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The invention re1ates to a supported ca~alyst for the 
selective oxidation 0£ sulfur compounds, in\ particular 
hydrogen sulfide, to elemental su1fur, a prpcess for preparing 

' such catalyst and a process for the selectiye oxidation of 
5 hydrogen sulfide to elemental sulfur. 

The necessity of purifying gases which ~re further treated 
in chemical processes, supplied to buyers, or discharged to 
the atmosphere, from sulfur compounds, in particular hydrogen 
sulfide, is generally known. Accorc1ngly, a:number of 

10 processes are known which are directed to t~e removal of 
hydrogen sulfide from gas. 

One of the beGt-known methods of conver~ing hydrogen 
sulfide to non-harmful el.emental sulfur is the so-.oalled Claus 
process. 

15 In the Claus process, however, the ff2S ~s not 

20 

quantitatively conYerted to elemental sulfu~, mainly as a 
result of the equilibrium character of the ¢1aus reaction: 

(l) 

A residual content of H20 and S02 remains. Now, generally it 
is not allowed to discharge H2S-conta1nin9 ~esidual gas, and 
so the gas must be oombusted, whereby the hydrogen sulfide and 
other sulfur compounds as well as the eleme~tal sulfur present 

.25 in the gaseous phase a.re oxidized to sulfur'.dio~ide. As the 
environmental requirements are becoming str~cter, this will 
not be allowed anymore because the resultant sulfur dioxide 
e.~ission would ba too high. It is thereforeinecessary to 
further treat the.residual· gas of the Claus~plant, the so-

30 called tail gas, in a so-called tail 9as pl~nt. 
Taii gas processes are known to those $ki1ied in the art. 

The best-known and to date most .effective ptocess for.the 
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treatment of tail gas is the SCOT process (~ee GB-A-1,461,070). 

ln this process the tail gas, together with!hydrogen, is passed 

over a cobalt oxide/molybdenum oxide cataly~t appiied to Al2o3 

as a support, whereby tbe S02 present is cat,alytically reduced 

5 to H2S. The total amount of H2S is then sepa~ated in 

conventional manner by liquid absorpt~on. otje drawback of the 

SCOT process is that it requires a complica~ed plant. Another 

drawback is the high energy consumption invcllved in removing the 

hydrogen sulfide from the absorbent again. 

10 Another option in converting hydrogen s~1f ide in tail gas 
' to elemental sulfur is the so-called BSR Se1ectox process, 

dis~losed in US-A-4,311,683. According to this process, the 

H2S-containin9 gas, mixed with oxygen, is p~ssed over a 

catalyst containing vanadium oxides and van~dium sulfides on a . 
15 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 9as, after 
hydrogenation of tne sulfur components ·pres•nt to· H2S·, Jnust 

first be cooled to remove the greater part 6£ the water, 
20 because water greatly interferes with the a~sorption and the 

oxidation of H3S. Due to the aaaociated hig~ investments 

involved, the costs of tail gas treatments ~ocording to these 

known methods are high. · i 

Another process for the oxidation of uks to elemental 

25 sulfur is disclosed in u.s. Patent 4,197,27?. According to 

this publication, the hydrogen sulfide-oont~ining gas is 

passed with an oxidizinq qas over a catalys~ which comprises 

iron oxides and vanadium oxides as active material and . 
alwninum oxide as support material. Furthei:, the support 

30 material, which has been impregnated with the active ~aterial, 

has a specific surface larger than 30 m2/9 ;and a pore volume 

of 0.4-0.8 cm3/q, while at least 12.5' of ~he total pore 

volume is constituted by pores having a diameter greater than 
300 A. It has been found that this catalys~ 9ives rise to at 

35 least a partial CiauS equilibrium, SO that:the fOrtniltiOP of 

soa cannot be prevented. As a result, the ~ffectiveness of 

this process is insufficient. 

(.: 
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The effectiveness with respect to the conversion of H2s H : 
to elemental sulfur In8Y generally ·.·be a.dversJlly affected by the 
occurrence of the following side reactions: 

l. the continued oxidation of sulfur: 

1/n Sn + 02 -> S02 (2) 

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

(3) 

Here the sulfur, once it has been formed, enters into a 
' 

reverse reaction with the water vapor also present to fo.rm 
15 hydro~en sulfide and sulfur dioxide. 

The occurrence of the side reactions·me.ntioned above is 
partly determined by practical conditions. 

In general tail gas comprises, in addition:to elemental. 
sulfur, a considerable amount of water vapo~, which amount may 

20 be within the range of 10-40• by volume. Th~ water vapor 
strongly promotes the reversing Claus react~on. The 
substantial removal o~water vapor has evid~nt technical 
disadvantages, such as the necessity of an additional 
oooling/heatin9 stage·, an additional sulfur :recov~ stase or 

25 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 oontent of ti;ie feed gas ia 
therefore desirable .. 

Another important circwnstance ia tbat~generally in the 
30 selective oxidation some excess of oxygen w~ll be used not 

only to prevent the H2S from nslipping ~ro~qh• but also on 
the ground of considerations of control tecpnology. This very 
excess of oxygen, however, may give rise to' the continued 
oxidation of the e1emental sulfur formed, thereby adversely 

35 a:ffectin9' the effectiveness of the process.: 
U.S. Patent 4,818,740, which is incorporated herein by 

' reference, discloses a catalyst for the seXective oxidation to 
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elemental sulfur, the use of which p~events .~he above side 

reactions to a large extent, while the m~in reaction 

ll;;?S (4) 

takes place with a auff icient degree of con~rsion and 

selectivity. 
The catalyst according to that patent c9mprises a support 

of which the surf ace exposed to the gaseous ~hase does not 
10 · exhibit any alkaline properties under the re~ction conditions, 

while a catalytically active material is appiied to this 

su~face. Further, the specific surface area ~f this catalyst 

is less than 20 m2/g and less than lOt of th~ total pore 

volume in this catalyst has a pore radius inithe range of 

15 5-500 A.. 
An improvement of the method disclosed ~n the above­

mentioned U.S. Patent 4,818,740 is disclosed'.in EUropean 

patent publication 409,353, which is incorpo~ated herein by 

reference. This patent publi~ation relates t~ a catalyst for 

20 the 5elective oxidation of sulfur-containing ioompounds to 

elemental sulfur, comprising at least one ca~aly~1ca11y active 

material and option~lly a support, which cat~lyst has a 

specific surface are~ of more than 20 m2/~ a~d an average pore 
radius of at lea$t 25 A, while ~he catalyst ~xhibits 

25 substantially no Qctivity towards the Cl.aus ~action under the 
reaetion conditions. 

It has been found that the catalyst aco0,rdin9 to this 

European patent publication gives a clear improvement in the 
; 

•ctivity and selectivity of the catalysts. Iq spite of this, 

30 there remains a need for an improvement of ~e catalyst in 

order to increase the yield of elemental sul~ur. 

The object of the present invention is ~o provide a 
catalyst for the seleeti~e oxidation of sulf~r compounds to 

! 

eiexnental sulfur, which shows a h19her conversion of the 
35 sulfur·containing compounds to elemental sultur. 

_,-.. 
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The invention relates to a catalyst o~ support for the 

selective oxidation o! sulfur-containing c(>mpounds to 
elemental sulfur, comprising at least one ~atalytically active 
material applied to a support material, wh~ch catalyst is 

5 obtainable by applying the catalytically a~tive material to a 
suppo~t material ~hich comprises at least qne alkali metal 
promoter. ; 

Surprisingly, it has been found that ~uch a supported 
oatalyst shows an imp~oved conversion of s~lfur-oontaining 

10 compounds to elemental sulfur. In this conn~ction, 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 catalytically active materialion a support which 
contains the alkali metal promoter. This ca~ be effected by 

15 appiying the alkali metal promoter during the preparation of 
the support or during the shaping thereof ·(-extrusion, 
tableting, granuiation, etc.). It is also p~ssible to 
impregnate the support with a solution of tl;le·alkali metal 
promoter prior to the application of the catalytically active 

20 material. A simultaneous application of the:two components 
doQs not lead to an improvement of the elem~ntal sulfur yield. 

Acoordinq to the invention, therefore, ~it is essential 
that the alkali metal promoter is not appli~d to the catalyst . ....._, simultaneou~ly with or after the active component. It has been .... .J,, 

25 found the activity of the catalyst does not:improve or may 
even deteriorate if the promoter is applied:to the catalyst 
simult~neously with or after the active com~onent. 

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

30 Starting from the given that the catalyst pieferably exhibits 
subst4ntially no activity towards the Claus:reaction under the 
reaction conditions, a skilled artisan can-4etermine the 
desired specific surface area. This surface:area also de~ends 
on the nature of the support, a smaller sur~ace area being 

35 desirable for aluminum oxide supports than for silicon oxide 
supporta. 
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According to one embodiment, a catalys~ according to the 
invention has Q specific surface area of mo~e than 20 m2/g and 
an a~era9e pore radius of at least 2s.A. su¢,h a catalyst 
preferably has silicon oxid~ a~ A support. 

s According to another embodiment of the ;invention, the 

10 

catalyst luls a specific surface area of 1e5~.than ~O m2/9 and 
less than 10' of the total pore volwn~ in t~is catalyst has a 
pore radius between 5 and 500 A. With suoh aj catalyst, it will 
be preferred to start from aluminum oxide as; support. 

It ia noted that in the present inventibn the absence of 
Claus activity is defined as the absence of ~he influence of 
water on the selectivity of ~he oxidation re~ction of H2S to. 
su1fur in the presence of minimally a stoioh~ometric amount of 
o2 at 250bC. More particularly, this means tl)at in the 

15 presence of 30' by volume of water the selectivity of the 
reaction to elemental sulfur should not be mbre than 15t lower 

; 

than the seleoti~ity in the absence of water; This definition 
of the ciaus activity is based on the equili~rium 

•: 

Claus reaction 
20 

. ( 3) 

If a materi4l is Claus.ActiYe, the presence ~f water results 
in the reaction proceeding in the dir~ction ~f H2S and S021 

25 whereby a part of. the oulfur is converted to)B2S and S02 
' again. u2s is then oxidized with the 02 present to sulfur and 

wate~ vapor, whereAfter the Claus active cataiyat converts the 
sulfur to so2 agai~. Due to the concurrence ~f these reactions 
a catalyst with Claus active sites will, in ~he presence of 

30 water, give rise to a strong decre~se in ael~ctivity. 
Within the scope of the invention "specific surface area• 

means the BET surface area as defined bys. ~runauer et al., 
in J.A.C.S. AQ, 309 (1938). Use was made Of a nitrogen 
adsorption at 77 K accoFding to the so-call~ three-point 

35 measurement. For the purpose of the calculation, the surface 
area of a nitrogen molecule was asswntl!d to be 16.2 A~. 
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'I'he averQge pore radius is determined .~starting from a 
i . 

cylindrical pore model, using the followin~ formula: 

' 
20,000 x pore vol\ume (cm3/q) 

Average pore radius (A) - BET surface ar~ (m2/g) 

The pore volwue used herein is gravima~ioally determined 
by impregnation with water in vacuo. The spfcific pore volume 

oan also be determined using mercury porosi~atry up to a 
pressure of 2000 bAr. The values obtained bt the two methods 

10 show a good correspondence. 

15 

20 

The specific surface area ot the catalyst according to 
the invention can correspond with the value~ according to 

U.S. Patent 4,818,740 as well as with the v~lues accordin9 to 

European patent publication 409,353. More p~rticularly, the 

specific surface area is at .least 25 m2/9, s'.inoe a good 
' 

activity can be obtained with such values. 
Preferably, the specific surface area of the catalyst 

will not be larger than 300 rn2/q of catalyst!. In general no 

specific additional advantages can be gaine~ with higher 

values. 
The requirentent aa regards the average pore radius is 

re1evant in connection with the nature of th~ reaction. Too 

many small "pores involve the danger of contih~ed oxidation of 
sulfur to so2 due to the sulfur remaining in: the pores too 

25 long, which is undesirable. The avera9e pore: radius is . ' 
generally preferably at least 325 A, while 2poo A is an upper 
limit. In general, no additional advantage ~~ to be qained 

above this limit, while on the other hand p~~blems ma~ arise 
in the preparation of the support. More part~cularly, an 

30 ~verage pore radius not exceeding 500 A is pkeferred. 
The n~ture and amou~t of the al~aii.met~l promoter can 

vary. In respect of its nature it ~s observe~ that it ·can be 
based on the conYentional alkali metals, mor~ particularly 
lithium, rubidium, cesiwn, potassium and sod~um, the last two 

35 materials being preferred most, 
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The amount depends at least partly on the nature and 
; 

amount of catalytically active material. A p~eference is 

expressed for amounts of alkali metal promot~r relative to the 

amount of catalyticftlly active material, bot~ calculated as 

5 metal, between l and 350 atomio psrcent, mor~ particularly 

between 5 And 100 atomic percent. 

Tbe catalyst according to the inventionigen~ally 

comprises 0.1-50 ' by weight, calculated on tl,he total mass of 

the catalyst, of a material which is catalyt~cally active for 

10 the selective oxidation of H2S to e1emental $.ulfur. 

It should be stressed that this relates~to the active 
' 

material which is accessible to the reaotion;gases. In fact 1 

by sinterin9 or by a different process of pr~paration, a part 

of the active material, in particular metal ~ide, can be . 
15 encapsulated, for instance by sintering up n~rrow pores in the 

support. However, the difference between enc~psulated metal 

oxide and metal oxide present on the support!can easily be 

det~rmined by temperature programmed reducti~n (TPR). Details 

of this measuring technique are described infN.W. Burst, 

20 S.J. Gentry, A. Jones and B.D. McNicol, Cata.~. Rev. Sci. Enq. 

24 (2), 233-309 (1982). The amount of metal ?xide present that 

is accessible to gases ·can thus be determine*. 

As catalytically active material, effec~ively a metal 

compound is used, or a mixture of metal com~unds, optionaiiy 

25 in combination with one or more compounds of·nonmeta1a. 

Preferably, the catalytically active ma~erial used is an 

iron compound or a compound of iron and chr~ium is used. 

Effectively, a molar ratio of Cr:Fe is chosen which is lower 
; 

than O. 5 and preferably in the range of O. 02'-o. 3. 

30 The catalyst according to the invention may also contain 

one or more other promoting materials. Suit~ble promoting 

materials according to the ~nvention are ph~aphorus compounds. 

These can be applied to the catalyst inter alia by 

impregnation with a soluble phosphorus comp9und. 

35 The catalyst consists of a support materiel to which a 

catalytically active material has been applied. 

...... 
I ; 

, ... 
' · ..... 
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Preferably, the active component is pre+ent on the 
support in an amount in the range of O.l-40 ; by weight, more 

preferably 0.1-10 t by weight, calculated on'.the total weight 

of the catalyst. 
Generally, as a support a oeramic mAter~al is used which 

exhibits no Claus activity under reaotion oo~ditions or has 
been deactivated as re9ards this activity. s~itable materials 
include aluminwn oxide, titanium oxide and sflicon oxide. 

However, it is also possible to use, as~a support, other 
materials which exhibit no or minimal Claus ~ctivity and are 

thermostable. Examples are thermostable non-*eramic materials, 
such as metal gauze structures and surfaces 9~ (incompletely) 
sintered materials. Very suitable ia a honey9omb structure 
havin9' a hi9h thermal conductivity. suitable:~materials for 

15 such supports are the various metal alloys w~ich are stable 
under the reaction conditions. Examples are ~etals such as Fe, 

Cr or Ni or alloys containin9 one or more of '.these metals. 
On the surface of these materia1s, if desired, a layer of 

o~idic material may be provided as a support:for the 

20 catalytically active material and which incotporates the 

25 

alkali metal promoter. , 
In principle, the cata1ysts according tel> the invention 

can be prepared by the_known methods for preP,aring supported 

catalysts. • 
In order to bring the catalyst support ~nto a suitable 

form, it may, if necessary, be subjected bef~rehand to a 

sinterin9 treatment before and/o~ after app1~cation. 
A sintering treatment can optionally be~carried out with 

a finished catalyst, whereby micropor~s are :~intered up. 
30 The application of the alkali metal pro~oter can be 

effected in a manner which is conventional f~r the application 
of components on a supported eatAlyst. Prefe~ably, s&quential 
precipitation is used, i.e. first precipitating a precursor of 

r 

the alkali metal promoter, fo1lowed by the ~pplication of a 
35 precursor of the catalytically ~ctive compo~ent. As alkali 

. metal compound, it is preferred to 5tart frc>m water soluble 
alkali metal salts, which, after applicatio~, are converted 



t RECEIVED 03/13 00:09 1996 AT 533069q PAGE 10 (PRINTED PAGE 10) ] 
12/03/95 17:07 UER.OCTROOIBL.RERJX 31-70-3522723 010 

WO 95/0785:6 PC1"/NJ.34J00226 

10 

requires particular care, and furthermore i~ must be 
that this homo~eneity is maintained during ~nd after 
dryin9 procedure. 

the 

/"'\ .. •· 

•.ro satisfy these requirements, it is qdite eligible in ...... 
I • 

25 the preparation of such catalyst~ to utiliz~ the •dryn 

impregnation of the support material with aisolution of a 
' precursor of the active component or oompon,nts. This ~ethod 

is known as the so-called incipient wetness!method. Good 
results are obtained with a solution of EDT~ or citr~te 

' 
30 complexes. An amount of a viscosity increasfng comPQund such 

as hydroxyethyl cellulose may be added to the solution. By 
impregnating the support :material with thisisolution by means 
of the incipient wetnes5 method, a catalyst· ia obta~ned on 
which the active material is provided with a high degree of 

35 homogeneity. 
~he invention also relates to a prooesB for the selective 

oxidation of sulfur .. containing compounds, i~n particular 
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hydrogen sultide, to elemental sulfur, usin~ the catalyst 
according to the invention. 

Accordio~ to this process, hydrogen sulfide is oxidized 

directly to elemental sulfur by passing a hydrogen sulfiae­

containin9 gas together with an oxygen-cont~ining gas over the 

catalyst at an e1evated temperature. 

It is noted tbat not only the nature o* the CAtAlyst but 

aiao the process p~rmneters determine wheth*r 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, perm.its·tolerating an 

excess of oxygen and/or the presence of wat~r in the gas to be 

treated. 
~he oxidation process is carried out bf ~ddin~ to the 

hydro~en sulfide-cont~inin9 9as such 4n mno~nt of oxygen or an 
oxygen-containin~ ~as, using a known ratio iegulator, that the 

molar ratio of oxy9en to hyd~o~en sulfide iJ between 0.5 and 

5.0, and preferably between 0.5 and 1.5. · 
The process according to the invention;ean be used for 

20 the seieotive oxidation of all 9ases contai~in9 ~ulfurous 

compounds, in partioular hydrogen sulfide. ~xamples of 

prooesses where the oxidation according to ihe invention can 

be suitably used are the processes described in European 

patent application 91551, European patent a~plication 78690 
25 and u.s. Patent 4,311,683. 

The process according to the invention;is eminently 
' 

suitable for oxidizin9 9as which does not c*ntain more than 
1.5\ of H2S, because then a normal, adiabattcally operating 

reactor can be used. 
i 
' ' 

30 In the o~idation the inlet temperature'of the catalyst 

bed is chosen to be above 150°C and pre~erat>ly above 170°C. 
This temperature is partly dictated by ~e ~equiremen~ 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 invention resides in 

the fact that a heightened activity is obta~ned while the 

selectivity is maintained, which leads to a better sulfur 
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yield. Also, the 9as temperature may be initially lower 
because the catalyst has a lower initiatio~ temperature. Due 

to the exothermic character of the oxidation reaction and the 

fact that if the temperature is too high a: non-selective 
5 thermal oxidation of the sulfur compounds *"°Y 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 

lO preferably below J00°c. 

If the H2S content is hi9her 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 
15 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 sp~cification 91551. A 

reactor containing a cooling element may a·fSO be empl.oyed. 

Further, it is possible to return the trea~ed gaa to the 

20 reactor in1et after cooling, whereby an ad~itional dilution of 

the gas to be oxidized is attained, or to ~istribute the qas 

to be oxidized over a plurality of oxidati~n reactors while 

simultaneously distributing the oxidation air over the various 

reactors. ,. ... 

·25 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, s~ortcircuitinq bein9 

prevented by the arrangement of one or more apertured plAtes. . ' 

Thus, optimum heat transfer is obtained. 
30 Accordin9 to another particular embodiment, the catalyst 

is utilized in the form of fixed, for ins~nce honeycomb•1ike, 

structures of high thermal conductivity, whereby an 
undesirable increase in the telUperature of: the catalyst is 
avoided in a suitable manne~. 

35 The process aooording to the inventi~n can be utilized 
with particular acivantaqe for the selective oxidation of the 
hydro9en su1f ide-containing residual gases coming from a 
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Claus plant. Apart from the very high selectivity of the 
i 

catalyst according to the invention, a very i~portant 
: 

additional advantage thereby obtained is that·! the removal o:C 

water prior to the oxidation is no longer r~ired. If·the 
5 process according to the invention is used toloxidi~e the 

residual gases ref erred to, these gases can p~eferably be 

passed first through a hydrogenation reactor,'. in which, for 
instance, a cobalt-molybdenum containing cata~yst ia present 

10 

15 

and in which all sulfurous constituents are hydro~enated to 
hydrogen sulfide. 

According to a variant of the process acbording to the 
invention, the selective oxidation stage in ~ich the catalyst 

according to the invention is used is combine~ with a 
subsequent hydrogenation stage, followed by ~bsorption of 

hydroqen sulfide, all this as described in E~ropean patent 
application 71983. In the process, 98% of th~ sulfur compounds 

present are thus removed in the part precedirig hydrogenation, 
so that the hydrogenation stage and the abso~ption maas are 
not unduly loaded. In this way sulfur recovety percentages of 

20 up to 100\ can be achieved, According to a v~riant of this 
process, it is possible after the hydrogenat;on stage to use, 
instead of the absorpt~on mass, a renewed se~eotive oxidAtion 
accordin9 to the invention, whereby a total ~ulfur recovery 

· ... ~·· percentage between 99 • 5 and 99. 81' is attaine~. 
25 Further, the process according to the invention is 

particularly suitable for desulfurizing, fo~ instance, fuel 
gases, refinery gases, b109as, coke furnace 1gas, gaseous 

: 

effluents of chemical plants such as viscose factories, or 
gases which are burnt off at qas and/or oil .:extraction sites. 

30 If in the process according to the inv~ntion tha sulfur 

vapor-containing gas coming from the selective oxidAtion 

stage, optionally after condensation and separation of the 
qreater part of the sulfur, is passed over ~ bed where the 
sulfur is removed by capillary adsorption, ~he sulfur recovery 

35 percentage is increased to virtually lOO•. : 
The invention is illustrated in and b~ the following 

examples. 
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Example 1 

100 g Silica (Degussa OX50, B.E.T. 44 ~2/9) was mixed 
5 with i47 ml water and 1.5 9 HEC (Hydroxy Etil.yl Cellulose) and 

' extruded. The extrusions were dried at 100°d. To obtain 
i 

sufficient mechanical strength, the extrusitjns were calcined 
at 700Dc. The preformed support thus obtain~d had a 
BET surface area of 45.5 m2/g, a pore velum~ of l.l cml/g and 

10 an average pore radius of 350 A. 

Example 2 

5.23 9 anunoniwn iron citrate (16 wt.% ~e) was dissolved 
15 in demineralized water and auppl.emented to l's ml. An amount of 

10 9 of the extrusions obtained in· Example 1 was impregnated 
with l,l ml of the above solution. The extrus:ions were first 
dried at room temperature for 3 hours and t~en at 120°C for 
another 3 hours. The dried extrusions were c~lcined in a 

20 rotary quartz tube under an air flow of 50 ml/min at 500°c. 

25 

The catalyst obtained in this manner had a ~ET surface area of 
51 m2/9, an iron oxide content of 5 wt.%. 

2:JxamRle 3 (comporotiye) 

0.28 g trisodium citrate dihydrate and~5.23 9 ammonium 
iron citrate (16 wt.' Fe) were dissolved in ·!demineraliz~c1 

water and supplemented to 25 ml; An amount 9t 10 g of the 
extrusions obtained in Example 1 was impreg~ated with 11 ml of 

30 the ~bove solution. The extrusions were fira,t dried at room 
temperature for 3 hours and then at 120°c for another 3 hours. 
The dried extrusions were calcined in a rot~ry quartz 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 m2/q, an iron 

35 oxide content of 5 wt.,. The molar ratio of soaium to iron is 
1:5. 

......... 
!, 
'•· 
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Example 4 

0.2B g trisodiwu citrate dihydrate was ~issolved in 
., 

demineralized water and supplemented to ZS m~. An amount of 

5 10 g of the extrusions obtained in Examp1e·1\ was.impregnated 

with 11 ml of the above solution. The extrus~ons were first 

dried at room temperature for 3 hours and t~en at 120°c for 

another 3 hours. The dried extru~ions were calcined in a 

rotary quartz tube under an air flow of 50 ~1/min at 500°C. 

lO 

15 

20 

25 

The sodium promoted silica thus obtained had! a BET surf ace of 

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

Exal'QPle 5 

5.23 g ammonium iron citrate (16 wt.% F~) was dissolved 

in demineralized water and supp1emented to· 2~ ml.. An amount of· 
! 

10 g of the sodiWR promoted silica obtained fn Example 4 was 

impregnated with 11 ml of the above solution~ Again the 

extrusions were first dried at room tenip~at~re for 3 hours 

ano then at 120°C for another 3 hours, where~fter they were 

calcined in a rotary quartz tube under an aif f 1ow of 

50 ml/min at 500°c. The catalyst obtained in'! this manner had a 

BET surface of 52 m2/q; an iron 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 ~~ Exaipples 2, 3 

and 5, sieve fraotionG were made with a partjicle size of 

30 between 0.4 and O.G nun. A quartz reactor tube havin9 an 

internal diameter of 8 mm was filled with 1 ml of this 
. . : 

catalyst. A gas mixture of the followin9 molar composition was 
passed downflow over the catalyst: 5% 02, 1% H2S, 30' H20,in 

He. The space ve1ocity (Nml of gas per ml of cataiyst per 

35 hour) of the gas was i2,000 hr·l. The temperature was raised 

by steps of io•c from 2oo•c to Joo•c and the~ lowered again to 

200°c. The sulfur vapor generated was condens~d downstream of 
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Table 3 

Example Tempera tu.re Act. '.Sel. Yld 

5 
5 200 35 '.96 34 

sodium-iron 220 64 ~96 61 
sequential 240 95 :96 91 
impregnation 250 100 ,95 95 

10 260 100 :93 93 
280 100 l84 84 

' 
300 100 •69 69 

15 act. - percentage of converted hydroqe,n sulfide 

sel. - selectivity to elemental sulfu~ 

20 

25 

yld • sulfur yield 

Of the extrusions prepared according t~ Example l, a 

sieve fraction was made having a particle s~ze 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 traction of the catalyst prepared according to . . 
Example 2. Under identical conditions to th9se described in 

e~amples 5, 6 and 7, measurements were perf~rmed on this 
sample. The results of this experiment are *ummarized in 

30 Table 4. 



-· -· ------------.. ~ .. ~ .. ~ .. ~. ·=······=··-=-= 

•[ REGEIVED 03/13 00:12 1996 AT 533069q PAGE 18 (PRINTED PAGE 18) ] 

5 

10 

15 

12/03/95 17:11 UER.OCTROOIBLRER.JX 3~-70-3522723 018 
.: 

W09SJ07856 PCf/Nla4/00.216 

lB 

Table 4 

' 

EXarnple Temperature Act. $e1. Yld 

: ~ 

8. :zoo 33 ~6 32 
i 

iron oxide 220 72 -~6 67 

catalyst 240 99 ·94 93 

with silica 2!50 100 ~9 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 1 a sieve fraction was made haYing: a particle size of 

between 0.4 and 0.6 mm. A quartz reactor tupe having ~n 

20 internal diameter of 8 mm was filled with 1 ml of this sample. 
Placed hereon was l ml of sieve f raotion of· the catalyst 
prepared accordin9 to Example 2. Under iden~ical conditions to 

those described in Ex-amples S, 6 and 7, mea~urements were 
perfonned on this sample. The results of t~is experiment 

25 coincide exactly with those swnmarized in Table l. 

.. 

() 

f'"·· ( , 
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CLAIMS 
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019 

1. A catalyst on support for the selective ~xidation of 

sulfur-containing compounds to eieme~tal sulf*r, comprising at 

least one catalytically active mate4ial appli~d to a support 

material, said catalyst being obtainable by a~plying said 

5 catalytically active material to a support material whiah 

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 sodiµm, potas~ium, 

rul>id1\1Ill, cesium and lithium . 

10 3. A catalyst according to claim l or 2,.wh~rein the amount 

of alkali metal promoter relative to the amou~t of 

catalytically active material, both calculat~d as metal, is 

between l and 350 atomic percent, more parti·~ularly between 5 

and 100 atomic percent. . 

15 4 . A catalyst according to claims 1-3, whidh catalyst has a 

specific surface area greater than 20 m2/g and an average pore 

radius of at least 200 A, while under the re~ction conditions 

the catalyst exhibits substantially no activity for the Claus 

reaction. 

20 

~5 

30 

5. A catalyst according to claims 1-4, cha~acteri~ed in that 

specific surface area is greater than 2sjm2/g. the 
6 . 
the 
7. 
the 

a. 

A catalyst according to claims 1-5, ch~acterized in that 

average pore radius does not exceed 2000·!. 

A catalyst according to cla~ l-6, cha~aoteri~ed in that 

support materia1 is Si02. 

A catalyst according to claims 1-1, characterized in that 

the catalytically active material 1s present on the support in 

an amount of 0.1·10\ by weight, calculated tjn the total mass 

of the catalyst. 
9, A catalyst according to claims i~a, ch~racteri~ed in that 

the catalytically active material is q meta~ compound or a 

mixture of metal compounds, optionaiiy in c~robination with one 

or more compounds of nonmetals. 

111111111111111111111111111111 
* C L M S * 
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10. A catalyst according to claim a, charac~eri~ed in that 
•! 

the metal compound is an iron compound or a ·mixture of iron 
compounds and chromium compounds. 
11. A catalyst according to claims 1-10, characteri~ed in 

5 that further one or more phosphorus compoun~ are present. 
12. A process for preparing a catalyst acco~ding to one or 
more of claims i-11, characterized by prepa~ing a cataiyst 

i 

comprising at least one catalyticaily activ~material applied 
to a support, the catalytically active mate~~al or a precursor 

10 thereof being applied to a support oomprisin~ an alkali metal 
promoter or precursor therefor. 
13. A process according to claim 12, whereiµ a support () 

15 

20 

material is first impregnated with a precursbr for the alkali 
metal promoter and, optionally after drying ~nd/or 
calcination, is then impregnated with the p:tiecursor for the 
catalytically active material. 
14. A process according to claim 12 or 13, icomprising dcy 
impregnat~on or a support material with a sd.lution·eontaining 
alkali metal ions. 

I 
15. A process according to claim 14, where~n the 
catalytically aotive material is applied to;a support material 
which has been provided with an alkali meta~ promoter during 
the preparation and/or shaping. ·1 

16. A process for the selective oxidation 4t sulfur-. 
25 containing compounds, in particular hydroge* sulfide, to 

elemental sulfur, characterized in that a ntdrogen sulfide­
containinq gas, together with an oxygen-containing gas, is 
passed over the catalyst according to one or more of claims 
l-11 at elevated temperature. 

30 17. A process according to claim 16, cha~acterized in that 
the molar ratio of oxygen to hydrogen sul~ide is maint«ined 

between 0.5 and 1.5. ' 

' 

, . 
, 

' 


