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‘Title: Catalyst for the selective oxidation of’sulphur

‘compounds to elemental sulphu;, process'fgrlpreparinq such a
catalyst and method for the selective oxidation of sulphur

compounds to elemental sulphur.

The invention relates to a catalyst for the selective

oxidation of sulphur compounds, in particular hydrogen -

" sulphide, to elemental suiphur, a process for preparing such a

catalyst, and a method for the’ selectlve ox*datlon of hydrogen

- sulphide to elemental su;phur

The necessity of purl*ylng gases which are further treated

in chemical processes, supplied to buyers, or discharged to

the atmosphere, from sulphur compounds, in particular hydrogen

sulphide, is generally known. Accordingly, a number of

_orocesses are known which are directed to the removal of

hydrogen sulphide from gas. )

One of the best-known methods of cénverting hydrogen
sulphide to non-harmful elemental sulphur is the so-called
Claus process. |

In the Claus process, however, the H3S is not
quantitatively converted to elemental sulphuf, mainly due to

the fact that the Claus reaction is not completed:
2 H2S + SO ~> 2 H20 + 3/n Sp (1)

A residual amount of H20 and SOz remains. Néw, generally it is
not allowed to discharge HzS containing residual gas, and so
the gas is to. be combusted, with the hydrogen sulphide and
other sulphur compounds as well as the elemental sulphur
present in the gaseous phase being oxidized to sulphur
dioxide. With the environmental requirements becoming
stricter, this will not be allowed anymore because the sulphur
dioxide emission involved is too high. It is therefore
necessary to further treat the residual gas of the
Claus installation, the sc-called tail gas, in a so-called
tail gas installation. '

Tail gas processes are known to those skilled in the art.

The best-known and to date most effective process for the,
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then separated in conventional manner by liquid absorption
One drawback of the SCOT process is that it requlres a
complicated installation. Another drawback is the high energy
'consumption'involvéd in removing the hydrogen sulphide from
10 the absorbent again. '
Another possibility of convertihg-hydrogen sulphide in
tail gas to elemental sulphur is the so-called BSR Selectox
process, described in US-A 4,311,683. According to this
process the H3S containing'gas, mixed with oxygen, is passed
15 over a catalyst containing vanadium oxides and vanadium
sulphides on a non-alkaline, porous, refractory oxidic
carrier. .

An important drawbaék of both the SCOT process and the

Selectox process 1is that in both cases the tail gas, after

20 hydrogenation of the sulphur components present to H2S, must
first be cooled for the greater part of the water to be
removed, because water greatly interferes with the absorption
and the oxidation of H2S. Due to the high investments involved
the costs of tail gas treatments according to these known

25 methods are high. '

Another process for the oxidation of H2S to elemental
sulphur is disclosed in U.S. patent specification 4,197,277.
According to this publication the hydrogen sulphide-containing
gas is passed with an oxidizing gas over a catalyst which

30 comprises iron oxides and vanadium oxides as active material
and aluminum oxide as carrier material. Further the carrier
material, which is impregnéted with the active material, has a
specific surface area larger than 30 m2/g and a pore volume of
0.4-0.8 cmd/g, while at least 12.5% of the total pore volume

35 is constituted by pores having a diameter greater than 300 A
[t has turned out that,wich'this catalyst, the Claus
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5 to elemental sulphur can in general be adversely affected by
the occurrence of the following side reactions:

1. the continued oxidation of sulphur:

1/n Sp + 02 => SO2 (2)
10 _ ' _
' 2. the reverse (or rather reversing) Claus reaction:

3/n Sp + 2 Hp0 <=> 2 H3S + SOz (3)

15 Here the sulphur once formed reacts back with the water vapour
also present to form hydrogen sulphide and sulphur dioxide.
The occurrence of the side reactions mentioned above is
partly determined by practical conditions. )
In general tail gas comprises in addition to elemental

20 sulphur a considerable amount of water vapour, which amount
may be within the range of 10—40%_by volume. The water vapour
strongly promotes the reversing Claus reaction. The
substantial removal of water vapour has evident technical
disadvantages, such as the necessity of an additional

25 cooling/heating stage, an additional sulphur recovery stage or
a hydrogenation stage followed by a water-removing quench
stage. A process in which thé conversion to elemental sulphur
is not influenced by the water content of the feed stock gas
is therefore desirable.

30 Another important circumstance is that in general in the
selective oxidation some excess of oxygen will be used not
only to prevent the H2S from "slipping through" but also on
the ground of considerations of control technology. This very
excess of oxygen, however, may give rise to the continued

35 oxidation of the elemental sulphur formed, thus adversely

affecting the effectiveness of the process.
7T:iis Sheet Has Been Replaced
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takes place with a sufficient degree of conversion and
selectivity. —
10 The catalyst acdording'to that patent specification
comprises 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 is
applied to this surface. Further the'specific surface area of
15 the catalyst is less than 20 m2/g and less than 10% of the
total pore volume in the catalyst has a pore radius in the
range of 5-500 A.

Although the catalyst constituted a major breakthrough in

the field of removing sulphur compounds from gas mixtures, it
20 has turned out that further improvements are desirable and
possible.

Due to the limitations imposed upon the specific surface
area and the pore radius distribution of the prior catalyst,
which limitations play an essential role in realizing the

25 desired results, of necessity a limitation has also been
imposed or set the amount of active material which can be
applied to the catalyst. As a result the yield of sulphur
which can be achieved with the catalyst according tb the prior
U.S. specification is somewhat limited. Because the catalyst

30 described in the patent specification has a relatively high
initiating temperature, it is necessary to work at a low space
velocity and thus to use a relatively large amount of
catalyst, or the final temperature of the gas and the catalyst
bed will be so high that the sulphur may be thermally

35 oxidized.
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formtion Of élgié nnO‘tpnur containing compounds to elemental
sulphur, comprising at least one catalytically active materlal
and optionally a carrler, which catalyst has a specific
10 surface area of MOre than 20 m2/g and an average pore radius
of at least 25 A, while the catalyst under the reaction
conditions exhibits substantially no activity towards the
' Claus reaction. _ '
Surprisingly , we have now found that such a very
15 specific catalyst with a relatively large surface area has a
good activity and a good-selectivitQ. Indeed, in view of the
disclosure in the above U.S. patent specification it was to be
expected that the activity might be improved, but that the
'selectivity to elemental sulphur would be substantially lower.
20 It has turned out, however, that the selectivity is very good,
provided the abovementioned requirements of pore radius and
minimal Claus activity are met. . '
This last requirement is a very strict requirement, which
only a limited number of materials satisfy if the specific
25 surface area exceeds 20 m?/g. In general the materials used in
the examples of the abovementioned U.S. patent
specification 4,818,740 do not satisfy this requirement if the
surface area exceeds 20 m</g. The aluminum oxide mainly used
there always comprises an amount of y-aluminum oxide which is
30 strongly Clause active in the case of such a specific surface
area. |
The present invention, therefore, supplies a great need
because now it i3 possible to use a catalyst which has the
advantages of the catalysc disclosed in U.S. patent
35 specification 4,818,740, while at the same time a large

specific surface area can be used. It is particularly
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surprising that by using the;features'of the invention, wviz. a
minimum or zero Claus actiwvity, in combination with an average
pore radius of at least 25 A, a catalyst is obtained which has
a good activity and a good selectivity.

5. One of the édvantages-of the.catalyst according to the
invention is that it resulté in a considerable improvement of
the activity per volume unit of caﬁalyst. This has great
advantages, especially when the processing capacity of an
existing reactor is to be enlarged.

10 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 of HZS to
sulphur in the presence of minimally a stoichiometrical amount
of Oz at 250°C. More particularly this means that in the

15 presence of 30% by volume of water the selectivity of the
reaction to elemental sulphur 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 reversing
Claus reaction - ' '

20 |

3/n Sy + 2 H30 <-> 2 H2S + SO (3

If a material is Claus active, the presence'of water results

he reaction takiﬁq place in the direction of Hz2S and

25 S0Oz,with a part of the sulphur being converted to H2S and SOz
again. H2S is then oxidized with the 02 present to sulphur and
water vapour, whereafter the Claus active catalyst converts

the sulphur back into SCz. Due to the concurrence of these

Foe
8
T

reactions a catalyst with Claus active sites will in the
30 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. 60, 309 (l938). A nitrogen adsorption was used at

35 77 K according to the so-called three-point measurement. In
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the calculation the surface area of a nitrogen molecule was
set at 16.2 A2, ' | '
The average pore radius is determined starting from a

cylindrical pore model while uéing the following formula:

_ 20,000 x pore volume (cm3/a)
BET surface area (m2/g)

Average pore radius (A)
The pore volume used in this formula is gravimetrically
determined by impregnation with water in vacuo. The specific
pore volume can also be detefmined 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,:in contrast with the teachings of
U.S. patent specification 4,818,740, be considerably higher'
than the upper limit according to this U.S. patent

- specification. More specifically, 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 m?/g of catalyst. In general no
specific additional advantages are gained with higher values.

The requirement as regards the average pore radius is
relevant in view of the nature of the reaction. If there are
too many small pores there is the risk of continued oxidation
of sulphur to SOz as a result of the sulphur remaining in the
pores toce long, which is undesirable. However, the optimum
pore radius also depends'on the size of the catalet
particles. According to the invention a pore radius of at
least 25 A is required. Such a pore radius can be used in
particular in situations where the size of the catalyst
particles is fairly small. Examples of such situations are the
use of a powdered catalyst in a fluidized bed of catalyst

having a particle size in the range of 10 um~l1 mm, or the use

'of a catalyst which has been applied as a thin layer to a

carrier material, for instance of a sinter metal or a
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5 Accofding to another embodiment of the invention the

catalyst consist of particles, such as tablets, extrusions er
pellets having a diameter in the range of 1/32-1/2 inch. Such’
catalysts are preferably used in fixed bed reactors, where the
size of the particles is an important factor in ihfluenCing

10 the pressure drop across the reactor. With this embodiment of -
the catalyst according to the invention optimum results are
obtained using a pore radius of at least 150 A.

The average pore radius is in general preferably at least
S0 A because of the desired selectivity, more spec1f1cally_at

15 least 200 A and when relatively large catalyst particles are
used at least 325 A, while 2000 A is an upper limit. In
general-ho additional advantage is to be gained above this
limit, while on the other hand problems may arise in the
pieparation of the carrier. More specifically an average pore

20 radius not exceeding 500 A is preferred.

The catalyst according to the invention generally
comprises 0.1-100 % by weight, calculated on the total mass of
the catalyst, of a material which is catalytically active for
the selective oxidation &f H3S to clemental sulphur.

25 It should be stressed that we are here concerned with the
active material which is accessible to the reaction gases.
Indeed, by sintering or by a different process of preparation
a part of the active material, in particular metal oxide, can
also be encapsulated, for instance by sintering up narrow

30 pores in the carrier. However, the difference between
encapsulated metal oxide and metal oxide present on the
carrier can easily be determined by TPR, temperature
programmed reduction. Details of this measuring technique are
described in N.W. Hurst, 5.J. Gentfy, A. Jones and B.D.

35 MeNicol, Catal. Rev. Sci. Eng. 24 (2), 233-309 (1982).The
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As catalytically active material preferably 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.

10 - The catalyst according to the invention may contain one
or more promoting materials..Suitable promoting materials
according to the invention are phosphorus compounds. These can
be applied to the catalyst inter alia by impregnation with a

- soluble phosphorus compound.

15 Generally the catalyst will comprise a carrier material
to which.a catalytically active material is applied. It is
also possible ,however, to produce a catalyst which comprises
no separate carrier material, but whose total mass basically
consists of catalytically active material. It is preferred,'

20 however, to use a carrier material to which a catalytically
active material has been applied.

The active component is present on the carrier in an
amount preferably in the range of 0.1-40 % by weight, more
preferably 0.1-10 % by weight calculated on the toctal weight

25 of the catalyst.

Generally as a carrier a ceramic material is used, which
under the reaction conditions exhibits no Claus activity or
has been deactivated as regards this activity. It is also
possible, however, to use as a carrier other materials which

30 exhibit no or hardly any Claus activity, satisfy the
requirement regarding the average pore radius and are
thermostable. Examples are thermostable non-ceramic materials,
such as metal gauze structures and surfaces of (incompletely)
sintered moterials. Very suitable is a honeycomb structure

35 having a high thermal conductivity. Suitable materials for

such carriers are the various metal alloys which are stable
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transfer of heat, which makes it possible to supply and/or to
disperse a lot of heat. Preferably the catalyst is applied to
the metal in a thin layer. One can apply only the
catalytically active material or the catalytically active
material together with a carrier material. In the -latter case
préferably a thin layer of catalyst will be applied.'Then the
catalyst will preferably have a relatively small pore radius
in order that sufficient actiQe surface area is obtained. The
specific surface area of the catalyst will then preferably
exceed 100 m2/g. In such a case preferably a éatalyst is used

with relatively short pores, the pore length béing'for

instance less than 100 um.

As explained hereinbefore aluminum oxide as such is
generally less suitable as a carrier. It turns out, however,
that silicon dioxide, whose pore iadius and specific surface
area meet the requirements set, yields good results when it is
used és a carrier and its use is therefore preferred.

In principle the catalysts according to the invention can
be prepared by the known methods of preparing (supported)
catalysts. ' |

The non-supported catalysts are preferably prepared by
(co)precipitation of the active component or components. When
more than one active component is used these components may
optionally be precipitated consecutively. In the preparation
the conditions should be chosen such that a material is
obtained which has the desired structure and properties or can
be converted into such a material.

Since preferably a catalyst is used with a carrier

material it is preferred to start from a carrier which itself
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In the préparation of supported catalysts the hdmogenedus

application of the'catalytically active material to the

10 carrier material requires particulaf care, and furthermore it
is to be ensured that homogeneity is maintained duting and -
after the drying and calcination procedure. o

For these requirements to be met it is very effective to

prepare such catalysts by the "dry" impregnation of the

15 carrier material with a solution of a precursof of the active
component or components. This method is known as the so-called
inciﬁient wetness method. Good results are obtained with a
solution of an EDTA complex. An amount of a viscosity
inéreasing compound such as hydroxyethyl cellulose may be

20 added to the soluﬁion. By impregnating the carrier material
with this solution by means of the incipient wetness method, a
catalyst is obtained to which the active material is applied
very homogeneously.

The invention alsc relatces to a process for the selective

25 oxidation of sulphur containing compounds, in particular
hydrogen sulphide, to elemental sulphur, using the catalyst
" according to the invention. '

According to this process hydrogen sulphide is directly

oxidized to elemental sulphur by passing a hydrogen sulphide
30 containing gas together with an oxygen containing gas over the
catalyst at an elevated temperature. '

It is noted that not just the structure of the catalyst,
but also the process parameters determine whether optimum
results are obtained. The selected temperature and the

35 contacting time for the oxidation are of particular relevance.

The use of the present catalyst, for that matter, permits
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The process according to the invention can be used for
the selective oxidation of all gases which comprise sulphur

.10 containing compounds, in particular hydrogen sulphide.
Examples of processes in which the oxidation according to the
invention can be suitably used are the processes described in
European patent application 91551, European patent
application 78690 and U.S; patent specification 4,311, 683.

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

In the oxidation the inlet temperature of the catalyst

20 bed is selected above 150°C and preferably above 170°C. This
temperature 1is partly dictated by the requirement that the
temperature of the catalyst bed should be above the dew point
temperature of the sulphur formed.

If a fixed bed of catalyst particles is used the

25 particles preferably have a diameter in the range of
1/31-1/2 inch and a pore radius of at least 150 A. For use in
‘a fixed bed one can also use catalyst particles in the form of
rings, pellets, macaroni-like structures, hollow grains and
the like. The advantage is that with them a lower pressure

30 drop can be obtained with the same bed height.

If on the other hand a fluidized reactor is used,
preferably catalyst particles are used which have a diameter
in the range of 10 pum - L mm and a pore radius in the range of
25-150 A.

35 ‘One of the advantages of using the invention resides in

the fact that a heightened activity is obtained while the
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Lnltlally lower because the catalyst has a lower lnltlatlng_
temperature Due to the exothermic nature of the oxidation
reaction and the fact that at too hlgh a temperature a
non—-selective thermal oxldatlon of the sulphur compounds may
occur, lowering the initiating temperature is of great
importahce with a view to increasing the sulphur-yield.

By known'per se measures the maximum temperature in the

catalyst bed is generally maintained below 330°C and

preferably below 300°C.

15

20
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35

If the HyS content is higher than 1.5 % by volume it may
be necessary to take steps in order to prevent the temperature
in the oxidation reactor from becoming too high due to the
reaction heat released. Such steps 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 known from European patent specification
91551. A reactor containing a cooling element may also be
employed. Further, it is possible to return the treated gas to
the reactor inlet after cooling, and thus an additional
dilution of the gas to be oxidized is attained or,
alternatively, the gas to be oxidized can be distributed over
2 plurality of oxidation-reactors while simultanecusly the
oxidation air is distributed 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. Thus an optimum heat
transfer can be achieved..

Accordiog to another particular embodiment the catalyst
is utilized in the form of fixed, for instance honeycomb-like,
structures of high thermal conductivity, which also suitably
prevents an undesirable increase in the temperature of the
catalyst

The process according to the invention can be utilized

with particular advantage for the selective oxidation of the
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' hydrogen sulphide containing residual gases coming from a

Claus plant. Apart from the Qery high selectivity of the
catalyst according to the invention a very important
additional advantage is thus obtained in 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 gasses are preferably first
passed through a hydrogenation reactor, in which for instance
a cobalt-molybdenum containing catalyst is present and in
which all sulphur containing compounds are hydrogenated to
hydrogen sulphide. ' _ '

Accordlng to a varlant of the process according to the
invention the selective o<1dat10n stage 'in which the catalyst
according to the invention is used is combined w1th a
subsequent hydrogenation stage, followed by absorption of
hydrogen sulphide, as described in European patent
application 71983. 98% of the sulphur 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 sulphur recovery percentages of up to 100%
can be achieved. According to a variant of this process it is
possible after the hydrogenation stage to again employ a
selective oxidation according to the invention instead of the
absoipticn mass, a total sulphur reccvery percentage between
99.5 and 99.8% being thus attained.

Further the process according to the invention is
particularly suitable for desulphurizing for instance fuel
gases, refinery gases,'bio gas, coke furnace gas, gaseoﬁs
effluents from chemical plants such as viscose factories, or
gasses which are flared at gas and/or oil extraction sites..

If in the process according to the invention the sulphur
vapour containing gas coming from the selective oxidation
stage, optionally after condensation and separation of the
greater part of the sulphur, is passed over a bed in which the
sulphur is removed by capillary adsorption, the sulphur

recovery percentage is increased to virtually 100%.
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Example la
10 100 g of silica (Degussa 0X-50, B.E.T. 42 m2/g) were

mixed with 147 g of water and 1.5 g of KEC'

(Hydroxy Ethylene Cellulese) and extruded. The extrusions were

dried at 100°C. In order to obtain sufficient mechanical

strength the extrusions were calcined at 700°C. The preformed
15 carrier thus obtained had a BET surface area of 45.5 m2/g, a

pore volume of 0.8 cm3/g and an average pore radius of 350 A.

Example 1b
20 0.44 g of EDTA (ethylene diamine tetraacetic acid) was

dissolved in 10% NH3 to form a solution having a pH of 7. Then
0.52 g of Cr(NO3)3 - 9H20 and 2.05 g of NH3FeEDTA-1.S5H30 were

o AN

added to this solution. The slurry thus obtained was adjusted
to a pH of 6 with 25% NH3j and made up with demineralized water
25 to a total of 8 ml. The result was a red solution.’

10 g of the extrusions obtained according to Example la
were then impregnated with the 8 ml solution. They were then
dried for 5 hours at room temperature and for 5 hours at
120°C. By heating the dried sample at 500°C in air for 5 hours

30 an iron oxide-chromium oxide phase was generated. The catalyst
obtained in this way had a BET surface area of 45.9 m?/q, a
pore volume of 0.75 cm3/g and an average pore radius of 325 A.
The iron oxide content was 4 % by weight and the chromium
oxide content was l% by weight, calculated on the weight of

35 the catalyst. ' '



3/n S[err] + 2 Herr]O <-> 2 Wen18-+sqerﬂ (3) f.a

is Claus active, the presence of water results - the’ reactlon
t akijng place in the direction of Herr]S and Sqerr] v ﬁﬂﬁsmﬁﬁkr AS
sul ghur being converted to Herr]S and SQ err] again. Hjerr] RimAl
oxidized with the Qerr] present to sul phur and water vapour.
t he JCl aus active catal yst converts the $#l phur back into SC{err] Due to

t heqjconcurrence of these reactions a catalyst with Claus active sites wll
in the pr water give rise to a strong decrease in selectivity.

WtHin the scope the i, n | fic surface area’ s the BET
surflace area a% d’%f ih&F B g Eéﬁgna 20 gjere Cﬁs\)so%t"éds "'B?& ®whP% 1938) .
A nltrogemead&@r@tlll%d/\@&t@%edmé Zathasﬁong Nga4Qstb8 €8-a pH of 6

with an ammonia sclution (25 ) In this solution 0.10 g of

S diammonium hydrogen phosphate ‘was dissolved. Demlnerallzed
water was added to the solution to make a total of 8 ml. The
result was a red solution. |

10 g of the extrusion obtained according to Example 1é

were impregnated with the 8 ml solution. They were dried for
10 S hours at room temperature and for another 5 hours -at 120°C.
. By heating the dried sample at 500°C in air for S hours an
iron oxide-phosphorus oxide phase was generated. The resultant
catalyst had a BET surface area of 40.12 m2/g, a pore volume
of 0.72 cm3/g and an averaée pore radius of 350 A. The
15 catalyst contained 5% by weight of iron oxide and the

phosphorus:iron molar ratio was 1:9.

Examples 3 and 4
From the catalysts prepared in accordance with Examples 1
20 and 2 sieve fractions were made with a particle size of
between 0.4 and 0.6 mm. A quartz reactor tube having a
diameter of 8 mm was filled with 1 ml of this catalyst. From
the top down a gas mixture of the following molar composition
was passed cover the catalyst: 4% 0y, 1% HzS, 30% H2C in He. The
25 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
20°C from 200°C to 300°C and then lowered again to 200°C. The

sulphur vapour generated was condensed downstream of the

reactor at 130°C. The water vapour was removed with a water
! 30 permeable membrane (Permapure). The composition of the ingoing
and the outgoing gas was determined with a gas chromatograph.
The results of the experiments are summarized :in
Tables 1-3. The tables also present a comparison wi=h a
catalyst according to Example 1 of U.S. patent spec:.fication
35 4,818,740 (Example A, Table 1).
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cal led three-point measurement. In the cal cul ation-ihe’ surface area of "a

nitfogen nol ecule was set at 16.2 [err]. The aver agep radius i s
det ¢rmined starting froma cylindrical pore nodel whilé€& HEET A8 BEMw {0
forpul a: Average pore radius ([err]) =20,000 pOREPVACEDE |
(cmjerr]/q) — BET
surface area (nferr]/g) . The poréfholune used in thIS fornula S
grayi netrically deternined by inpregnation with water in
TABLE 1
Example Temp . (bed) Ax ogEx CYEER
_ oc _ . _ |
A 200 17 97 16
220 35 96 34
240 54 95 51
260 70 - 95 . 67
280 - 93 93 - 86
300 99 79 78
*: A = activity (%)
**: S = S selectivity (%)
**k%:; Y = S yield (%)
TABLE 2
Example Temp . (bed) . Ax S*x* Yxxx
°C
3 200 35 96 34
220 73 96 70
240 93 94 87
260 99 93 92
280 100 ‘80 80
300 100 64 64
-
il iﬁii‘\:ed
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More specifically,
since . a good activity can- be
he specific surface area of the
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ained with higher values.

"I'n general
The

Svant in view,of t
ores there
as a result of the sul phur

the opti]

\\Il\l\\ b

in the pores too |ong, mhlch i's undeS|rabIe
ijus al so
200 36 98_ 35
220 60 97 58
240 85 96 82
260 99 95 94
280 100 82 82
300 100 62 62
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inds on the size of the catalyst particles. According to:the inventi-on a
» radius of at least 50 Ais required. Such a pore_ﬁ;gi@mﬁqm@E.%m ~
icular in situations where the size of the catalyst parti cREg acgpf @
| . Exanpl es of such situations are the use of a powdered Tatatyst—a
di zed bed of catalyst having a particle size in the range of 10
]m1 mm or the use of a catal yst whiléh has been applied as a thin
br to a carrier material, for instance of a sinter netal or a honeyconb.
buch si tRiGdnORss 190 agener al a nmaxi num pore radi us of 150 [err] is used.

such cases the pore |ength can. advant agequsly. be kept .smal for _

ance bel ow Q‘%&)ﬁrﬁfmab'%&iaé Y7 riae 137 q}fc%%’r‘b‘? ﬁﬁaﬁéoén&{#\g?séﬁﬁﬁdi’ﬁent

he i nverzd03a .t iteecapatysiccousfsate odrgarvas! €8, m3igh wise tpdiet 8olume

usi ons I s haying,.a_ di | he_range, a 12. 7. om

21/ 2 i‘%crﬁnl)%ef' 8l 8a¥3iqy‘fs$% %‘?g’?%‘?éef%‘?% 15245 o5 P28 %éd“[f:q’ga% s,

e the éﬁi& RSt heeparefcipsacsondrpeporitintExampbe 1n influencing the
QOf these carrier materials a sieve fraction was made

having a particle size of between 0.4 and 0.6 mm. A quartz

mini-reactor tube having a diameter of 8 mm was filled with
1 ml of the carrier material. From the top down a gas mixture
10'_ of the following composition was passed over thié material:
0.5% of SOz, 1 % of H2S in He. The space velocity of the gas
was 12,000 hr-l and the temperature was increased by steps of
20°C from 200°C to 300°C and back égain. The sulphﬁr vapoﬁr
generated was condensed downstream of the reactor at 130°C.
15 The composition of the ingoing and the outgoing gas was
determined with a gas chromatograph.
In Table 4 the degree of H3S conversion (activity) is

expressed as a function of the temperature.
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~ TABLE 4

-Claus activity of

‘Temperature Si0; a—-Al203
(°c) (%) (%)
200 10 86
220 12 83
240 16 81
260 23 80
280 27 79
300 32 78
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sure drop across the reactor. Wth this enbodinent;bf—+he—éaLaL¥sL__
rding to the invention optinumresults are obtained ys %g;??ﬁbﬂiﬁﬁﬁNﬁ
| east 150 [err]. . The average pore radius is at Wledst ACESbCcalis ¢
he desired selectivity, nore specifically at |east 200 A and when
qtively large catalyst particles are used at |east 325 [err], while 2000
4] is an upper limt. In general no addi ti onal advant age is to_be.gained'
ye this' limt, while on the other hand problens may arise in the
ar at i orExdmgllee Tarrier. Mire specifically an average pore radi us not
reding 500 [efrdg éf mfigfe%&%d 1, SHIDG LA Y 1 ARE Ll Nt Qo f hE
i nvention conprises OC. % by wei ght,“cal cul ated on the total mass of the
cat al yst, (ﬂeminﬁﬂaﬂmzﬂdfﬂdugctedhﬁrsnﬂuheogr@ap efijusbadcbappln@swahl an

Corbounss Sonith VAR B ) LRiSehULLGR blyocy 48 Lokt

sel ecti ve oxi t'0 el ément e stressed
that weSar g dacgedo Fhesph@tei wast désselved. nﬁtzmnaramzeﬂ vaterc¥dsible to-

the. added to the solution to make a total of 9.0 ml.
.10 g of silicon dioxide extrusions with a specific

—

surface area of 126 m? /g were impregnated with the 9.0 ml
solution. They were dried at room temperature for 5 hours and

10 then at 120°C for another 5 hours. By heating the dried sample
in air at 500°C for 5 hours an iron oxide—phosphorus oxide
phase was generated. The catalyst thus formed had a BET
surface area of 128.4 m2/g, a pore volume of 0.87 cm3/g and an
average pore radius of 140 A. The catélyst contained

15 5% by weight of iron oxide and the phosphorus:iron molar ratio

was 1:9.

Example 8
2.58 g NH3FeEDTA -1.5H20 was dissolVed in 3 ml of
20 demineralized water. The solution was adjusted to a pH of 6
with an ammonia solution (25%). In this solution 0.10 g of
diammonium hydrogen phosphate was dissolved. Demineralized
water was added to the solution to make a total of 7.4 ml.
10 g cf OX200 (DEGUSSA) with a specific surface area of
25 180 m?/g were impregnated with the 7.4 ml solution. The
material was dried at room.temperature for 5 hours and then at
120°C for another S hours. By heating the dried sample in air
at 500°C for S hours an iron oxide-phosphorus oxide phase was
generated. The catalyst thus formed had a BET surface area of
30 182 m2/g, a pore volume of 0.71 cm3/g and an average pore
radius of 80 A. The catalyst contained 5% by weight of iron
oxide and the phosphorus:iron molar ratio was 1:9.
The catalyst according to Examples 7 and 8 were sieved
and of the fraction of 0.4-0.6 mm 1 ml was introduced into a

35 quartz tube having a diameter of 8 mm,.
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Mt i on gases. Indeed, by sintering or by a d| fferent .process of: -
p'-re aration a part of the active material, in particular _ tjq,hsgngggmgq;gm

be encapsul ated, for instance by si nterl ng up narrow pores ‘REPLIARED - :

§i er. However. the di fference between encapsul at ed net al
i gqe present on the carrier can easily be determ ned by TPR, terrp"er-ature
prodramed reduction. Details of this neaduring technique are described in-
Hurst, S.J. Gentry. A Jones and B.D. McNicol, Catal. Rev.. Sci. Eng.

42), 233-309 4A982)d h‘.ﬁ: rawatwaqquﬁ%t alasoml%utééatofl Rl e2ANWARG
accqssi ble to gases, can e determ ne ef fectéj 1“7‘?%% |1é BF
Y u

3l yt i calq:‘?/“%f?,st’r‘%fé’r}rdfae’r |P£Ssé—’ﬁi iFET G@rﬁoﬁﬁ&aﬁs’sﬁse@ -3¢ ©

and Cmfﬂnlmf@”m%?adépt\ﬁ&@%hky bff engbiast | Iwa@ wat,IOOOnarot and e
congounds of non-netal s

ctjvel ar ratio chqsen which
i s liower tHef O SRERADHRS é’f%l‘;ﬂql?g"ﬁ?éjmr)k%\hg%t%s (P% CG Fron Z‘Iéﬂ)e%cﬁf’al yst
accdrdi sg tyoduae ahavmfckoagaaya CehkasnlpRarokapble [Foenet ngshebadealsed
ot AR A BCRAIE  13°8° hREEbhDs2EToR"OEPRAE S

ingoing and the outg01ng gas was determined with a gas

chromatograph.
In Tables 5 and 6 the degree of H2S conversion (activity)’

10 is expressed as a function of the temperature.
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catfal yst inter alia by inpregnation with a soluble pho$phorus canmpound

The catal yst conprises a carrier material to which the-cdt; tgﬁnyﬂﬂhsMEmVE
material is applied. The active conponent is present lon t hgEPBACERr i n
an anount prefer ﬁthBheRmamge of 0.1-40 % by wei ght nere-preferably .
0.1-10 % by melg n the total weight of the catalyst.

Using sinter ﬂH’ mb structur@s$ as construction material in a
reactor is advantageous it enables the efficient control of heat in
t he: reactor. Exanples are thernostabl.e non-ceranmic materials, such as netal
gauze structures and surfaces of (|ncongA§£ﬁ sintered naterlals Very -
suitable is a honeyconb structure havi n %h thernal conductrvrty

Sui t abl e nagera o .
st abl e undg E;dahglreeactlonm@drrbeans Emrpl es are neta#s such as Fef**@r ofr

Ni or alloys mhlch conprrse gne or more of these netals The point is such
mat eri al s pre=r A A rosstte—to—sturp
and/or to disperse a |ot of heat. Preferably the catalyst is applied to
7 200 60 96 58
220 82 95 78
240 - 98 93 91
260 - 100 90 90
280 | 100 76 | 76
300 - 100 50 50
TABLE 6
Example | Temp. (bed) A* S*x* Yxx*x
(°C)
8 200 80 94 75
220 96 93 89
240 100 90 90
260 100 76 76
280 100 55 55
300 100 10 10
Example 9

2.58 g of NH3FeEDTA - 1.5H20 were dissolved in 3 ml of
demineralized water. The solution was adjusted to a pH of 6
with an ammonia solution (25%). To this solution 0.071 g of
trisodium citrate dihydrate were added and dissolved.
Deminerali:ed water was added to the solution to make a total
of 8 ml.
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the metal in a thin layer. One can apply the catal yticall

Ap BEEN
ED °°
relatively small pore radius in order that sufficient active surface area
I's obtained. The specific surface area of the catalyst will then preferably
exceed 100 nferr]/g. In such a case pr,efer%fbly a catalyst is used with
relatively short pores, the pore | ength being for instance |ess than 100
[err]m As exph ag nefl ey edxtmistron albtadimed @dodarddngs toh Exampdeenial | y

| ess suitablg. 2 AOAId Slaq Wi diIAS i NSNS, | HAL SLIdR0n ditieds.
whose pore radius nde%pem i'cCsurface ared nee e Teduirements set

yi el ds good 5 xeurs atherodn tenpesmture amchridrmrarmthdn S dsmids atheh20°6r.e

preferred. | hcl ; Csa&@ ta agrediing At in lkon,can be
prepared by !_%%eﬂ%n%%&?rﬂeﬁ_?dgsl%. r plgi%g -(suppé’r%t gé? gg?alsyls&tgg%s Qn Si nce
a catal yst ibramedxidatsodiom M@Jerr@th@ﬁiealwaist denerased,.r Set sesudtantroma
carrier whi cdadd 5pdd 1Bd @ABET surface area of 40.12 m2/g, a pore volume

of 0.72 cm3/g and an average pore radius of 350 A. The

“together with a carrier material. In this case preferably| FHhSHEERL
catalyst will be applied. Then the catalyst will preferablLy haREPLA

~catalyst contained 5% by weight of iron oxide and the
sodium:iron molar ratio was 1:9.

In the same manner as in example 3, the conversion
activity and'selectivity were dete;mined. This shows the
unexpected effect of the addition of alkalimetal to the

catalyst according to the invention.

TABLE 7
Example Temp . (bed) A* Sk* Yhxk
°C
A 200 _ 44 99 44
220 58 97 ' 57
240 80 . 96 77
260 100 94 : 94
280 100 89 89
300 100 76 76
*: A = activity (%) _
**: S = § selectivity (%)
kxk: Y = § yield (%)
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has a suitabl e average pore radius and exhibits no or oni{sgzpre

activity I n order_LoﬂbL+ng the catal yst carrier |ht[f*f~‘

] Iy T US

it rmay optiona be subjecﬁeg to a sintering treatient:* ﬁ& 1;]
desired a S|nnmﬁm may. be carried out with a finished cat al yst
M cr opor es thu Md up. In-the preparatlon of supported -
catal ysts the |ication of t2fe catalytically active materia
to the carrier naterlal requires particular care, and furthernore it is to
be ensured that honpgeneity is mai nt ai ngdgdwd ng and after the drylng and
cal ci nation procedure. - For these reqU|renents to be nmet it is very
effective to prepare such catalysts by the "dry" inpregnation of the
carrier mat qu ihal m/\lidalﬁag.y%@ Ebironnef sé%ﬁ&&@ﬂéslafcigﬁttibﬁ a¢t isuephagponent hoa

nen | nown - - i nci pi_ent ., n :
Good T esult SREB LT HEURGIEoa tOoPyERGRERL sulbhu; Bompridfngat 18ast

one catalytlcally active material and optlonally a carrler,

} the catalyst having a specific surface area of more than -

"5 20 m?/g and an averade pore radius of at least 25 A, while
under the reaction conditions the catalyst exhibits no
substantial activity towards the Claus reactien.

2. A catalyst according to claim 1, characterlzed in that
the average pore radius is greater than 50 A. '

10 3. A catalyst according to claim 2, characterized in that
the average pore radius is greater than 200 A, and preferably

 greater than 325 A. ' ,
4, A catalyst according_to claims 1-4, characterized in that
the specific surface area is greater than 25 m2/g.

15 5. A catalyst according to claims 1-3, characterized in that
the average pore radius does not exceed 2000 A. |
6. A catalyst according'to claims 1-5, characterized in that
the catalytically active material is supported on a carrier
material. '

20 7. A catalyst according to claim 6, characterized in that
the carrier material is SiO3z.

8. A catalyst according to claim 6 or 7, characterized in
that the catalytically active material is present on the
carrier in an amount of 0.1-10% by weight, calculated on the

25 total mass of the catalyst.

9. A catalyst according to claims 6-8, 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.

30 10. A catalyst according to claim 9, characterized 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, characterized by the

presence of one or more phosphorus compounds.
I
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12._ A catalyst'according ﬁo claims 1-11, characterized in
that it consists of catalyst particles having a diameter of
1/32-1/2 inch and a pore radius of at least 150 A. ' |
13. A catalyst according'to claims 1-12, characterized in
that it consists of catalyst particles having a diameter of
10 ym - 1 mm and a pore radius of 25-150 A.

~14. A process for preparing a catalyst according to one or

more of claims 1-13, characterized by preparing a catalyst
comprising at least one catalytically active material and
optionally a carrier, the catalyst having a specific surface
area of more thaﬁ 20 m2/g and an average pore radius of at
least 25 A, while under the reaction conditions the catalyst
exhibits no substantial activity towards the Claus reaction.
15. A process according to claim 14, charactefized by

" impregnating a carrier material in dry condition with a

solution comprising'cations of the catalytically active
materials.

16. A process for the selective oxidation of sulphur-
containing compounds, in particular hydrogen sulphide, to form
elemental sulphur, characterized by passing a hydrogen
sulphide contaihing gas together with an oxygen containing gas
over a catalyst according to one or more of claims 1-13 at an
elevated temperature. ' _ '

17. A process according to claim 16, characterized by
maintaining the molar ratio of oxygen to hydrogen sulphide in
the range of 0.5-1.5.

18. A process according to claim 16 or 17, characterized by
carrying out the selective oxidation in a fixed bed of
catalyst particles having a diameter of 1/32 -1/2 inch and a
pore radius of at least 150 A,

19. A process according to claim 16 or 17, characterized by
carrying out the selective oxidation in a fluidized bed of
catalyst particles having a diameter of 10 pm - 1 mm and a
pore radius of 25-150 A. _ '
20. A process according to claim 16 or 17, characterized by
carrying out the selective oxidation in a reactor in which the

T




-5- According to the process.of the invention hydrogen sul phide is:

directly oxidized to el emental sul phur -by. passing a hydrpgens SU4EPNHAS BEEN
containing gas together with an oxygen containing gas ove| the REPLACESt at

an elevated tenperature. It is noted that not just the strucrure of
the catal yst. but also the process paranet ghs det erm ne whether optinmum
results -are obtained. The selected tenperature and the contacting tine for -
the oxidation are of particular relevance. The use of the present
cat al yst, foratRdystatsePregenti e8 905@#%@#n@eéﬂleﬂceésh©$eﬁ§9@%

structure.
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and/or the presence of water in the gas to be'treated. R The -oxj dation
process is carri.ed out by adding such an anount of oxyge.n'ra[s SHEHIXHA® BEEN
containing gas to the hydrogen sul phide containing gas,| usi N(RERLKOEDWN per
se ratio regulator that the nolar ratio of oxygen to hydrogen sulphide 1S
between 0.5 and 5.0, and preferably between, 0.5 and 1.5. "~ The process
according to the invention can be used for~1he selectlve oxi dat'i on of al
gases whi ch conprise hydrogen sul phide. Exanples of processes in whi ch the
oxidation according to the invention cABSRRAGT ably used are the processes
descri bed in European patent application 91551, European patent application
78690 and U. S. patent specification 4,311, 683, - The process according to
the inventi obhe sizvemeien yisdizanted do @ icaitailyg tg £onnnben sedestise
contain nor %if@&ﬂeé%pfsﬂﬁaﬂ—%o&%@ﬁ@ (DR TR elattietital cal |y

operating reactor can be used t he oxi dation-the inlet tenperatyre

of the catal?%{PQEﬁY|§P@Rﬁ¥i&4ﬁj%ﬂxﬁﬁ?sf5@nFeFF] Lytrd Brlde PSSy S pRFE T 1al

and opticnally a carrier, the catalyst having a specific
surface area of more than 20 m2/g and an average pore radius
of at least 25 A, while under the reaction conditions the

catalyst exhibits no substantial activity towards the Claus

reaction.
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170- C Thi s tenperature IS partl di ct '
temperature of thah Ff’oul d| trens SBHEET HAS Bi
of the sul phur for i xed bed of REFRASEDst
particles preferabl ter in the range of O.
inch) and a pore radius of at |east 15Q gerr]. For use

can al so use catalyst particles in the formof rings, p
macar oni - | ke letruct gaealybel Foy grai $61eceitdeokidkaet idr

with them a | Rr ggsuL e dr op, can, be obtaln [ ht.
I'f on the &P g?uﬂandgé %F Qgﬁ FRERTRE %%%d¥n%$%fer ‘mg c tacegt
particl es artadyed ahdchehaaé ﬁoﬁlﬁh@tﬁel@¢tiﬁ% xRt ben 1OC [kghc 1 nm
and a pore n,.th f [err]. One of the advantages
of using tﬁéﬁghgéﬁ%lgé ?éél HEa? %g%&ggct that a heightened activity is
obtained while the selectivity is maintained, which eads to a better

sul phur yi el d. 7fe: hoURBLLRN-2) $0= PEF § ScAtie) g6 £SAPERALE Ee dt0L e

initially | ower because the catalyst has a lower jnitiating tenperature.
Due to t heoxidation of sulphur compounds, in particular hydroge

FPOACEAR
& 1A 9551 15

n a flxed bed ohe
|l ets,

sulphide, to elemental sulphur, a process for preparing such a
catalyst, and a method for the selective oxidation of hydrogen
sulphide to elemental sulphur.

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

One of the best-known methods of converting hydrogen
sulphide to non-harmful elemental sulphur is the so-called
Claus process. _

In the Claus process, however, the H3S is not
quantitatively converted to elemental sulphur, mainly due to
the fact that the Claus reaction is not completed:

2 H2S + S02 -> 2 H20 + 3/n Sp (1)

A residual amount of H20 and SOz remains. Now, generally it is
not allowed to discharge H2S containing residual gas, and so
the gas is to be'combusted, with the hydrogen sulphide and
other sulphur compounds as well as the elemental sulphur
present in the gaseous phase being oxidized to sulphur
dioxide. With the environmental requirements becoming
'stricter, this will not be allowed anymore because the sulphur
dioxide emission involved is too high. It is therefore
necessary to further treat the residual gas of the
Claus instaliation; the so-called tail gas, in a so-called
tail gas installation. ,

Tail gas processes ‘are known to those skllled in the art.
The best-known and to dato most effective process for the



exot herni ¢ nature of The oxidation reaction and the fact
¢ enper at ur e ThisiSheet Kus BeReptared her mal  oxi dation of the sul JREPLACEMENT SHEEY
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and preferably bel ow 300[err] C. If the H2 S content }i g
% by volune it may be necessary to take steps in order t¢ prevent the
t enper at ut&eptmens ofi Hatlodapehet bhef PEAT bREBRFRY t oo hi g dhre—to—ttre—

reaction hegke b@Laaiedelsu¢b{st@Hsthﬂslggscége tnétease @Q@,usegétharcooled
reactor, for instance a { ubu
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be oxi di zeteins separated in conventional manner by liquid absorption.

E
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One drawback of the SCOT process is that it requires a
complicated installation. Another drawback is the high energy
consumption involved in removing the hydrogen sulphide from
the absorbent again.

Another possibility of converting hydrogen sulphide in
tail gas to elemental sulphur is the so-called BSR Selectox
process, described in US-A 4,311,683. According to this
process the HzS containing gas, mixed with oxygen, is passed
over a catalyst containing vanadium oxides and vanadium
sulphides on a non-alkaline, porous, refractory oxidic
carrier.

An important drawback of both the SCOT process and the
Selectox process is that in both cases the tail gas, after
hydrogenation of the sulphur components present to HzS, must
first be cooled for the greater part of the water to be
removed, because water greatly 1nterferes with the absorption
and the oxidation of H2S. Due to the high investments involved
the césts of tail gas treatments according to these -known
methods are high. .

Another process for the oxidation of H2S to elemental
sulphur_is disclosed in U.S. patent specification 4,197,277.
According to this publication the hydrogen sulphide-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 carrier material. Further the carrier
material, which is impregnated with the active material, has a
specific surface area larger than 30 m?2/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 turned out that,wiﬁh this catalyst, the Claus



attained or, alternatively, the gas to be oxidized can .be distributed over
d& plurality of oxidation reactors while si{MHSSGES w1

di stributed over the various reactors. Accorgjjpﬁggxs r mma{“ %H'EE
enbodi ment of the process accordi ng to the TThvemtTomrtre—~fafal yst i s
enployed as a fluid nediumin a fluidized bed reactor. Thyus| ag gopiAN87heat
transfer can be achieved.. Accor di ng 5o anot her partifu}l ar enbodi nent
the catalyst is utilized in the formof fixed, for instange - e,

structures of high thermal conductivity, which also suitapl revents an___|
undesi r abl eedwkk n iy Rstadicohedurs dRaske 18aPArfst SO d""“%ﬁé’“ﬁr ocess
accor di ng tg@okhe idy ¥ IS0y camnbe Wk birzednwedh parki egkaltadnant age for

t he sel ective_oxidation of_ the hydrogen sul phide c¢ontaining residual gases

comi ng fromEfegEiEenfshiof Abdis Progesshd SvéPyUkifdri&8ectivity of the

cat al yst accor diTige tef fdit iveRidld it teispelctpant ahe addiveirsian advépBage

I's thus obtained in Eﬂgt t.he renoval, of water %rior to the o§ida i%n IS no
a by

| onger requf? eeReNt e HENES CAdcdrdigsgergl Pe adversely arfecte

the occurrence of the following side reactions:

1. the continued oxidation of sulphur:
1/n Syp + 02 => SOz . (2)

2. the.reverse (or rather reversing) Claus reaction:
3/n Sy + 2 H0 <~> 2 H2S + SO2 (3)

Here the sulphur once formed reacts back with the_water vapour
also present to form hydrogen sulphide and sulphur dioxide.

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

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

Another important circumstance is that in general in the
selective oxidation some excess of oxygen will be used not
only to prevent the HzS from "slipping through" 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 sulphur formed, thus advérsely

affecting the effectiveness of the process.
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the invention is used to. oxidize the resid
gasses are preferably first passed through
whi ch for instance a cobalt-nol ybdenum cont &
in which all sul phur containing conpounds are hy ,
sul phi de. According to a variant of the process accorgi

fol |l oned by abso;gtion of hydroggn sul phi de, as descri hed™TT EaTopgan
pat ent appi i cat¥ of- 7RIt FPRGIEitded ian FhBl S ffodHES IasesSe Rt CAtaLYSts

renmoved i nfbhecREr e ECEBEE ok INAH RGE A DB £30 ellalenthe Bydpagenathen
stage and the absorgtion mass are not  unduly | oaded. |n tth way iulghur
recovery p%?%eﬂfaﬁ% c%fp{ﬁyqqyguﬁy% side reactions mentioned to arge

extent, while the main reaction

H2S + 1/2 Oy -> HaO + % Sn (4)

takes place with a sufficient degree of conversion and
selectivity. _

The catalyst according to that patent specification
comprises 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 is
applied to this surface. Further the specific surface area of
the catalyst is less than 20 m?/g and less than 10% of the
total pore volume in the catalyst has a pore radius in the
range of 5-500 A.

Although the catalyst constituted é major breakthrough in
the field of removing sulphur compounds from gas mixtures, it
has turned out that further improvements are desirable and
possible. ' _

Due to the limitations imposed upon the specific surface
area and the pore radius distribution of the prior catalyst,
which limitations play an essential role in realizing the
desired results, of necessity a limitation has also been
imposed or set the amount of active material which can be
applied to the catalyst. As a result the yield of sulphur
which can be achieved with the catalyst according to the prior
U.S. specification is somewhat limited. Because the catalyst
described in the patent specification has a relatively high
initiating temperature, it is necessary to work at a low space
velocity and thus to use a relatively large amount of
catalyst, or the final temperatﬁre of the gas and the catalyst
bed will be so high that the sulphur may be thermally
oxidized. '
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The object of the present invention is to provide a
catalyst for the selective oxidation of sulphur compounds to
elemental sulphur which has a larger specific surface area,
but in which the disadvantages of a larger specific surface
area described in the U.S. specification do not occur.

The invention relates to a catalyst for the selective

Q)

oxidation of sulphur containing compounds to elemental
sulphur, comprising at least one catalytically active material
and optionally a carrier, which catalyst has a specific
surface area of more than 20 m2/g and an average pore radius
of at least 25 A, while the catalyst under the reaction
conditions exhibits substantially no activity towards the
Claus reaction.

Surprisingly , we have now found that such a very
specific catalyst with a relatively large surface area has a
good activity and a good selectivity. Indeed, in view of the .
disclosure in the above U.S. patent specification it was to be
expected that the activity might be improved, but that the
selectivity to elemental sulphur would be substantially lower.
It has turned out, however, that the selectivity is very good,
provided the abovementioned requirements of pore radius and
minimal Claus activity are met. '

This last requirement is a very strict requirement, which
only a limited number of materials satisfy if the specific
surface area exceeds 20 m2/g. In general the materials used in
the examples of the abovementioned U.S. patent
specification 4,818,740 do not satisfy this requirement if the
surface area exceeds 20 m?/g. The aluminum oxide mainly used
there always comprises an amount of y-aluminum oxide which is
strongly Clause active in the case of such a specific surface
area. ' '

The present invention, therefore, supplies a greaf need
because now it is possible to uée a catalyst which has the
advantages of the catalyst disclosed in U.S. patent
specification 4,818,740, while at the same time a large

specific surface area can be used. It is particularly
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recover ercent age between 99.5 and 99. 8%be+ I "
Furtherytﬁe procegs accordi ng to the inventidHS SHEBRHAS &R ) GEN“@E]gHEET
desul phurizing for instance fuel gases, relineryREJAACED pilo pas. coke
furnace gas, gaseous effluents from chemnical plants-such 3s|vi{ls§ojkN 1997
factories, or gasses which are flared at gas and/or oil eXtfaction sites.
If in the process according to the inventipon the sul phur yapour "contarn
gas coming fromthe selective oxidation stage, optionally ter
condensati on and_ separation of the greater part of -the sul Ehur,, I s passed

over a bed BHIRRi&ERNYhehak| BrursIRI e vERRBIC R T IEHS Tt3%n, ¥ tve @
sul phur 1 ecygiMuRes£enépgecisus NEEeasady | oLy iddmidat 0% ich aThererage

invention is illustrated_in anpnd b e, foll ow exanpl es. .The, val ues for
BET surfaceP8F€a* %ﬂuiv‘é?a%% g%‘?%é/rélgi‘z&s %ﬁéactﬁrﬁgésot i’{gpt‘ﬁétrﬁ’rfé% ’gb’e‘ﬁ‘ has
determ ned pngbbe asembeityledndesl heseisdbbdeterity.

| One of the advantages of the catalyst according to the

invention is that it results in a considerable improvement of
the activity per volume unit of catalyst. This has great
advantages, especially when the processing capacity of an
existing reactor is to be enlarged.

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 of H3S to
sulphur in the presence of minimally a stoichiometrical amount
of Oz at 250°C. More particularly this means that in the
presence of 30% by volume of water the selectivity of the
reaction to elemental sulphur 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 reversing

Claus reaction
3/n Sp + 2 H0 <-> 2 H3S + SOz (3)

If a material is Claus active, the presence of water results
F=s

he reacticn taking place in the direction of H3S an

[
s

SOz,with a part of the sulphur being converted to HzS and SOz
again. H2S is then oxidized with the Q2 present to sulphur and
water vapour, whereafter the Claus active catalyst converts
the sulphur back into SO;. 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. 60, 309 (1938). A nitrogen adsorption was used at

17 K according to the so-called three-point measurement. In

This Sheet Has Been Replaced

[




EXAMPLES Exanple 1a 4__i09—g—of silica (EEoussa OX-50. B.E. T. 42
mMerr]/g) were nixed Wi
Cel l.ul ose) and

th 47 _ v AN ]
Tim’ﬁgmﬁﬁ St rusi ons wer ¢ Oest, LO08 HLAGEM ‘
-obtain sufficie trength t he ex ' '
700[err]C The er thus obtained had a BET surfacﬁgagﬁﬁ EB7

45.5 nferr]/g a pore volune of 0.8 cn[errb/g and an averagd fdore ra

350 [err].

of wat er ang [ T

aI i ned at

I us of

Exanpl e 1b
the calculation the surface area of a nitrogen molreeule—was—
set at 16.2 AZ,

The average pore radius is determined starting from a
cylindrical pore model while using the following formula:

20,000 x pore volume (cm3/q)
BET surface area (m?/g)

Average pore radius (A)

The pore volume used in this formula is gravimetrically
determined by impregnation with water in wvacuo. The specific
pore volume can also be determined using mercury porosimetry
up to a pressuie 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, in contrast with the te&chings of
U.S. patent specification 4,818,740, be considerably higher
than the upper limit according to thié U.S. patent
specification. More specifically, 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 are gained with higher wvalues.

The requirement as regards the average pore radius is
relevant in view of the nature of the reaction. If there are
too many small pores there is the risk of continued oxidation
of sulphur to SOz as a result of the sulphur remaining in the
pores too long, which is undesirable. However, the optimum
pore radius also depends on the size of the cataiyst
particles. According to the invention a pore radius of at
least 25 A is required. Such a pore radius can be used in
particular in situations where the size of the catalyst
particles is fairly small. Examples of such situations are the
use of a powdered catalyst in a fluidized bed of catalyst
having a particle size in the range of 10 um~l1l mm, or the use
of a catalyst which has been applied as a thin layer to a

carrier material, for instance of a sinter metal or a



0. 44 g of EDTA (ethyl ene dianine tetraacetic acid) was di spetves—isn10%
NH err] to forma solution having a pH of 7. Then 0.52 ¢ OFREPLACEMENT SHEET
Cr(NOJerr])[err] [err] 9H err]O and 2.05 g of 1 SHEET ARKS

added to this solution. The slurry thus obtajned vwapLAdED te g aﬁ&HF@& E
w th 25% NH3 and nade up with dem neralized Water to = totjt 8 ~¥

result was a red sol ution. 10 g of thg extrusions obtgi ned—accarding fio
Exanpl e 1la were then inpregnated with the 8 ml solution. They wer e then
dried for 5 hours at roomtenperature and for 5 hours at,6 120-C (U E1® e
the dried demslvEomP -580[ ERFRCSihuationdrin ﬁ%&?Eahna|W%ﬁlﬁ%Td%°Eﬁr5 th?

oxi de phaS%qu%og@nQEaheed Ths §a&al&5§e§btﬁensarenléhgenmaanhad a BET
surface area of 45. pore vol une_o nL l and_an aver age
por e rad|u§dﬁﬁn§?geﬂus HebFrEﬁPBx§B%lEonfgﬁt1Rﬁ§aﬁ°/6 BS ﬁg AnteEnG T n?
chrom um oxiode pmont ent was 1% by wei ght, cal cul ated on the wei ght of the
cat al yst.

According to another embodiment of the invention the
catalyst consist of particles, such as tablets, extrusions or
pellets having a diameter in the range of 1/32-1/2 inch. Such
catalysts are preferably used in fixed bed reactors, where the
size of the particles is an important factor in influencing
the pressure drop across the reactor. With this embodiment of
the catalyst according to the invention optimum results are
obtained using a pore radius of at least 150 Ah.

The average pore radius is in general preferably at least
50 A because of the desired selectivity, more specifically at
least 200 A and when relatively large catalyst particles are
used 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 carrier. More specifically an average pore
radius not exceeding 500 A is preferred.

The catalyst according to the invention generally
comprises 0.1-100 ¥ by weight, calculated'on the total mass of
the catalyst, of a material which is catalytically active for
the selective oxidation cof HzS to elemental sulphur.

It should be stressed that we are here concerned with the
active material which is accessible to the reaction gases.
Indeed, by sintering or'by a different process of preparation
a part of the active material, in particular metal oxide, can
also be encapsulated, for instance by sintering up narrow
pores in the carrier. However, the difference between
encapsulated metal oxide and metal oxide present on the
carrier can easily be determined by TPR, temperature
programmed reduction. 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
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Exanpl e 2 -2-58—g—of—NHerr+1FeEDTA [err] 1, 5H err] O WREPLACEMENTe SHEET
nl of demi neral i zgd Al Bk BechMEpiRRd Ut | ON Wa$ THIS SHEETI HAS B '
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phosphat e was di ss H hﬂlalized water wasS addedt el 8o t
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compound is used, or a mixture of metal compounds, optionally

in combination with one or more compounds of non-metals.

As catalytically active material preferably 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 contain one
or more promoting materials. Suitable promoting materials
according to the invention are phosphorus compounds. These can
be applied to the catalyst inter alia by impregnation with a
soluble phosphorus compound.

Generally the catalyst will comprise a carrier material
to which a catalytically active material is applied. It is
also possible ,however, to produce a catalyst which comprises
no separate carrier material, but whose total mass basically
consists of catalytically active material. It is preferred,
however, to use a carrier material to which a catalytically
active material has been applied. '

The active component is present on the carrier in an
amount preferably in 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 carrier a ceramic material is used, which
under the reaction conditions exhibits no Claus activity or

.~ has been deactivated as regards this activity. It is also
possible, however, to use as a carrier other materials which
exhibit no or hardly any Claus activity, satisfy the
requirement regarding the average pore radius and are
thermostable. Examples are thermostable non-ceramic materials,
such as metal gauze structures and surfaces of (incompletely)
‘Sintered materials. Very suitable is a honeycomb structure
having a high thermal conductivity. Suitable materials for

such carriers are the various metal alloys which are stable
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advantageous in that it enables the efficient control of heat
in the reactor. The point is suchﬁmaterials permit easy
transfer of heat, which makes iflpossible to supply and/or to
disperse a lot of heat. Preferably the catalyst is applied to
the metal in a thin layer. One can apply only the
catalytically active material or the catalytically active
material together with a carrier material. In the latter case
preferably a thin layer of catalyst will be applied. Then the
catalyst will preferably have a relatively small pore radius
in order that sufficient active surface area is obtained. The

specific surface area of the catalyst will then preferably
exceed 100 m2/g. In such a case preferably a catalyst is used
with relatively short pores, the pore length being for
_instance less than 100 um.

As explained hereinbefore aluminum oxide as such is
generally less suitable as a carrier. It turns out, however,
Ehat silicon dioxide, whose pore radius and specific surface
area meet the requirements set, yields good results when it is

~used as a carrier and its use is therefore preferred.

In principle the catalysts according to the invention can
be prepared by'the known methods of preparing (supported)
catalysts. |

The non~supported catalysts are preferably prepared by
(co)precipitation of the active component or components. When
more than one active component is used these components may
optionally be precipitated consecutively. In the preparation
the conditions should be chosen such that a material is
obtained which has the desired structure and properties or can
be converted into such a material. '

Since preferably a catalyst is used with a carrier
material it is preferred to start from a carrier which itself
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already has a suitable average pore radius and exhibits no or
only minimum Claus activity.

In order to bring the catalyst carrier into a suitable
form, it may optionally be subjected to a sintering treatment
beforehand. ' _

If desired, a sintering treatment may be carried out with
a finished catalyst, micropores thus being sintered up.

In the preparation of supported catalysts the homogeneous
application of the catalytically active material to the
carrier material requires particular care, and furthermore it
is to be ensured that homogeneity is maintained during and
after the drying and_calcination procedure.

For these requirements to be met it is very effective to
prepare such catalysts by the "dry" impregnation of the
carrier 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 an EDTA complex. An amount of a viscosity
increasing compound such as hydroxyethyl cellulose may be
added to the solution. By impreqnating the carrier material
with this solution by means of the incipient wetness method, a
catalyst is obtained to which the active material is applied
very homogeneously.

The invention alsc relates to a process for the selective
oxidation of sulphur cdntaining compounds, in particular
hydrogen sulphide, to elemental sulphur, using the catalyst
according to the invention.

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

It is noted that not just the structure of the catalyst,
but also the process parameters determine whether optimum
results are obtained. The selected temperature and the
contacting time for the oxidation are of particular relevance.
The use of the present catalyst, for that matter, permits
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tolerating ah excess of oxygen and/or the presence of water in
the gas to be treated..

The oxidation process is carried out by adding such an
amount of oxygen or an oxygen containing gas to the hydrogen
sulphide containing gas, using a known per se ratio regulator
that the molar ratio of oxygen to hydrogen sulphide is between
0.5 and 5.0, and preférably between 0.5 and 1.5.

The process according to the invention can be used for
the selective oxidation of all gases which comprise sulphur
containing compounds, in particular hydrogen sulphide.
Examples of processes in which the oxidation according to the
invention can be suitably used are the processes described in
European patent application 91551, European patent
application 78690 and U.S. patent specification 4,311, 683.

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 selected above 150°C and preferably above 170°C. This
temperature is partly dictated by the fequirement that the
temperature of the catalyst bed should be above the dew point
temperature of the sulphur formed.

.
is used the

[ %]

If a fixed bed of catalyst particle
particles preferably have a diameter in the range of
1/31-1/2 inch and a pore radius of at least 150 A. For use in
a fixed bed one can also use catalyst particles in the form of
rings, pellets, macaroni-like structures, hollow grains and
the like. The advantage is that with them a lower pressure
drop can be obtained with the same bed height.

- If on the other hand a fluidized reactor is used,
preferably catalyst particles are used which have a diameter
in the range of 10 pm - 1 mm and a pore radius in the range of
25-150 A.

One of the advantages of using the invention resides in
the fact that a heightened activity is obtained while the
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selectivity is maintained, which leads to a better sulphur
yield. The invention also permits the gas temperature to be
initially lower because the catalyst has a lower initiating
temperature. Due to the exothermic nature of the oxidation
reaction and the fact that at too high a temperature a
non-selective thermal oxidation of the sulphur éompounds may
occur, lowering the initiating temperature is of great
importance with a view to increasing the sulphur yield.

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

If the H)S content is higher than 1.5 % by volume it may
be necessary to take steps in order to prevent the temperature
in the oxidation reactor from becoming too high due to the
reaction heat released. Such steps 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 coblant.
Such a reactor is known from Europeah patent specification
91551. A reactor containing a cooling element may also be
employed. Further, it is possible to return the treated gas to
the reactor inlet after cooling, and thus an additional
dilution of the gas to be oxidized is attained or,
alternatively, the gas to be oxidized can be distributed over
a plurality of oxidation reactors while simultaneously the
oxidation air is distributed 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. Thus an optimum heat
transfer can be achieved..

According to another particular embodiment the catalyst
is utilized in the form of fixed, for instance honeycomb-like,
structures of high thermal conductivity, which also suitably
preVents an undesirable increase in the temperature of the
catalyst. '

The process according to the invenfion can be utilized

with particular advantage for the selective oxidation of the
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280 100
hydrogen sulphide containing residual gases coming from a
Claus plant. Apart from the very high selectivity of the
catalyst according to the invention a very important
additional advantage is thus obtained in 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 gasses are preferably first

. passed through a hydrogenation reactor, in which for instance

a cobalt-molybdenum containing catalyst is present and in
which all sulphur containing compounds are hydrogenated to
hydrogen sulphide. |

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 with a
subsequent hydrogenation stage, followed by absorption of
hydrogen sulphide, as described in European patent
application 71983. 98% of the sulphur 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 sulphur recovery percentages of up'to 100%
can be achieved. According to a variant of this process it is
possible after the hydrogenation stage to again employ a
selective oxidation according to the invention instead of the

absorption mass, a total su phu recovery percentage between

-99.5 and 99.8% being thus attained.

Further the process according to the invention is
particularly suitable for desulphurizing for instance fuel
gases, refinery gases, bio gas, coke furnace gas, gaseous
effluents from chemical plants such as viscose factories, or
gasses which are flared at gas and/or oil extraction sites..

If in the process according to the invention the sulphur
vapour containing gas coming from the selective oxidation
stage, optionally after condensation and separation of the
greater part of the sulphur, is passed over a bed in which the
sulphur is removed by capillary adsorption, the sulphur

recovery percentage is increased to virtually 100%.
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The invention is illustrated in and by the following
examples. The values for BET surface area and average pore
radius specified in them have been determined in the manner

defined hereinbefore.
EXAMPLES
Example la

100 g of silica (Degussa 0X-50, B.E.T. 42 m2/g) were
mixed with 147 g of water and 1.5 g of HEC
(Hydroxy Ethylene Cellulose) and extruded. The extrusions were
dried at 100°C. In order to obtain sufficient mechanical
strength the extrusions, were calcined at 700°C. The preformed
carrier thus obtained had a BET surface area of 45.5 m?/g, a
pore volume of 0.8 cm3/g and an average pore radius of 350 A.

Example 1b

0.44 g of EDTA (ethylene diamine tetraacetic acid) was
dissolved in 10% NH3 to form a solution having a pH of 7. Then
0.52 g of Cr(NO3)3 - 9H20 and 2.05 g of NH3FeEDTA-1.5H20 were
added to this solution. The slurry thus obtained was adjusted
to a pH of 6 with 25% NH3 and made up with demineralized water
to a total of 8 ml. The result was a red solution.

10 g of the extrusions obtained according to Example la
were then impregnated with the 8 ml solution. They were then
dried for 5 hours at room temperature and for 5 hours at
120°C. By heating the dried sample at 500°C'in'air for 5 hours
an iron oxide-chromium oxide phase was generated. The catalyst
obtained in this way had a BET surface area of 45.9 mz/g, a
pore volume of 0.75 cm3/g and an average pore radius of 325 A.
The iron oxide content was 4 % by weight and the chromium
oxide content was 1% by weight, calculated on the weight of
the catalyst. '
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SOerr], EXuled®s in He. The space velocity of the gas was 12,000 hr[err]
and the tenper & \ge gvaF iNpGFeaped byl s3ets wfre dissolved in 3 ml of

demineralized water. The solution was adjusted to a pH of 6
with an ammonia solution (25%). In this solution 0.10 g of
diammonium hydrogen phosphate was dissolved. Demineralized
water was added to the solution to make a total of 8 ml. The
result was a red solution. .

10 g of the extrusion obtained according to Example la
were impregnated with the 8 ml solution. They were dried for'
5 hours at room temperature and for another 5 hours at 120°C.
By heating the dried sample at 500°C in air for 5 hours an
iron oxide~phosphorus oxide phase was generated. The resultant
catalyst had a BET surface area of 40.12 m2/g, a pore volume
of 0.72 cm3/g and an average pore radius of 350 A. The
catalyst contained 5% by weight of iron oxide and the

phosphorus:iron molar ratio was 1:9.

Examples 3 and 4

From the catalysts prepared in accordance with Examples 1
and 2 sieve fractions were made with a particle size of
between 0.4 and 0.6 mm. A quartz reactor tube having a
diameter of 8 mm was filled with 1 ml of this catalyst. From
the top down a gas mixture of the following molar composition
was passed over the catalyst: 4% 0z, 1% HzS, 30% H3C 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
20°C from 200°C to 300°C and then lowered again to 200°C. The
sulphur vapour generated was condensed downstream of the
reactor at 130°C. The water vapour was removed with a water
permeable membrane (Permapure). The composition of the ingoing
and the outgoing gas was determined with a gas chromatograph.

The results of the experiments are summarized in
Tables 1-3. The tables also present a comparison with a
"catalyst according to Example 1 of U.S. patent specification
4,818,740 (Example A, Table 1).
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TABLE 1
E;émple Temp . (bed) A* Sk* Yxxx
°C
A 200 17 97 16
220 35 96 34
240 54 95 51
260 70 95 67
280 93 93 86
300 99 79 78

*: A = activity (%)

**:

/2]
]

S selectivity (%)
***x: ¥ = S yield (%)

TABLE 2
Example Temp . (bed) A* Sx* Yx %%

-] C )
3 200 35 96 ' 34
' 220 73 %96 70
240 93 94 87
260 99 93 92
280 100 80 80
300 100 64 64
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TABLE 4

siderr] (% [err]-Alferr]Qerr] (% = {Trs sueer nas PeERCLGEMENT SHEE
200 10 86 REPLACED 22
12 83 240 6
81 N 78 JaN 1097
TABLE 3
Example Temp . (bed) ax S O*x*
°C
4 200 36 98 35
220 60 97 58
240 85 96 82
260 99 95 " 94
280 100 82 82
300 100 62 62
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Low-area o—-Al;03 was made by heating y-Al203 extrusions at
1200°C. The specific surface area was 10 m2/g, the pore volume
was 0.6 cm3/g and the average pore radius was 1200 A. Low-area
Si0, was prepared in accordance with Example 1.

Of these carrier materials a sieve fraction was made
having a particle size of between 0.4 and 0.6 mm. A quartz
mini-reactor tube héving a diameter of 8 mm was filled with
1 ml of the éérrier material. From the top down a gas mixture
of the féllOWing composition was passed over this material:
0.5% of SO2, 1 % of H2S in He. The space velocity of the gas
was 12,000 hr‘? and the temperature was increased by steps of
20°C from 200°C to 300°C and back again. The sulphur vapour
generated was condensed downstream of the reactor at 130°C.
The composition of the ingoing and.the outgoing gas was
determined with a gas chromatograph. |

In Table 4 the degree of HS conversion (activity) is

expressed as a function of the temperature.
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nerr] g were inpregnated with the 9.0 M gott B T |
tenperature for 5 hours and then at 120[er Fkﬁ$§gﬁ§g&é Qrours. By _
heating the dried sanple in air at 500 C f 5. s lirqniq 0

oxi de- phosphorus oxi de phase was generated. The catal yst tqus ?ol’%d“ﬁzﬂd a
BET surface area of 128.4 nierr]/g,. a pore volune of 0.§7 n
average pore radius of 140 A. The catal ygp contai ned 596@X7meight of iron
oxi de and the phosphorus:iron nmolar ratio was 1:9. Exanpl€ 8 2580
NH[ err] FeEDTA [err] 1.5H err] O was di ved, in 3 m of dem neralized

wat er. The solution was adjusted to aééﬁg%) % with an anmoni a sol ution
(2599 . In.this solution 0.10 g of dianmmoni um hydrogen phosphate

10 Q of silicon dioxide extrusions with a specific surfacggiaﬁﬁfuf 126

n(
rm

Claus activity of
Temperature Siop a-Al,04
(°C) | U (%)
200 10 86
220 12 83
240 . 16 81
260 23 80
280 ' 27 79
300 32 78

This Sheet Has Been Replaced

T



was di ssol ved. Demi neralized water was adde
total of 7.4 m . 10 g of 0X200 ( DEGUSSA) mmﬁr&fﬂ
of 180 nferr]/g were inpregnated with the 7]4 ' RERUACEDN.] Thg materi al.
dried at roomtenperature for 5 hours and then at IZ20 [err] 1& Jmpqgg?r 5
hours. By heating the dried sanple in air at 500 [err] C fjor ours an

i ron oxi de-phosphorus oxi de phase was geperated. The cat allyst—ttros—formed
had a BET surface area of 182 n{ferr]/g. a pore volune of (4@ 71 cnferr]g and

an aver agegﬁor e1 Ea.;il us of 80 A The catal yst contained 5% by wel ghT of rTon

oxi de and horus:iron nolar ratio was 1:9. The caial
according to Ex&and8ed NHiFrETMer &. §HeQevaandissoineds+ac?i B 0.4-0.6 mMm

1m i
the top doRBEPHEELisdl YR A (iR AR 4 ?%%?f = E&m@‘”‘péé‘s o5

over this amnanjatsoDusienf (XY ler rin thbofsousdans (. ofh & iggmog Lum
vel ocity Oﬂy&nggﬁspﬂggbﬂé%éxwgJ"dlséﬂﬁbé&“aﬂéﬁﬂ%@ﬁﬂﬂﬁ%édMWéter was
added to the solution to make a total of 9.0 ml.
10 g of silicon dioxide extrusions with a specific
surface area of 126 m?2 /g were impregnated with the 9.0 ml
solution. They were dried at room temperature for 5 hours and
then at 120°C for another 5 hours. By heating the dried sample
in air at 500°C for 5 hours an iron oxide-phosphorus oxide
phase was generated. The catalyst thus formed had a BET
surface area of 128.4 m2/g, a pore volume of 0.87 cm3/g and an
average pore radius of 140 A. The catalyst contained
5% by weight of iron oxide and the phosphorus:iron molar ratio

was 1:9.

Example 8

2.58 g NH3FeEDTA -1.5H20 was dissolved in 3 ml of
demineralized water. The solution was adjusted to a pH of 6
with an ammonia solution (25%). In this solution 0.10 g of
diammonium hydrogen phosphate was dissolved. Demineralized
water was added to the solution to make a total of 7.4 ml.

10 g of 0X200 (DEGUSSA) with a specific surface area of
180 m2/g were impregnated with the 7.4 ml solution. The
material was dried at room temperature for 5 hours and then at
120°C for another 5 hours. By heating the dried sample in air
at 500°C for 5 hours an iron oxide-phosphorus oxide phase.was
generated. The catalyst thus formed had a BET surface area of
182 mz/g, a pore volume of 0.71 cm3/g and an average pore
radius of 80 A. The catalyst contained 5% by weight of iron
oxide and the phosphorus:iron molar ratio was 1:9.

The catalyst according to Examples 7 and 8 were sieved
and of the fraction of 0.4-0.6 mm 1 ml was introduced into a
quartz tube having a diameter of 8 mm.
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-The sul phur vapour formed was condensed do

130[err] C. The conposition of the ingoing aqd tﬁbggyggggﬂ1
determined with a gas chromatograph. | n Fabtes—5—art—p
H err]S conversion (activity) is expressed as a function

TABLE 5

t emper at ure. f 2
Exanpl e Tenp. (bed) ([err]C) Alerr] ﬁew] Y[err]

7 200 60 96 58

220 . gbrom e tomp downwards a gas mixture of the following

composition was passed over this catalyst: 0.5% of SOz, 1% of
HpS in He. The space velocity of the gas was 12,000 hr-l and
the temperature was incréased by steps of 20°C from 200°C to
300°C and back again} The sulphur vapour formed was condensed
downstream of the reactor at 130°C. The composition of the
ingoing and the outgoing gas was determined with a gas

chromatograph.
In Tables 5 and 6 the degree of H2S conversion (activity)

is expressed as a function of the temperature.
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TABLE 5
Example Temp. (bed) = A* S** Yxxx
' (°C)
7 200 60 96 58
220 82 95 78
240 98 93 91
260 100 90 90
280 100 76 76
300 100 50 50
TABLE 6
Bxample Temp. (bed) Ax S** Y xx
(°C) '
8 200 80 94 75
220 96 93 89
240 100 90 90
260 100 76 76
280 100 55 55
300 100 10 10
Example 9

2.58 g of NH3FeEDTA - 1.5H20 were dissolved in 3 ml of
demineralized water. The solution was adjﬁsted to a pH of 6
‘with an ammonia solution (25%). To this solution 0.071 g of
trisodium citrate dihydrate were added and dissolved.
Demineralized water was added to the solution to make a total
of 8 ml.
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10 g of the extrusion obtained according to Example la
were impregnated with the 8 ml solution. They were dried for
5 hours at room temperature and for another 5 hours at 120°C.
By heating the dried sample at 500°C in air for 5 hours an
iron oxide-sodium oxide phase was generated. The resultant
catalyst had a BET surface area of 40.12 m2/g, a pore volume
of 0.72 cm3/g and an average pore radius of 350 A. The
catalyst contained 5% by weight of iron oxide and the
sodium:iron molar ratio was 1:9.

In the same manner as in example 3, the conversion
activity and selectivity were determined. This shows the
unexpected effect of the addition of alkalimetal to the

catalyst according to the invention.

TABLE 7
Example Temp. (bed) A* S*x* Yrx*

°C

A 200 44 99 44
220 . 58 97 ’ 57
240 80 ° 96 77
260 100 94 94
280 100 89 89
300 . 100 76 : 76

*: A = activity (%)
X*: S S selectivity (%)
**%x; Y = § yield (%)
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1. A catalyst for the selective oxidation of sulphur-
containing compounds to elemental sulphur; comprising at least
one catalytically active material and optionally a carrier,
the catalyst having a specific surface area of more than

20 m2/g and an average pore radius of at least 25 A, while
under the reaction conditions the catalyst exhibits no
substantial activity towards the Claus reaction.

2. A catalyst according to claim 1, characterized in that
the average pore radius is greater than 50 A.

3. A catalyst according to claim 2, characterized in that
the average pore radius is greater than 200 A, and preferably
greater than 325 A.

4. A catalyst according to claims 1-4, characterized in that
the specific surface area is greater than 25 m2/g.

5. A catalyst according to claims 1-3, characterized in that
the average pore radius does not exceed 2000 A

6. A catalyst according to claims 1-5, characterized in that
the catalytically active material is supported on a carrier
material. ' _

7. A catalyst according to claim 6, characterized in that
the carrier material is S$i0j.

8. A catalyst according to claim 6 or 7, characterized in
that the catalytically active material is present on the
carrier in an amount of 0.1-10% by weight, calculated on the
total mass of the catalet. |

9. A catalyst according to claims 6-8, 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.

10. A catalyst according to claim 9, characterized 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, characterized by the

presence of one or more phosphorus compounds.
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TABLE 7 that it consists of catalyst particles having a diameter of
10 ym - 1 mm and a pore radius of 25-150 A.
14. A process for preparing a catalyst according to one or
more of claims 1-13, characterized by preparing a catalyst
comprising at least one catalytically active material and
optionally a carrier, the catalyst having a specific surface
area of more than 20 m2/g and an average pore radius of at
least 25 A, while under the reaction conditions the catalyst
exhibits no substantial activity towards the Claus reaction.
15. A process according to claim 14, characterized by
impregnating a carrier material in dry condition with a
solution comprising cations of the catalytically active
materials.
16. A process for the selective oxidation of sulphur-
containing compounds, in particular hydrogen sulphide, to form
elemental sulphur, characterized by passing a hydrogen
sulphide containing gas together with an oxygen containing gas
over a catalyst according to one or more of claims 1-13 at an
elevated temperature.
17. A process according to claim 16, characterized by
maintaining the molar ratio of oxygen to hydrogen sulphide in
the range of 0.5-1.5.
18. A process according to claim 16 or 17, characterized by
carrying out the selective oxidation in a fixed bed of
catalyst particles having a diameter of 1/32 -1/2 inch and a
pore radius of at least 150 A.
19. A process according to claim 16 or 17, characterized by
carrying out the selective oxidation in a fluidized bed of
catalyst particles having a diameter of 10 um - 1 mm and a
pore radius of 25-150 A
20. A process according to claim 16 or 17, charaéterized by

carrying out the selective oxidation in a reactor in which the
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COMPOUNDS TO ELEMENTAL SULPHUR, PROCESS FOR P
SUCH A CATALYST AND METHOD FOR THE SELECTIVE OXTIDATTON
OF SULPHUR COMPOUNDS TO ELEMENTAL SULPHUR

ABSTRACT

The invention is directed to a catalyast for the
selective oxidation of sulphur-containing'compounds.to
elemental sulphur, comprising at least one
catalytically activé material and optionally a
carrier, the catalyst having a specific surface area,
of more than 20 m*/g and an average pore radius of at
least 25 A, while under the reaction conditions the
catalyst exhibits no substantial activity towards the

Claus reation. .
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The necessity of purifying gases which are further treated in chemical processes, supplied to buyers, or
discharged to the atmosphere., from sulphur compounds, in particular hydrogen sulphide, is generally
known. Accordingly. a number of processes are known which are directed to the removal of hydrogen
suiphide from gas. :

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

In the Claus process. however, the HzS is not quantitatively converted to elemental sulphur, mainly due
to the fact that the Claus reaction is not completed:

2H;S + 802> 2H20 + 3n S, m

A residual amount of H;0 and SO; remains. Now, generally it is not allowed to discharge H2S containing
i, residual gas, and so the gas is to be combusted, with the hydrogen sulphide and other sulphur compounds
N as well as the elemental sulphur present in the gaseous phase being oxidized to sulphur dioxide. With the
environmental requirements becoming stricter, this will not be allowed anymore because the suiphur dioxide
emission involved is toa high. It is therefore necessary to further treat the residual gas of the Claus_
installation, the so-called tail gas. in a so-called tail gas installation.

Tail gas processes are known to those skilled in the art. The best-known and to date most effective
process for the treatment of tait gas is the SCOT process (See GB-A-1,461,070). In this process the tail gas,
together with hydrogen, is passed over a cobalt oxide:molybdenum oxide catalyst applied to Alz03 as a
carrier, the SOz present thus being catalytically reduced to HzS. The total amount of HzS is then separated
in conventional manner by fiquid absorption. One drawback of the SCOT process is that it requires a
complicated installation. Another drawback .is the high energy consumption involved in removing the
hydrogen suiphide from the absorbent again.

Another possibility of converting hydrogen sulphide in tail gas to elemental sulphur is the so-called BSR
Selectox process, described in US-A 4,311,683. According to this process the HzS containing gas. mixed
with oxygen, is passed over a catalyst containing vanadium oxides and vanadium sulphides on a non-
alkaline, porous, refractory oxidic carrier. . )

An important drawback of both the SCOT process and the Selectox process is that in both cases the
tail gas. after hydrogenation of the sulphur components present to H2 S, must first be cooled for the greater
part of the water to be removed, because water greatly interferes with the absorption and the oxidation of
H2S. Due to the high investments involved the costs of tail gas treatments according to these known

\_ / methods are high.

- Another process for the oxidation of Ha S to elemental sulphur is disclosed in U.S. patent specification
4,197,277. According to this publication the hydrogen sulphide-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 carrier material. Further the carrier material, which is impregnated with the active material, has a
specific surface area larger than 30 m2’g and a pore volume of 0.4-0.8 cm?g, wh;le at least 12.5% of the
total pore volume is constituted by pores having a diameter greater than 300 A 1t has turned out that.with _
this catalyst. the Claus equilibrium is established at least in part, so that the formation of SO2 cannot be
prevented. As a resuit the effectiveness of this process is insufficient.

The effectiveness with respect to the conversion of H:S to elemental sulphur can in general be
adversely affected by the occurrence of the following side reactions:

1. the continued oxidation of sulphur:

inS, +02->80: (2
2. the reverse (of rather reversing) Claus reaction:
3n S, + 2H20 <> 2 Hz:S + SOz 3
Here the sulphur once formed reacts back with the water vapour also present to form hydrogen sulphide

and sulphur dioxide. _
The occurrence of the side reactions mentioned above is partly determined by practical conditions.
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Another important circumstance is that in general in the selective oxidation some excess of oxygen will
be used not only to prevent the Hz:S from "slipping through” 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 sulphur formed, thus adversely affecting the effectiveness of the process. '

U.S. patent specification 4,818,740 discloses a catalyst for the selective oxidation of H2S to elemental
suiphur, the use of which prevents the side reactions mentioned to a large extent, while the main reaction

ygenm to hydrogen

H2S + 1202 > H20 + 1S, (4)

takes place with a sufficient degree of conversion and selectivity.

The catalyst according to that patent specification comprises 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 is applied to this surface. Further the specific surface area of the catalyst is less than 20
\_/ m2.,g and less than 10% of the total pore volume in the catalyst has a pore radius in the range of 5-500 A.

Although the catalyst constituted a major breakth: ugh in the field of removing sulphur compounds from
gas mixtures, it has turned out that further improvements are desirable and possible.

Due to the limitations imposed upon the specific surface area and the pore radius distribution of the .
prior catalyst,-which limitations play an essential role in realizing the desired results, of necessity a limitation
has also been imposed or set the amount of active material which can be applied to the catalyst. As a result
the vield of sulphur which can be achieved with the catalyst according to the prior U.S. specification is
somewhat limited. Because the catalyst described in the patent specification has a relatively high initiating
temperature, it is necessary to work at a low space velocity and thus to use a reiatively large amount of
catalyst, or the final temperature of the gas and the catalyst bed will be so high that the suiphur may be
thermally oxidized.

The object of the present invention is to provide a catalyst for the selective oxidation of sulphur
compounds to elemental sulphur which has a larger specific surface area, but in which the disadvantages of
a larger specific surface area described in the U.S. specification do not occur.

The invention relates to a process for the selective oxidation of sulphur compounds, comprising passing
a hydrogen sulphide containing gas together with an oxygen containing gas in a molar ratio of oxygen to
hydrogen sulfide between 0.5 and 5 with a temperature at the inlet of the reactor between 150 and 330°C,
over a catalyst comprising at least one catalytically active material selected from the group of iron
compounds and compounds of iron and chromium, and silica as a carrier material in an amount of between

60 and 99.9 wt.% of the catalyst, the catalyst having.a specific surface area of more than 20 m?g and an

.~ average pore radius of at least 50 A, but not exceeding 2000 A, while the selectivity of the catalyst for the
oxidation of hydrogen sulphide to elemental sulphur at 250°C in the presence of stoichiometrical amounts
of H2S and O; and 30% by volume of water, is less than 15% lower than in the absence of water.

The invention is also concerned with a catalyst suitable for the selective oxidation of hydrogen suiphide
to elemental sulphur according to any one of the claims 1-5, said catalyst comprising at least one
catalytically active material selected from compounds of iron and compounds of iron and chromium,
optionally in combination with one or more promotors and silica as a carrier material in an amount of
between 60 and 99.8 wt.% of the catalyst, the catalyst having a specific surface area of more than 20 m2g
and an average pore radius of at least 50 A. but not exceeding 2000 A, while the selectivity of the catalyst
for the oxidation of hydrogen sulphide to elemental suiphur at 250°C in the presence of stoichiometrical
amounts of H2S and Oz and 30% by volume of water, is less than 15% lower than in the absence of water.

Surprisingly. we have now found that such a very specific catalyst with a relatively large surface area
has a good activity and a good selectivity. Indeed, in view of the disclosure in the above U.S. patent
specification it was to be expected that the activity might be improved, but that the selectivity to elemental.
sulphur would be substantially lower. It has turned out, however, that the selectivity is very good, provided
the abovementioned requirements of pore radius and minimal Claus activity are met. T

This last requirement is a very strict requirement, which only a limited number of materiais satisfy if the’
specific surface area exceeds 20 m?g. In general the materials used in the examples of the abovemen-
tioned U.S. patent specification 4.818,740 do not satisfy this requirement if the surface area exceeds 20
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improvement of the activity per volume unit of catalyst. This has great advantages, especially when the
processing capacity of an existing reactor is to be enlarged. ’

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 of HaS to sulphur in the presence of minimally
a stoichiometrical amount of O, at 250°C. More particularly this means that in the presence of 30% by
volume of water the selectivity of the reaction to elemental sulphur 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 reversing Claus
reaction

3n S, + 2H20 <> 2 H;S + SO, 3)

if a material is Claus active, the presence of water results in the reaction taking place in the direction of H2S
and SO with a part of the sulphur being converted to H2S and SOz again. HzS is then oxidized with the O
present to sulphur and water vapour, whereafter the Claus active catalyst converts the sulphur back into
S0;. 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 JA.C.S. 60. 309 (1938). A nitrogen adsorption was used at 77 K according to the so-
called three-point measurement. In the calculation the surface area of a nitrogen molecule was set at 16.2
Az,

The average pore radius is determined starting from a cylindrical pore modei while using the following
formula: . :

- 20,000 x pore volume (cm3/q)

BET surface area (m2/q)

Average pore radius (A)

The pore volume used in this formula is gravimetrically determined by impregnation with water in
vacuo. The specific pore volume can aiso 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, in contrast with the teachings of
U.S. patent specification 4,818,740, be considerably higher than the upper limit according to this U.S. patent
specification. ‘More specifically, 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 m¥g of catalyst. In
general no specilic additional advantages are gained with higher values.

The requirement as regards the average pore radius is relevant in view of the nature of the reaction. If
there are too many small pores there is the risk of continued oxidation of sulphur to SOz as a result of the
sulphur remaining in the pores too long, which is undesirable. However, the optimum pore radius aiso
depends on the size of the catalyst particles. According to the invention a pore radius of at least 50 Ais
required. Such a pore radius can be used in particular in situations where the size of the catalyst particles is
fairly small. Examples of such situations are the use of a powdered catalyst in a fluidized bed of catalyst

"having a particle size in the range of 10 um-1 mm, or the use of a catalyst which has been applied as a thin

layer to a carrier material, for instance of a sinter metal or a honeycomb. In such situations in general a
maximum pore radius of 150 A is used. In such cases the pore length can advantageously be kept small,
for instance below a maximum of 100 um. _

According to another embodiment of the invention the catalyst consist of particles, such as tablets,
extrusions or pellets having a diameter in the range of 0.8-12.7 mm (1/32-1/2 inch). Such catalysts are’
preferably used in fixed bed reactors, where the size of the particles’is an important factor in influencing the -
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catal yst. general no additional advantage is to be gained above this limit, while on the other hand problems may
arise in the preparation of the carrier. More specifically an average pore radius not exceeding 500 Ais
preferred.

The catalyst according *3 the invention comprises 0.1-40% by weight, calculated on the total mass of
the catalyst, of a material selected from the group of iron compounds and compounds of iron and chromium
which is catalytically active for the selective oxidation of HzS to elemental sulphur. .

it should be stressed that we are here concerned with the active material which is accessible to the
reaction gases. Indeed, by sintering or by a different process of preparation a part of the active material, in
particular metal oxide, can also be encapsulated, for instance by sintering up narrow pores in the carrier.
However. the difference between encapsulated metal oxide and metal oxide present on the carrier can
easily be determined by TPR, temperature programmed reduction. Details of this measuring technique are
described in N.W. Hurst, S.J. Gentry. A. Jones and 8.D. McNical, Catal. Rev. Sci. Eng. 24 (2), 233-309
(1982).The amount of metal oxide that is present and accessible to gases can thus be determined.

As an effective catalytically active material an iron compound is used. or a mixture of iron and

- chromium compounds, optionally in combination with one or more compounds of non-metals. 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 contain one or more promoting materials. Suitable
promoting materials according to the invention are phosphorus compounds. These can be applied to the
catalyst inter alia by impregnation with a soluble phosphorus compound.

The catalyst comprises a carrier material to which the catalyticaily active material is applied.

The active component is present on the carrier in an amount preferably in the range of 0.1-40 % by
weight, more preferably 0.1-10 % by weight caiculated on the total weight of the catalyst.

Using sinter metals or honeycomb structures as construction material in a reactor is advantageous in
that it enables the efficient control of heat in the reactor. Examples are thermostabie non-ceramic materials,
such as metal gauze structures and surfaces of (incompletely) sintered materials. Very suitable is a
honeycomb structure having a high thermai conductivity. Suitable materials for such carriers are the various
metal alloys which are stable under the reaction conditions. Examples are metals such as Fe, Cr or Ni or
alloys which comprise one or mare of these metals. The point’is such materials permit easy transfer of
heat, which makes it possible to supply and/or to disperss a lot of heat. Preferably the catalyst is applied to
the metal in a thin layer. One can apply the catalytically active material together with a carrier material. In
this case preferably a thin layer of catalyst will be applied. Then the catalyst will preferably have a relatively
small pore radius in order that sufficient active surface area is obtained. The specific surface area of the
catalyst will then preferably exceed 100 m2g. In such a case preferably a catalyst is used with relatively
short poras, the pore length being for instance less than 100 um.

O, As explained herginbefore aluminum oxide as such is generally less suitable as a carrier. It turns out.
- however, that silicon dioxide, whose pore radius and specific surface area meet the requirements set, yields
good results when it is used as a carrier and its use is therefore preferred.

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

Since a catalyst is used with a carrier material it is preferred to start from a carrier which itself already
has a suitable average pore radius and exhibits no or only minimum Claus activity.

In order to bring the catalyst carrier into a suitable form; it may optionally be subjected to a sintering
treatment beforehand.

if desired, a sintering treatment may be carried out with a finished catalyst. micropores thus being
sintered up.

In the preparation of supported catalysts the homogenseous application of the catalyncally active
material to the carrier material requires particular care, and furthermorae it is to be ensured that homogensity
is maintained during and after the drying and calcination procedure.

For these requirements to be met it is very effective to prepare such catalysts by the "dry”
impregnation of the carrier 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 an EDTA complex. An amount of a viscosity increasing compound such as hydroxyethyl cellulose may
be added to the solution. By impregnating the carrier material with this solution by means of the incipient
wetness method. a catalyst is obtained to which the active material is applied very homogeneously.
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elevated temperature.

It is noted that not just the structure of the catalyst, but also the process parameters determine whether
optimum results are obtained. The selected temperature and the contacting time for the oxidation are of
particular relevance. The use of the present catalyst, for that matter, 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 such an amount of oxygen or an oxygen containing gas
to the hydrogen sulphide containing gas, using a known per se ratio regulator that the molar ratio of oxygen
to hydrogen sulphide 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 which
comprise hydrogen sulphide. Examples of processes in which the oxidation according to the invention can
be suitably used are the processes described in European patent application 91551, European patent
application 78690 and U.S. patent specification 4,311,683.

The process according to the invention is eminently suitable for oxidizing gas which does nat contain
more than 1.5% of H2 S, because then a normal, adiabatically operating reactor can be used.

In the oxidation the inlet temperature of the catalyst bed is selected above 150 *C and preferably above
170°C. This temperature is partly dictated by the requirement that the temperature of the catalyst bed

, should be above the dew paint temperature of the sulphur formed.

L If a fixed bed of catalyst particles is used the particles preferably have a diameter in the range of 0.8-
'12.7 mm (1:32-1:2 inch) and a pore radius of at least 150 A. For use in a fixed bed one can also use
catalyst particles in the form of rings, pellets, macaroni-like structures, hollow grains and the like. The
advantage is that with them a lower pressure drop can be obtained with the same bed height.

if on the other hand a fluidized reactor is used, preferably catalyst particles are used which have a
diameter in the range of 10 um - t mm and a pore radius in the range of 25-150 A.

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 sulphur yield. The invention also permits the gas
temperature to be initially lower because the catalyst has a lower initiating temperature. Due to the
exothermic nature of the oxidation reaction and the fact that at too high a temperature a non-selective
thermal oxidation of the sulphur compounds may occur, lowering the initiating temperature is of great
importance with a view to increasing the suliphur yield.

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

if the H2 S content is higher than 1.5 % by volume it may be necessary to take steps in order to prevent
the temperature in the oxidation reactor from becoming too high due to the reaction heat released. Such
steps 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 known from European patent specification
91551. A reactor containing a cooling element may also be employed. Further, it is possibie to return the

o - treated gas to the reactor inlet after cooling, and thus an additional dilution of the gas to be oxidized is

AN attained or, alternatively, the gas to be oxidized can be distributed over a plurality of oxidation reactors
while simultaneously the oxidation air is distributed 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. Thus an optimum heat transfer can be achieved..

According to another particular embodiment the catalyst is utilized in the form of fixed, for instance
honeycomb-like, structures of high thermal conductivity, which also suitably prevents an undesirable
increase in the temperature of the catalyst.

The process according to the invention can be utilized with particular advantage for the selective
oxidation of the hydrogen suiphide containing residual gases coming from a Claus plant. Apart from the
very high selectivity of the catalyst according to the invention a very important additional advantage is thus
obtained in 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 gasses are preferably first passed
through a hydrogenation reactor, in which for instance a cobalt-molybdenum containing catalyst is present
and in which ail sulphur containing compounds are hydrogenated to hydrogen sulphide.

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 with a subsequent hydrogenation stage. followed
by absorption of hydrogen sulphide, as described in European patent application 71983. 98% of the sulphur

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 sulphur recovery percentages of up to 100%

1”4
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can be achieved. According to a variant of this pracess it is possible after the hydrogenation stage to again

employ a selective oxidation according to the invention instead of the absorption mass, a total suiphur
recovery percentage between 99.5 and 99.8% being thus attained.

Further the process according to the invention is particularly suitable for desulphurizing for instance fuel
gases, refinery gases, bio gas. coke furnace gas, gaseous effluents from chemical plants such as viscose
‘factories, or gasses which are flared at gas and/or oil extraction sites..

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

The invention is illustrated in and by the followmg examples. The values for BET surface area and
average pore radius specified in them have been determined in the manner defined hereinbefore.

EXAMPLES
Example 1a

100 g of silica (Degussa OX-50, B.E.T. 42 m2g) were mixed with 147 g of water and 1.5 g of HEC
(Hydroxy Ethylene Cellulose} and extruded. The extrusions were dried at 100*C. In order to obtain
sufficient mechanical strength the extrusions were calcined at 700 *C. The preformed carrier thus obtained
had a BET surface area of 45.5 m2/g, a pore volume cf 0.8 cm?g and an average pore radius of 350 A:-

Example th

0.44 g of EDTA (ethylene diamine tetraacetic acid) was dissolved in 10% NHs to form a solution having
a pH of 7. Then 0.52 g of Cr(NQ3); « 9H20 and 2.05 g of NH3FeEDTA«1.5H,0 were added to this solution.
The slurry thus obtained was adjusted to a pH of 8 with 25% NH; and made up with demmerallzed water to
a total of 8 mil. The result was a red solution.

10 g of the extrusions obtained according to Example 1a were then impregnated with the 8 ml solution.
They were then dried for § hours at room temperature and for § hours at 120°C. By heating the dried
sample at S00°C in air for S hours an iron oxide-chromium oxide phase was generated. The catalyst:
obtained in this way had a BET surface area of 45.9 m2g, a pore volume of 0.75 cm3g and an average
pore radius of 325 A. The iron oxide .content was 4 % by weight and the chromium oxide content was 1%
by weight, calculated on the weight of the catalyst.

Example 2

258 g of NH3;FeEDTA - 1.5H20 were dissolved in 3 ml of demineralized water. The solution was
adjusted to a pH of 8 with an ammonia solution (25%). In this solution 0.10 g of diammonium hydrogen
phosphate was dissolved. Demineralized water was added to the solution to make a totat of 8 ml. The result

-was a red solution. .

10 g of the extrusion obtained according to Example ta were impregnated with the 8 mi solution. They
were dried for § hours at room temperature and for another 5 hours at 120 C. By heating the dried sample
at 500 C in air for § hours an iron oxide-phosphorus oxide phase was generated. The resultant catalyst had
a BET surface area of 40.12 m2g, a pore volume of 0.72 cm3:g and an average pore radius of 350 A. The
catalyst contained 5% by weight of iron oxide and the phosphorus:iron molar ratio was 1:9.

.Examples 3 and 4

From the catalysts prepared in accordance with Exampies 1 and 2 sieve fractions were made with a
- particle size of between 0.4 and 0.6 mm. A quartz reactor tube having a diameter of 8 mm was filled with 1
mi of this catalyst. From the top down a gas mixture of the following molar composition was passed over
the catalyst: 4% 02, 1% H.S, 30% H:0 in He. The space velocity (Nmi of gas per ml of catalyst per hour)
of the gas was 12,000 hr='. The temperature was raised by steps of 20* C from 200°C to 300°C and then
lowered again to 200°C. The sulphur vapour generated was condensed downstream of the reactor at
130°C. The water vapour was removed with a water permeable membrane (Permapure). The composition
of the ingoing and the outgoing gas was determined with a gas chromatograph. '



The results of the experiments are summarized in Tables 1-3. The tables al
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with a catalyst according to Example 1 of U.S. patent specification 4,818,740 (Example A, Table 1),

TABLE 1
Example Temp.bed) *C | A° ] S8 | ¥
A 200 17 | 97 16
220 35 | 96 | 34
240 54 | 95 | S1
260 70 | 95 | 67
280 93 | 93 | 86
300 98 | 79 | 78
A = activity (%)
=: § = 8 selectivity (%)
™Y = 8§ yield (%) '
TABLE 2
Example Temp.(bed) *C | A" S| Y
3 200 35 96 34
220 73 %6 | 70
240 93 94 | 87
260 99 93 | 92
280 100 | 80 | 80
300 . 100 | 64 | 64
TABLE 3
Example | Tempi(bed) *C | A" st o~
4 200 36 98 s
220 60 97 | 58
240 85 96 82
260 98 95 94
280 100 | 82 82
300 100 | 62 62

Examples 5 and 6

Low-area a-AlzO; was made by heating y-Al2O3 extrusions at 1200 *C. The specific surface area was
10 m3g. the pore volume was 0.8 cm3:g and the average pore radius was 1200 A. Low-area SiO; was

prepared in accordance with Example 1.

Of these carrier materials a sieve fraction was made having a particle size of between 0.4 and 0.6 mm.
A quartz mini-reactor tube having a diameter of 8 mm was filled with 1 mi of the carrier material. From the
top down a gas mixture of the following composition was passed over this material: 0.5% of SOz, 1 % of
H2S in He. The space velocity of the gas was 12,000 hr~* and the temperature was increased by steps of
20-C from 200°C to 300 * C and back again. The sulphur vapour generated was condensed downstream of
the reactor at 130°C. The composition of the ingoing and the outgoing gas was determined with a gas

chromatograph.

In Table 4 the degree of H>S conversion (activity) is expressed as a function of the temperature.
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TABLE 4
Temperature (* C) Claus activity of
SiOz2 (%) a-Al203 (%)
200 10 86
220 12 83
240 16 81
260 23 80
280 ' 27 79
300 ' 32 78

Example 7

2.58 g NH3FeEDTA - 1.5H,0 was dissolved in 3 ml of demineralized water. The solution was adjusted
to pH 6 with an ammonia solution {25%). In this solution 0.10 g of diammonium hydrogen phosphate was
dissolved. Demineralized water was added to the solution to make a total of 9.0 ml.

10 g of silicon dioxide extrusions with a specific surface area of 126 m2 -g were impregnated with the
9.0 ml solution. They were dried at room temperature for 5 hours and then at 120°C for another 5 hours.
By heating the dried sample in air at 500°C for 5 hours an iron oxide-phosphorus oxide phase was
generated. The catalyst thus formed had a BET surface area of 128.4 m?g, a pore volume of 0.87 cm3:g
and an average pore radius of 140 A. The catalyst contained 5% by weight of iron oxide and the
phosphorus:iron melar ratio was 1:9.

Example 8

2.58 g NH;FeEDTA « 1.5H.0 was dissolved in 3 ml of demineralized water. The solution was adjusted
to a pH of 6 with an ammonia solution (25%). In this 'solution 0.10 g of diammonium hydrogen phosphate
was dissolved. Demineralized water was added to the solution to make a total of 7.4 mi.

10 g of 0X200 (DEGUSSA) with a specific surface area of 180 m%g were impregnated with the 7.4 ml
solution. The material was dried at room temperature for S hours and then at 120°C for another 5 hours. By
heating the dried sample in air at 500 *C for 5 hours an iron oxide-phosphorus oxide phase was generated.
The catalyst thus formed had a BET surface area of 182 m2/g, a pore volume of 0.71 cm?g and an average
pore radius of 80 A. The catalyst contained 5% by weaght of iron oxide and the phosphorus:iron molar ratio
was 1:9.

The catalyst accordmg to Examples 7 and 8 were sieved and of the fraction of 0.4-0.6 mm 1 mt was
introduced into a quartz tube having a diameter of 8 mm.

From the top downwards a gas mixture of the following composition was passed over this catalyst:
0.5% of SOz, 1% of H2S in He. The space velocity of the gas was 12,000 hr~' and the temperature was
increased by steps of 20°C from 200°C to 300°C and back again. The sulphur vapour formed was
condensed downstream of the reactor at 130 *C. The composition of the ingeing and the outgoing gas was
determined with a gas chromatograph.

In Tables 5§ and 6 the degree of H2S conversion (activity) is expressed as a functlon of the temperature.

TABLE §

Example | Temp.(bed) (*C) | A° s Yy

7 200 60 | 9 | s8
220 82 |95 | 78
240 98 | 93 | o
260 100 | 90 | 90
280 100 | 76 | 78

300 100 | 50 | SO
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TABLE 8
Example | Temp.(bed) (*C) | A" sT| ¥y
8 200 go |94 75
220 96 93 | 89
240 100 90 20
260 100 76 76
280 100 55 55
300 100 10 10

Example 9

2.58 g of NH3FeEDTA - 1.5H20 were dissolved in 3 ml of demineralized water. The solution was
adjusted to a pH of 6 with an ammaonia solution (25%). To this solution 0.071 g of trisodium citrate dihydrate
were added and dissolved. Demineralized water was added to the solution to make a total of 8 ml.

10 g of the extrusion obtained according to Example 1a were impregnated with the 8 mli solution. They
were dried for § hours at room temperature and for another 5 hours at 120 °C. By heating the dried sample
at 500°C in air for S hours an iron oxide-sodium oxide phase was generated. The resultant catalyst had a
BET surface area of 40.12 m2q, a pore volume of 0.72 cm¥g and an average pore radius of 350 A. The
catalyst contained 5% by weight of iron oxide and the sodium:iron molar ratio was 1:9.

In the same manner as in example 3. the conversion activity and selectivity were determined. This
shows the unexpected effect of the addition of aikalimetal to the catalyst according to the invention.

TABLE 7
Example | Temp.(bed) *C | A" s Y
A 200 44 99 | 4
220 58 97 | s7
240 80 96 | 77
260 100 | 94 | 94
280 100 | 89 | 89
300 100 | 76 | 76

" A = activity (%)
™ 8 = § selectivity (%)
=Y = Syield (%)
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Claims

1. A process for the selective oxidation of hydrogen sulphide to farm elemental sulphur, said process
comprising passing a hydrogen sulphide containing gas together with an oxygen containing gas in a
molar ratio of oxygen to hydrogen suifide between 0.5 and 5 with a temperature at the inlet of the
reactor between 150 and 330°C, over a catalyst comprising at least one catalytically active material
selected from the group of iron compounds and compounds of iron and chromium, and silica as a
carrier material in an amount of between 60 and 99.9 wt.% of the catalyst, the catalyst having a specific
surface area of mare than 20 m*g and an average pore radius of at least 50 A, but not exceeding 2000
A, while the selectivity of the catalyst for the oxidation of hydrogen sulphide to elemental suiphur at
250 - C in the presence of stoichiometrical amounts of H2S and Oz and 30% by volume of water, |s less
than 15% lower than in the absence of water.

2. A process according to claim 1, characterized by maintaining the molar ratio of oxygen to hydrogen
sulphide in the range of 0.5-1.5.

3. A process according to claim 1 or 2, characterized by carrying out the selective oxidation in a fixed bed
of catalyst particles having a diameter of 0.8 - 12.7 mm (1/32 -1/2 inch) and a pore radius of at least
150 A.

4. A process according to claim 1-3, characterized by carrying out the selective oxidation in a fluidized -
bed of catalyst particles having a diameter of 10 um - 1 mm and a pore radius of 25-150 A.

8. A process according to claim 1-4, characterized by carrying out the selective oxidation in a reactor in
which the catalyst is present on a sinter metal or a honeycomb structure.

6. A catalyst suitable for the selective oxidation of hydrogen sulphide to elemental sulphur according to
any one of the claims 1-5, said catalyst comprising at least one catalytically active material selected
from compounds of iron and compounds of iron and chromium, optionally in combination with one or
more promotors and silica as a carrier material in an amount of between 60 and 9.9 wt.% of the
catalyst, the catalyst having a specific surface area of more than 20 m?g and an average pore radius of
at least 50 A, but not exceeding 2000 A, while the selectivity of the catalyst for the oxidation of
hydrogen sulphide to elemental sulphur at 250 *C in the presence of stoichiometrical amounts of H2S
and Oz and 30% by volume of water, is less than 15% lower than in the absence of water.

7. A catalyst according to claim 8, characterized in that the average pore radius is greater than 200 A, and
preferably greater than 325 A.

8. A catalyst according to claim 6 or 7, characterized in that the specific surface area is greater than 25
L mg.

9. A catalyst according to claim 6-8, characterized in that the catalytically active material is present on the
carrier in an amount of 0.1-10% by weight, calculated on the total mass of the catalyst.

10. A catalyst according to claim 6-9, characterized by the presence of one or more phosphorus
compounds.

11. A catalyst according to claim 6-10, characterized in that it consists of catalyst particles having a
diameter of 0.8 - 12.7 mm (1/32 -1:2 inch) and a pore radius of at least 1S0 A.

12. A catalyst according to claim 6-11, characterized in that it consists of catalyst particles having a
diameter of 10 Lm - 1 mm and a pore radius of 25-150 A.
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CATALYST FOR THE SELECTIVE OXIDATION OF SULPHUR
COMPOUNDS TO ELEMENTAI SULPHUR, PROCESS FOR PREPARING
SUCH A CATALYST AND METHOD FOR THE SELECTIVE OXIDATION
OF SULPHUR COMPOUNDS TO ELEMENTAL SULPHUR

ABSTRACT

The i::ivention isldirected to a éatalyst for the
selective oxidation of sulphur-containing compound§ to
elemental sulphur, comprising at l.ealst one
catalytically active | ‘material and opticnally a
carrier, the catal'Yst' having a specific surface area,
of more than 20 m?/g and an average pore radius of at
least 25 A, while under ﬁhe reaction conditions the
catalyst exhibits no substantial activity towards the

Claus reation.
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