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PARTI AL OXIFDATI ON CF HYDROCARBONS The present invention relates to a
process for the catalytic partial oxidation of hydrocarbons, in particular
to a process for the preparation of a m xture of carbon nonoxi de and
hydrogen from net hane, natural gas, associated gas or other sources of

| i ght hydrocarbons. The partlal oxi dati on of hydrocarbons, for exanple

met hane or natural gas, in the presence of a catalyst is an att{8chiye sIN
route for the preparation of m xtures of carbon nonoxi de and h :
known in the art as synthesis gas. The partial oxidation of a hydrocarbon

i s a highly exotherni cPrRe@ESS ORORNUHET OATABYTAEE PARTWALC DXTRRTION iGF t he
hydrocarbon, proceeds by the following . . nnoons

The present invention relates to a process for the
catalytic partial oxidation of hydrocarbons, in
particular to a process for the preparation of a mixture
of carbon monoxide and hydrogen from methane, natural
gas, associated gas or other sources of light
hydrocarbons.

The partial oxidation of hydrocarbons, for example
methane or natural gas, in the presence of a catalyst is
an attractive route for the preparation of mixtures of
carbon monoxide and hydrogen, known in the art as
synthesis gas. The partial oxidation of a hydrocarbon is
a highly exothermic reaction and, in the case in which
methane is the hydrocarbon, proceeds by the following
reaction:

2CHg4 + Op  —=—==--- > 2CO + 4Hp

The optimum catalytic partial oxidation process for
application on a commercial scale would give high yields
of carbon monoxide and hydrogen at elevated pressures,
for example about 30 bar, and very high space velocities,
for example of the order of 1,000,000 Nl/kg/h. For
thermodynamic reasons, in order to obtain high yields of
carbon monoxide and hydrogen under these process
conditions, it is necessary to operate the partial
oxidation process at high temperatures.

The literature contains a number of documents
disclosing details of experiments conducted into the
catalytic partial oxidation of hydrocarbons, in
particular methane, employing a wide range of catalysts.
The majority of these experiments, however, have been
conducted under very mild conditions or under conditions
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reaction:” 2CHerr] + (err] [err] 2CO0 + 4Herr] The optinmm
catal ytic partial oxidation process for application on a commercial scale
wou[d_glve hi gh yi el ds of carbon nonoxi de and hydrogen at el evated
pressures, for exanple about 30 bar, and very high space velocities, for
exanple of the order of 1,000,000 N /kg/h. For thernodynam c reasons, in

order to obtain high yields of carbon nonoxi ¢ge -and hydrogen under these
process conditio

_ S _necess eraie th rt tion
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under very mld % AdftBPoAEPoA-OndEs ééﬁdl?ﬁ@ﬁéoses a ‘process
catalytic partial oxidation of a hydrocarbonaceous
feedstock in which a gaseous mixture of the
hydrocarbonaceous feedstock, oxygen or an
oxygen-containing gas and, optionally, steam, is
introduced into a catalytic partial oxidation zone to
contact a catalyst retained therein. The catalyst
employed in the process may comprise a wide range of
catalytically active components, for example palladium,
platinum, rhodium, iridium, osmium, ruthenium, nickel,
chromium, cobalt, cerium, lanthanum and mixtures thereof.
Further, it is stated in EP-A-0 303 438 that materials
not normally considered to be catalytically active may
also be employed as catalysts, for example refractory
oxides such as cordierite, mullite, mullite aluminium
titanate, zirconia spinels and alumina. The catalyst may
pe of a variety of forms, for example sheets of
corrugated metal packed to form elongate channels
therethrough or wire mesh. However, preference is given
in EP-A-0 303 438 to the use of catalysts in the form of
monoliths.

European Patent No. 0 262 947 (EP-B-0 262 947)
discloses a process for generating hydrogen by the
partial oxidation of a hydrocarbon in which a mixture of
the hydrocarbon and oxygen is injected into a mass of a
catalyst. The catalyst disclosed in EP-B-0 262 947
comprises platinum and chromium oxide supported on a
refractory solid.

D.A. Hickman and L.D. Schmidt ("Synthesis Gas
Formation by Direct Oxidation of Methane over Pt
Monoliths", Journal of Catalysis 138, 267-282, 1992))
have conducted experiments into the partial oxidation of

This Sheet Has Been Replaced




Substi'tute sheet - 18 Septenber 1996 -2- wholly unsuited to the operation
of a commercial catalytic partial oxidation process. Thus, European Patent
Application publication No. O 303 438 (EP-A-0 303 438) discloses a process
for the catalytic partial oxidation of a hydrocarbonaceous feedstock in
whi ch a gaseous m xture of the hydrocarbonaceous feedstock, oxygen or an
oxygen-contai ni ng gas and, optionally, steanmB ks introduced into a
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catal ytical ly acelabirenponenbedipps e?éﬁpCé palvs4gi gmployed were in the
form of a polycrystalline platinum foil or rhodium or
platinum supported on a ceramic foam carrier. The
partial oxidation reactions were conducted at
substantially atmospheric pressure and at temperatures in
the range of from 600 to 1500 K {337 to 1237 °C).

A.T Ashcroft et al. {("Selective oxidation of methane
to synthesis gas using transition metal catalysts"”,
Nature, vol. 344, No. 6264, pages 319 to 321, 22nd March,
1990) disclose the partial oxidation of methane to
synthesis gas in the presence of a range of
ruthenium~containing catalysts. The objective of the
experiments was to establish that the partial oxidation
process could be carried out under mild conditions and at
low temperatures. To this end, the experiments were
conducted with a low gas hourly space velocity of 40,000
/hr, a pressure of 1 atmosphere and a temperature of
about 777 °C. A single experiment is reported in which
elevated pressures were applied. However, in this case,
a large excess of methane was used in order to avoid the
risk of explosions.

P.D.F. Vernon et al. ("Partial Oxidation of methane
to Synthesis Gas", Catalysis Letters 6 (1990) 181-186)
disclose a range of experiments in which catalysts
comprising nickel, ruthenium, rhodium, palladium, iridium
or platinum, either supported on alumina or present in
mixed oxide precursors, were applied. Again, the
experiments reported are limited to a catalytic partial
oxidation process employing only mild operating
conditions. As a basis, a set of mild reaction
conditions were selected: a pressure of 1 atmosphere, a
gas hourly space velocity of 40,000 /hr, a temperature of
1050 K (777 °C) and a methane/oxygen ratio of 2.0. From
this basis, each of the process parameters was explored.
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plati num rhodium iridium osmum ruthenium nickel, chromum cobalt,
cerium | anthanum and m xtures thereof. Further, it is stated in EP-A-0 303
438 that materials not normally considered to be catalytically active may
al so be enpl oyed as catal ysts, for exanple refractory oxides such as
cordierite, mullite, mullite alum niumtitanate, zirconia spinels and

alum na. The catalyst may be of a variety of #orns, for exanple sheets of
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947 Oxidation of Methane to Synthesis Gas, and Carbon Dioxide
as an Oxidising Agent for Methane Conversion", Catalysis
Today, 13.(1992) 417-426.

R.H. Jones et al. ("Catalytic Conversion of Methane
to Synthesis Gas over Europium Iridate, EupIrpO7",
Catalysis Letters 8 (1991) 169-174) report the selective
partial oxidation of methane using the europium iridium
pyrochlore EupIr,07. The reaction was studied under the
mild conditions of a pressure of 1 atmosphere and a
temperature of 873 K (600 °C}.

J.K. Hockmuth {"Catalytic Partial Oxidation of
Methane over a monolith Supported Catalyst", Applied
Catalysis B: Environmental, 1 (1992) 89-100) reports the
catalytic partial oxidation of methane using a catalyst
comprising a combination of platinum and palladium
supported on a cordierite monolith body.

United States Patent No. 5,149,464 (US-A-5,149,464)
is directed to a method for selectively oxygenating
methane to carbon monoxide and hydrogen by bringing the
reactant gas mixture at a temperature of about 650 °C to
900 °C into contact with a solid catalyst which is
generally described as being either:

a) a catalyst of the formula MyM'yO,, where:

M is at least one element selected from Mg, B, Al, Ln,
Ga, Si, Ti, Zr and Hf; Ln is at least one member of
lanthanum and the lanthanide series of elements;

M! is a d-block transition metal, and each of the ratios
x/y and y/z and (x+y)/z is independently from 0.1 to 8;
or

b} an oxide of a d-block transition metal: or
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conpri Ses platinumand chrom um oxi de supported on a refractory solid. D. A
H ckman and L.D. Schm dt ("Synthesis Gas Formation by Direct Oxidation of
Met hane over Pt Monoliths", Journal of Catalysis 138, 267-282, 1992)) have
conducted experinments into the partial oxidation of Substitute sheet -
18 Septenber 1996 -3- nmethane in the presence of catal ysts conprising
either platinumor rhodium The catal ysts enpboyed were in the formof a

pol ycrystal l'ine platifyndQidx of r 400 459, Oke PA BLEAUD §g999&§8g¥0eugpe%@m c

foam carrier. The partial oxidation reactions were conducte
substantial ly at pheric pressure and at tenperatures in

d) a catalyst formed by heating a) or b) under the
conditions of the reaction or under non-oxidising
conditions,

The d-block transition metals are said in
US-A-5,149,464 to be selected from those having atomic
number 21 to 29, 40 to 47 and 72 to 79, the metals
scandium, titanium, wvanadium, chromium, manganese, iron,
cobalt, nickel, copper, zirconium, niobium, molybdenum,
technetium, ruthenium, rhodium, palladium, silver,
hafnium, tantalum, tungsten, rhenium, osmium, iridium,
platinum and gold. It is stated in US-A-5,149,464 that
the preferred metals are those in Group VIII of the
Periodic Table of the Elements, that is iron, osmium,
cobalt, rhenium, iridium, palladium platinum, nickel and
ruthenium.

The process described in US~A-5,149,464 is coperated
at a temperature in the range of from 650 °C to 900 °C,
with a range of from 700 °C to 800 °C being preferred. A
range of experiments are described in US-A-5,149,464 in
which a variety of catalysts comprising Group VIII metals
were tested, including ruthenium oxide,
praesidium/ruthenium oxides, pyrochlores, ruthenium on
alumina, rhodium on alumina, palladium on alumina,
platinum on alumina, nickel/aluminium oxide, perovskites
and nickel oxide.

A similar general disclosure of a catalyst for use in
the catalytic partial oxidation process is made in
International Patent Application publication No. WO
92/11199. WO 92/11199 specifically discloses experiments
in which catalysts comprising iridium, palladium,
ruthenium, rhodium, nickel and platinum supported on
alumina were applied. All the experiments were conducted
under mild process conditions, with typical conditions
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the range of from600 to 1500 K (337 to 1237 [err]C. A T Ashcroft et al.
("Sel ective oxidation of nethane to synthesis gas using transition netal
catal ysts", Nature, vol. 344, No. 6264, pages 319 to 321, 22nd March, 1990)
di scl ose the partial oxidation of nethane to synthesis gas in the presence
of a range of rutheniumcontaining catalysts. The objective of the
experinments was to establish that the parti-alé oxidation process could be
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single experi menyhirs reported in which el evated pressures were applied.
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commercial scale, the catalytlc partial oxidation process
would need to operate at elevated pressures and at high
temperatures. It has now been found that, when operated
under the conditions demanded of a commercial process,
the catalytic partial oxidation of hydrocarbons can, in
the presence of nitrogen, vield a synthesis gas product
containing a number of by-products, in particular ammonia
(NHB) and hydrogen cyanide (HCN), in low but significant
amounts. It has been found that such by-products can
adversely affect downstream processes to convert the
carbon monoxide and/or hydrogen produced by the catalytic
partial oxidation process, e.g. in the case of
Fischer-Tropsch synthesis or of the commercial synthesis
of methanol. The presence of by-products, in particular
ammonia or hydrogen cyanide in the products of the
catalytic partial oxidation process is thus undesirable.

Nitrogen is present in many natural gas feedstocks.
Further, the preparation of pure, nitrogen-free oxygen on
a commercial scale is both technically complex and very
expensive. Accordingly, there is a need for a process
for the catalytic partial oxidation of hydrocarbons when
nitrogen is present during the partial oxidation
reactions which may be applied on a commercial scale to
produce a product of carbon monoxide and/or hydrogen
containing a minimum of components such as ammonia and
hydrogen cyanide.

Surprisingly, it has been found that the inclusion of
sulphur or sulphur-containing compounds in the feed to
the catalytic partial oxidation process significantly
reduces the amounts of ammonia and hydrogen cyanide

produced. Accordingly, the present invention provides a
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to Synthesis Gas", Catalysis Letters 6 (1990) 181-186) disclose a range of
experinments in which catal ysts conprising nickel, ruthenium rhodium
pal |l adium iridiumor platinum either supported on alunna or present in
m xed oxi de precursors, were applied. Again, the experinents reported are
limted to a catalytic partial oxidation process enploying only mld
operating conditions. As a basis, a set of milfd-reaction conditions were

sel ected: a presw&@és 1f & ”@ﬁ@h@éé‘al tg@spgetliéy éﬁi@ﬁt‘i@hoélft)é of 40 000
/hr, a tenperature f 10 0 K (77 hand a_net hane/ ox en ratl%
2.0. Fromthis bd¥{¥ O%f thes bﬁ?aﬁﬁ?@?ésm&?m F6fefontacting

Substitute sheet & ﬂébdkmﬁxmmmm &o@ﬁﬁlsﬂng the hydrocarbon feedstock and
an oxygen-containing gas, which feed mixture also
comprises nitrogen, with a catalyst capable of catalysing
the partial oxidation of the hydrocarbon feedstock,
wherein the feed mixture also comprises a
sulphur-containing compound.

The process of the present invention may be used to
prepare carbon monoxide and/or hydrogen from any gaseous
hydrocarbon or hydrocarbon having a low boiling point
such that it is gaseous under the conditions prevailing
during the partial oxidation reactions. The process is
particularly suitable for the partial oxidation of
methane, natural gas, assoclated gas or other sources of
light hydrocarbons. In this respect, the term "light
hydrocarbons" is a reference to hydrocarbons having from
1 to 5 carbon atoms. The process may be applied in the
conversion of naturally occurring reserves of methane
which contain a substantial amount of carbon dioxide.
The feed preferably comprises methane in an amount of at
least 50% by volume, more preferably at least 75% by
volume, especially at least 80% by volume.

The hydrocarbon feedstock is contacted with an
oxygen-containing gas during the partial oxidation
process. Air may be used as the oxygen-containing gas,
in which case nitrogen will be present in the feed and
reaction mixture in large quantities. Alternatively, the
use of substantially pure oxygen may be preferred, in
which case nitrogen may be present in much lower, but
nevertheless significant, quantities. Typically, the
substantially pure oxygen is prepared on a commercial
scale by the distillation of liquified air. The amount
of nitrogen present in the substantially pure oxygen will
depend upon the operating conditions of the air
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Fromthis study it was concluded that the | ow tenperature operation gave
certain operating advantages, but was only practicable at pressures of the
order of 1 atnosphere. The authors report the same experinments in "Parti al
Oxi dation of Methane to Synthesis Gas, and Carbon Di oxi de as an Oxidi sing
Agent for Methane Conversion", Catalysis Today, 13 (1992) 417-426. R H.
Jones et al. ("Catalytic Conversion of Met Fafle t o Synt hesi s Gas over
Eggog;z?1IridatedhEU@emakhbbep&bEkesr]"ItCa@ahmshavbeﬂﬁ@m£<if(tﬁﬁxbhe
report f ecti parti.al ,ox of, t e [
europlun1|r|d|un? g?%% |§%6¥EU[§ fFPfe%Pﬁ%ﬁ BP tP%% egéﬁgﬁﬁﬂ%ggngiu ed
under the nild cbhdlannnélstlélptessupeoaﬁss Q@Wbbﬁhéﬁé&ﬁﬁﬁéi&hﬁﬁﬁh%ﬂure
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Met hane over a npno orte Cataly Catal ysis B:
Envi ronnent al , 1tb@9§EP589n$@©ﬂlNEP@ﬁﬁs0%H€en bElng used in the catalytic

partial oxidation process. This, in turn, offers
advantages in terms of a reduction in the overall capital
and operating costs of the air distillation plant.

The feed may optionally comprise steam.

The feed may comprise the hydrocarbon feedstock and
oxygen in an amount sufficient to give a suitable
oxygen-to-carbon ratio. Preferably, the oxygen-to-carbon
ratio is in the range of from 0.3 to 0.8, more preferably
from 0.45 to 0.75. References to the oxygen-to-carbon
ratio refer to the ratio of oxygen in the form of
molecules (02) to carbon atoms present in the hydrocarbon
feedstock. Preferably, the oxygen-to-carbon ratio is in
the range of from 0.45 to 0.70, with oxygen-to-carbon
ratios of the stoichiometric ratio, 0.5, that is in the
range of from 0.45 to 0.65, being particularly suitable.

If steam is present in the feed, the steam~to-carbon
ratio (that is the ratio of molecules of steam (HZO) to
carbon atoms in the hydrocarbon) is preferably in the
range of from above 0.0 to 3.0, more preferably from
above 0.0 to 2.0.

The gaseous mixture contacted with the catalyst in
the process of this invention comprises a
sulphur-containing compound. The mixture may comprise
one or a plurality of sulphur-containing compounds. Any
suitable sulphur-containing compound may be employed
which does not give rise to a significant adverse effect
to the performance of the partial oxidation reaction when
present in the required amount. Both organic and
inorganic sulphur-containing compounds may be employed.

Suitable inorganic sulphur compounds include hydrogen
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catal ytic partial oxidation of nmethane using a catalyst conprising a

conbi nati on of platinum and pall adi um supported on a cordierite nonolith
body. United States Patent No. 5,149,464 (US-A-5,149,464) is directed to a
met hod for selectively oxygenating nethane to carbon nonoxi de and hydrogen
by bringing the reactant gas m xture at a tenperature of about 650 [err]C
to 900 [err]Cinto contact with a solid catal9st which is generally
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natural gas or associated gas are being employed,
sulphur-containing compounds may be present in the gas as
it is produced from the reservoir. Such
sulphur-containing hydrocarbon feedstocks may
conveniently be used as a feed to the process of the
present invention without first undergoing a
desulphurisation treatment, such as is conventionally
applied.

The sulphur-containing compound should be present in
the feed mixture in a sufficient concentration to reduce
the formation of ammonia and hydrogen cyanide. However,
the quantity of the sulphur-containing compound should
not be so great as to significantly reduce either the
activity or the selectivity of the catalyst being
employed. Thus, the sulphur-containing compound is
preferably present in the feed mixture in an amount to
give a sulphur (S) content in the range of from 0.05 to
100 ppm, more preferably from 0.1 to 50 ppm, especially
from 0.1 to 10 ppm. Hydrocarbon feedstocks used directly
from naturally occurring reservoirs in which the sulphur
content is significantly above the aforementioned upper
limits may preferably be subjected to a partial sulphur
removal treatment before being employed in the process of
this invention.

The hydrocarbon feedstock, oxygen and its associated
gases, the sulphur-containing compound and the steam, if
present, are preferably well mixed prior to being
contacted with the catalyst.

The process of the present invention may be operated
at any suitable pressure. Preferably, the process of the
present invention is operated at elevated pressures, that
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Substitute sheet - 18 Septenber 1996 -5- c¢) a d-block transition netal on a
refractory support; or d) a catalyst formed by heating a) or b) under the
conditions of the reaction or under non-oxidising conditions. The d-block
transition netals are said in US-A-5, 149,464 to be selected fromthose
having atom ¢ nunber 21 to 29, 40 to 47 and 72 to 79, the netals scandi um
titani um vanadium chronmium manganese, iToh® Tobalt, nickel, copper
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silver, hafnluanhgn%%%%ggst%g > %”bﬁgygyéénaéxﬂﬁéé uéég(yﬁ”ghe range of
up to 150 bar. Preferably, the operating pressure is in
the range of from 2 to 125 bar, more preferably from 3 to
100 bar.

The process may be operated at any suitable
temperature. However, under the conditions of high
pressure prevailing in the process, it is necessary to
allow the feed gases to contact the catalyst at elevated
temperatures in order to achieve the level of conversion
required for a commercial scale operation. Accordingly,
the process is preferably operated at a temperature of at
least 950 °C. Preferably, the operating temperature is
in the range of from 950 to 1300 °C, more preferably in
the range of from 950 to 1200 °C. Temperatures in the
range of from 1000 to 1200 °C are particularly suitable.

The feed mixture may be provided during the process
at any suitable gas space velocity. It is an advantage
of the process of the present invention that very high
gas space velocities may be applied. Thus, typical space
velocities for the process (expressed as normal litres of
gas per kilogramme of catalyst per hour) are in the range
of from 20,000 to 100,000,000 N1/kg/hr, more preferably
in the range of from 50,000 to 50,000,000 Nl/kg/hr.

Space velocities in the range of from 500,000 to
30,000,000 Nl/kg/hr are particularly suitable.

Catalyst compositions suitable for use in the
catalytic partial oxidation of hydrocarbons are known in
the art. Preferred catalysts for use in the process of
the present invention comprise, as the catalytically
active component, a metal selected from Group VIII of the
Periodic Table of the Elements. References in this
specification to the Periodic Table of the Elements are
to the CAS version, as published in the CRC Handbook of
Chemistry and Physics, 68th Edition. Preferred catalysts
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platirumand gold. It is stated in US-A-5, 149,464 that the preferred netals
are those in Goup VIII of the Periodic Table of the Elenents, that is
iron, osmum cobalt, rhenium iridium palladiumplatinum nickel and

rut henium The process described in US-A-5,149,464 is operated at a
tenperature in the range of from®650 [err]C to 900 [err]C, with a range of
from 700 [err]C to 800 [err]C being preferretl A range of experinents are
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suitable for use in the process.

The catalytically active metal is most suitably
supported on a carrier. Suitable carrier materials are
well known in the art and include the refractory oxides,
such as silica, alumina, titania, zirconia and mixtures
thereof. Mixed refractory oxides, that is refractory
oxides comprising at least two cations may also be
employed as carrier materials for the catalyst.

The catalytically active metal may be deposited on
the refractory oxide carrier by techniques well known in
the art. A most suitable technique for depositing the
metal on the carrier is impregnation, which technique
typically comprises contacting the carrier material with
a solution of a compound of the catalytically active
metal, followed by drying and calcining the resulting
material.

The catalyst may comprise the catalytically active
metal in any suitable amount to achieve the required
level of activity. Typically, the catalyst comprises the
active metal in an amount in the range of from 0.01 to
20% by weight, preferably from 0.02 to 10% by weight,
more preferably from 0.1 to 7.5% by weight.

Any suitable reaction regime may be applied in the
process of the present invention in order to contact the
reactants with the catalyst. One suitable regime is a
fluidised bed, in which the catalyst is employed in the
form of particles fluidised by a stream of gas. A
preferred reaction regime for use in the process is a
fixed bed reaction regime, in which the catalyst is
retained within a reaction zone in a fixed arrangement.
Particles of catalyst may be employed in the fixed bed

This Sheet Has Been Rep

T



I nternational Patent Application publication No. WO 92/11199. WD 92/11199
specifically discloses experinents in which catalysts conprising iridium
pal | adi um ruthenium rhodium nickel and platinum supported on al um na
were applied. Al the experinents were conducted under m | d process
conditions, with typical conditions Substjjute sheet - 18 Septenber 1996
-6 - being a pressure of 1 atnosphere, a te rature of 1050 K (777 [err] O
and a gas hourl yrepime, veebeibgdobis abgufif8dobed/ heachdodi feudsddiues well
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may comprise the catalyst in the form of a monolithic
structure. A most preferred monolithic structure
comprises a ceramic foam. Suitable ceramic foams for use
in the process are available commercially. Further,
alternative forms for the catalyst include refractory
oxide honeycomb monolith structures.

In a preferred embodiment of the process of this
invention, the feed is contacted with a catalyst retained
in a fixed arrangement, which arrangement has a high
tortuosity. The term "tortuosity"” is a common term in
the art which, when referring to a fixed catalyst bed,
can be defined as the ratio of the length of the path
taken by a gas flowing through the bed to the length of
the shortest straight line path through the bed. Thus,
the honeycomb monolith structures have a tortuosity of
1.0. For the purposes of the present invention, the term
"high tortuosity" is a reference to arrangements having a
tortuosity substantially greater than that of the
honeycomb monolith structures, in particular a tortuosity
of at least 1.1. A fixed bed of catalyst particles
typically has a tortuosity of 1.5, whilst ceramic foams
may be prepared having a tortuosity in the range of from
3.0 to 4.0, or even higher. 1In general, the tortuosity
of the fixed bed arrangement is preferably in the range
of from 1.1 to 10.0, more preferably to 5.0. A most
suitable range of tortuosity is from 1.3 to 4.0.

It has been found that by employing the catalyst in a
fixed bed arrangement having a high tortuosity allows the
required conversion to be achieved with only a relatively
very short contact time between the reacting gases and
the catalyst. In this way, only a very low volume of
catalyst is required, which in turn allows the very high
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tenperatures. It has now been found that, when operated under the
condi ti ons denmanded of a commercial process, the catalytic partial

oxi dation of hydrocarbons can, in the presence of nitrogen, yield a

synt hesi s gas product containing a nunber of by-products, in particular
ammoni a (NH3) and hydrogen cyanide (HCN), in_|ow but significant anmounts.
It has been found that such by-products cah éavérsely af fect downstream

processes to conygkt spheeCaidlet imRexiste wiwl/mie sull qgesc@s9dus ede byas by
catal ytic partla%ﬁgxldatlon process, qu i n the case of Fischer-Tropsch

synt hesi s or of 1eXfPert & MHSSIA 5FMThanol . The presence of
by-products, in partiZtuliar aarfworihe rop defémomgeh aenicde ¢H the prodesssodf

the catalytic paEBLgliﬁ é%%ﬂjqpéﬁFﬂFQ§&:E%é%F$%@ St&e! Sed AT BHENFbLBMm

present in many natural gas feedstocks. urther, the preparation of pure,

ni trogen-free oxpder &ixed amrmngenerstdiaying ot b2 5% NABReF yOEoRBFER « and

very In this respect, the term "pore" is a general reference
to a space or interstice in the fixed arrangement between
two adjacent portions of the catalyst. Thus, in the case
of a fixed bed of catalyst particles, the term "pore"
refers to the space between two adjacent particles. When
referring to ceramic foams, the term pore refers to the
openings or spaces between adjacent portions or lands of
the ceramic structure. Thus, it will be appreciated that
the pores referred to in respect of the present invention
have a nominal diameter of the order of magnitude of 0.1
mm. These are to be contrasted with pores which may be
present in the catalyst support material itself, which
may be porous.

The fixed arrangement comprises at least 750 pores
per square centimetre. Preferably, the fixed arrangement
comprises from about 1000 to about 15000 pores per square
centimetre, more preferably from about 1250 to about
10000 pores per square centimetre.

The gaseous mixture of the hydrocarbon feedstock and
the oxygen-containing gas are preferably contacted with
the catalyst under adiabatic conditions. For the
purposes of this specification, the term "adiabatic” is a
reference to reaction conditions in which substantially
all heat loss and radiation from the reaction zone is
prevented, with the exception of heat leaving in the
gaseous effluent stream of the reactor.

In a further aspect, the present invention relates to
carbon monoxide or hydrogen whenever prepared by a

process as hereinbefore described.
This Sheet Has Been Replaced
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expensive. Accordingly, there is a need for a process for the catalytic
parti al oxidation of hydrocarbons when nitrogen is present during the
partial oxidation reactions which may be applied on a commercial scale to
produce a product of carbon nonoxi de and/ or hydrogen containing a mninmm
n|de Surprisingly, it has

of conponents such as ammoni a and hydrogen cg
been found that the inclusion of sul phur or $ul phur-containing conpounds in
the feed to the cat all‘yztai aipdutriealo foxiadabnomopoadekes agidymivid mager o reghoced

o esam hvent | oBUoRbe, BR0CRLY ge el biafh 3% poIRaRt ity s Peabie

pr esent |nvent|on prOV| es a bstitute s
for use in the synthesis of hydrocarbons, for example by
means of the Fischer-Tropsch synthesis, or the synthesis

of oxygenates, for example methanol. Processes for the
conversion of the mixture of carbon monoxide and hydrogen
into such products are well known in the art.

As mentioned hereinbefore, it is an advantageous
aspect of the present invention that naturally occurring
hydrocarbon sources which also comprise sulphur or
sulphur-containing compounds may be subjected to
catalytic partial oxidation without the need to treat the
hydrocarbon feedstock to a sulphur removal stage. This
is in contrast to the conventional processing of
naturally occurring hydrocarbon feedstocks, such as
which are subjected to a

Thus,

natural or associated gas,

desulphurisation treatment before use. it follows

that sulphur removal need only be
monoxide and/or hydrogen products
be utilised in applications which

applied if the carbon
of the process are to
are sensitive to the

presence of sulphur, such as Fischer-Tropsch synthesis.

In such cases, the sulphur removal treatment may be
applied to the product stream of the catalytic partial
oxidation process.

Accordingly, in a further aspect, the present
invention provides a process for the preparation of
carbon monoxide and/or hydrogen from a hydrocarbon
feedstock comprising subjecting the hydrocarbon feedstock
in a first stage to a catalytic partial oxidation process
as hereinbefore described and subjecting at least a
portion of the product of the first stage in a second
stage to a desulphurisation process.

This aspect of the present invention will be further
discussed having reference to the Figure which is a

schematic representation of one embodiment for a process
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process for the catalytic partial oxidation of a hydrocarbon feedstock,

whi ch process conprises contacting a feed m xture conprising the
hydrocarbon feedstock and an oxygen-containing gas, which feed mxture also
conpri'ses nitrogen, with a catalyst 5 capable of catalysing the partia

oxi dation of the hydrocarbon feedstock at el evated tenperature and pressure
and at a gas hourly space velocity of from203060 to 100, 000, 000 N1/ kg/ hr

wherein the feedeplx | ' . . C i -
£ Hee calk39 AP Ha38T 8 TN R 4O Al D i giempound in an
amount of 0.05 tog%og.ppﬁl 18'yCt Fﬁé prcess oflihe present invention may
be used to prepaf@n&aiBéRInbsicda el feafiidhBden from any gaseous

hydrocarbog or Eydrogafagaih@vk@gt@e!@NdmﬁaJru;qxﬁamyﬁjnﬂpafgﬂalp S

Peactions. The pPocaas e parRicl & Iy SUHFIINS (G Che Gal (T oHi 8 “Feed

oxi dation of nethareureaconglrigds,g astetizatec ldas mrrotdrygenrresaof |ight

nydrocar bons. | BuA PR RERSSln P ) Y. M CAONRC 181 By pure
oxygen comprises a minor amount of nitrogen and is
prepared by the distillation of liquified air in a
distillation unit (not shown) linked to the catalytic
partial oxidation processing unit by line 6. The hot
product stream of the catalytic partial oxidation reactor
2 is led via line 8 to a heat exchanger 10, in which the
hot product stream is used to preheat natural gas fed to
the heat exchanger by line 12. The preheated natural gas
feed is supplied to the inlet of the catalytic partial
oxidation reactor via line 14.

The cooled product stream of the catalytic partial
oxidation reactor is removed from the heat exchanger via
line 16. A product stream comprising carbon monoxide and
hydrogen is withdrawn from the process via line 18 to be
employed as a feed for sulphur-tolerant applications (not
shown). A portion of the cooled product stream is
supplied via line 20 to a desulphurisation unit 22. A
substantially sulphur-free product stream is removed from
the desulphurisation unit 22 wvia line 24 for supply to
sulphur-sensitive applications.

Suitable processes for use in the desulphurisation
unit for removing sulphur-containing components from the
carbon monoxide/hydrogen product are well known in the
art. Suitable techniques include adsorption of the
sulphur-containing compounds by passing the product
stream through a bed of a suitable adsorbent, for example
active carbon or zinc oxide.

The process of the present invention is further
described by way of the following illustrative examples,

This Sheet Has Been Replaced

AR




carbon atons. The process nay be applied in the conversion of naturally
occurring reserves of nethane which contain a 20 substantial anount of

car bon di oxi de. The feed preferably conprises nethane in an anmount of at
| east 50% by volunme, nore preferably at |east 75% by vol une, especially at
| east 80% by vol unme. The hydrocarbon feedstock is contacted wth an oxygen-
25 contai ning gas during the partial oxidatildh process. Air may be used as

the oxygen- cont aj i gi GRSExRpYB5CH §A8€2NhEE08RBoW bnke BiFesaRt prﬁastehﬁ
feed and reaction mxture in ?

uantiti Al ternati,vel t he use
substantial ly pur’&XyHeh #8Y EﬁgﬁPgFePréﬁ §?ﬁ RRFERTE §¥en¥PF§§?ﬁ qﬁ%
present in much R:ommsle 3D but nevertheless significant, quantities.
Typically, the than |§II 2RYL e gxygen is prepared on a commercial scale
by the dlstllIaéﬁ%ﬁ—éﬁjékqu%¥+e§—a+% The ampunt of nitrogen present in
the substantially pubar bxygeexatbsludépahe (Bahlyheioperasi ByePSAEc idsns of
the air follows:

Barium (21.0 g) was added to isopropyl alcohol (1500
ml) under an atmosphere of nitrogen and the resultant
mixture heated under reflux for 1.5 hours. Further
isopropyl alcohol (1000 ml} was added to the resulting
solution. Thereafter, aluminium isopropylate (379.65 g)
was added stepwise and the mixture heated under reflux
for a period of 5 hours. The resulting mixture (601.87
g) was combined with demineralised water (22.5 g) and
heated under reflux whilst stirring for a further 1 hour.
The resulting solution was subsequently heated to
evaporate the solvent to leave a solid residue. The
solid was dried by heating to 120 °C and maintained at
that temperature for 4 hours. Thereafter, the solid was
calcined in a first stage by heating to 450 °C over a
period of 4 hours and being held at that temperature for
1 hour and in a second stage by heating to 1300 °C over a
period of 1 hour and being held at that temperature for 5
hours.

An aqueous solution was prepared by dissolving
rhodium chloride (RhCljz, 2.0 g) and hydrochloric acid
(37%, 1.0 g) in demineralised water (6.83 g) to give a
rhodium concentration of 10% by weight. The barium
hexa-aluminate prepared as described hereabove (30/80
mesh, 2.0 g) was immersed in the aforementioned aqueous
solution (1.07 g). The resulting mixture was agitated
firstly in a rolling mill for 1 hour and thereafter in a
rotary drier for 1 hour. The resulting material was
dried in an oven by heating for 1 hour and being held at
a temperature of 120 °C for 5 hours and subsequently
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Substrtute sheet - 18 Septenber 1 996 -8 - distillation process. It is an
advantage of the the process of the present invention that the tolerances
of the air distillation process may be rel axed, thereby allow ng a greater
anount of nitrogen to be present in the substantially pure oxygen being
used in the catalytic partial oxidation process. This, in turn, offers
advantages in terms of a reduction in t he ovetal | capital and operating
gf; fn OfT hte hfe ald rcfli Siddd aby %aﬁtﬁxﬁ&dfa_?%‘; ﬁsd%:aagntapb'E%%MMOmr lase

eed may conprise ydrocarbon_feedstock and gxygen in _an
amount suf fi ci erft® Q?Eé%&?%.%%i?%%leco§9ﬁe -bg¥tar bd er&??&it¢%§f§ﬁ£ﬁ2XSt
t he oxygen-to-cajdiprised 5.0% by weight rhodium.

Catalytic Partial Oxidation

A reactor was constructed comprising a transparent
sapphire tube mounted concentrically within an outer
transparent polycarbonate tube. The rhodium-containing
catalyst prepared as hereinbefore described was loaded
into the sapphire tube and retained in the form of a
fixed bed of catalyst particles having a tortuosity of
1.5. A feed mixture comprising methane and oxygen, in
sufficient amounts to give an oxygen-to-carbon ratio of
0.63, was thoroughly mixed just before being introduced
into the reactor to contact the fixed bed of catalyst.
The feed mixture was fed to the reactor at a pressure of
3.2 bara and at a gas hourly space velocity (GHSV) of
1,400,000 Nl/kg/hr. The feed mixture comprised 10% by
volume of nitrogen. Tetrahydrothiophene was present in
the feed mixture in an amount sufficient to give a
sulphur (S) concentration of 4.5 ppmv.

The operating temperature of the catalyst bed was
measured by optical pyrometry. The composition of the
gas mixture leaving the reactor was measured by gas
chromatography. The conversion and the selectivity of
the process to carbon monoxide and hydrogen {on the basis
of methane converted) was determined. The ammonia
content of the product gas was determined by passing the
gas stream through an aqueous solution of sulphuric acid
to remove the ammonia, followed by titration of the
solution. The hydrogen cyanide content was determined in
a similar manner using an aqueous solution of potassium
hydroxide.

The operating conditions of the reactor and the
results of the experiment are summarised in the Table
hereinbelow.
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ratiois in the range of fromO0.3 to 0.8, nore preferably fromO0.45 to
0.75. References to the oxygen-to-carbon ratio refer to the ratio of oxygen
in the formof nolecules (Jerr]) to carbon atons present in the

hydr ocar bon feedstock. Preferably, the oxygen-to-carbon ratio is in the
range of fromO0.45 to 0 70 W th oxygen-to-carbon ratios of the
stoichionetric ratio, that is in the'Tdﬁbé‘of fromO0.45 to 0.65, being
particul arly suig:adh 1eli steamis present in the feed, the steamto-carbon
ratio (that is the At J Ies of . steam (H2 car at ;. the
hydr ocar bon) is preferab‘fgta{mf’ﬁegsI Eagfo?ronéa géggg %FQR§d d%@%gf%eé1
preferably fromiabdieampletd 2as. fﬁhéogaéeousthlkhnrex§@@ta©me¢hﬁﬁr1the
catalyst in the @%PP%%P&EPJ:?%H@!GQEEOgrﬁggﬁ"c' $ Stﬁesg'egaum%@@ NG n

conpound. The m xture Tray conprise one o urality of sul phur-caontaining
conpounds. Any amount sufficient to give a sulphur (S) concentration of

0.6 ppm. The operating conditions of the reactor and the
results of the experiment are summarised in the Table
hereinbelow.

Example 3
Comparative Example

The catalyst preparation and process method described
in Example 1 was followed, with the exception that the
feed mixture was sulphur free. The operating conditions
of the reactor and the results of the experiment are
summarised in the Table hereinbelow.
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sui t abt e sul phur-contai ni ng conpound may be enpl oyed whi ch does not give
rise to a significant adverse effect to the performance of the parti al

oxi datjon reaction when present in the required anount. Both organic and

i norgani ¢ sul phur-contai ning conpounds may be enpl oyed. Suitable inorganic
sul phur conpounds i ncl ude hydrogen Substitute sheet - 18 Septenber 1996
-9- sul phide, carbonyl sul phide, carbon disulPhirde. Suitable organic

sul phur-cont ai ni ng conpounds i ncl ude the thiophenes mer capt ans and

sul phi des. A nost suitabl e sul phur-contai ni conmpound i s

t et rahydr ot hi ophene. If natural gas or ass d gas are being enpl oyed,
sul phur - cont ai ni ng conpounds may be present in the gas as
Eample 1 | Example 2 | Example 3
Feed composition
N»> content (% vol) 10 10 10
S content (ppmv) 1 4.5 0.6 0.0
oxygen/carbon ratio 0.63 0.63 0.63
Operating Conditions
Pressure (bara) 3.2 3.2 3.2
GHSV (1000 Nl/kg/hr) 1400 1400 1400
Product Stream
NH3 content (ppmv) 0.62 2.32 10.02
HCN content (ppmv) <0.1 <0.1 1.03
present as tetrahydrothiophene
2 accuracy +/- 0.5 ppmv This Sheet Has Been Repla
3

accuracy +/- 0.1 ppmv
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it i's produced fromthe reservoir. Such sul phur-containing hydrocarbon
f eedst ocks nmay conveniently be used as a feed to the process of the present
nventj on mnthout first und erﬁo ng a desul phurisation treatnment, such as is

I
convent i onal 1 St TGSV

hur - cont ai ni ng conpound shoul d be pr esent
ent concentration to reduce the fornmation

of ammoni a and hydrogen cyanlde However, t B® quantity of the

sul phur-cont ai ni ng conpound shoul d not be so great as to signifriscantilsy sIn
reduce either the activity or the selectivity of the catal yst Béing

enpl oyed. Thus, the sul phur-containing conpound is preferably present in

the feed m xture in an anount to give a sulPhorM($) content

i n the range of

from0.05 to 100 ppm nore preferably from0.1 to 50 ppm especially from

0.1 to 10 ppm Hydrocarbon feedstocks used directly

1. A process for the catalytic partial oxidation of a

hydrocarbon feedstock, which process comprises contacting

a feed mixture comprising the hydrocarbon feedstock and

an oxygen-containing gas, which feed mixture also

comprises nitrogen, with a catalyst capable of catalysing
the partial oxidation of the hydrocarbon feedstock,

wherein the feed mixture also comprises a
sulphur—-containing compound.

2. A process according to claim 1, characterised in that

the hydrocarbon feedstock comprises methane,

natural gas,

associated gas or a source of light hydrocarbons.

3. A process according to either of claims 1 or 2,

characterised in that the oxygen-containing gas is

substantially pure oxygen.

4. A process according to any preceding claim,

characterised in that the feed comprises the hydrocarbon

feedstock and the oxygen-containing gas in amounts giving

an oxygen-to-carbon ratio of from 0.3 to 0.8,

preferably

from 0.45 to 0.75, more preferably from 0.45 to 0.65,.
5. A process according to any preceding claim,

characterised in that the sulphur-containing compound is
hydrogen sulphide, sulphur dioxide, carbonyl sulphide, a
mercaptan, an organic sulphide, or a thiophene,

preferably tetrahydrothiophene.

6. A process according to any preceding claim,
characterised in that the sulphur-containing compound is
present in an amount of from 0.05 to 100 ppm, preferably
from 0.1 to 50 ppm, more preferably from 0.1 to 10 ppm.
7. A process according to any preceding claim,
characterised in that the feed is contacted with the
catalyst at a pressure in the range of up to 150 bar,
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fromnaturally occurring reservoirs in which the sul phur content is

significantly ntioned upper limts nmay preferably be
subj ected to 6‘Tﬂai@mimm\mmrremval treatment before being enployed in
t he process of ¢S knvents orr. The hydrocarbon feedstock, oxygen and its
associ at ed gases, the sul phur-containing conpound and the steam if

present, are preferably well m xed prior to éiﬁg contacted with the

catal yst. The prpeeserablyhe mmeserdo iIPEMEON e Mroperaipd stoRNY to
sui tabl e pressur g, P ferably, the process of the present invention is
operated at el evated pressures, that Substitute sheet - 18 Septenber
1996 - 10 - 8. A process according to any preceding claim,

characterised in that the feed is contacted with the
catalyst at a temperature in the range of from 950 to
1300 °C, preferably from 1000 to 1200 °C.

9. A process according to any preceding claim,
characterised in that the feed is contacted with the
catalyst at a gas hourly space velocity in the range of
from 20,000 to 100,000,000 Nl/kg/hr, preferably from
50,000 to 50,000,000 Nl/kg/hr, more preferably from
500,000 to 30,000,000 Nl/kg/hr.

10. A process according to any preceding claim,
characterised in that the catalyst comprises rhodium,
ruthenium or iridium.

11. A process according to any preceding claim,
characterised in that the catalyst is retained in a fixed
arrangement, preferably in the form of a fixed bed of
catalyst particles or in the form of a ceramic foam, more
preferably in the form of a ceramic foam.

12. A process according to claim 11, characterised in
that the fixed arrangement of the catalyst has a
tortuosity in the range of from 1.1 to about 10.0,
preferably in the range of from 1.1 to about 5.0, more
preferably in the range of from 1.3 to about 4.0.

13. A process according to either of claims 11 or 12,
characterised in that the fixed arrangement of the
catalyst has from about 1000 to about 15000 pores per
square centimetre, preferably from about 1250 to about
10000 pores per square centimetre.

14. A process according to any preceding claim,
characterised in that the feed is contacted with the
catalyst under substantially adiabatic conditions.

15. A process for the preparation of carbon monoxide
and/or hydrogen from a hydrocarbon feedstock comprising
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|§ pressures significantly above atnospheric pressure. The process nay be
operated at pressures in the raﬁiﬁ of up to 150 bar. Preferably, the

oper at.i ng pressur u m of from2 to 125 bar, nore preferably
from3 to 100 bar! be operated at any suitable tenperature.

However, under the condl t| ons of high pressgre _prevailing in the process,
it is necessary to allow the feed gases to énfact the catal yst at el evated
t enper at ur es i nsatderctinadiieveydimcd dvet Ddedoboeksionar Efustedtge &o

i al | t 0y | ted
ot A Lenper at ur & ool SR Wk ¥aa LGy BGES8s 39 PAEERREN AnOBALA! €
tenperature is of tHaihdge oF ¥4 m@mb]ﬁqm[etr}e}lshnaeppréﬁ@ﬂaﬁlfy in
the range of fr%ﬂ‘*ﬂ%é&hé@QQE[ é]EErJFP@§§§éU£ﬁS 'Qe%@ﬁdr3838eotof%0m

1000 to 1200 [err]C are particularly sui e feed mxturé may be
provi ded duri ngdefeilgiybielssation process.

16. Carbon monoxide or hydrogen whenever prepared by a
process according to any one of claims 1 to 15.
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at any suitable gas space velocity. It is an advantage of the process of
the present invention that very high gas space velocities nmay be applied.
Thus, typical space velocities for the process (expressed as normal litres
of gas per kilogramme of catalyst per hour) are in the range of from 20, 000
to 100, 000,000 N /kg/hr, nmore preferably in the range of from 50,000 to

50, 000, 000 NI /kg/ hr. Space velocities in the range of from 500,000 to

30, 000,000 NI /kg/hr are particularly suitable. Catalyst conpositions
suitable for use in the catal ytii/é partial oxidation of hydrocarbons are
known in the ar ts for use in the ﬁrocess of the present

i nvention conpri se, the catal ytijcally active co ,§a netal selected
fromGoup VIINT of Periodic Talfl e of the El enmehts. ™Reftrences in this

specification to the Periodic Tabl ¢ of the Elenents are to the CAS version,
as published in the CRC Handbook of




Cheni stry and Physics, 68th Edition. Preferred catalysts Substitute
sheet - - 18 Septenber 1996 - 11 - for use in the process conprise a netal

sel ected fromruthenium rhodium palladium osmum iridiumand platinum
Cat al ysts conprising ruthenium rhodiumor iridiumas the catalytically
active nmetal are nost suitable for use in the process. The catalytically
active netal is nost suitably supported on a carrier. Suitable carrier
materials are well known in the art and include the refractoryIl$x?Hea SElch
as silica, alumna, titania, zirconia and m xtures thereof. M xed

refractory oxides, that is refractor xi des caonprising at |east two
cations néy al so be %'% STR Aﬁ% f °

PROCESS FOR THE CATALYTIC PARTIAL OXIDATION OF
HYDROCARBONS

A process for the catalytic partial oxidation of a
hydrocarbon feedstock comprises contacting a feed mixture
comprising the hydrocarbon feedstock and an
oxygen-containing gas, which feed mixture also comprises
nitregen, With a catalyst capable of catalysing the
partial oxidation of the hydrocarbon feedstock, wherein
the feed mixture also comprises a sulphur-containing
compound. This process allows sulphur-containing
hydrocarbon feedstocks to be processed without first
undergoing a sulphur removal treatment. Accordingly, a
process for the preparation of carbon monoxide and/or
hydrogen from a hydrocarbon feedstock comprising
subjecting the hydrocarbon feedstock in a first stage to
a catalytic partial oxidation process as described above
and subjecting at least a portion of the product of the
first stage in a second stage to a desulphurisation
process.
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R ) CoDTET W5
enpl oyed as carrier materials for the'catalyst. The catalytically active
metal may be deposited on the refractory oxide carrier by techniques well
known in the art.. A nost suitable technique for depositj t he n the
carrier is inpregnatio V\%]L ch techni que%ﬁf‘%ﬁl%@iﬁp é]gggp%ﬁ&aiplgﬁg t he
carrier material w a~solution of a conEound of the catalytically active
netal, followe drying and calcining"thne resulting material. The
cat al yst conprise the catatytically active netal in anyrsuptabl gIgnmount
to achieve the required | evel of'acLLyity. Typi cal ly, the catalyst
conprises the active nmetal in an anount in the range of fromO0.01 to 20% by
wei ght, preferabl y PROGESS. FDRt @HEOZATALNEIIGhtPARTIRAS, XEMTHON JFom 0.1 to

7.5% by weight. Any suitable reacti [ﬁﬁy be applied in the process
of the present invention in order tgﬁ%%ﬁg%§% t he

The present invention relates to a process for the
catalytic partial oxidation of hydrocarbons, in ‘
particular to a process for the preparation of a mixture
of carbon monoxide and hydrogen from methane, natural
gas, associated gas or other sources of light
hydrocarbons.

The partial oxidation of hydrocarbons, for example
methane or natural gas, in the presence of a catalyst is
an attractive route for the preparation of mixtures of
carbon monoxide and hydrogen, known in the art as )
synthesis gas. The partial oxidation of a hydrocarbon is
a highly exothermic reaction and, in the case in which
methane is the hydrocarbon, proceeds by the following
reaction:

2CHg + 0  ===—==-— > 2CO + 4H»

The optimum catalytic partial oxidation process for
application on a commercial scale would give high yields
of carbon monoxide and hydrogen at elevated pressures,
for example about 30 bar, and very high space velocities,
for example of the order of 1,000,000 Nl/kg/h. For
thermodynamic reasons, in order to obtain high yields of
carbon monoxide and hydrogen under these process
conditions, it is necessary to operate the partial
oxidation process at high temperatures.

The literature contains a number of documents
disclosing details of experiments conducted into the
catalytic partial oxidation of hydrocarbons, in
particular methane, employing a wide range of catalysts.
The majority of these experiments, however, have been
conducted under very mild conditions or under conditions
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reactants with the catalyst. One suitable reginme is a fluidised bed, in
whi ch the catalyst Is enployed in the form of particles fluidised by a

stream of gas. A preferred reaction reging for use in rocess i
fixed bed reaction regime, in which the cavBgtiste shepky ggng%P%“BtPﬁ nf%&s

reaction zone in a fixed arrangement. Particles of catalyst may be enployed
in the fixed bed Substitute sheet - t82Septenber 1996 - 12 - regine,

retained usi n'gh&LI?duﬁgql\‘:@aCEboBh'ée%B@'rg‘é@%nW%E' akeewherilshe art.
Alternatively, t fi xed arrangene nprise the catalyst in the form

of a nDnoI|thF@tétVG&FuPértAaﬁDQFlBPQPQ%rBHOHﬁﬁSI|th|c structure conprises
a ceram c foam Svhtapl EuecepaancrPhoans Rpplusetion publication No. 0

303 438 (EP-A-0 303 438) discloses a process for the
catalytic partial oxidation of a hydrocarbonaceous
feedstock in which a gaseous mixture of the
hydrocarbonaceous feedstock, oxygen or an
oxygen—-containing gas and, optionally, steam, is
introduced into a catalytic partial oxidation zone to
contact a catalyst retained therein. The catalyst
employed in the process may comprise a wide range of
catalytically active components, for example palladium,
platinum, rhodium, iridium, osmium, ruthenium, nickel,
chromium, cobalt, cerium, lanthanum and mixtures thereof.
Further, it is stated in EP-A~0 303 438 that materials
not normally considered to be catalytically active may
also be employed as catalysts, for example refractory
oxides such as cordierite, mullite, mullite aluminium
titanate, zirconia spinels and alumina. The catalyst may
be of a variety of forms, for example sheets of
corrugated metal packed to form elongate channels
therethrough or wire mesh. However, preference is given
in EP-A-0Q 303 438 to the use of catalysts in the form of
monoliths.

European Patent No. 0 262 947 (EP-B-0 262 947)
discloses a process for generating hydrogen by the
partial oxidation.of a hydrocarbon in which a mixture of
the hydrocarbon and oxygen is injected into a mass of a
catalyst. The catalyst disclosed in EP-B-0 262 247
comprises platinum and chromium oxide supported on a
refractory solid.

D.A. Hickman and L.D. Schmidt ("Synthesis Gas
Formation by Direct Oxidation ¢f Methane over Pt
Monoliths™, Journal of Catalysis 138, 267-282, 1992))
have conducted experiments into the partial oxidation of
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Pagdiia ly aixiglatiian expactions were conducted at
substantially atmospheric pressure and at temperatures in
the range of from 600 to 1500 K (337 to 1237 °C).

A.T Ashcroft et al. ("Selective oxidation of methane
to synthesis gas using transition metal catalysts”,
Nature, vol. 344, No. 6264, pages 319 to 321, 22nd March,
1990) disclose the partial oxidation of methane to
synthesis gas in the presence of a range of
ruthenium-containing catalysts. The objective of the
experiments was to establish that the partial oxidation
process could be carried out under mild conditions and at
low temperatures. To this end, the experiments were
conducted with a low gas hourly space velocity of 40,000
/hr, a pressure of 1 atmosphere and a temperature of
about 777 °C. A single experiment is reported in which
elevated pressures were applied. However, in this case,
a large excess of methane was used in order to avoid the
risk of explosions.

P.D.F. Vernon et al. ("Partial Oxidation of methane
to Synthesis Gas", Catalysis Letters 6 (1990) 181-186)
disclose a range of experiments in which catalysts
comprising nickel, ruthenium, rhodium, palladium, iridium
or platinum, eithér supported on alumina or present in
mixed oxide precursors, were applied. Again, the
experiments reported are limited to a catalytic partial
oxidation process employing only mild operating
conditions. As a basis, a set of mild reaction
conditions were selected: a pressure of 1 atmosphere, a
gas hourly space velocity of 40,000 /hr, a temperature of
1050 K (777 °C) and a methane/oxygen ratio of 2.0. From
this basis, each of the process parameters was explored.
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typically has a tortuosity of 1.5, whilst ceram c foans nmay be prepared
having a tortuosity in the range of from3.0 to 4.0, or even higher.

general, the tortuosity of the fixed bed arrapngenment refera %
range of from1.1 to 10.0, nore prefer abI%‘Q%’tg?q}?RﬁF%%B H&% iré:\% e of
tortuosity is from1.3 to 4.0. It has been found that by enploylng t he
catalyst in a fixed bed arrangenent haan@ a high tortuosity allows the

requi red convefémothi® beuaﬁhiev\eslsvw':wcmdwdatmstatwewwveéntpébathre
contact tine between the reacti Qg%%ases and the . cat

e | b et E ol el € ace 09 02302 QP Sua M Sav BB eRE, s dn8  8RYy, ¢
hi gh Substptateichiebe at 18rSeptreberf 18896 ord8r-of 1 atmosphere.

The authors report the same experiments in "Partial
Oxidation of Methane to Synthesis Gas, and Carbon Dioxide
as an Oxidising Agent for Methane Conversion®, Catalysis
Today, 13 (1992) 417-426.

R.H. Jones et al. {("Catalytic Conversion of Methane
to Synthesis Gas over Europium Iridate, EusIro0Os”,
Catalysis Letters 8 (1991) 169-174) report the selective
partial oxidation of methane using the eurcopium iridium
pyrochlore Euplrp07. The reaction was studied under the
mild conditions of a pressure of 1 atmosphere and a
temperature of 873 K (600 °C).

J.K. Hockmuth ("Catalytic Partial Oxidation of
Methane over a monolith Supported Catalyst", Applied
Catalysis B: Environmental, 1 (19%2) 89-100) reports the
catalytic partial oxidation of methane using a catalyst
comprising a combination of platinum and palladium
supported on a cordierite monolith body.

United States Patent No. 5,149,464 (US-A-5,149,464)
is directed to a method for selectively oxygenating
methane to carbon monoxide and hydrogen by bringing the
reactant gas mixture at a temperature of about 650 °C to
900 °C into contact with a selid catalyst which is
generally described as being either:

a) a catalyst of the formula MyM'0z, where:

M is at least one element selected from Mg, B, Al, Ln,
Ga, Si, Ti, Zr and Hf; Ln is at least one member of
lanthanum and the lanthanide series of elements;

M' is a d-block transition metal, and each of the ratios
x/y and y/z and (x+y)/z is independently from 0.1 to 8;
or

b) an oxide of a d-block transition metal; or




gas space velocities of the present process to be easily achieved on a
comercial scale. It is a further preferred feature of the process of this
invention that the catalyst is retained i the form of fixed arrangenent
having a | arge nunber of pores. In this rg‘élb%@f‘,tets geqé3§,§%§e@bqr§ 96
general reference to a space or interstice in the fixed arrangenent between
two adj acent portions of the catalyst. Thus, in the case of a fixed bed of
cat al yst partd)cl es,d{diedlertmrdnmt tel'on afietsl ton tdher speeet bey weeppbdno;

adj acent par%hgles. When referring to ceramic foans, the termpore refers
to the openings or spaces between adjacent portions or |lands of the ceramc
structure. THls, a tcatidlyde fpmetiky dieathing tdhe orles urderreldeto in

respect of theyasits |4 eid OFedBWfoR HPMA@r hSHESRIq5ihGe order of
magni tude of 0.1 mm These are to be contrasted with pores which may be

present in tKOHEIRI - support material itself, which
The d-block transition metals are said in

US-A-5,149,464 to be selected from those having atomic
number 21 to 29, 40 to 47 and 72 to 79, the metals
scandium, titanium, vanadium, chromium, manganese, iron,
cobalt, nickel, copper, zirconium, nicbium, molybdenum,
technetium, ruthenium, rhodium, palladium, silver,
hafnium, tantalum, tungsten, rhenium, osmium, iridium,
platinum and gold. It is stated in US-A-5,148,464 that
the preferred metals are those in Group VIII of the
Periodic Table of the Elements, that is iron, osmium, =
cobalt, rhenium, iridium, palladium platinum, nickel and
ruthenium.

The process described in US-A-5,149,464 is operated
at a temperature in the range of from 650 °C to 900 °C,
with a range of from 700 °C to 800 °C being preferred. A
range of experiments are described in US-A-5,149,464 in
which a variety of catalysts comprising Group VIII metals
were tested, including ruthenium oxide,
praesidium/ruthenium oxides, pyrochlores, ruthenium on
alumina, rhodium on alumina, palladium on alumina,
platinum on alumina, nickel/aluminium oxide, perovskites
and nickel oxide.

A similar general disclosure of a catalyst for use in
the catalytic partial oxidation process is made in
International Patent Application publication No. WO
92/11199. WO 92/11199 specifically discloses experiments
in which catalysts comprising iridium, palladium,
ruthenium, rhodium, nickel and platinum supported on
alumina were applied. All the experiments were conducted
under mild process conditions, with typical conditions
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may be porous. The fixed arrangenment conprises at |east 750 pores per
square centinetre. Preferably, the fixed arrangenent conprises from about
1000 to about 15000 pores per square centinetre, npre preferably fro bout
1250 to about 10000 pores per square cent$yRstitate ?'ﬂ%e“g‘aégo?%ot Fﬁré%)é‘ t he
hydr ocar bon feedstock and the oxygen-cogtgiging gas are preferably
contacted with the catal yst under adi abatirc conditions. For the purposes of
this specificating, atheessune"alii abatinesSphsre, r ef temperatoreeaft L6hR0 K

condi tions in ych-substant Lall h o agdkaL] f hie
reaction zone(?@ p?%geaﬁgd? 3?%hﬂ?ﬁtkﬁxgg%?%oﬁéé?eﬁégtgreéégﬁé ?ggphg
gaseous ef f| UBRE- stream of the reactor. In a further aspect, the present

i nvention rel at esp odCaEh9se ADROXE 8L OE oY Ir e WEEREYELvEr 8RAKEd by a

process as heé&&ﬂ@?égéf gggfélbggé catalytic partial oxidation process
would need to operate at elevated pressures and at high
temperatures. It has now been found that, when operated
under the conditions demanded of a commercial process,
the catalytic partial oxidation of hydrocarbons can, in
the presence of nitrogen, vield a synthesis gas product
containing a number of by-products, in particular ammonia
(NHB) and hydrogen cyanide (HCN), in low but significant
amounts. It has been found that such by-products can
adversely affect downstream processes to convert the
carbon monoxide and/or hydrogen produced by the catalytic
partial oxidation process, e.g. in the case of
Fischer-Tropsch synthesis or of the commercial synthesis
of methanol. The presence of by-products, in particular
ammonia or hydrogen cyanide in the products cof the
catalytic partial oxidation process is thus undesirable.

Nitrogen is present in many natural gas feedstocks.
Further, the preparation of pure, nitrogen-free oxygen on
a commercial scale is both technically complex and very
expensive. Accordingly, there is a need for a process
for the catalytic partial oxidation of hydrocarbons when
nitrogen is present during the partial oxidation
reactions which may be applied on a commercial scale to
produce a product of carbon monoxide and/or hydrogen
containing a minimum of components such as ammonia and
hydrogen cyanide.

Surprisingly, it has been found that the inclusion of
sulphur or sulphur-containing compounds in the feed to
the catalytic partial oxidation process significantly
reduces the amounts of ammonia and hydrogen cyanide
produced. Accordingly, the present invention provides a
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Substitute sheet - 18 Septenber 1996 - 14 - The m xture of carbon nonoxi de
and hydrogen prepared by the process of this invention is particularly

suitable for use in the synthesis of hydrgcarbons, for anple b of
the Fischer-Tropsch synthesis, or the syn@H’é%ﬁ'Té‘t%ﬁhﬁﬁ'S/gg aggg’ger@%qrngggém e
met hanol . Processes for the conversion of _the m xture of carbon nonoxide

and hydrogen into such products are wel I” KnGwn in the art. As nentioned
her ei nbef or e, prbcessafficadthet agéalytdepeatr tdfa 1t e ipragdent dfhventi on t hat

el Y CeCHUREAR B0 0 A SRS LR LI AR SR B

oxi dation wit hofieedhainsuget compgatsinge the hydrocarbon feedstock and
an oxygen-containing gas, which feed mixture also
comprises nitrogen, with a catalyst capable of catalysing
the partial oxidation of the hydrocarbon feedstock,
wherein the feed mixture also comprises a
sulphur-containing compound.

The process of the present invention may be used to
prepare carbon monoxide and/or hydrogen from any gaseous
aydrocarbon or hydrocarbon having a low boiling point
such that it is gaseous under the conditions prevailing
during the partial oxidation reactions. The process is
particularly suitable for the partial oxidation of
methane, natural gas, associated gas or other sources of
light hydrocarbons. In this respect, the term "light
hydrocarbons" is a reference to hydrocarbons having from
1 to 5 carbon atoms. The process may be applied in the
conversion of naturally occurring reserves of methane
wnich contain a substantial amount of carbon dioxide.

The feed preferably comprises methane in an amount of at
least 50% by volume, more preferably at least 75% by
volume, especially at least 80% by volume.

The hydrocarbon feedstock is contacted with an
oxygen-containing gas during the partial oxidation
process. Air may be used as the oxygen—-containing gas,
in which case nitfogen will be present in the feed and
reaction mixture in large quantities. Alternatively, the
use of substantially pure oxygen may be preferred, in
which case nitrogen may be present in much lower, but
nevertheless significant, quantities. Typically, the
substantially pure oxygen is prepared on a commercial
scale by the distillation of liquified air. The amount
of nitrogen present in the substantially pure oxygen will
depend upon the operating conditions of the air
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hydr ocar bon feedstock to a sul phur renoval stage. This is in contrast to
the conventional processing of naturally occurring hydrocarbon feedstocks,
such as natural or associated gas, which are subjected t

desul phurisation treatment before use. Th§§P3W¥”?§hP8Rs12%§FDE%P®WU?996
removal need only be applied if the carbon, nonoxi de and/ or hydrogen
products of the process are to be utilised in applications which are
sensitive to tdisipridsdricn graadsghur , Isuch as Msotimgdrobsthe sfime hesis. I n

such cases, ”ber%%s@%f DR e ddRALTRUN T %&ppéﬂé?d%éi;elfmc?énogfmt

stream of the’c ytic partital oxidation process. Accor
further aspectthe e prdisetiil Jatiian iRiP RIS ke prokasedf okhéreby
preparation ofz1Ga5Bay NDNEXd £t AN th i atieirdgain o hydlrpeasdon {gedst ock
conpri sing subjecti thetoirrgﬁ: ocar bono}I eeedxistboecikn | nusaecft |{I§tt§éa aetatd(.) &
catal ytic partif %%qst}'ﬁr} YdBEE 0XYg g Y
partial oxidation process. This, in turn, offers
advantages in terms of a reduction in the overall capital
and operating costs of the air distillation plant.

The feed may optionally comprise steam.

The feed may comprise the hydrocarbon feedstock and
oxygen in an amount sufficient to give a suitable
oxygen—-to~carbon ratio. Preferably, the oxygen-to-carbon
ratio is in the range of from 0.3 to 0.8, more preferably
from 0.45 to 0.75. References to the oxygen-to-carbon
ratio refer to the ratio of oxygen in the form of )

molecules (02) to carbon atoms present in the hydrocarbon
feedstock. Preferably, the oxygen-to~-carbon ratio is in
the range of from 0.45 to 0.70, with oxygen-to-carbon
ratios of the stoichiometric ratio, 0.5, that is in the
range of from 0.45 to 0.65, being particularly suitable.

If steam is present in the feed, the steam~to-carbon
ratio (that is the ratio of molecules of steam (HZO) to
carbon atoms in the hydrocarbon) is preferably in the
range of from above 0.0 to 3.0, more preferably from
above 0.0 to 2.0.

The gaseous mixture contacted with the catalyst in
the process of this invention comprises a
sulphur-containing compound. The mixture may comprise
one or a plurality of sulphur-containing compounds. Any
suitable sulphur-containing compound may be employed
which does not give rise to a significant adverse effect
to the performance of the partial oxidation reaction when
present in the required amount. Both organic and
inorganic sulphur-containing compounds may be employed.
Suitable inorganic sulphur compounds include hydrogen




as herei nbefore described and subjecting at |east a portion of the product
of the first stage in a second stage to a desul phurisation process. This

aspect of the present invention will be further discuss aving re nce
to the Figure which is a schematic repres%%ﬁ%@ﬁ@%sé?ethgégﬂgﬁ t{g%g a
process Substitute sheet - 18 Septenber, 1996 - 15 - for the catal ytic

partial oxidation of a sul phur containingshyarocarbon feedst ock. Referring
to the Fi guresudpbdidal,ytdacrbgantli adulgphiidh,i ararbeactdirsWlplsidripplSwitakle | i ne

£ oy PSS SATHSCSSIBEA IR0 20080 a0 o
thiophenes, mercaptans and sulphides. A most suitable
sulphur-containing compound is tetrahydrothiophene. If
natural gas or associated gas are being employed,
sulphur-containing compounds may be present in the gas as
it is produced from the reservoir. Such
sulphur-containing hydrocarbon feedstocks may
conveniently be used as a feed to the process of the
present invention without first undergeing a
desulphurisation treatment, such as is conventionally
applied.

The sulphur-containing compound should be present in
the feed mixture in a sufficient concentration to reduce
the formation of ammonia and hydrogen cyanide. However,
the quantity of the sulphur-containing compound should
not be so great as to significantly reduce either the
activity or the selectivity of the catalyst being
enployed. Thus, the sulphur-containing compound is
preferably present in the feed mixture in an amount to
give a sulphur (S) content in the range of from 0.05 to
100 ppm, more preferably from 0.1 to 50 ppm, especially
from 0.1 to 10 ppm. Hydrocarbon feedstocks used directly
from naturally occurring reservoirs in which the sulphur
content is significantly above the aforementioned upper
limits may preferably be subjected to a partial sulphur
removal treatment before being employed in the process of
this invention.

The hydrocarbon feedstock, oxygen and its associated
gases, the sulphur-containing compound and the steam, if
present, are preferably well mixed prior to being
contacted with the catalyst.

The process of the present invention may be operated
at any suitable pressure. Preferably, the process of the
present invention is operated at elevated pressures, that
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oxygen conprises a mnor anmount of nitrogen and is prepared by the
distillation of liquified air in a distillation unit (not shown) linked to
the catalytic partial oxidation processing unit e hot uct
stream of the catalytic partial oxidationgFQ%%¥%?S§ePE ﬂghsﬁPEWW ﬂbPégg
heat exchanger 10, in which the hot prode¢ streamis used to preheat
natural gas fed to the heat exchanger ne 12. The preheated natural gas
feed is supplﬁedptesﬁheeﬁnbégndﬁithatd@tabﬁﬂa:qﬁmdﬁpﬂenﬁd(hnésﬂur$fwtor

via line 14. Fhe gogled produgl gijceameaf Aith %%@ﬁ@ (iﬂxﬂﬂé arfyd 43¢ i on
fRpCERsP Y pregshres i)

reactor is renpved fromthe~heat éxchanger v et St ream
conpri sing caBBofomdREx Pa& - an@W@F@@éﬁrl $h tomr@mnrq d%ﬁqsr%lfiﬁ defesidl vi a

line 18 to bergaphaned a% Frbaed tor 196 PN, - bRl Pie RANHICATE QRS I NY
shown). A porﬁgﬁnapf t he cool ed product streamis supplied via line 20 to a

desul phuri sat At 22. A
The process may be operated at any suitable

temperature. However, under the conditions of high
pressure prevailing in the process, it is necessary to
allow the feed gases to contact the catalyst at elevated
temperatures in order to achieve the level of conversion
required for a commercial scale operation. Accordingly,
the process is preferably operated at a temperature of at
least 950 °C. Preferably, the operating temperature is
in the range of from 950 to 1300 °C, more preferably in
the range of from 950 to 1200 °C. Temperatures in the
range of from 1000 to 1200 °C are particularly suitable.

The feed mixture may be provided during the process
at any suitable gas space velocity. It is an advantage
of the process of the present invention that very high
gas space velocities may be applied. Thus, typical space
velocities for the process (expressed as normal litres of
gas per kilogramme of catalyst per hour) are in the range
of from 20,000 to 100,000,000 Nl/kg/hr, more preferably
in the range of from 50,000 to 50,000,000 Nl/kg/hr.

Space velocities in the range of from 500,000 to
30,000,000 Nl/kg/hr are particularly suitable.

Catalyst compdsitions suitable for use in the
catalytic partial oxidation of hydrocarbons are known in
the art. Preferred catalysts for use in the process of
the present invention comprise, as the catalytically
active component, a metal selected from Group VIII of the
Periodic Table of the Elements. References in this
specification to the Periodic Table of the Elements are
to the CAS version, as published in the CRC Handbook of
Chemistry and Physics, 68th Edition. Preferred catalysts




substantially sul phur-free product streamis renoved fromthe
desul phurisation unit 22 via line 24 for supply to sulphur-sensitive

applications. Suitable processes for use |n the de uI atlo or
renovi ng sul phur - cont ai ni ng conponent s fr% WRStHER § B qﬂ?di%%é

product are well known in the art. Suitab technlques |nclude adsor ption
of the sul phur-containi ng conpounds by paSsing the product stream through a
bed of a suit doite UEdsdTbailte HrCesS@MINP e Ve Refbbrsokected Hxéme. The

process of the RiR3ANRN,| mlm iga AN, eaefuRed Pygiay Mathe
following illustrative exanple pqaSu bstitute sheet - 18 September 1996 -
16 - platinum. Catalysts comprising ruthenium, rhodium or

iridium as the catalytically active metal are most
suitable for use in the process.

The catalytically active metal is most suitably
supported on a carrier. Suitable carrier materials are
well known in the art and include the refractory oxides,
such as silica, alumina, titania, zirconia and mixtures
thereof. Mixed refractory oxides, that is refractory
oxides comprising at least two cations may also be
employed as carrier materials for the catalyst.

The catalytically active metal may be deposited on
the refractory oxide carrier by techniques well known in
the art. A most suitable technique for depositing the
metal on the carrier is impregnation, which technique
typically comprises contacting the carrier material with
a solution of a compound of the catalytically active
metal, followed by drying and calcining the resulting
material.

The catalyst may comprise the catalytically active
metal in any suitable amount to achieve the required
level of activity. Typically, the catalyst comprises the
active metal in an amount in the range of from 0.01 to
20% by weight, preferably from 0.02 to 10% by weight,
more preferably from 0.1 to 7.5% by weight.

Any suitable reaction regime may be applied in the
process of the present invention in order to contact the
reactants with the catalyst. One suitable regime is a
fluidised bed, in which the catalyst is employed in the
form of particles fluidised by a stream of gas. A
preferred reaction regime for use in the process is a
fixed bed reaction regime, in which the catalyst is
retained within a reaction zone in a fixed arrangement.
Particles of catalyst may be employed in the fixed bed
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in which Exanples 1 and 2 are enbodi ments of the present invention and
Exanple 3 is for conparative purposes only. Exanple 1 Catal yst Preparation

Barium hexa-alum nate (BaAl[err]Jerr]) was prepared as_foll ows: Barj
(21.0 g) was added to isopropyl al cohol (Uit %S*&‘?&fe‘r'lgréed%tﬁﬁtb&ﬁe{@g}

nitrogen and the resultant m xture heapqu%nger reflux for 1.5 hours.

Furt her isopropyl alcohol (1000 M) was added to the resulting solution.
Thereafter, atregiméunretepnegybatvg(figedsbgy wascidoad techpiiriesamelilhe
m xture heat eghypdesnrefbux £or a18EHhQH19619, NeHES £ikhe heSahldeR@nH Xt ure
(601.87 g) was %gnbﬁﬂeg mﬁtﬁ den?negarggédgmgfer (22}5 g)aand,ﬁgétg under
reflux whil stMaYi EPRAGLE6r thef GrERLYSE RBufheThermesdl & AGROLENLEN was

subsequent |y §ephiefute.evapapateptBecsob¥enbnbdikaave sargeithgter esi due. The
comprises a ceramic foam. Suitable ceramic foams for use
in the process are available commercially. Further,
alternative forms for the catalyst include refractory
oxide honeycomb monolith structures.

In a preferred embodiment of the process of this
invention, the feed is contacted with a catalyst retained
in a fixed arrangement, which arrangement has a high
tortuosity. The term "tortuosity"” is a common term in
the art which, when referring to a fixed catalyst bed,
can be defined as the ratio of the length of the path
taken by a gas flowing through the bed to the length of
the shortest straight line path through the bed. Thus,
the honeycomb moncolith structures have a tortuosity of
1.0. For the purposes of the present invention, the term
"high tortuosity” is a reference to arrangements having a
tortuosity substantially greater than that of the
honeycomb monolith structures, in particular a tortuosity
of at least 1.1. A fixed bed of catalyst particles
typically has a tortuosity of 1.5, whilst ceramic foams
may be prepared having a tortuosity in the range of from
3.0 to 4.0, or even higher. In general, the tortuosity
of the fixed bed arrangement is preferably in the range
of from 1.1 to 10.0, more preferably to 5.0. A most
sulitable range of tortuosity is from 1.3 to 4.0.

It has been found that by employing the catalyst in a
fixed bed arrangement having a high tortuosity allows the
required conversion to be achieved with only a relatively
very short contact time between the reacting gases and
the catalyst. In this way, only a very low volume of
catalyst is required, which in turn allows the wvery high




solid was dried by heating to 120 [err]C and maintained at that tenperature
for 4 hours. Thereafter, the solid was calcined in a first stage by heating

to 450 [err]C over a period of 4 hours a bei.ng hel d at .that, t re
for 1 hour and in a second stage by heat irg‘éb%ﬁ“?%ﬁﬁe%e?bﬁ ngarg{e@%d of
1 hour and being held at that tenperaturebgor 5 hours. An aqueous sol ution

was prepared by dissolving rhodium chlori (RhC [err], 2.0 g) and
hydrochl ori ¢ geaisd st vRldoties ddnther gdriesehiwgtrercegss 82 de tengiilpe a

r hodi um conce i f OWEQ% . gRt . bari um hexa-al um nate prepared
as descri bed %gglgtaeg%\?e%& /éf) rrg\éﬁl%g. (fc-gg) Eé\/\'/as I mersed in the

af orement i oned aqd&od$ olfuritder prefegredrfeatans tithghe pugcesmet

agitated firsihys An&ren®ilon@nEt lehfeOlcak NQyt and Adherierid 8m itheéd fd¥kary
drier for 1 hoyr. The resultlg% material, was dried in an ove Qy heat i ng
for 1 hour anafbéiﬁﬁaﬁg G@ryiangement having a large n er of pores.

In this respect, the term "pore" is a general reference
to a space or interstice in the fixed arrangement between
two adijacent portions of the catalyst. Thus, in the case
of a fixed bed of catalyst particles, the term "pore”
refers to the space between two adjacent particles. When
referring to ceramic foams, the term pore refers to the
openings or spaces between adjacent portions or lands of
the ceramic structure. Thus, it will be appreciated that
the pores referred to in respect of the present invention
have a nominal diameter of the order of magnitude of 0.1
mm. These are to be contrasted with pores which may be
present in the catalyst support material itself, which
may be porous.

The fixed arrangement comprises at least 750 pores
per square centimetre. Preferably, the fixed arrangement
comprises from about 1000 to about 15000 pores per square
centimetre, more preferably from about 1250 to about
10000 pores per square centimetre.

The gaseous mixture of the hydrocarbon feedstock and
the oxygen-containing gas are preferably contacted with
the catalyst under adiabatic conditions. For the
purposes of this épecification, the term "adiabatic" is a
reference to reaction conditions in which substantially
all heat loss and radiation from the reaction zone is
prevented, with the exception of heat leaving in the
gaseous effluent stream of the reactor.

In a further aspect, the present invention relates to
carbon monoxide or hydrogen whenever prepared by a
process as hereinbefore described.
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a tenperature of 120 [err]C for 5 hours and subsequently Substitute
sheet - 18 Septenber 1996 - 17 - calcined by heating for 5 hours and bei ng

held at a tenperature of 500 [err]C for 1 hour. The resulting catalys
conprised 5.0% by wei ght rhodi um Cat al ytSuPsBiutg gheady ﬂété%ﬁem éa?&é%ﬁ was

constructed conprising a transparent sapghire t ube nmounted concentrically
within an outer transparent polycarbonat % ube. The r hodi um cont ai ni ng
cat al yst preparediias hexeanded dHreareserndedxivds donddeddragent beepappti re

{Ube and ret %Qe«gﬁégp#%ﬁégf&%o{h%fié@&u?fgnoif,Cg&?l:Xéng?&gi cl¢8aR3¥ N9 a
ortuosity of -1.5. feed mXxture cpnpr|5|ng net hane "and~ oxygen, in

for use in the synthesis of hydrocarbons, for example by
means of the Fischer-Tropsch synthesis, or the synthesis

of oxygenates, for example methanol. Processes for the
conversion of the mixture of carbon monoxide and hydrogen

into such products are well known in the art.

As mentioned hereinbefore, it is an advantageous
aspect of the present invention that naturally occurring
hydrocarbon sources which also comprise sulphur or
sulphur-containing compounds may be subjected to
catalytic partial oxidation without the need to treat the
hydrocarbon feedstock to a sulphur removal stage. This
is in contrast to the conventional precessing of
naturally occurring hydrocarbon feedstocks, such as
natural or associated gas, which are subjected to a
desulphurisation treatment before use. Thus, it follows
that sulphur removal need only be applied if the carbon
monoxide and/or hydrogen products of the process are to
be utilised in applications which are sensitive to the
presence of sulphur, such as Fischer~-Tropsch synthesis.
In such cases, the sulphur removal treatment may be
applied to the product stream of the catalytic partial
oxidation process.

Accordingly, in a further aspect, the present
invention provides a process for the preparation of
carbon monoxide and/or hydrogen from a hydrocarbon
feedstock comprising subjecting the hydrocarbon feedstock
in a first stage to a catalytic partial oxidation process
as hereinbefore described and subjecting at least a
portion of the product of the first stage in a second
stage to a desulphurisation process.

This aspect of the present invention will be further
discussed having reference to the Figure which is a
schematic representation of one embodiment for a process




sufficient anounts to give an oxygen-to-carbon ratio of 0.63, was
t horoughly m xed just before being introduced into the reactor to contact
the fixed bed of catalyst. The feed nixtuggg%@s fe

to the.reactor
pressure of 3.2 bara and at a gas hourly &UP%PEE?EyHgéﬂﬁﬁﬁmﬁeﬁfQ%g,ooo

NI/ kg/ hr. The feed m xture conprised 10?6£§ vol une of nitrogen
Tet rahydr ot hi ophene was present in the fe m xture in an anount sufficient

to give a sul fbor th®) cadrdgritiratpamt iafl 4x5. dairon Hie soparlghumg t enperature

of the catal ya, Red ue8; red iy At salodwronetry. The conposition of
the gas mixture l'eaving tHe reactor was neasured by gas chromatography. The

conversion and t hBeferadmgyitoy thie FHeuscocas sate ledrsoparii®dd de and

hydrogen (on bhedddsich dleaBidiane jGORNRI19®d Was datrRy M Retkh Eheradgoni a
content of the product gas was determ ned Qy aSS|n%)the gas(ftrean1through
sfantia lJJ n and a

an aqueous soFgdtitdr SofCTRIHUIL pure Oxyge

sulphur-containing natural gas. The substantially pure
.oxygen comprises a minor amount of nitrogen and is
prepared by the distillation of liquified air in a
distillation unit (not shown) linked to the catalytic
partial oxidation processing unit by line 6. The hot
product stream of the catalytic partial oxidation reactor
2 is led via line 8 to a heat exchanger 10, in which the
hot product stream is used to preheat natural gas fed to
the heat exchanger by line 12. The preheated natural gas
feed is supplied to the inlet of the catalytic partial
oxidation reactor via line 14.

The cooled product stream of the catalytic partial
oxidation reactor is removed from the heat exchanger via
line 16. A product stream comprising carbon monoxide and
hydrogen is withdrawn from the process wvia line 18 to be
employed as a feed for sulphur-~tolerant applications {(not
shown). A portion of the cooled product stream is
supplied via line 20 to a desulphurisation unit 22. A
substantially sulphur-free product stream is removed from
the desulphurisation unit 22 via line 24 for supply to
sulphur-sensitive applications.

Suitable processes for use in the desulphurisation
unit for removing sulphur-containing components from the
carbon monoxide/hydrogen product are well known in the
art. Suitable techniques include adsorption of the
sulphur-containing compounds by passing the product
stream through a bed of a suitable adsorbent, for example
active carbon or zinc oxide.

The process of the present invention is further
described by way of the following illustrative examples,
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to renove the anmmonia, followed by titration of the solution. The hydrogen
cyani de content was determned in a sinilar nanner usi ng an aqueous

sol uti on of potassium hydroxi de. The ope conﬂltlon f th .ﬂ@@g
and the results of the experinment are su eete! oW.
Substitute sheet - 18 Septenber 1996 - §6 Exanple 2 The catalyst
preparation and process nethod described i’n Exanple 1 was followed, wth

t he excepti onin hdtidcletExdypled hi ooz aws qmesdinens tde tkedpmasem:e in

an amount  sufifj Gl Gnf o4 O 0 Vi St P s (8)r CONGEME L &1 @ poses only.

Example 1
Catalyst Preparation

Barium hexa-aluminate (BaAlj,0jg) was prepared as
follows:

Barium (21.0 g) was added to isopropyl alcohol (1500
ml) under an atmosphere of nitrogen and the resultant
mixture heated under reflux for 1.5 hours. Further
isopropyl alcohol (1000 ml) was added to the resulting
solution. Thereafter, aluminium isopropylate (379.65 g)
was added stepwise and the mixture heated under reflux
for a period of 5 hours. The resulting mixture (601.87
g) was combined with demineralised water (22.5 g} and
heated under reflux whilst stirring for a further 1 hour.
The resulting solution was subsequently heated to
evaporate the solvent to leave a solid residue. The
solid was dried by heating teo 120 °C and maintained at
that temperature for 4 hours. Thereafter, the solid was
calcined in a first stage by heating to 450 °C over a
period of 4 hours and being held at that temperature for
1 hour and in a second stage by heating to 1300 °C over a
period of 1 hour and being held at that temperature for 5
hours.

An aqueous solution was prepared by dissolving
rhodium chloride (RhCl3z, 2.0 g) and hydrochleric acid
(37%, 1.0 g) in demineralised water (6.83 g) to give a
rhodium concentration of 10% by weight. The barium
hexa-aluminate prepared as described hereabove {(30/80
mesh, 2.0 g) was immersed in the aforementioned agqueous
solution (1.07 g). The resulting mixture was agitated
firstly in a rolling mill for 1 hour and thereafter in a
rotary drier for 1 hour. The resulting material was
dried in an oven by heating for 1 hour and being held at
a temperature of 120 °C for 5 hours and subsequently




0.6 ppm The operating conditions of the reactor and the results of the
experinment are summarised in the Tabl e herei nbel ow. Exanple 3 Conparative
Exanpl e The catal yst preparation and procgss ret hod described in Ex el
was followed, with the exception that thegwé%tbF”itﬁ fgﬁ?Te" &§s§§rﬁﬁeﬂﬂiﬁr %@
The operating conditions of the reactor agd‘the results of the experinent

are summarised in the Tabl e herei nbel ow Substitute sheet - 18 Septenber
1996 - 19 - TadldirEahpde Heddxmpl o2 5 Bxanp$ ealgd being held at a

temperature of 500 °C for 1 hour. The resulting catalyst

comprised 5.0% by weight rhodium.
Catalytic Partial Oxidation

A reactor was constructed comprising a transparent
sapphire tube mounted concentrically within an outer
transparent polycarbonate tube. The rhodium-containing
catalyst prepared as hereinbefore described was loaded
into the sapphire tube and retained in the form of a
fixed bed of catalyst particles having a tortuosity of
1.5. A feed mixture comprising methane and oxygen, in
sufficient amounts to give an oxygen-to-carbon ratio of
0.63, was thoroughly mixed just before being introduced
into the reactor to contact the fixed bed of catalyst.
The feed mixture was fed to the reactor at a pressure of
3.2 bara and at a gas hourly space velocity (GHSV) of
1,400,000 Nl/kg/hr. The feed mixture comprised 10% by
volume of nitrogen. Tetrahydrothiophene was present in
the feed mixture in an amount sufficient to give a
sulphur (S) concentration of 4.5 ppmv.

The operating temperature of the catalyst bed was
measured by optical pyrometry. The composition c¢f the
gas mixture leaving the reactor was measured by gas
chromatography. The conversion and the selectivity of
the process to carbon monoxide and hydrogen {(on the basis
of methane converted) was determined. The ammonia
content of the product gas was determined by passing the
gas stream through an agueous solution of sulphuric acid
to remove the ammonia, followed by titration of the
solution. The hydrogen cyanide content was determined in
a similar manner using an agqueous solution of potassium
hydroxide.

The operating conditions of the reactor and the
results of the experiment are summarised in the Table
hereinbelow.

—
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Feed conposition N2 content (% vol) 10 10 10 S
content (ppnv) 1 4.5 0.6 0.0 oxygen/carbon ratio

0. 63 0. 63 0. 63 Qperating Conditions Pressure gbara)

3.2 3.2 3.2 GHSV (1000 NI /Rypsfitute sheahpo 18 Septermbgnl 996
1400 Product Stream NH err] content (ppgvi8 _ 0.6[err] 2.3[err]
10.0[err] HCN content (ppmnmv) <0.1 <0.1 1.0[err] 1
present as teErkahpdeohi ophene 2 accuracy +/- 0.5 ppnv 3 accuracy +/ -

0.1 ppmv Subst ith it 828086kt plefabRibA ¥nl $¥Bcess method described
in Example 1 was followed, with the exception that
tetrahydrothiophene was present in the feed mixture in an
amount sufficient to give a sulphur (S) concentration of
0.6 ppm. The operating conditions of the reactor and the
results of the experiment are summarised in the Table
hereinbelow.

Example 3

Comparative Example

The catalyst preparation and process method described
in Example 1 was followed, with the exception that the
feed mixture was sulphur free. The operating conditions
of the reactor and the results of the experiment are
summarised in the Table hereinbelow.




- 20 - CLAIMS: 1. A process for the catalytic partial oxidation of
a hydrocarbon feedstock, which process conprises contacting a feed m xture

conpri sing the hydrocarbon feedstock and oxygen- 5 coptainin i ch
feed mixture al so conprises nitrogen, wit r}?ﬁtgé?eafs?%‘?t ’cgga%?@eﬂ%eggﬁﬁ@@i ng
the partial oxidation of the hydrocarbqpéiiedstock at elevated tenperature

and pressure and at a gas hourly space v city of from 20,000 to

100, 000, 000 NI/ kg/ hr, wherein the feed m xture al so conprises a sul phur- 10
contai ning conpound in an amount of 0.0% £9100 ppm 2. A process

according to claim1l1, characterised in he hydrocarbon feedstock
conprises nethane, natural gas., associated gas or a source of |ight

hydrocarbons{ 15 3. A process REcALULENY | ELamS1E N8N pRimpEbags 1 or

2, char act er fsed—nthat—the—oxygem-—contarmng—gas TS guostantTarty
Feed composition
N» content (% vol) 10 10 10
S content (ppmv) ! 4.5 0.6 0.0
oxygen/carbon ratio 0.63 0.63 0.63
Operating Conditions
Pressure (bara) 3.2 3.2 3.2
GHSV (1000 Nl/kg/hr) 1400 1400 1400
Product Stream
NH3 content (ppmv) 0.6% 2.3% 10.0°
HCN content (ppmv) <0.1 <0.1 1.0° |

1 present as tetrahydrothiophene
accuracy +/- 0.5 ppmv
3 accuracy +/- 0.1 ppmv
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pure oxygen. 20 4. A process according to any one of the preceding clains
characterised in that the feed conprises the hydrocarbon feedstock and the
oxygen-contai ning gas in anmounts giving an oxygen-to-carbon ratio of from
0.3t0 0.8. 25 5. A process according tgugﬁ%gﬁﬁékﬁﬁtfﬂgiEﬁﬁgﬁﬂbﬂg1ggﬁins
characterised in that the feed conprises %ge_hydrocarbon,feedstock and the
oxygen-con unts giving ah”oxygen-to-carbon ratio of from
0.45 to O. ﬁl&ﬂﬂ@gﬂ%ﬂ cess according to any one of the I8 etelh iHIN

cl ai ms characterIs t the feed conprises the hydrocarbon feedstock
and the oxygen-containing gas in anobunts giVving an oxygen-to-carbon ratio
of from0.45 to 0.65. 35 7. A procésd #r&bphghg to any one of the
preceding clains, characterised in that the sul phur-containing

conmpound is

1. A process for the catalytic partial oxidation of a
hydrocarbon feedstock, which process comprises contacting
a feed mixture comprising the hydrocarbon feedstock and
an oxygen-containing gas, which feed mixture also
comprises nitrogen, with a catalyst capable of catalysing
the partial oxidation of the hydrocarbon feedstock,
wherein the feed mixture also comprises a
sulphur-containing compound.

2. A process according to claim 1, characterised in that
the hydrocarbon feedstock comprises methane, natural gas,
associated gas or a source of light hydrocarbons. )
3. A process according to either of claims 1 or 2,
characterised in that the oxygen~containing gas is
substantially pure oxygen.

4. A process according to any preceding claim,
characterised in that the feed comprises the hydrocarbon
feedstock and the oxygen-containing gas in amounts giving
an oxygen-to-carbon ratio of from 0.3 to 0.8, preferably
from 0.45 to 0.75, more preferably from 0.45 to 0.65.

5. A process according to any preceding claim,
characterised in that the sulphur-containing compound is
hydrogen sulphide, sulphur dioxide, carbonyl sulphide, a
mercaptan, an organic sulphide, or a thiophene,
preferably tetrahydrothiophene.

6. A process according to any preceding claim,
characterised in that the sulphur-containing compound is
present in an amount of from 0.05 to 100 ppm, preferably
from 0.1 to 50 ppm, more preferably from 0.1 to 10 ppm.
7. A process according to any preceding claim,
characterised in that the feed is contacted with the
catalyst at a pressure in the range of up to 150 bar,

This Sheet Has Been Replace
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mﬂFruary 1998 -21- hydrogen sul phi de, sulphur

Substi t

di oxi deL“mn mil“l kﬂ& , a nmercaptan, an organic sul phide, or

t hi opheney pdexera y te rahydrothlophene roce ccor any
one of the preceding clains, characteri se%”‘??ftPF%FRFWe §§|§ "glﬁ{tkéﬁﬁ
conpound is present in an anount of fromp. 1 to 50 ppm 9. A process
according to any one of the precedin cl aims, 10 characterised in that the
suIphur-contapheﬁgrébhﬁoﬁﬁéml8 ﬁpeéagtbaﬁ,amoaﬁogﬁef@rabdanﬁapm £ot®0 ppm
10. A process;ggcgaeing to any one of the preceding clains, characterised
in that the feed is contacted with the catalyst at 15 a_pressure in the
range of up t®- 150 BEPCeEE. aﬁFBFG&Bgstacéﬁydpﬁﬁcﬁglaﬁyc&ﬁémmf t he preceding
clainms, charaghg&thaedriiBetihah thatf ehd fsedonbacbadavited Wiehcahal yst at

catalyst at a temperature in the range of from 950 to
1300 °C, preferably from 1000 to 1200 °C.

9. A process according to any preceding claim,
characterised in that the feed is contacted with the
catalyst at a gas hourly space velocity in the range of
from 20,000 to 100,000,000 Nl/kg/hr, preferably from
50,000 to 50,000,000 Nl/kg/hr, more preferably from
500,000 to 30,000,000 Nl/kg/hr.

10. A process according to any preceding claim,
characterised in that the catalyst comprises rhodium,
ruthenium or iridium. N
11. A process according to any preceding claim,
characterised in that the catalyst is retained in a fixed
arrangement, preferably in the form of a fixed bed of
catalyst particles or in the form of a ceramic foam, more
preferably in the form of a ceramic foam.

12. A process according to claim 11, characterised in
that the fixed arrangement of the catalyst has a
tortuosity in the range of from 1.1 to about 10.0,
preferably in the range of from 1.1 to about 5.0, more
preferably in the range of from 1.3 to about 4.0.

13. A process according to either of claims 11 or 12,
characterised in that the fixed arrangement of the
catalyst has from about 1000 to about 15000 pores per
square centimetre, preferably from about 1250 to about
10000 pores per square centimetre.

14. A process according to any preceding claim,
characterised in that the feed is contacted with the
catalyst under substantially adiabatic conditions.

15. A process for the preparation of carbon monoxide
and/or hydrogen from a hydrocarbon feedstock comprising

R
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a pressure in to 125 bar. 20 12. A process according to
any one of th ‘wm% Wlmmﬁs characterised in that the feed is

cont act ed mnt e yst at a pressure_in the range from2 to 0. ba

25 13. A process according to any one of Yhst] PEQ:@'EI‘F%Q‘& ﬁ%ember 1996
characterised in that the feed is contacted with the catalyst at a
tenperature in the range of from950 to O[err]C. 14. A process according

to any one ofsubieqteeeding hydiocaridon cheedsteckséd anfihat shegkedd is
contacted with éé@afﬁ%yﬁér’@faﬁ 6)?1'@@’6%Hrﬁrbee%geﬁéaag?lﬁ%df E.Hmfaﬁ?oo to

1200[err] C. 15. process according to any one o rece
characterlsedDﬁrF¥¢%ﬁSthet¢e%ﬁ ard cymphecEngi &k @ﬁéSEaﬁaP9§§1@ﬂ g8 a gas

hourly space ted gstédud® dhech@ngerof $£8§259n 000568008, 988gB08cNL/ kg/ hr .
desulphurisation process.
16. Carbon monoxide or hydrogen whenever prepared by a
process according to any one of claims 1 to 15.
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Substitute sheet - 17 February 1 998 -22 - 16. A process according to any
one of the preceding clains, characterised in that the feed is contacted

with the catalyst at a gas hourly space vel ocit the n

500, 000 to 30,000,000 N /kg/hr. 17. A pr ‘éf?é ég g gﬁ 1%1@6[ he
precedi ng clains, characterised in that the catalyst conprlses r hodi um

rut heni um or |r|d|un1 10 18. A process according to any one of the
preceding claims, characterised in that the catalyst is retBn@H? nSENf xed
arrangenment. 19. A process according to claim 18 wherein the catalyst is 15
retained in the formof a fixed bed of %?I S articles. 20. A process
according to claim 18 wherein theiiéﬁéiggL—ﬁ%liéfained in the formof a
ceram c foam

PROCESS FOR THE CATALYTIC PARTIAL OXIDATION OF
HYDROCARBONS

A process for the catalytic partial oxidation of a
hydrocarbon feedstock comprises contacting a feed mixture
comprising the hydrocarbon feedstock and an
oxygen-containing gas, which feed mixture also comprises
nitrogen, with a catalyst capable of catalysing the
partial oxidation of the hydrocarbon feedstock, wherein
the feed mixture alsc comprises a sulphur-containing
compound. This process allows sulphur-containing N
hydrocarbon feedstocks to be processed without first
undergoing a sulphur removal treatment. Accordingly, a
process for the preparation of carbon monoxide and/ox
hydrogen from a hydrocarbon feedstock comprising
subjecting the hydrocarbon feedstock in a first stage to
a catalytic partial oxidation process as described above
and subjecting at least a portion of the product of the
first stage in a second stage to a desulphurisation
process.

(Figure 1)
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20 21. A process according to any one of clains 18 to 20, char d&¥ &7 €ed
in that the fixed arrangenent of the catalyst has a tortuosity in the range
of from1l.1 to about 10.0. 22. A process _accqarding to an7y one of clains
18 to 20, 25 characterised in that the fi o&@SHFFGRIERENt! HFePRErE G st
has a tortuosity in the range of from1.1 to about 5.0. 23. A process
according to any one of clains 18 to 20, characterised in that the fixed
arrangenent of the catalyst has 30 a tortuosity in the range of from1l1l.3 to
about 4.0. 24. A process according to 22y one of clainms 18 to 23,
characterised in that the fixed arrangenent of the catalyst has from about
1000 to about 15000 pores per square centinetre. 35 25. A process

according to @cdie R ¢hal BBtallBikOpgBrial oxidation of a hydrocarbon
feedstock, which process comprises contacting a feed mixture
comprising the hydrocarbon feedstock and an oxygen-containing
gas, which feed mixture also comprises nitrogen, with a catalyst

5 capable of catalysing the partial oxidation of the hydrocarbon

feedstock at elevated temperature and pressure and at a gas
hourly space velocity of from 20,000 to 100,000,000 Nl/kg/hr
wherein the feed wixture alsc comprises a sulphur-containing
compound in an amount of 0.05 to 100 ppm.

10 The process of the present invention may be used to prepare
carbon monoxide and/or hydrogen f£rom any gaseous hydrocarbon or
hydrocarbon having a low boiling point such that it is gaseous
under the conditions prevailing during the partial oxidation
reactions. The process is particularly suitable for the partial

15 oxidation of wethane, natural gas, associated gas or other
sources of light hydrocarbons. In this respect, the term "light
hydrocarbons® is a reference to hydrocarbons having from 1 to 5
carbon atoms. The process may be applied in the conversion of
naturally occurring reserves of methane which contain a

20 substantial amount ‘of carbon dioxide. The feed preferably
comprises methane in an amount of at least 50% by volume, more
preferably at least 75% by volume, especially at least 80% by

. volume.
The hydrocarbon feedstock is contacted with an oxygen-

25 containing gas during the partial oxidation process. Air may be
used as the oxygen-containing gas, in which case nitrogen will
be present in the feed and reaction mixture in large quantities.
Alternatively, the use of substantially pure oxygen wmay be
preferred, in which case nitrogen may be present in much lower,

30 but nevertheless significant, quantities. Typically, the
substantially pure oxygen is prepared on a commercial scale by
the distillation of liquefied air. The amount of nitrogen
present in the substantially pure oxygen will depend upon the
operating conditions of the air

v 7 -
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Substitute sheet - 1 7 February 1 998 -23 - characterised in that the fixed
arrangenent of the catal yst has from about 1250 to about 10000 pores per

square centinetre. 26. A process accordin o0 .any one of e precedin
claims, 5 characterised in that the feed i%”@éﬂ’f‘&@tsg'@ewtﬁ Fﬁ%’pL@éYél

under substantially adiabatic conditions. 27. A process for the preparation
of car bo“ @HL"LWU’H hydrogen from a hydrocarbon feedstock conprising
subj ect i MLLLLL T glel rbon feedstock in a first stage to a catal ytic
partial oxidation process as defined in any one of clainms 1 to 26 and

subj ecting at |east a portion of the p2bduct of the first stage in a second

stage to a desul phurisation process. 15 28. Carbon nonoxi de or hydrogen
whenever prep&r‘AeI%Sby a process according to any one of clains 1 to 27.

1. A process for the catalytic partial oxidation of a
hydrocarbon feedstock, which process comprises contacting a feed
mixture comprising the hydrocarbon feedstock and an oxygen-
5 containing gas, which feed mixture also comprises nitrogen, with
a catalyst capable of catalysing the partial oxidation of the
hydrocarbon feedstock at elevated temperature and pressure and
at a gas hourly space wvelocity of from 20,000 to 100,000,000
Nl/kg/hr, wherein the feed mixture alsc comprises a sulphur-
10 containing compound in an amount of 0.05 to 100 ppm.

2. A process according to claim 1, characterised in that the
hydrocarbon feedstock comprises methane, natural gas, associated
gas or a source of light hydrocarbons.

15
3. A process according to either of c¢laims 1 or 2,
characterised in that the oxygen-containing gas is substantially
pure oxygen.

20 4. A process according to any one of the preceding claims
characterised in that the feed comprises the hydrocarbon
feedstock and the oxygen-containing gas in amounts giving an
oxygen-to-carbon ratio of from 0.3 to 0.8.

25 5. A process according to any one of the preceding claims
characterised in that the £feed comprises the hydrocarbon
feedstock and the oxygen-containing gas in amounts giving an
oxygen-to-carbon ratio of from 0.45 to 0.75.

30 6. A process according to any one of the preceding claims
characterised in that the feed comprises the hydrocarbon
feedstock and the oxygen-containing gas in amounts giving an
oxygen-to-carbon ratioc of from 0.45 to 0.65.

35 7. A process according to any one of the preceding claims,
characterised in that the sulphur-containing compound is

e — e o e,
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hydrogen sulphide, sulphur dioxide, carbonyl sulphide, a
mercaptan, an organic sulphide, or a thiophene, preferably
tetrahydrothiophene.

8. A process according to any one of the preceding claims,
characterised in that the sulphur-containing compound is present
in an amount of from 0.1 to 50 ppm.

9. A process according to any one of the preceding claims,
characterised in that the sulphur-containing compound is present

in an amount of from 0.1 to 10 ppm.

10. A process according to any one of the preceding claims,

characterised in that the feed is contacted with the catalyst at

a pressure in the range of up to 150 bar.

11. A process according to any one of the preceding claims,
characterised in that the feed is contacted with the catalyst at
a pressure in the range from 2 to 125 bar.

12. A process according to any one of the preceding claims,
characterised in that the feed is contacted with the catalyst at
a pressure in the range from 2 to 100 bar.

13. A process according to any one of the preceding claims,
characterised in that the feed is contacted with the catalyst at
a temperature in the range of from 950 to 1300°C.

14. A process according to any cone of the preceding claims,
characterised in that the feed is contacted with the catalyst at
a temperature in the range of from 1000 to 1200°C.

15. A process according to any one of the preceding claims,
characterised in that the feed is contacted with the catalyst at
a gas hourly space velocity in the range of from 50,000 to
50,000,000 Nl/kg/hr.
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16. A process according to any one of the preceding claims,
characterised in that the feed is contacted with the catalyst at
a gas hourly space velocity in the range of from 500,000 to
30,000,000 Nl/kg/hr.

17. A process according to any one of the preceding claims,
characterised in that the catalyst comprises rhodium, ruthenium
or iridium.

18. A process according to any one of the preceding claims,
characterised in that the catalyst is retained in a fixed
arrangement.

19. A process according to claim 18 wherein the catalyst is
retained in the form of a fixed bed of catalyst particles.

20. A process according to claim 18 wherein the catalyst is
retained in the form of a ceramic foam.

21. A process according to any one of claims 18 to 20,
characterised in that the fixed arrangement of the catalyst has
a tortuosity in the range of from 1.1 to about 10.0.

22. A process according to any one of claims 18 to 20,
characterised in that the fixed arrangement of the catalyst has
a tortuosity in the range of from 1.1 to about 5.0.

23. A process according to any one of claims 18 to 20,
characterised 'in that the fixed arrangement of the catalyst has
a tortuosity in the range of from 1.3 to about 4.0.

24. A process according to any one of claims 18 to 23,
characterised in that the fixed arrangement of the catalyst has
from about 1000 to about 15000 pores per square centimetre.

"25. A process according to any one of claims 18 to 23,
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characterised in that the fixed arrangement of the catalyst has
from about 1250 to about 10000 pores per square centimetre.

26. A process according to any one of the preceding claims,
characterised in that the feed is contacted with the catalyst
under substantially adiabatic conditions.

27. A process for the preparation of carbon monoxide and/or

hydrogen from a hydrocarbon feedstock comprising subjecting the
hydrocarbon feedstock in a first stage to a catalytic partial
oxidation process as defined in any one of claims 1 to 26 and
sﬁbjecting at least a portion of the product of the first stage
in a second stage to a desulphurisation process.

28. Carbon monoxide or hydrogen whenever prepared by a process
according to any one of claims 1 to 27.



