
EP 0 242 920 B1 Description This invention relates to a catalyst for the
selective oxidation of hydrogen sulfide to elemental sulfur; and to a
process for the selective oxidation of hydrogen sulfide to elemental
sulfur. The need to purify gases treated in chemical processes, supplied to
customers, or discharged to the atmosphere, from sulfur compounds, in
particular hydrogen sulfide, is well known. Indeed, a number of processes
are known, directed to the removal of hydrogen sulfide from gas. In some of
these processes, hydrogen sulfide is first concentrated by means of a
liquid absorbent, whereafter the regenerated [err] gas is converted into
elemental sulfur, which is not harmful. In certain 10   cases it is
possible to omit the first step, i.e., concentrating the hydrogen sulfide,
and to convert it direct into elemental sulfur. A requisite in many of
these cases, then, is that the components in the gas which do not contain
sulfur are not reacted. Such a process is called a selective oxidation
process. One of the best known methods of converting hydrogen sulfide to
elemental sulfur is the so-called Claus process. 15      The Claus process
is carried out in various ways, depending on the hydrogen sulfide content
in the gas being treated. In one embodiment a portion of the hydrogen
sulfide is combusted to form sulfur dioxide, which then reacts further with
the remaining hydrogen sulfide to form elemental sulfur. A detailed
description of the Claus process is to be found in R. N. Maddox, 'Gas and
Liquid Sweetening'; Campbell Petroleum Series (1977), p. 239-243, and also
in H. G. Paskall, 'Capability of the Modified Claus Process', 20   publ.:
Western Research & Development, Calgary, Alberta, Canada (1979). In the
Claus process, however, the [err] is not quantitatively converted into
elemental sulfur, mainly as a result of the fact that the Claus reaction is
not quite completed: [err]                         . Accordingly, there are
remaining amounts of [err]and [err] Now, the effluence of the [err]
containing residual gas is not permitted, so that this has hitherto been
combusted, whereby the hydrogen sulfide and other sulfur compounds, and
also the elemental sulfur present in the gasous phase are oxidized to form
sulfur dioxide. As environmental requirements are becoming stricter, this
will no longer be permitted, in 30   view of the too high emission of
sulfur dioxide that would result. It is therefore necessary to process the
residual gas of the Claus installation, the so-called tail gas, further in
a so-called tail gas plant. Tail-gas processes are known to those skilled
in the art and described, inter alia, in NL-A-7104155 and in B. G. Goar,
'Tail Gas Clean-up processes, a review', paper at the 33rd Annual Gas
Conditioning Conference, Norman, Oklahoma, March 7-9, 1983. 35      The
best known and hitherto most effective process for the treatment of tail
gas is the SCOT process. This process is described, for example, in Maddox,
'Gas and liquid sweetening (1977), pubi. Campbell Petroleum Series, p.280.
In this process, the tail gas is passed with hydrogen over a cobalt
molybdenum on [err] catalyst, whereby the [err] present is catalytically
reduced. The total quantity of [err] is subsequently separated in the usual
way by liquid absorbtion. This requires previous conversion of [err] as the
40   presence of [err] is a very disturbing factor. One disadvantage of the
SCOT process is, therefore, the need of using complicated equipment. A
further disadvantage is the high energy consumption needed to regenerate
the hydrogen sulfide from the absorbent. Another possibility of converting
hydrogen sulfide in tail gas to elemental sulfur is the so-called BSR
Selectox process, which is described in US-A--4 311683. 45      In that
process, the [err] containing gas is mixed with oxygen and passed over a
catalyst containing vanadium oxides and vanadium. sulfides on a
non-alkaline, porous, refractory oxidic carrier. The conversion is carried
out at a temperature of between 121 and 232[err]C. A major drawback of both
the SCOT process and the BSR Selectox process is that in both cases, after
the hydrogenation of the sulfur components present to [err], the tail gas
must first be cooled to remove the 50   major part of the water. In fact,
water greatly interferes with the absorption and oxidation of [err] Owing
to the high investments involved, the cost of the tail gas treated by these
known processes is high. Another process for the oxidation of [err] to
elemental sulfur is described in US-A-3 393 050. According to that
publication, the hydrogen sulfide containing gas is passed with an
oxidizing gas over a suitable catalyst contained in the tubes of a
so-called tubular reactor, with the tubes being externally 55  cooled. The
catalyst considered suitable is bauxite, aluminum oxide (gamma alumina) or
aluminum silicate as described in US-A-2 971 824. Apart from the
disadvantages mentioned above, the effectiveness of this process, just as
of the other known oxidation processes, is insufficient. Thus, for example,
the data given in US-A--4 311 683 show that the formation of [err] cannot
be avoided, in spite of the low temperature that is used. In view of the
ratio of [err] to [err] found in the product gas' it must be supposed 60
that this formation of [err] is at least partially connected with the at
least partial establishment of the Claus equilibrium. Indeed, it is in
particular the occurrence of the following side-reactions which adversely
affect the effectiveness: 1. The continued oxidation of sulfur: 65
[er]r                         (2) 2  



EP 0 242 920 B1 2. The reverse (or rather reversing) Claus reversible
reaction: [err]                      (3) 5        In it the sulfur once
formed reacts with the water vapour that is also present to form hydrogen
sulfide and sulfur dioxide. 3. The so-called sulfation of the catalyst, for
example: [err]                           (4). 10 As a result of this
reaction, metal oxides present in the catalyst are converted into sulfates,
whereby the catalytic activity is reduced, sometimes even to a substantial
extent. 4. The formation of [err] (over certain metal oxides) according to
15                                          [er]r
(5) 5. Pore condensation of sulfur formed in the catalyst bed, mainly owing
to condensation in the catalyst pores (so-called capillary condensation)
which may occur above the sulfur dew point. The occurrence of the side
reactions listed above is partially determined by conditions in practice.
20        Generally speaking, tail gas contains in addition to elemental
sulfur a considerable concentration of water vapour, which concentration
may range between 10 and 40% by volume. This water vapour greatly promotes
the reversing Claus reaction. Substantial removal thereof has evident
technological disadvantages, such as the need 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 selectivity is 25    not affected by the water content of the
gas would therefore be highly desirable. Another important circumstance is
that in selective oxidation processes, some excess of oxygen will generally
be used, not only to prevent [err] from 'slipping through', but also on the
ground of considerations of control technology. It is this very excess of
oxygen, however, which will give rise to the continued oxidation of the
elemental sulfur formed, whereby the effectiveness of the process is
adversely 30    affected. It is an object of the present invention to
provide a catalyst for the selective oxidation to elemental sulfur, the use
of which substantially prevents the side reactions referred to, while the
main reaction [err]                 (6) 35 takes place with a sufficient
degree of conversion and selectiveness. It is noted in this connection that
the term 'selective' has a more sharply defined meaning for the catalyst
according to the present invention, namely, that it virtually only brings
about the conversion into elemental sulfur, by the direct reaction with
oxygen. In that sense, the catalysts of the state of the art, as 40
discussed above, cannot be called selective. The catalyst according to the
invention comprises a carrier in which the surface exposed to the gaseous
phase does not, under the reaction conditions, exhibit alkaline properties
with a catalytically active component applied thereto, with the specific
area of the catalyst being less than 20 m2/g catalyst, and less than 10% of
the total pore volume having a pore radius of between 0.5 and 50.0 nm. The
catalyst generally 45   contains at least 0.1% by weight, calculated on the
total mass of the catalyst, of a material that is catalytically active for
the selective oxidation of [err]S to elemental sulfur. The catalytically
active material used is preferably a metal oxide, a mixed oxide of a
plurality of metals or a mixture of metal oxides. It is known from the
literature that alkaline sites on the catalyst surface accelerate the
establishment of the equilibrium of the Claus reaction: 50 [err] Whereas
the hydrogen sulfide formed is rapidly oxidized, sulfur dioxide is stable.
Accordingly, when the equilibrium in the Claus reaction is established, the
gas at the outlet of the reactor will be going to 55 contain sulfur
dioxide. As this detracts from the desired selectivity, the catalyst
according to the invention must contain no or substantially no alkaline
sites in the surface exposed to the gaseous phase. The presence of such
sites appears from the establishment of the equilibrium in the Claus
reaction, which is readily determined by analysis of the gas mixture
exiting from the reactor. According to the invention, therefore, the
carrier is selected so that its surface either contains no or substantially
no alkaline sites or 60 contains alkaline sites completely or substantially
completely covered by the active component. Naturally, the distribution of
the active component over the carrier must not be changed under the
reaction conditions to such an extent that alkaline sites are again
exposed. It has been found that, by using the catalyst according to the
present invention, the undesirable side reactions referred to hereinbefore
can be avoided to a great extent. Without wishing to be bound by any 65
theory, we assume that, in narrow deep pores present in many catalyst
carriers, the sulfur formed and 3   



EP 0 242 920 B1 diffusing to the outside easily reacts further with oxygen
diffusing inwardly to form sulfur dioxide. This might explain why this
reaction does not occur in a catalyst of the present invention, namely,
because there are insufficient narrow deep pores. The absence or
substantial absence of the Claus reaction in a catalyst according to the
invention, too, could be explained by supposing that, in view of the low
specific area, there 5   are insufficient active sites, or none at all, to
promote the (reversing) Claus reaction. It is noted that it has not so far
been recognized that the occurrence of the Claus reaction is counter-
productive in oxidation processes for hydrogen sulfide, and should
therefore be prevented. Thus, for example, in US-A-3 393 050, cited above,
it is observed that sulfur dioxide can be used as the oxidant. This can
only be done, however, if the catalyst used promotes the Claus reaction and
hence the reversing 10 Claus reaction. As under the process conditions, the
Claus reaction cannot be irreversible as can be shown thermodynamically, a
quantitative conversion of H2S into elemental sulfur is therefore basically
impossible. The use of the catalyst according to the present invention
offers a substantial solution to this problem, because, as explained
hereinbefore, the Claus equilibrium is not established. Accordingly, in
selective H2S 15 oxidation processes using the catalyst of the present
invention, the use of oxygen, for example, in the form of air oxygen, is
essential. The conditions of a specific area less than 20 [err]/g and a low
microporosity as defined for the catalyst according to the present
invention are highly unusual in the science and technology of catalysts. On
the contrary it is generally held that to avoid large volumes of catalyst
with a desired activity of the catalyst bed, 20 high-area carriers of high
porosity are preferable In the catalyst according to the present invention
this should be definitely avoided, so that only very specific catalysts are
suitable for the purposes of the present invention. In the preparation of
the catalyst, this must be taken into account in two respects. 1. In the
selection of the starting materials; and 25      in the preparation
procedure. The preferred starting material will therefore be a carrier
which already has a low specific area itself. Suitable materials for such
carriers are metals and metal alloys which are stable under the reaction
conditions. Examples are metals such as iron, chromium or nickel or alloys
containing one or more of these metals. To bring the catalyst carrier into
a suitable form, it may, if necessary, be subjected to a preliminary 30
treatment. The pore distribution, for example, given by means of a
histogram, can be used to determine whether the carrier is suitable for the
purposes of the present invention. During the application of the active
component, this specific area must not be essentially increased. Finally,
if desired, a sintering treatment can also be carried out with the ready
catalyst, whereby 35 micropores are sintered away. The criteria given with
regard to the pore distribution and the specific area are of great
importance for the results to be achieved in the process, in particular for
the selectivity and degree of conversion to be achieved. For these reasons,
further requirements may be imposed upon the catalyst parameters.
Preferably the 40 specific area of the catalyst will not exceed 10 [err]/g
catalyst, while especially with a specific catalyst area of less than 7
[err]/g catalyst excellent results are obtained. The substantial absence of
micropores, too, is of importance with regard to the results to be obtained
with the catalyst: preferably, no more than 2% of the total pore volume
should occur in the form of pores having a radius ranging between 0.5 and
50.0 nm. 45     A particularly suitable carrier is alpha-alumina, but
silica whose specific area satisfies the above requirements, such as, for
example, hydrothermally sintered silica, is also suitable for use. The
above carriers are, in principle, ceramic materials which do not give an
alkaline reaction. It is quite possible, however, to use other materials
which do not give an alkaline reaction under the reaction conditions and
are thermostable. Examples are thermostable, non-ceramic materials, such as
metal mesh 50 structures, surfaces of (incompletely) sintered materials,
metal mouldings, packing bodies ('Raschig rings', etc.) and so on. Highly
suitable is a honeycomb structure of high thermal conductivity. Suitable
materials for such carriers are the various metal alloys which are
substantially stable under the reaction conditions. Examples are metals
such as Fe, Cr or Ni or alloys containing one or more of these metals. 55
As stated above, suitable catalytically active materials are a metal oxide,
an oxide of a plurality of metals or a mixture of metal oxides. Preferably
the catalytically active material used is an iron oxide or an oxide of iron
and chromium. A suitable Cr:Fe molar ratio is less than 0.5 and preferably
between 0.02 and 0.15, The active component is preferably present on the
carrier in a proportion of more than 1% by weight, 60 calculated on the
total weight of the catalyst. Best results were obtained using catalysts in
which this content was between 3 and 10% by weight, calculated as the
weight of the metal oxide or the mixed oxide of two or more metals and
calculated on the total weight of the catalyst. 



It should be emphasized in this connection that we are here concerned with
the active material present on the carrier. In fact, as a result of a
sintering treatment, or from a different method of preparation, a 65
portion of the active material, in particular the metal oxide, may become
encapsulated within the carrier, 4    EP 0 242 920 B1 for example, when
narrow pores are sealed during the sintering treatment. The difference
between this encapsulated or embedded metal oxide and metal oxide present
on the carrier, however, can be readily determined by means of so-called
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), 5   233-309 (1982). The amount of. metal oxide
present on the carrier and accessible to gases can thus be determined. In
principle, the catalysts according to the invention can be prepared using
known methods for the preparation of supported catalysts. During such
preparation, however, in view of the unusually small specific area and low
microporosity of the catalysts according to the invention, specific
measures must be 10  taken, in particular, during the preparation the
porosity must not be increased. Particular care is required in
homogeneously applying the catalytically active material to the carrier
material, while in addition it should be ensured that this homogeneity is
maintained during and after the drying procedure. In order to satisfy these
rquirements, in one possible method of preparing the catalyst according to
the 15  invention, a powdered porous carrier material with a low specific
area is impregnated in dry condition with a complex solution. This method
is known by the name of 'incipient wetness impregnation'. Preferably due
care is exercized therein. Previously the pore volume of the carrier is
determined. Subsequently, the carrier is impregnated with a volume of the
complex solution that is equal to or, preferably, slightly less than, the
pore volume of the carrier. The complex solution contains the cations of
the active material complexed with 20  an organic molecule in the solution.
To this solution, an amount of a viscosity-increasing compound, such as
hydroxy-ethyl cellulose, may be added. By impregnating the carrier material
with this complex solution by the incipient wetness method a low-area
catalyst is obtained, to which the active material is applied highly
homogeneously and in which the microporosity has not increased as compared
with the starting carrier material. 25      During the drying procedure,
the temperature should be increased very slowly to maintain homogeneity.
Electron micrographs, porosimetry measurements, B.E.T. measurements and
reactor experiments show that the catalysts satisfy the requirements with
regard to texture. In case a catalyst on a non-ceramic carrier is used, the
catalytically active material can be applied to the carrier in known
manner. 30      The invention also relates to a process for selectively
oxidizing sulfur-containing compounds,, in particular hydrogen sulfide, to
elemental sulfur, using the catalyst according to the present invention. In
this process, hydrogen sulfide is oxidized direct to elemental sulfur by
passing a hydrogen sulfide containing gas together with an oxygen
containing gas over the catalyst at elevated temperature. It is observed
that, for optimum results, not only is the structure of the catalyst
determinative, but so 35  are the process variables. In particular, the
temperature, contacting period, and excess of oxygen selected are of
importance for the oxidation. The oxidation process is carried out by
adding to the hydrogen sulfide containing gas, using a known per se ratio
regulator, oxygen or an oxygen containing gas in such a quantity that the
molar ratio of oxygen to hydrogen sulfide ranges between 0.5 and 5.0 and
preferably between 0.5 and 1.0. 40      The process according to the
present invention can be used for the selective oxidation of all gases
which contain sulfur containing compounds, in particular hydrogen sulfide.
Examples of processes in which the oxidation according the invention can be
suitably applied are the processes as described in European patent
application 91551, European patent application 78690, and US--A--4 311 683.
The process according to the invention is excellently suitable for
oxidizing gas containing no more than 45  1.5% of H2S, as it is then
possible to use a normal, adiabatic reactor. In the oxidation, the inlet
temperature of the catalyst bed is selected to be in excess of 150[err],
and preferably in excess of 170[err]. This temperature is partially
determined by the requirement that the temperature of the catalyst bed must
be above the dewpoint of the sulfur formed. Using known per se measures,
the maximum temperature in the catalyst bed is maintained below 330[err]
and preferably below 50  300[err]. When the H2S content is higher than
1.5%, it may be necessary to take measures to prevent that, owing to the
reaction heat released, the temperature in the oxidation reactor becomes
too high. Such measures comprise, for example, the use of a cooled reactor,
for example, a tubular reactor in which the catalyst is contained in a tube
surrounded by a coolant. Such a reactor is known from European patent
91551. It is also possible to use a reactor incorporating a cooling
element.' Furthermore the gas being 55  treated may be returned to the
reactor inlet after cooling, whereby an extra dilution of the gas to be
oxidized is achieved, or alternatively, the gas to be oxidized may be
distributed over a plurality of oxidation 



reactors, simultaneously distributing the oxidation air over the various
reactors. In a particular embodiment of the process according to the
invention, the catalyst is used as a fluid medium in a fluid-bed reactor,
preventing short-circuiting by applying one or more apertured plates. In
this way optimum heat 60  transfer is ensured. In another particular
embodiment the catalyst is used in the form of solid, for example,
honeycomb structures of high thermal conductivity whereby an undue rise in
temperature of the catalyst is also suitably prevented. The process
according to the invention can be used with particular advantage for the
selective oxidation of the hydrogen sulfide containing residual gases from
a Claus plant. Apart from the very high 65  selectivity of the catalyst
according to the invention, the important advantage is obtained that the
removal    EP 0 242920 B1 of water prior to the oxidation is no longer
needed. When the residual gases are oxidized, using the process according
to the present invention, these are preferably first passed through a
hydrogenation reactor containing, for example, a cobalt molybdenum
containing catalyst, and in which all sulfur components are hydrogenated to
form hydrogen sulfide. 5      According to a variant of the process
according to the invention, the selective oxidation stage using the
catalyst according to the invention is combined with a subsequent
hydrogenation stage, followed by absorption of hydrogen sulfide, all this
as described in European patent application 71983. In this way, 98% of the
sulfur compounds present is removed in the section preceding the
hydrogenation, so that the hydrogenation stage and the absorption mass are
not unduly loaded. In this way, sulfur recovery 10  percentages up to 100
can be reached. In a variant of this process the hydrogenation stage is
followed by another selective oxidation according to the invention, instead
of the absorption stage, whereby an overall sulfur recovery percentage of
between 99.5 and 99.8 is obtained. Furthermore, the process according to
the invention is particularly suitable for desulfurizing, for example, fuel
gases, refinery gases, biogas, coke furnace gas, gaseous effluents from
chemical plants such 15  as viscose factories or gases burnt off at gas
and/or oil winning sites. Furthermore, the catalyst according to the
invention can be used as a protective layer in Claus reactors to protect
the normal Claus catalyst from being sulfated. The catalyst then serves to
cause small amounts of oxygen to react with [err] to form sulfur and
sulfate formation in the Claus catalyst is thus prevented. When, in the
process according to the invention, the sulfur vapour containing gas from
the selective 20  oxidation stage is passed over a bed in which the sulfur
is removed by capillary absorption, the sulfur recovery percentage is
increased to virtually 100. The invention is illustrated in and by the
following examples. Example I 25   4.784 g [err] are dissolved in a little
demineralized [err]3.9 g EDTA (ethylene diamine tetraacetic acid) is
dissolved in a little 25% [err] solution. The two solutions are added to
form a slurry. To this slurry 25% [err]solution is added until all of the
slurry is dissolved and the pH has reached a value of 7. The colour of the
solution is then blood red. Subsequently the total weight of the solution
is made up with demineralized [err] to 20 g. Finally, 0.4 g HEC
(hydroxyethylcellulose) is 30  carefully added to this solution. 20 g
alpha-[err] (Fluka, powder 6.5 [err] is impregnated with the above
solution. The total mass is stirred well for 15 minutes. Thereafter, the
resulting catalyst is allowed to dry at room temperature for 48 hours and
then at 120[err] for another 48 hours. The catalyst contains 4.5% by weight
of [err] at 0.5% by weight of [err] Subsequently, catalyst pellets are
pressed at 160 MPa. Of these pellets, a sieve fraction is 35  made
containing particles between 850 [err] and 1000 [err], and this sieve
fraction is calcined in air at the desired temperature. After calcination
at 500[err] for 18 hours, the [err] B.E.T. area of the catalyst is 6.94
[err] mercury. Porosimetry proves that less than 1% of the total pore
volume is in pores having a radius less than 50.0 nm. 40  Example II A
quartz reactor tube with a diameter of 1.2 cm is filled with 7.8 ml of a
catalyst prepared according to Example I and calcined at 500C for 18 hours.
On top of this catalyst a 4 cm-layer of quartz pieces of the. same
dimensions as the catalyst pellets is placed. A gas mixture consisting of
[err] He and possibly [err] is passed through the reactor from the top
downwards. The sulfur formed is condensed in the bottom part 45  of the
reactor at a temperature of 140[err]C. The H20 formed is then collected in
a desiccant [err] The results of the experiments are listed in the
following table. All measurements have been carried out at a space velocity
of 1000 [er]r catalyst. It follows from the data specified in the table
that the catalyst is little sensitive to an excess of [err] Furthermore,
30% by volume of [err] present in the feedstock gas gives not a negative,
but rather a positive 50  effect on the total sulfur production. 55 60 65 



6    EP 0 242920 81 ratio [er]r                               H2S
sulfur       sulfur [err]               conversion      selectivity
yield (vol.%)     H2S      (vol.%)     T (err)       (%)             (%)
(%) 5 1         0.6         0        210          98             94
92 230         100             94           94 250         100
91           91 270         91              85           77 [err] 10 1
0.8         0        210          99             94           93 230
100             92           92 250         100             88           88
270         100             82           82 15 1         0.6        30
210          93             94           87 230          95             96
92 250         100             94           94 270         100
93           93 20 1         0.8        30        210          98
93           91 230         100             95           95 250         100
95           95 270         100             90           90 25 This
deviating value is obtained as a result of there being a relative oxygen
deficit for the H2S oxidation. Example I 30       Of a CRS-31 catalyst,
marketed by Rh[err]ne Poulenc, and used in both the Claus reaction and
direct oxidation processes of hydrogen sulfide, a sieve fraction was made
of particles having a diameter of between 850 and 1000 [err]. Using 7.8 ml
of this sieve fraction, the reactor is filled in the same way as described
in Example II. The catalyst has a total area of 146.5 [err]. Porosimetric
measurements show that 90% or more of the 35   total pore volume is in
pores having a radius less than 50.0 nm The results of the reactor
experiments are listed in the following table. All measurements have been
made at a space velocity of 1000 [err]catalyst. The feedstock gas consisted
of 1% by volume of [err], 0.6-0.8% by volume of [err], 0-30% by volume of
[err] and He. It follows from the data listed in the table that the CRS-31
catalyst is sensitive to an excess of [err] Also, 40   the presence of 30%
by volume of [err] in the feedstock gas has a very negative effect on the
total sulfur yield. ratio [err]                               H2S
sulfur       sulfur [err]                [err]                 conversion
selectivity     yield 45          (Vol.%)      H2S       (vol.%)    T[err]
(%)            (%)          (%) 1         0.6         0        210
98             95            93 230         98              93           91
250         96              91           87 50
270          95             88            84 1         0.8         0
210          98             79            77 230         98              78
76 250         97              80           78 270         95
79           75 55 1         0.6        30        210          95
90            86 230         92              87           80 250         88
82           72 270         83              78           65 60 1
0.8        30        210          97             71            69 



230         95              68           65 250         92              63
58 270         88              59           52 65    EP 0 242 920 B1 >
Comparative Example II A double-walled vessel having a capacity of 1.5 l is
filled with 500 ml demineralized [err], in which 30 g gamma[err](Harshaw
Al-3-31-P) is suspended. The suspension is kept at a temperature of 38[err]
by means of a water bath. 5      37.875 g of Fe(NO3)3.9[err] and 3.750 g of
Cr[err] are dissolved in 500 ml of demineralized [err]. The pH is adjusted
to 1.3 with HNO3. The solution last mentioned is pH-statically injected
into the suspension of gamma[err] at a rate of 0.5 ml [err] As a base, a
0.2 M NH3 solution is used. After filtration, the catalyst is washed thrice
with demineralized [err]. Thereafter the catalyst is dried at 120[err] for
24 hours. Subsequently, catalyst pellets are pressed at 80 MPa. Of these
tablets a sieve fraction is 10  made with particles of between 850 [err]
and 1.000 [err]. This sieve fraction is calcined in air at 500[err] for 18
hours. The catalyst contains 19.6% by weight of [err] and 1.9% by weight of
[err]. The N2 B.E.T. area is 253.6 [err]. Porosimetry shows that 73% or
more of the total pore volume is in pores having a radius less than 50.0
nm. 15     7.8 ml of this catalyst is used for reactor experiments. The
reactor is filled as specified in Example II. The results of the reactor
experiments are summarized in the following table. All measurements have
been made at a space velocity of 1000 [err]. ratio 20
[err]           sulfur       sulfur [err]                conversion
selectivity    yield (Vol.%)     [err]    (Vol.%)    T (C)         (%)
(%)          (%) 1        0.65        0        220         99
84           83 260         98             86           84 270         99
86           85 1        0.85        0        230         99
66           65 250         99             68           67 30 Example III
As indicated in Fig. 1, the Claus reaction is carried out in a Claus plant
having two catalytic stages. Supplied to the thermal stage are a Claus gas
containing 90% by volume of [err], corresponding to 90 35  kmoles/h, 5% by
volume of [err] and 5% by volume of [err], as well as 45 kmoles/h of [err]
as air oxygen. The H2S% by volume in the residual gas after the second
catalytic stage is 0.58, the [err] content therein is 0.29% by volume.
After the conversion of all sulfur components to H2S in a hydrogenation
stage, using a reducing [err]/CO gas at 280[err], the gas, which contains a
considerable quantity of water vapour is oxidized using the catalyst
according to the invention as described in Example I. 40     The H2S
percentage by volume in the output gas from the hydrogenation stage is 0.9,
which corresponds to 2.5 kmoles/h; the [err] content therein is 35.8% by
volume, corresponding to 98.9 kmoles/h. To the selective-oxidation stage,
2.0 kmoles/[err] is supplied in the form of air oxygen, corresponding to an
[err] ratio of 0.8, i.e., an excess of oxygen of 60%. The gas to the
selective-oxidation reactor is cooled to 180[err]. In the
selective-oxidation reactor, the [err] is fully converted at a bed
temperature of 230[err]. 45     The oxidation efficiency to elemental
sulfur is 90%; the remainder is converted into SO[err]. The resulting total
sulfur recovery percentage in the overall system is 99.6. The effluent from
the selective oxidation stage is passed to the chimney via an after-burner.
Example IV 50     Using the equipment illustrated in Fig. 2, the Claus
reaction is carried out in a Claus reactor, comprising two catalytic
stages. Supplied to the thermal stage are a Claus gas containing 90% by
volume of [err], corresponding to 90 kmoles/h, 5% by volume of [err] and 5%
by volume of [err], as well as 44.22 kmoles/h of [err], in the form of air
oxygen. In addition, a quantity of gas of 10 kmoles/h containing 0.77
kmole/h of [err] from a dry-bed absorption stage, is circulated. In the
residual gas from the Claus plant, the [err] 55  concentration is 0.58% by
volume, which corresponds to 1.58 kmoles/h; the [err] concentration is
0.29% by volume, corresponding to 0.79 kmole/h; and the [err] content
therein is 35.8% by volume, corresponding to 98.9 kmoles/h. The residual
gas is oxidized further, using the catalyst according to the invention as
described in Example I. To the selective oxidation stage, 0.94 kmole/h
[err] is supplied in the form of air oxygen, which comes down to an [err]
ratio of 0.6, an oxygen excess of 20%. The gas to the selective- 60
oxidation reactor is heated to 195[err]. In the selective-oxidation
reactor, the [err] is fully converted at a bed temperature of 230[err]. The
oxidation efficiency to elemental sulfur is 90%; the balance is converted
into 



SO2. After condensation of the sulfur, the gas is mixed with a reducing
[err] gas, heated to 280[err], and then supplied to the hydrogenation
reactor. All [err] in the gas and the remaining sulfur components are
converted into [err]. The gas is then passed 65  over the dry-bed
absorption stage. The reactors of the dry-bed absorption stage are filled
with absorption 8    EP 0 242920 B1 mass as described in European patent
application 71983. The H2S is absorbed to the absorption mass and in this
way removed from the gas. The gas from the absorption stage flows to the
after-burner and thence to the chimney. In order to maintain the system at
the desired pressure during the regeneration of the absorption mass, a
minor gas stream of 10 kmoles/h is bled off and recycled to the Claus
plant. 5      In total, a sulfur recovery percentage of 99.9 is obtained.
Example V Using the apparatus as shown in Fig. 3, the Claus reaction is
carried out in a Claus plant having two catalytic stages. Supplied to the
thermal stage are a Claus gas containing 90% by volume of [err] 10
corresponding to 90 kmoles/h, 5% by volume of [err] and 5% by volume of
[err], as well as 45 kmoles/h of 02 in the form of air oxygen. the H2S
percentage by volume in the residual gas after the second catalytic stage
is 0.58, which corresponds to 1.56 kmoles/h and the [err] content therein
is 0.29%  by volume, corresponding to 0.78 kmole/h. Using the catalyst
according to the invention as described in Example I, the H2S in the gas is
selectively oxidized to sulfur in the presence of a considerable
concentration of water 15 vapour. The [err] content is 35.8% by volume,
which corresponds to 98.9 kmoles/h. To the selective oxidation stage, 0.94
kmole/h of [err] is supplied in the form of air oxygen, which comes down to
an [err] ratio of 0.6, an oxygen excess of 20%. The gas to the
selective-oxidation reactor is heated to 195[err]C. In the selective
oxidation reactor, the [err] is fully converted at a bed temperature of
230[err]C. 20      The oxidation efficiency to elemental sulfur is 90%. The
balance is converted to [err]. After condensation of the sulfur formed, the
gas is mixed with a reducing H2/CO gas, heated to 280[err], and
subsequently supplied to the hydrogenation reactor. All [err] in the gas
and the remaining sulfur components are converted into [err]. Subsequently,
the gas is re-supplied to a selective oxidation stage, in which H2S is
oxidized to sulfur, 25 . using the catalyst according to the invention as
described in Example I. The H2S percentage by volume in this gas is 0.39,
which corresponds to 1.1 kmoles/h; the [err] content therein is 35.9% by
volume, which corresponds to 100 kmoles/h. To the second selective
oxidation stage, 0.88 kmoles/h of [err] is supplied in the form of air
oxygen, which corresponds to an [err] ratio of 0.8, an excess of oxygen of
60%. 30      The gas to the second selective-oxidation reactor is cooled to
250C. In the second-selective oxidation reactor, the H2S is again fully
converted at a bed temperature of 230C. The oxidation efficiency of H2S to
elemental sulfur in the second stage is 90%; the balance is converted to
[err] As a result a total sulfur recovery percentage of 99.8 is obtained in
the overall system. The effluent gas 35 is discharged to the chimney via
the after-burner. Example VI Using the apparatus as shown in Fig. 4, a
quantity of 5000 Nme[rr]h fuel gas is supplied to a catalyst according to
the present invention, as described in Example I. The fuel gas contains 63%
by volume of CH., 40 31 % by volume of CO[err] 1% by volume of H2S and 5%
by volume of [err]. To the selective-oxidation stage, 30 Nm[err]/h of [err]
is supplied in the form of air oxygen, corresponding to an [err]ratio of
0.6, and an oxygen excess of 20%. The gas to the selective-oxidation
reactor is heated to 180C. The [err] is fully converted at a bed
temperature of 240[err]. The oxidation efficiency to elemental sulfur is
92%; the balance is converted to [err]. After condensation of the sulfur
formed, the gas is discharged. The 45 sulfur recovery percentage is 92.
Example VIl Incoloy 825 metal chips are boiled for 2 hours in a 5% NH40H
solution. Thereafter the chips are thoroughly washed in demineralized water
and subsequently calcined in air at 500[err] for 24 hours. 50      0.39
g[err] (ethylene diamino tetraacetic acid) is dissolved in about 20 ml
[err] and adjusted to pH 7 with NH3. To this solution 0.46 g Fe[err] is
added, and the pH is re-adjusted to 7 using NH3. Now 0.125 g of HEC
(hydroxyethyl cellulose) and 0.25 g agar are added. The weight of this
impregnation liquid is made up to 50 g by means of [err] The solution is
boiled for 1 minute. 36.1 g of the washed and calcined metal chips are
impregnated with 10 ml of the above impregnation 55  liquid. Thereafter the
catalyst is dried in vacuo at 20C for 64 hours. Finally, the iron complex
is converted into active iron oxide by calcining in air at 500C for 24
hours. The iron oxide load of the catalyst is then 0.125% by weight.
Example VIII 



60      A cylindrical quartz reactor (diameter 12 mm) is filled with 7.8 ml
of a catalyst prepared in accordance with Example VII. A gas mixture
consisting of hydrogen sulfide, oxygen and helium is passed through the
reactor from the top downwards. To ensure proper admixture of the reactants
in the reactor, a layer 4 cm thick of quartz lumps has been placed on top
of the catalyst. The sulfur formed is condensed in the bottom portion of
the reactor at a temperature of 140C. The resulting water is collected
afterwards in a desiccant. 65 This desiccant is phosphorus pentoxide on
silica. The remaining gas stream, containing sulfur dioxide, 9    EP 0 242
920 B1 helium and possibly hydrogen sulfide and oxygen, is quantitatively
analyzed on a gas chromatograph. The results of the experiments are
collected in the following table. All measurements have been made at a
space velocity of 1150 [err] catalyst. The input concentrations of hydrogen
sulfide and oxygen were 1.0% by volume and 0.8% by volume, respectively. 5
temperature reactor (err)    activity (%)      selectivity (%) 10
250              43.3              95.2 282              93.7
85.5 303             100.0              79.2 315             100.0
71.0 15 The activity is defined as the conversion of hydrogen sulfide. The
selectivity is the quantity of sulfur formed from the converted hydrogen
sulfide. Claims 20 1. A catalyst for the selective oxidation of
sulfur-containing compounds, in particular hydrogen sulfide, to form
elemental sulfur, comprising a carrier of which the surface exposed to the
gaseous phase does not exhibit alkaline properties under the reaction
conditions, and a catalytically active material applied thereto or formed
thereon, characterized in that the specific surface area of the catalyst is
less than 20 [err]/g catalyst, 25  with less than 10% of the total pore
volume having a pore radius between 0.5 and 50.0 nm. 2. A catalyst as
claimed in claim 1, characterized in that less than 2% of the total pore
volume has a pore radius between 0.5 and 50.0 nm. 3. A catalyst as claimed
in claim 1 or 2, characterized by comprising a ceramic carrier. 4. A
catalyst as claimed in claim 1 or 2, characterized by comprising a
non-ceramic carrier. 30      5. A catalyst as claimed in any of claims 1-4,
characterized in that the specific area is less than 10 [err]/g catalyst.
6. A catalyst as claimed in any of claims 1, 2,3 and 5, characterized in
that the carrier material is alpha- aluminum oxide or hydrothermally
sintered silica. 7. A catalyst as claimed in any of claims 1-6,
characterized in that the catalytically active material is 35  present on
the carrier in a proportion of 0.05-10% by weight, calculated on the total
mass of the catalyst. 8. A catalyst as claimed in claim 1, characterized in
that the catalytically active material is a metal oxide, a mixed oxide of a
plurality of metals, or a mixture of metal oxides. 9. A catalyst as claimed
in claim 8, characterized in that the oxide is an iron oxide or an oxide of
iron and chromium. 40      10. A process for the selective oxidation of
sulfur containing compounds, in particular hydrogen sulfide, to form
elemental sulfur, characterized by passing a hydrogen sulfide containing
gas together with an oxygen containing gas, at an elevated temperature,
over the catalyst as claimed in any of claims 1-9. 11. A process as claimed
in claim 10, characterized by maintaining the molar ratio of oxygen to
hydrogen sulfide between 0.5 and 1. 45 Patentanspriche 1. Katalysator fOr
die selektive Oxidation von Schwefel enthaltenden Verbindungen,
insbesondere Schwefelwasserstoff, zur Bildung von elementarem Schwefel, der
einen Trager, dessen der Gasphase 50  ausgesetzte Oberflache unter den
Reaktionsbedingungen keine alkalischen Eigenschaften zeigt, und ein darauf
aufgebrachtes oder darauf gebildetes katalytisch aktives Material umfaBt,
dadurch gekennzeichnet, daB die spezifische Oberflcche des Katalysators
weniger als 20 m2/g Katalysator betragt, wobei weniger als 10% des gesamten
Porenvolumens einen Porenradius zwischen 0,5 und 50,0 nm besitzen. 2.
Katalysator nach Anspruch 1, dadurch gekenzeichnet, daB weniger als 2% des
gesamten 55  Porenvolumens einen Porenradius zwischen 0,5 und 50 nm
besitzen. 3. Katalysator nach Anspruch 1 oder 2, dadurch gekennzeichnet,
daB er einen keramischen Trager umfal~t. 4. Katalysator nach Anspruch 1
oder 2, dadurch gekennzeichnet, daB er einrn rncht-keramischen 



Trager umfaBt. 60      5. Katalysator nach einem der Anspruche 1 bis 4,
dadurch gekennzeichnet, daB die spezifische Oberflache weniger als 10 m2/g
Katalysator betragt. 6. Katalysator nach einem der Anspruche 1, 2, 3 und 5,
dadurch gekennzeichnet, daB das Tragermaterial alpha-Aluminiumoxid oder
hydrothermal gesintertes Siliciumdioxid ist. 7. Katalysator nach einem der
Anspruche 1 bis 6, dadurch gekennzeichnet, daB das katalytisch aktive 65
Material auf dem Trager in einem Anteil von 0,05 bis 10 Gew.%, berechnet
auf die Gesamtmasse des 10    EP 0 242 920 B1 helium and possibly hydrogen
sulfide and oxygen, is quantitatively analyzed on a gas chromatograph. The
results of the experiments are collected in the following table. All
measurements have been made at a space velocity of 150 Nm3/h m3 catalyst.
The input concentrations of hydrogen sulfide and oxygen were 1.0% by volume
and 0.8% by-volume, respectively. 5 temperature reactor (0C)    activity
(%)    selectivity (%) to                           250              43.3
95.2 282             93.7             85.5 303            100.0
79.2 315            100.0             71.0 15 The activity is defined as
the conversion of hydrogen sulfide. The selectivity is the quantity of
sulfur formed from the converted hydrogen sulfide. Claims 20 1. A catalyst
for the-selective oxidation of sulfur-containing compounds, in particular
hydrogen sulfide, to form elemental sulfur, comprising a carrier of which
the surface exposed to the gaseous phase does not exhibit alkaline
properties under the reaction conditions, and a catalytically active
material applied thereto or formed thereon, characterized in that the
specific surface area of the catalyst is less than 20 m2/g catalyst, 25
with less than 10% of the total pore volume having a pore radius between
0.5 and 50.0 nm. 2. A catalyst as claimed in claim 1, characterized in that
less than 2% of the total pore volume has a pore radius between 0.5 and
50.0 nm. 3. A catalyst as claimed in claim 1 or 2, characterized by
comprising a ceramic carrier. 4. A catalyst as claimed in claim 1 or 2,
characterized by comprising a non-ceramic carrier. 30      5. A catalyst as
claimed in any of claims 1-4, characterized in that the specific area is
less than 10 m2/g catalyst. 6. A catalyst as claimed-in any of claims 1, 2,
3 and 5, characterized in that the carrier material is alpha- aluminum
oxide or hydrothermally sintered silica. 7. A catalystas claimed in any of
claims 1-6, characterized in that the catalytically active material is 35
present on the carrier in a proportion of 0.05-10% by weight, calculated on
the total mass of the catalyst. 8. A catalyst as claimed in claim 1,
characterized in that the catalytically active material is a metal oxide, a
mixed oxide of a plurality of metals, or a mixture of metal oxides. 9. A
catalyst as claimed in claim 8, characterized in that the oxide is an iron
oxide or an oxide of iron and chromium. 40      10. A process for the
selective oxidation of sulfur containing compounds, in particular hydrogen
sulfide, to form elemental sulfur, characterized by passing a hydrogen
sulfide containing gas together with an oxygen containing gas, at an
elevated temperature, over the catalyst as claimed in any of claims 1-9.
11. A process as claimed in claim 10, characterized by maintaining the
molar ratio of oxygen to hydrogen sulfide between 0.5 and 1.. 45
Patentanaprfiche 1. Katalysator fur die selektive Oxidation von Schwefel
enthaltenden Verbindungen, insbesondere Schwefelwasserstoff, zur Bildung
von elementarem Schwefel, der einen TrAger, dessen der Gasphase 50
ausgesetzte Oberfliche unter den Reaktionsbedingungen keine alkalischen
Eigenschaften zeigt, und ein darauf aufgebrachtes oder darauf gebildetes
katalytisch aktives Material umfa~t, dadurch gekennzeichnet, daB die
spezifische Oberfilche des Katalysators weniger als 20 m2/g Katalysator
betragt, wobei weniger als 10% des gesamten Porenvolumens einen Porenradius
zwischen 0,5 und 50,0 nm besitzen. 2. Katalysator nach Anspruch 1, dadurch
gekenzeichnet, daB weniger als 2% des gesamten 55  Porenvolumens einen
Porenradius zwischen 0,5 und 50 nm besitzen. 3. Katalysator nach Anspruch 1
oder 2, dadurch gekennzeichnet, daB er einen keramischen Triger umfaBt. 



4. Katalysator nach Anspruch 1 oder 2, dadurch gekennzeichnet, dae er einen
nicht-keramischen Triger umfaBt. 60     5. Katalysator nach einem der
Ansprilche 1 bis 4, dadurch gekennzeichnet, daB die spezifische Oberfliche
weniger als 10 m2/g Katalysator betragt. 6. Katalysator nach einem der
Anspruche 1, 2, 3 und 5, dadurch gekennzeichnet, dae das Tragermaterial
alpha-Aluminiumoxid oder hydrothermal gesintertes Siliciumdioxid ist. 7.
Katalysator nach einem der Anspruche 1 bis 6, dadurch gekennzeichnet, daB
das katalytisch aktive 65 Material auf dem Trager in einem Anteil von 0,05
bis 10 Gew.%, berechnet auf die Gesamtmas~e des 10    EP 0 242 920 B1
Katalysators, vorhanden ist. 8. Katalysator nach Anspruch 1, dadurch
gekennzeichnet, daB das katalytisch aktive Material ein Metalloxid, ein
Mischoxid einer Mehrzahl von Metallen oder eine Mischung von Metalloxiden
ist. 9. Katalysator nach Anspruch 8, dadurch gekennzeichnet, dal das Oxid
ein Eisenoxid oder ein Oxid 5 von Eisen und Chrom ist. 10. Verfahren fur
die selektive Oxidation von Schwefel enthaltenden Verbindungen,
insbesondere Schwefelwasserstoff, um elementaren Schwefel zu bilden,
dadurch gekennzeichnet, daB ein Schwefelwasserstoff enthaltendes Gas
zusammen mit einem Sauerstoff enthaltenden Gas be! einer erhohten
Temperatur uber den Katalysator gemgB einem der Anspruche 1 bis 9 geleitet
wird. 10     11. Verfahren nach Anspruch 10, dadurch gekennzeichnet, daB
das Molverhaltnis von Sauerstoff zu Schwefelwasserstoff zwischen 0,5 und 1
gehalten wird. Revendications 15     1. Un catalyseur destin6 A l'oxydation
s6lective des composes contenant du soufre, en particulier de l'hydrogene
sulfure, pour la formation de soufre elementaire, comprenant un support,
dont la surface expos6e a la phase gazeuse ne pr6sente pas de propri6t6s
basiques dans les conditions de la r6action, et un mat6riau catalytiquement
actif, d6pos6 ou forme sur cette surface, caract6rise en ce que l'aire
specifique du catalyseur est inf6rieure 3 20 m2ig du catalyseur, moins de
10% du volume total des pores 6tant constitu6 20 de pores de rayon compris
entre 0,5 et 500 nm. 2. Un catalyseur tel que d6fini dans la revendication
1, caracterise en ce que moins de 2% du volume K..'     total des pores est
constitue de pores de rayon compris entre 0,5 et 50,0 nm. 3. Un catalyseur
tel que d6fini dans les revendications 1 ou 2 caracterise en ce qu'il
comprend un support c6ramique. 25     4. Un catalyseur tel que defini dans
les revendications 1 ou 2, caract6rise en ce qu'il comprend un support
non-ceramique. 5. Un catalyseur tel que d6fini dans l'une des
revendications 1 a 4, caracterise en ce que l'aire specifique est
inferieure A 10 m2/g de catalyseur. 6. Un catalyseur tel que d6fini dans
l'une des revendications 1, 2, 3 et 5, caract6rise en ce que le 30 mat6riau
de support est de l'oxyde d'aluminium alpha ou de la silice ayant subi un
frittage hydrothermique. 7. Un catalyseur tel que d6fini dans lNune
quelconque des revendications 1 a 6, caract6rise par le fait que la
proportion en poids de materiau catalytiquement actif par rapport au
support, calculee par rapport a la masse totale du catalyseur, se situe
entre 0,05 et 10%. 8. Un catalyseur tel que defini dans la revendication 1,
caract6rise par le fait que le materiau 35 catalytiquement actif est un
oxyde m6tallique, un oxyde mixte de plusieurs m6taux ou un melange d'oxydes
metalliques. 9. Un catalyseur tel que d6fini dans la revendication 8,
caract6ris6 en ce que I'oxyde est un oxyde defer ou un oxyde de fer et de
chrome. 10. Un proc6d6 pour l'oxydation s6lective des compos6s contenant du
soufre, en particulier 40  I'hydrogene sulfure, pour la formation de soufre
6lementaire, caracterise par le passage, 3 temperature 6levee, d'un gaz
contenant de l'hydrogene sulfur6, conjointement avec un gaz contenant de
loxygene, sur le catalyseur tel que defini dans l'une des revendications 1
A 9. 11. Un procede tel que d6fini dans la revendication 10, caract6rise en
ce que le rapport molaire K.,.'     oxygene/hydrogbne sulfur6 est maintenu
entre 0,5 et 1. 45 50 55 60 65    


