SUCH CATALYST
AND PROCESS FOR THE SELECTIVE OXIDATION OF SULFUR
COMPOUNDS TO ELEMENTAL SULFUR

The invention relates to a supported catalyst for the
selective oxidation of sulfur compounds, in particular
hydrogen sulfide, to elemental sulfur, a process for preparing
such catalyst and a process for the selective oxidation of
hydrogen sulfide to elemental sulfur.

The necessity of purifying gases which are further treated
in chemical processes, supplied to buyers, or discharged to
the atmosphere, 'from sulfur compounds, in particular hydrogen
sulfide, is generally known. Accordingly, a number of
processes are known which are directed to the removal of
hydrogen sulfide from gas.

One of the best-known methods of converting hydrogen
sulfide to non-harmful elemental sulfur is the so-called Claus
process.

In the Claus process, however, the H3S is not
quantitatively converted to elemental sulfur, mainly as a
result of the equilibrium character of the Claus reaction:

2 HS + SO3 -> 2 H0 + 3/n Sg (1)

A residual content of H0 and SO; remains. Now, generally it
is not allowed to discharge HiS-containing residual gas, and
so the gas must be combusted, whereby the hydrogen sulfide and
other sulfur compounds as well as the elemental sulfur present
in the gasecus phase are oxidized to sulfur dioxide. As the
environmeantal requirements are becoming stricter, this will
not be allowed anymore because the resultant sulfur dioxide
emission would be too high. It is therefore necessary to
further treat the residual gas of the Claus plant, the so-
called tail gas, in a so-called tail gas plant.
Tail gas processes are known to those skilled in the art.
- The begt-known and to date most effective process for the
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100 g Silica:(Degussa OX50, B.ET. 44'nferr]/g) was mxed with 147 ml water
and 1.5 g HEC (Hydroxy Ethyl Cel |l ulose) and extruded. The extrusions were
dried at 100[err]C. To obtain sufficient nechanical strength, the
extrusions were calcined at 700[err]C. The preformed support thus obtained
had a BET surface area of 45.5 n{err]/g a pore volume of 1.1 cnferr]/g and
an average pore radius of 350 [err]. I- 23 aponiumiron citrate
(16 wm.% Fe) was dissolved in dem neralized vva;t er “and-<Sup | ene; .-'t,‘ed to 25
m . An anmount of

“'*“-v---.-.-...._

ABSTRACT

CATALYST FOR THE SELECTIVE OXIDATION OF SULFUR COMPOUNDS

TO ELEMENTAL SULFUR, PROCESS FOR PREPARING SUCH CATALYST
AND PROCESS FOR THE SELECTIVE OXIDATION OF SULFUR
COMPOUNDS TO ELEMENTAL SULFUR

The invention relates to a catalyst on support for the selective of sulfur-containing coinpounds
sulfur, comprising at least one catalytically active material applied to a support material, this catalyst

being obtainable by applying the catalytically active material to a support material which comprises

at least one alkali metal promotor.
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30 g of ‘the ex
t he above' 'solu _ _
3 hours:ang-t at - 220f:err}.C:for another 3 hours. The dried extrusions
ver e calcinéd i a rotaty?quartz tubegqunder an air flow of 50 m/nin at
500C. The catal yst obtained in this manner had a BET surface area of 51
n2/ g, an iron oxide;contensfffgf 5 w. % Exanpl e 3 (conparative)

0.28 g trisodiam Gt rate-dihydrali.e an . nium iron citrate (16
W . % Fe) vverg‘k‘gms'g%f\@g\ ?ﬂtgég‘finifvaﬁ A\ﬁ@gr anHLEUR HAMBAVNBSt 0 25 i .
An anmount of TODOELEMENTAE SULFUR, PROCESS FOR PREPARING SUCH CATALYST
AND PROCESS FOR THE SELECTIVE OXIDATION OF SULFUR
COMPOUNDS TO ELEMENTAL SULFUR

ey - . . s sse
usi ons Qbf ained in Exanple 1 was inpregnated with 11 m of,
“on.  The éktrusi.ons*®were first dried at room t eMREPARDERER P 1EET

The invention relates to a supported catalyst for the
selective oxidation of sulfur compounds, in particular
hydrogen sulfide, to elemental sulfur, a process for preparing
such catalyst and a process for the selective oxidation of
hydrogen sulfide to elemental sulfur.

The necessity of purifying gases which are further treated
in chemical pProcesses; supplied to buyers, or discharged to

~ the atmosphere, "from sulfur compounds, in particular hydrogen
sulfide, is generally known. Accordingly, a number of
processes are known which are directed to the removal of
hydrogen sulfide from gas.

One of the best-known methods of converting hydrogen
sulfide to non-harmful elemental sulfur is the so-called Claus
process.

In the Claus process, however, the H3S is not
quantitatively converted to elemental sulfur, mainly as a
result of the equilibrium character of the Claus reaction:

2 B3S + S0z *> 2'H0 + 3/n S, (1)

A residual content of H20 and SO; remains. Now, generally it
is not allowed to discharge H3S-containing residual gas, and
so the gas must be combusted, whereby the liydrogen sulfide and
other sulfur compounds as well as the elemental sulfur present
in the gaseous phase are oxidized to sulfur dioxide. As the
enviroomeatal requirements are becoming stricter, this will
not be allowed anymore because the resultant sulfur dioxide
emission would be too high. It is therefore necessary to -
further treat the residual gas of the Claus plant, the so-
called tail gas, in a so-called tail gas plaat.

Tail gas processes are known to those skilled in the art.
The besg-known and to date most effective process for the
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extru5|ons obtained in Exanple 1 was inpregnated with 11 ml OfRE”BAC§M@W?SHEET
*solution. The extrusions were first dried at roomtenperature for 3 hou

and then at 120[err]C for another 3 hours. The dried extrusions were

calcined in a rotary quartz tube underzan air flow of 50 m/mn at

500[err] C. The catal yst obtained in this manner had a BET surface area of

50 ni errtfgatment rof twadldeasoniise ttheoSCBTWhriceShe( S@é agB 12t 1 ot &1f, 030gi.um t o

ironis In this process the tail gas, together with hydrogen, is-passed
over a cobalt oxide/molybdenum oxide catalyst applied to AL;0;
as a support, whereby the SO; present is catalytically reduced
to H3S. The total amount of H3S is then separated in
conventional manner by liquid absorption. One drawback of the
SCOT process is that it requires a complicated plant. Another
drawback is the high energy consumption involved in removing the
hydrogen sulfide from the absorbent again. .

Ancther option in converting hydrogen sulfide in tail gas

to elemental sulfur is the so-called BSR Selectox process,
disclosed in US-A-4,311,683. Accordlng to this process, the
H,S-containing gas, mixed with oxygen, is passed over a
catalyst. containing vanadium oxides and vanadium sulfides on a
non-alkaline, porous, refractory oxidic support.

An important drawback of both the SCOT process and the
Selectox process' is -that in both cases the tail gas, after
‘hydrogenation of the sulfur components present to HjS, mnst
first be cooled to remove the greater part of the water,
because water greatly interferes with the absorption and the
oxidation'-of HS. Due to the associated high- investments
involved, the costs of tail gas treatments according to these
known methods are high.

Another'prodess for the oxidation of HaS to elemental
sulfur is disclosed in U.S. Patent ¢, 187,277. Accordlng to
this publication, the hydrogen sulfide- contalnlng gas is
passed with an oxidizing gas- over a catalyst which comprises _
‘iron-oxides and vanadium oxides as active material and
aluminum oxide as support.maferial. Further, the support
material, which has been impregnated with the active material,
has a specific surface larger than 30 m2/g and'a pore volume
of 0.4-0.8 cmi/g, while at least 12.5% of the total pore
volume is constituted by pores having a diameter greater than
300 A. It has been found that this catalyst gives rise té at
least a partial Claus equilibrium, so that the formation of
SO, cannot be prevented. As a result, the effectiveness of
this process is insufficient.

This is the ropiacement sheet
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16 Exanpl e 4 0.28 g trisodiumcitrate di hydrate was di ssolved in

- demi neral i zed water and suppl enented to 25 m. An amount of IRERJAGEMENE SHEET
extrusions obtained in Exanple 1 was inpregnated with 11 m of the above
solution. The extrusions were first drigd at roomtenperature for 3 hours
and then at 120[err]C for another 3 hours. The dried extrusions were

cal cined in a tRéady sl JendsdPwithdees EcﬁlﬁofEH@/égnég¥éﬂdﬂﬂd$ abs
500[err] C. The sodium pronoted silica thus obtained had a BET surface of 45

nferr]/g, t8 SsEPeRTIIEfUL MY gengraddy be adversely affected by the
occurrence of the following side reactions:

1. the continued oxidation of sulfur:
1/n Sy # Oy => 807 . (2)

2. the reversed (or rather reversing) Claus equilibrium
reaction:

3/n Sy + 2 Hz0 <-> 2 H3S + S0y (3)

Here the sulfur, once it has been formed, enters into a
reverse reaction with the water vapor also pfesent to form
hydrogen sulfide and sulfur dioxide.

The occurrence of the side reactions mentioned above is
partly determined by practical conditions.

In general tail.gas comprises, in addition to elemental
sulfur, a considerable amount. of water vapor, which amount may
be within the range of 10-40% by volume-  The. water vapor
strongly promotes the reversing Claus reaction. The
substantial removal of water. vapor has evident technical
disadvantages, such as the. necessity of an additional
cooling/heating stage, an additiomal sulfur recovery stage or
a hydrogenation stégelfollowed by a water-removing quench
stage. A process in which the conversion to elemental sulfur
is not influenced by the water content of the feed gas is -
therefore desirable.

Another important circumstance is that generally in the
selective oxidation some excess of oxygen will be used not
only to prevent the H3S from "slipping through" but alsc on
the ground of considerations of control technolagy. This very
excess of oxygen, however, may give rise to the continued
oxidation of the elemental sulfur formed, thereby adversely
affecting the effectiveness of the process.

U.S. Patent 4,818,740, which is incorporated herein by
reference, discloses a catalyst for the selective oxidation to

This s e ronimestieny sheel
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Exanple 5 5.23 g ammoniumiron citrate (16 w.% Fe) was dissolved in
“demineralized water and supplenmented to 25 ni. An amount of 10 g BEPLAGEMENT SHEE
sodi um pronoted silica obtained in Exanple 4 was inpregnated with 11 m of

t he above solution. Again the extrusionsgwere first dried at room

tenperature for 3 hours and then at 120[err]C for another 3 hours,

wher eaf t er ellbfgn¥el eskift Nerhd se bEt ahYcHUBEEZehtBethw detiowdn side f| ow of

50 M/ mn a}eﬁggogﬁswg cafa@ cat%ﬁé%t’ g gew%gg/o nngé Q@lor? BET surface

of 52 n[e I Fon oXl rati o of sodi um
to iron was 1:5.

HeS + 1/2 0 -> HpO + ‘rlI Sn (4)

takes place with a sufficient degree of conversion and
selectivity.

The catalyst according to that patent comprises a support
of which the surface exposed to the gaseous phase does not
exhibit any alkaline properties under the reaction conditions,
while a catalytically active material is applied to this
surface. Further, the specific surface area of this catalyst
is less than 20 m2?/g and less than 10% of the total pore
‘volume in this catalyst has a pore radius in the range of
5-500 A.

An improvement of the method disclosed in the above-
mentioned U.S. Patent 4,818,740 is disclosed in European
patent publication 409,353, which is incorporated herein by
reference. This patent publication relates to a catalyst for
the selective oxidation of sulfur-containing compounds to
elemental sulfur, comprising at least one catalytically active
material and optionally a support, which catalyst has a
specific surface area of more than 20 m?/g and an average pore
radius of at least 25 A, while the catalyst exhibits
substantially no activity towards the Claus reaction under the
reaction conditions.

It has been found that the catalyst according to this -
European patent publication gives a clear improvement in the
activity and selectivity of the catalysts. In spite of this,
there remains a need for an improvement of the catalyst in
order to increase the yield of elemental sulfur.

GB-A 916,793 discloses a catalyst for the direct
oxidation of H3S with air with a catalyst consisting of a
sodium aluminum-silicate in which part of the sodium ions have
been replaced by other metal ioms.
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Exanples 6, 7 and 8 From the catal ysts prepared according to

< Exanples 2, 3 and 5, sieve fractions were made with a particle si BEPRACEMENT ¢+~
between 0.4 and 0.6 mm A quartz reactor tube having an internal dianeter

of 8 Mmwas filled with 1 m of this catal yst. A gas m xture of the

foll ow ng nolar conposition was passed downfl ow over the catal yst: 5%

Qerr], 1% H erfy $na3Be Ox}?ﬁ{{]@i)“ difs e} G- e'l?ihh¥ﬁﬁ§'”1t ofs gas per

m of catalyst per. hour gas was 12,000 hrlerr]. e tenperature was
rai sed by $435)9s6d to] BER| T FIVM D ¥ |R2 - YSFOFOFT Fh2aRb@®Ren | ower ed

again to 2MH{tiadnC. The sul fur vapor generated was condensed downstream of

The cbject of the present invention is to provide a
catalyst for the selective oxidation of sulfur compounds to
elemental sulfur, which shows a higher conversion of the
sulfur-containing compounds to elemental sulfur.

The invention relates to a catalyst on support for the
selective oxidation of sulfur-containing compounds to
elemental sulfur, said catalyst comprising at least one
catalytically active .material applied to a support material,
whereby the average pore radius of the catalyst is at least
25 A, said catalyst being obtainable by applying said
catalytically active material to a support material which
contains at least one alkali metal promoter.

Surprisingly, it has been found that such a supported
catalyst shows an improved conversion of sulfur-containing
compounds to elemental sulfur. In this connection, it is
essential that the alkéli metal promoter is present in the
support. It has been found that this can be realized only by
providing the catalytically active material on a support which
contains the alkali metal promoter. This can be effected by
applying the alkali metal promoter during the preparation of
the support or during the shaping thereof (extrusion,
tableting, granulation, etc.). It is also possible to
impregnate the support with a solution of the alkali metal
promoter prior to the application of the catalytically active
material. A simultaneous application of the two components
does not lead to an improvement of the elemental sulfur yield.

According to the invention, therefore, it is essential
that the alkali metal promoter is not applied to the catalyst
simultaneocusly with or after the active component. It has been
found the activity of the catalyst does not improve or may
even deteriorate if the promoter is applied to the catalyst
simultaneously with or after the active component.

The catalysts according to the invention can have a
specific surface area which can vary within wide limits.
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17 the reactor at 130[err]C. The water vapor was renoved ﬁFF%A%FMéﬁlﬁHEET
‘perneabl e nenbrane. The conposition of the influent and the effluent gas
was determ ned with a gas chronat ograph. The results of the experinents are
summari zed in Tables 1, 2 and 3.

6

Starting from the given that the catalyst preferably exhibits
substantially no activity towards the Claus reaction under the
reaction conditions, a skilled artisan can determine the
desired specific surface area. This surface area also depends
on the nature of the support, a smaller surface area being
desirable for aluminum oxide supports than for silicon oxide
supports. B
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Table 1 Exanpl e Tenper at ure Act . Sel . REg%ﬁgﬁMENﬁ%HEET

02 200 33 96 32
220 72 96 ) 67 iron oxide 240
99 94 93 250 100
89 89 2607 100 82

82 280 100 60 .60
: ~ According to one embodiment, a catalyst according to the

inven;ion_has.e.specific surface area of more than 20 m?/g and
an average pore radius of at least 25 A. Such a catalyst
.preferably has silicon oxide as a support.
- According to another embodiment of the invention,. the
| catalyst has a specific surface area of less than 20 m2/g and
less than 10% of the total pore volume in this catalyst has a
pore radius between .5 and 500 A. With such a catalyst, it will
be preferred_to start from aluminum oxide as support.
It is noted that in the present invention the absence of
Claus activity is defined as the absence of the influence of
water on the selectivity of the oxidation reaction aof HzS to
sulfur in the presence of minimally a stoichiometric amount of
02 at 250°C. More particularly, this.means that in the
+. presence of 30% by volume of water the selectivity of the
reaction. toc elemental sulfur should not be more: than.15% lower
than the selectivity in. the absence of water.. This definition
of the Claus activity. is based on. the equilibrium
Claus reaction.

3/a Sp + 2 HQ0 <-> 2 H3S + SOz (3)

If a material is Claus active, the presence of water results
'in_tne'reaction preceeding.in the. direction of E3S and. SOj,
whereby a part of the sulfur is. converted to. H;S and SO;
again. HzS.is then oxidized with the O3-present to sulfur and
water vapor, whereafter the Claus active catalyst.converts the
sulfur to S0z again. Due to the concurrence of these reactions
a catalyst with Claus active sites will, in the presence of
water, give rise to a strong decrease in selectxvxty
Within the scope_of the invention "specific surface area®
means the BET surface area as defined by S. Brunauer et al.,
in J.A.C.S. £0, 309 (1938). Use was made of a nitrogen
adsorption at 77 K according to the se-called three-point
. measurement. For the purpose of the calculation, the surface
area of a nitrogen molecule was assumed to be 16.2 A2.
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- Table 2 Exanpl e Tenper at ure Act . Sel .

3 200 17 94 16 BERhAﬁHWhNﬂSHEET
220 39 94 37 coi npreg- 240

70 94 66 nati®n 250 94

94

%ge average pore radius is determined starting from a
cylindrical pore model, using the following formula:

- 20,000 x pore volume (cm3/q)
BET surface area (m2/g)

Average pore radius (A)

The pcre volume used herein is gravimetrically determined
by impregnation with water in vacuc. The specific pore volume
can also be determined using mercury porosimetry up to a
pressure of 2000 bar. The values obtained by the two methods
show a good correspondence.

The specific surface ‘area of the catalyst according to
the invention can'correspond with the values according to
U.S. Patent 4,818,740 as well as with the values according to
European patent publication 409,353. More particularly, the
specific surface area is at least 25 m2/g, since a good
activity can be obtained with such values.

Preferably, the specific surface area of the cetalyst _
will not be larger than 300 m2/g of catalyst. In general no
specific additional advéntages can be gained with higher
values. B '

The requirement as regards the average pore radius is
relevant in connection with the nature of the reactlon Too
many small pores involve the danger of contlnued oxidation of
sulfur to SOz due to the sulfur remalnlng in the pores too
long, which is undeSLrable The average pore radius is
generally preferably at least 325 A, while 2000 A is an upper
limit. In general, no additional advantage is to be gained
above this limit, while on the other hand problems may arise
in the preparation of the support. More particularly, an
average pore radius not exceeding 500 A is preferred.

The nature and amount of the alkali metal promoter can
vary. In respect of its nature it is observed that it can be
based on the conventional alkali metals, more particularly
lithium, rubidium, cesium, potassium and sodium, the last two
materials being preferred most.
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The amount depends. at least partly on the nature and
amount of catalytically active material. A preference is
expressed for amounts of alkali metal promoter relative to the
amount of'catalytically active material, both calculated as
metal, between 1 and 3150 étcmic percent, more particularly
between 5 and 100 atomic.percent. l

The catalyst accordiné_to the invention generally
comprises 0.1-50 % by weight, calcula;ed on the_tot;l mass of
the catalyst, of a material whiéh is catalytically active for
the selective oxidation of H3S to elemental sulfur. _

_ It should be stressed that this relates to the active
material which is accessible to the reaction gases. In fact,
by sintering or by a different process of preparation, a part
of the active material, in particulér metal oxide, can be
encapsdiated, for instance by sinterinq up narrow pores in the-
support. However, the difference between encapsulated metal
oxide and metal oxide greseht on the sqéport can easily be
determined by temperature programmed redﬁctibn (TPR) Details
of this measuring technique are described in N.W. Hurst,

§.J. Géﬁtry, A. Jones and B.D. McNicol, Catal. Rev. Sci. Eng.
24 (2), 233-309 (1982). The amount of metal oxide present that
is accessible to gases. can thus be determlned

As catalytically active materlal, effectively a metal
compound is used, or a mixture of metal compounds,. optionally
in combination with one or more compounds of nonmetals.

Preferably, the catalytically active materzal used is an
iron compound or a compound of iron and chromium is used.. -
Effectively, a molar ratio of Cr:Fe is chosen which is lower
than 0.5 and preferably in the range of 0.02-0.3.

The catalyst according to the invention may also centain
one or more other 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.

The catalyst consists of a support material to which a
catalytically active material has been applied.
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Exanpl e Tenperat ure Act . Sel . Yl d 5

< 200 35 96 34 sodiumiron
64 96 61 sequential 240 %QLACEMENT SHEET
96 91 inpregnation 250 100 95
95 - 260 100 10 93 93
igg Pg%@@rably, the6§€tive componen? is present on 888

support in an amount 1n the range of 0.1-40 % by weight, more
preferably 0.1-10 % by weight, calculated on the total weight
of the catalyst. .

Generally, as a support'a ceramic material is used which
exhibits no Claus activity under reaction conditions or has
been deactivated as regards this activity. Suitable materials
include aluminum oxide, titanium oxide and silicon oxide.

However, it is also possible to use, as a support, other
materials which exhibit no or minimal Claus activity and are
thermostable. Examples are thermostable non-ceramic materials,
such as metal gauze structures and surfaces ol (incompletely)
sintered materials. Very suitable is a honeycomb structure
having a high thermal conductivity. Suitable. materials for

" such supports are the various metal alloys which are stable
under the reaction conditions. Examples are metals such as Fe,
Cr or Ni gr’alloys containing one or more of these metals.

on the surface of these materials, if desired, a layer of
oxidic material may be provided as a support for the
catalytically active material and which incorporates the
alkali metal promoter.

In principle, the catalysts according to the invention
can be prepared by the known methods for preparing supported
catalysts. '

In order to bring the catalyst support into a suitable
form, it may, if necessary, be subjected beforehand to a
sintering treatment before and/or aftei application. -

A sintering treatment can optiocnally be carried out with
a finished catalyst, whereby micropores are sintered up.

The application of the alkali metal promoter can be
effected in a manner which is conventional for the application
of components on a supported catalyst. Preferably, sequential
precipitation is used, i.e. first precipitating a precursor of
the alkali metal promoter, followed by the application of a
precursor of the catalytically active component. As alkali
metal compound, it is preferred to start from water soluble
alkali metal salts, which, after application, are converted
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act. = percentage of converted hydrogen sulfide sel. = selectivity to
‘el emental sul fur yld = sulfur yield Of the eREPLAGHMMENT SHEET
prepared according to Exanple 1, a sieve fraction was made having a

particle size of between 0.4 and 0.6 mm A quartz reactor tube having an
internal dianeter of 8 mmwas filledlwith 1 nl of this sanple. Placed

hereon wagpdoMthndfdddived prambrer By theceaielys! NipnaiRd saqeerdirag to

Bxanpl e Zfikggeéfiangiéi%ragggdggaoggr 8nggg§? gg%ﬁé. eﬁLiilkali metal
salts of organic acids, such as oxalate, citrate, acetate, and
formate. _

It is also possible to incorporate the alkali metal
promoter or precursor thereof into.the oxidic-material during '
the preparation of the support material or the shaping .
thereof. This can be.effected by preparing - -the support from
starting materials already incorporating precursor. for the
alkali metal promoter. It is also possible to add alkali metal
compounds during the shaping of the support material.

It is observed .that Example 9 of -European patent
publication 409,353 describes a method in which a
coimpregnation.of a sodium citrate and an iron compound takes
place. As can be derived from the Examples included
hereinafter, such coimpregnation does not provide any
advantages with regard to activity and selectivity.

In the preparation of supported catalysts, .the -
homogeneous application of the promoting alkali metal and of
the catalytically active material to the support material .
requires particular care, and furthermore it must be ensured
that. .this homogeneity is maintained dﬁring"apd after the
drying procedure. )

To satisfy these requirements, it is quite eligible in
‘the preparation of.such;catalysts-to-ﬁtilize the "dry”
impregnation of the support material with a solution of a
precursor of the active.component or components. This method
is known as the so-called incipient wetness method. Good
results are obtained with a solution of EDTA or citrate
complexes. An amount of a viscosity increasing compound such
as hydroxyethyl cellulose may be added to the solution. By
impregnating the support material with this solution by means
of the incipient wetness method, a catalet is obtained on
which the active material is provided with a high degree of
homogeneity.

The invention also relates to a process for the selective
oxidation of sulfur-containing compounds, in particular
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Eianples 5, 6 and 7, neasurenents were performed on this sanple. TREPLACEMENT Shi
« results of this experinment are sunmarized in Table 4.
19 - Table 4

12

hydrogen sulfide, toc elemental sulfur, using the catalyst
according to the invention.

According to this process, hydrogen sulfide is oxidized
directly to elemental sulfur by passing a hydrogen sulfide-
containing gas together with an oxygen-containing gas over the
catalyst at an elevated temperature.

It is noted that not only the nature of the catalyst but
also the process parameters determine whether optimum results
are obtained. Of particular importance are the selected
temperature and the contact time for the oxidation. The use of
the present catalyst, incidentally, permits tolerating an
excess of oxygen and/or the presence of water in the gas to be
treated. '

The oxidation process is carried out by adding to the
hydrogen sulfide-containing gas such an amount of oxygen or an
oxygen-containing gas, using a known ratio raegulator, that the
molar ratio of oxygen to hydrogen sulfide is between 0.5 and
5.0, and preferably between 0.5 and 1.5.

The process according to the invention can be used for
the selective oxidation of all gases containing sulfurous
compounds, in particular hydrogen sulfide. Examples of
processes- wvhere the oxidation according to the invention can
be ‘suitably used are the processes-aescribéd in' European
patent application 91551, European patent application 78690
and U.S. Patent 4,311,683. N '

The process according to the invention is eminently
suitable for oxidizing'gas which does not contain more than
1.5% of H3S, because then a normal, adiabatically operating
reactor can be used. '

In the oxidation the inlet temperature of the catalyst
bed is chosen to be above 150°C and preferably above 170°C.
This temperature is partly dictated by the requirement that
the temperature of the catalyst bed must be above the dew
point temperature of the sulfur formed.

One of the advantages of using the invention resides in
the fact that a heightened activity is obtained while the
selectivity is maintained, which leads to a better sulfur
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Tenperat ure Act . Sel . Yl d 8
33 96 32 iron oxide  22BEPLACEMENT SHEET
96 67 catal yst 240 99
93 with silica 250 100 89
it 260 100 13 79 79

yxeld 3%%%0. the gas éémperature mayzke initially lowé?o
because the catalyst has a lower initiation temperature. Due
to the exothermic character of the oxidation reaction and the
fact that if the temperature is too high a non-selective -
thermal oxidation of the sulfur compounds may occur, lowering
the initiation temperature is of great importance for
increasing the sulfur yield.

By measures known per se, the maximum-temperature in the
catalyst bed is generally maintained below 330°C and - -
preferably below 300°C.

If the H3S content lS higher thau 1.5 % by volume, it may
be necessary to take measures to avoid the temperature in the
oxidation reactor becoming too high due to the reaction heat
released. Such measures include, for instance, the use of a

cooled reactor, for instance a tubular reactor, where the

catalyst is in a tube which is surrounded by a coolant. Such a
reactor is. described in 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
reéctor inlet after cooling, whereby .an additional- dilution of
the gas to be oxidized is attained, or to distribute the gas

to be oxidized over a plurality of. oxidation reactors while

simg;tangously distributing the oxidation air_ovér the:-various
reactors. _

According.to a particular embodiment of- the process
according to the invention, the catalyst is employed as a
fluid medium in a fluidized bed reactor, shortcircuiting being
prevented by the arrangement of one or more apertured plates.
Thus, optimum heat transfer is obtained.

According to another particular embodiment, the catalyst
is utilized in the form of fixed, for instance honeycomb-like,
structures of high thermal conductivity, whereby an
undesirable increase in the temperature of the catalyst is
avoided in a suitable manner.

The process according to the invention can be utilized
with particular advantage for the selective oxidation of the
hydrogen sulfide-containing residual gases coming from a
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Exanpl e 9 O the sodium pronoted silica prepared accordRﬁBLQQﬁMENTSHEET
Exanple 4, a sieve fraction was nmade having a particle size of between 0.4

and 0.6 mm A quartz reactor tube having an internal dianeter of 8 nm was

filled wwth 1 m of this sanple. Plac hereon was 1 ml of sieve fraction

of the catal yst prepared according to anple 2. Under identical conditions

to those-digas iafle! NaBAAEPERSn Send A hidFPTRIAE0 8y WEECRE! f Or Med on
this sanple. The results of this experi'ment” coi ncide exgct % w th those
sunmari ze€RGadYpippecerding to the invention, a very importan

additional advantage thereby obtained is that the removal of
water prior to the oxidation is no longer required. If the
process according to the invention is used to oxidize the
residual gases referred to, these gases can preferabiy be
passed first through a hydrogenation reactor, in which, for
instance, a cobalt-molybdenum containing catalyst is present
and in which all sulfurous constituents are hydrogenated to
hydrogen sulfide.

According to a variant of the process according to the
invention, the selective oxidation stage in which the catalyst
according to the inventicon is used is combined with a
subsequent hydrogenation stage, followed by absorption of
hydrogen sulfide, all this as described in European patent
application 71983. In the process, 98% of the sulfur compounds
present are thus removed in the part preceding hydrogenation,
so that the hydrogenation stage and the absorption mass are
not unduly loaded. In this way sulfur recovery percentages of
up to 100% can be achieved. According to a variant of this
process, it is possible aftef the hydrogenation stagé to use,
instead of the absorption mass; a renewed selective oxidation
according to the inventioh, whereby a total sulfur recovery
percentage between 99.5 and 99.8% is attained. B

Further, the process according to the invention is
‘particularly suitable for desulfurizing, for instance, fuel
gases, refinery gases, biogas, coke furnace gas, gaseous -~
effluents of chemical plants such as viscose factories, or
gases which are burnt off at gas and/or oil extraction sites.

If in the process according to the invention the sulfur
vapor-containing gas coming from the selective oxidation
stage, optionally after condensation and separation of the
greater part of the sulfur, 1s passed over a bed where the
sulfur is removed by capillary adsorption, the sulfur recovery
percentage is increased to virtually 100%.

The invention is illustrated in and by the following
examples.
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26 CLAIMS 1. A catalyst on s r -
*the selective oxidation of sulfur-containing conpounds to eIen%ﬁﬁgp%yk&ﬁé%kET

said catal yst conprising at |east one catalytically active material applied
to a support material, whereby the aﬁfrage pore radius of the

Example 1

100 g Silica (Degussa CX50, B.E.T. 44 m?/g) was mixed
with 147 ml water and 1.5 g HEC (Hydroxy Ethyl Cellulose) and
extrudedt The extrusions were dried at 100°C. To obtein
sufficient mechanical strength, the extrusions were calcined
at 700°C. The preformed support thus obtained had a .

BET surface area of 45.5 m2/g, a pore volume of 1.1 cm3/g and
an average pore radius of 350 A. '

. : . -

'5.23 g ammonium iron citrate (16 wt.% Fe) was dissolved
in deﬂinetalized water and supplemented to 25 ml. An amount of -
10 g of the extrusions obtained in Example 1 was mereqnated
with 11 ml of the above solutlon _The extrusxons were first
dried at room temperature for 3 hours and then at 120°C for
another 3 hours. The dried extrusions were caicined in a
rotary quartz tube under aﬂ air £low of SOIml/min at 500°C.

The catalyst obtained in this manner had a BET surface area of
51 m?/g,_an iron oxide content of 5 wt.$.

o N |

0. 28 g trlsodlum c1trate dlhydrate and 5.23 g ammonium,
iron cltrate (16 wt.% Fe) were dissolved in demineralized -
water and supplemented to 25 ml. An amount of 10 g of the
extrusicgs obtained in Example 1 was impregﬁated with 11 ml of
the above solution. The extrusions were first dried at room
temperature for 3 hours and then at 120°C for another 3 hours.
The dried extrusions were calcined in a rotary quartz tube
under an air flow of 50 ml/min at 500°C. The catalyst obtained
in this manner had a BET surface area of 50 m2/g, an iron

oxide content of 5 wt.%. The molar ratio of sodium to iron is
1:5.

Tria 8 e ropiscament sheel

14 JuL 1888

HEY N



catalyst is at least 25 [err], said catal yst being obtainable by applying
‘said catalytically active material to a support material which contains at
least one alkali netal promoter. 2. A catalyst according to cIéEHhMCEMENTSHEET
wherein the alkali nmetal is selected fron1the group consi sting of sodium

pot assi um rubi dium cesium and i t hilfm A catal yst according to claim

1 or 2, wherein the anount of alkali netal pronoter relative to the anount

of catal}ﬁﬁ@ﬁﬂﬁyﬁactive material, both calculated as netal, is between 1

and 350 atom c percent, nore particularly between 5 and 100 atomic percent.

4. A catal yst accordin jms 1-3 ch catalyst h ecific

surface area @étgrtFHgﬂééﬁmnfkﬁ??7%)é%ﬂy tﬁvgﬁégglﬁﬁ?zv?§d¥£s of at
| east 2OQﬁﬁhlndrdh&zaddeatéheam@asupgmemﬁnuhd|umm25the cahaaystnexdf bi ts

SUbStantifHléyc&pt%%t'VEEXSlgﬁstggié{fgg;Ln Example 1 was impregnated
with 11 ml of the above solutiocn. The extrusions were first
dried at room temperature for 3 hours and then at 120°C for
another 3 hours. The dried extrusions were calcined in a
rotary quartz tube under an air flow of 50 ml/min at S00°C.
The sodium promoted silica thus obtained had a BET surface of
45 m?/g, a sodium content of 0.29 wt.%.

Example 5

5.23 g ammonium iron citrate (16 wt.% Fe) was dissolved
in demineralized water and supplemented to 25 ml. An amount of
10 g of the sodium promoted silica obtained in Example 4 was
impregnated with 11 ml of the above solution. Again the
extrusions were first dried at room temperature for 3 hours
and then at 120°C for another 3 hours, whereafter they were
calcined in a rotary quartz tube under an air flow of
50 ml/min at 500°C. The catalyst obtained in_this manner had a
BET surface of 52 m¢/g, an iron oxide contént of 5 wt.%. The
molar ratio of sodium to ironm was 1:5.

Examples 6. 7 and 8

From the catalysts prepared according to Examples 2, 3
and 5, sieve fractions were made with a particle size of
between 0.4 and 0.6 mm. A quartz reactor tube having an
internal diameter of 8 mm was filled with 1 ml of this
catalyst. A gas mixture of the following molar composition was
passed downflow over the catalyst: 5% 05, 1% H3S, 30% H.0 in
He. The space velocity (Nml of gas per ml of catalyst per
hour) of the gas was 12,000 hr-l. The temperature was raised
by steps of 10°C from 200°C to 300°C and then lowered again *o
200°C. The sulfur vapor generated was condensed downstream of
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reaction. 5. A catal yst according to clainms 1-4, characteri zeREAUACENENT SHEET
« the specific surface area is greater than 25 n2/g. 6. A catalyst according
to clainms 1-5, characterized in that the average pore radi us does not

exceed 2000 [err]. 7. A catalyst agcording to clains 1-6, characterized in
that the support material is Si qerr1]7. 8. A catalyst according to clains

1-7, characterized in that the catal ytically active material is present on

t he support in an anount_ of 0.1-10% by cal cul ated on the total mass

of the caft&eyFeactor %tch?%ﬁcyst'r Sc&'BFBFn&a ‘Br CY3F nEemaved S & #AteEd i n

that the @@mb&huéahémbfa:ﬁe vemmtcampa:butaoa met ghe CONPDLEIE QGindA thext ure of

metal compgupds, . 0t Lonall 3l GAT DAoL YhhNRNE. OIS, CQEROUNdS of

“results of the experiments are summarized in Tables 1, 2

-and 3.
Table 1
Example Temperature Act. Sel. ¥ld
2 200 33 96 32
only 220 72 96 . 67
iron oxide 240 93 94 93
250 ' 100 89 89
260 100 82 82
280. - . 100 60 60
300 ‘ 100 22 22
Table 2
Example Temperature Act. - sel. Yld
3 200 17 . 94 16 ~
sodium-iron 220 39 94 37
coimpreg- 240 70 94 66
nation 250 94 94 88
260 99 93 92
280 100 88 88
300 100 75 75
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21 10. A catalyst according to claim8, characterized in that the netal

“conpound is an iron conpound or a mxture of iron conpounds ageh QREMENTBHEET
conpounds. 11. A catalyst according to clainms 1-10, characterized In

18
Table 3
Example Temgefaéﬁre Acé. ' Sel. Yld
5 200 35 96 34
sodium-iron 220 64 96 61
sequential 240 95 96 91
impregnation 250 100 9s 95
260 100 93 93
280 100 84 84
300 100 69 69

act. = percentage of converted hydrogen sulfide
sel. = selectivity to elemental sulfur
yld = sulfur yield

E

__‘_'Of the extrusions prepared according to Example 1, a
sieve fraction was made. having a particle size of between 0.4
and.0.6 mm. A quartz reactor tube having an internal diameter
of 8 mm was filled with 1 ml of this sample. Placed hereon was
1 ml of sieve fraction of the catalyst prepared according to
Example 2. Under identical conditions to those described in
Examples 5, 6 and 7, measurements were performed on this
sample. The results of this experiment are summarized in
Table 4. '
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that further one or nore phosphorus conpounds are present. JBiPHACBMgggéyEET
- for preparing a catal yst according to one or nore of clainms 1-11, by
applying at |east one catalytically active material or a precursor thereof
to a support, characterised in that ige support contains an al kali netal
pronoter or precursor therefor. 13. process according to claim12,
wherein a support material is first inpregnated with a precursor for the

al kali metal pronoter and, optionally after drying and/or calcination, is
then inpregnated with the precursor fablentd catalytically active material
14. A process according to claim12 or 13, conprising dry inpregnation of a

support erralr Win a solutron contaimng alkalri_nerar Tons. - 15, A
process iﬁ%%ﬁ%ﬂ%g to clEEMREERAtURRer ei ACEhe - Sel. © Yld
8 200 "33 96 32
iron oxide 220 72 96 87
catalyst 240 - 99 94 " 93
with silica 250 100 ‘89 89
under it 260 100 79 79
280 -100 44 44
300 100 0 0
Example 9

Of the sodium promoted silica prepared according to
Example 4, a sieve fraction was made having a particle size of
between 0.4 and 0.6 mm. A quartz resctor tube having an
internal diameter of 8 mm was filled with 1 ml of this sample.
Placed hereon was 1 ml of sieve fraction of the catalyst
prepared according to Example 2. Under identical ‘conditions %o
those- described in Examples 5, 6 and 7, measurements were
"performed on this Sample. The results of this experiment
coincide exactly with those summarized in Table 1.
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catalytically active material is applied to a support nateriaBEE*ﬁqgwﬁﬁﬁﬁHEET
been provided with an alkali netal pronoter during the preparation and/or
shaping. 16. A process for the selective oxidation of sulfur- containing
conpounds, in particular hydrogen sulfide, to elenental sulfur,
characterized in that a hydrogen sul #Pde- contai ning gas, together with an
oxygen-contai ning gas, is passed over the catalyst according to one or nore
of clains 1-11 at el evated tenperatUﬁg%Iﬁg. A process according to claim

16, characterized in that the nolar ratio of oxygen to hydrogen sulfide is
mai nt ai ned between 0.5 and 1.5.

1. A catalyst on support for the selective oxidation of
sulfur-containing compounds to elemental sulfur, said catalyst
comprising at least one catalytically active material applied
to a support material, whereby the average pore radius of the
catalyst is at least 25 A, said catalyst being obtainable by
applying said catalytically active material to a support
material which contains at .least one alkali metal promoter._
2. A catalyst according to claim 1, wherein the alkali metal
is selected from the group consisting of sodium, potassium,
rubidium, cesium and lithium.

3. A catalyst according to claim 1 or 2, wherein thé amount
of alkali metal promoter relative to the amount of
catalytically active material, both calculated as metal, is
between 1 and 350 atomic percent, more particularly between 5
and 100 atomic percent.

4. A catalyst according to claims 1-3, which catalyst has a
specific surface area greater than 20 m?/g and an average pore
radius of at least 200 A, while under the reaction conditions
the catalyst exhibits substantially no activity for the Claus
‘reaction.

5. A catalyst according to claims 1-4, characterized in that
the specific surface area is greater than 25 m?/g.

6. A catalyst according to claims 1-5, characterized in that
the average pore radius does not exceed 2000 A.

7. A catalyst according to claims 1-6, characterized in that
the support material is $i0;.

8. A catalyst according to claims 1-7, characterized in that
the catalytically active material is present on the support in
an amount of 0.1-10% by weight, calculated on the total mass
of the catalyst. '

9. A catalyst according to claims 1-8, characterized in that
the catalytically active material is a metal compound or a
mixture of metal compounds, optionally in combination with one
or more compounds of nonmetals.

T his is the re’placcmen_t sheet
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10. A catalyst according to claim 8, characterized in thaf
the metal compound is an iron compound or a mixture of iron
compounds and chromium compounds.

11. A catalyst according to claims 1-10, characterized in
that further one or more phosphorus compounds are present.

12. A process for preparing a catalyst according to one or
more of claims 1-11, by applying at least one catalytically active
material or a precursor thereof to a support, characterised in

that the support contains an alkali metal promoter or
precursor therefor.

13. A process according to claim 12, wherein a support
material is first impregnated with a precursor for the alkali
metal promoter and, optionally after drying and/or
calcination, is then impregnated with the precursor for the
catalytically active material.

14. A process according to claim 12 or 13, comprising dry
impregnation of a support material with a solution containing
alkali metal ionms.

15. A process according to claim 14, wherein the
catalytically active material is applied to a support material
which has been provided with an alkali metal promoter during
the preparation and/or shaping.

16. A process for the selective oxidation of sulfur-
containing compounds, in particular hydrogen sulfide, to
elemental sulfur, characterized in that a hydrogen sulfide-
containing gas, together with an dxygen-containing gas, is

- passed over the catalyst according to one or more of claims
1-11 at elevated temperature.

17. A process according to claim 16, characterized in that
the molar ratio of oxygen to hydrogen sulfide is maintained
between 0.5 and 1.5.
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ABSTRACT

CATALYST FOR THE SELECTIVE OXIDATION OF SULFUR COMPOUNDS
TO ELEMENTAL SULFUR, PROCESS FOR PREPARING SUCH CATALYST
AND PROCESS FOR THE SELECTIVE OXIDATION OF SULFUR

COMPOUNDS TO ELEMENTAL SULFUR

The invention relates to a catalyst on support for the selective of sulfur-containing compounds
sulfur, comprising at least one catalytically active material applied to a support material, this catalyst
being obtainable by applying the caralytically active material to a support material which comprises

at least one alkali metal promotor.
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