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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:
2CHy + 0O -—=-=> 2CO0 + 4Ho

Processes for the catalytic partial oxidation of
hydrocarbons, such as methane, are known and described in
the art. For example, D.A. Hickman and L.D. Schmidt
("Synthesis Gas Formation by Direct Oxidation of Methane
over Pt Monoliths", Journal of Catalysis 138, 1992, pages
267 to 282) have conducted experiments into the partial
oxidation of methane in the presence of catalysts
comprising either platinum or rhodium. The catalysts
employed 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, at temperatures in
the range of from 600 to 1500 K (337 to 1237 °C) and
using a range of gas flow rates. The experiments used a
mixture consisting of methane and oxygen or air as the
feed. The experiments achieved a typical methane
conversion of 80% with typical selectivities to carbon
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Suitable feedstocks for use in the catalytic partial
oxidation process, in addition to comprising hydrocarbons
such as methane, can also comprise carbon dioxide.
Indeed, some natural gas reserves contain carbon dioxide
in significant quantities. Accordingly, there is a need
for a commercial process for the conversion of the
aforementioned hydrocarbon feedstocks comprising carbon
dioxide into mixtures of carbon monoxide and hydrogen.

The reforming of hydrocarbons using carbon dioxide
is a well known process. The process is endothermic
which, in the case of the reforming of methane, proceeds
by the following reaction:

CHy + COp -———=m—- > 2CO0 + 2Hp

P.D.F. Vernon et al, in the aforementioned reference
describe a range of experiments conducted to examine the
reforming of methane using carbon dioxide in the presence
of a range of catalysts comprising nickel, palladium,
ruthenium, rhodium and iridium supported on an alumina
carrier.

Finally, P.D.F. Vernon et al in the same reference
propose combining the exothermic partial oxidation
reaction with the endothermic carbon dioxide reforming
reaction to give a thermo-neutral process. Experiments
are described in which a catalyst comprising iridium
supported on alumina was used to convert feed mixtures
having a range of compositions. A high level of
conversion of methane was achieved in the process,
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very poor |evghoghideatb@ersion is obtainable. It was concluded that
excellent yields of synthesis gas could be obtained if
feeds containing methane, oxygen and carbon dioxide in
. approximately stoichiometric amounts are used. No
details of the reaction conditions employed in the
experiments are given. '
International patent application publication No.
92/11199 (WO 92/11199) discloses a process for the
conversion of a reactant gas mixture of carbon dioxide,
oxygen and methane. The reactant gas is contacted with a
catalyst at a temperature of from 600 to 1000 °C to yield
a mixture of carbon monoxide and hydrogen. The catalyst
is a solid having the general formula MgM'yOz or MyOz or
M'yoz or M' on a suitable support. M in the formulae is
at least one metal selected from lithium, sodium,
potassium, rubidium, caesium, beryllium, magnesium,
calcium, strontium, barium, boron, aluminium, scandium,
yttrium, gallium, indium, thallium, bismuth, uranium,
thorium, lead and the lanthanides. M' in the formulae is
at least one metal selected from titanium, wvanadium,
chromium, manganese, iron, cobalt, nickel, copper, zinc,
gallium, germanium, yttrium, zirconium, niobium,
molybdenum, ruthenium, rhodium, palladium, gold, cadmium,
indium, tin, hafnium, tantalum, tungsten, rhenium,
osmium, iridium, platinum, silver, mercury, tellurium,
lead, bismuth, thallium and uranium.
In WO 92/11199 it is stated that a thermally neutral
‘reaction can be achieved when the ratio of carbon dioxide
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The experiments described in WO 92/11199 were all
conducted at very low gas velocities, that is a gas
hourly space velocity of from 1200 to 70000 hr-1,
Further, from the data presented in WO 92/11199, it is
clear that whilst a high level of carbon dioxide
conversion can be achieved with feed gas mixtures
containing relatively large quantities of carbon dioxide,
typically above 20%, only very low levels of conversion
of carbon dioxide are achieved when feeds comprising only
a minor quantity of carbon dioxide are employed. 1In
addition, data disclosed in WO 92/11199 indicate that the
level of hydrocarbon conversion and selectivity to carbon
monoxide and hydrogen achieved in the process decline as
the space velocity of the gas flowing the catalyst is
increased.

To be suitable for application on a commercial
scale, a process for the preparation of carbon monoxide
and hydrogen from a feed comprising a hydrocarbon and
carbon dioxide must be able to achieve a high level of of
carbon dioxide conversion. The process must be able to
operate at a commercially acceptable rate of gas
throughput. Thus, it would seem from the data and
information disclosed by P.D.F. Vernon et al and in
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into a mixture of carbon monoxide and hydrogen by the

catalytic partial oxidation of the hydrocarbon in a high

yield using very high gas hourly space velocities. Most
-surprisingly, it has been found that this process allows
high levels of carbon dioxide conversion to be achieved
when carbon dioxide is present in the feed in only minor
quantities. ,

. Accordingly, the present invention provides a
brocess for the preparation of carbon monoxide and
hydrogen by the partial oxidation of a hydrocarbon, which
process comprises coptacting a feed comprising the
hYdrocarbon, carbon dioxide and an oxygen-containing gas
with a catalyst compriéing a metal selected from Group
VIII of the Periodic Table of the Elements at a gas
hourly space velocity of at least 500,000 Nl/kg/hr.

It is a most surprising aspect of the present
inventibﬁ that the carbon dioxide reforming reactions
necessary to convert the carbon dioxide in the feed can
be aéhiéved in_thg very short time in which the feed

.contacté-the catalyst at the very high space velocities
ppevailing.in this process. The use of very high space
‘velocities in the process of the present invention gives
. rise to a number of significant advantages. Firstly, it
'is possible to apply gas velocities which exceed the
"o« velocity of a flame.propagating through the feed mixture.
C “This féduces'thé risk of explosions occurring during the
~operation of the process due to ignition of the feed
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monoxide and hydrogen. Such reforming reactions are

endothermic, as discussed above, and are preferably kept
to a minimum.

Thus, in contrast to the processes disclosed in the
prior art, the process of the present invention is
particularly suitable for application on a commercial
scale.

The process of the present invention may be used to
prepare a mixture of carbon monoxide and hydrogen from
any gaseous hydrocarbon or hydrocarbon feedstock having a
low boiling point. 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 advantageously be applied in the
conversion of gas from naturally occurring reserves of
methane which contain a substantial amount of carbon
dioxide.

In addition to the hydrocarbon, the feed comprises
carbon dioxide. Preferably, carbon dioxide is present in
the feed in an amount of up to 50% by volume. A higher
concentration of carbon dioxide in the feed may be
tolerated. However, the processing such higher
concentrations suffers the disadvantage that, in order to
achieve higher levels of carbon dioxide conversion, a
greater amount of heat is required. Preferably, carbon
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for handling a large volume of inert gas, for example

nitrogen when using air as the oxygen-containing gas, is
avoided.

The feed may additionally comprise steam.

The feed to be converted in the process of this
invention should contain the hydrocarbon, carbon dioxide
and the oxygen-containing gas in sufficient amounts to
give a suitable oxygen-to-carbon ratio. For the purposes
of this specification, the term "oxygen-to-carbon ratio"
is a reference to the ratio of oxygen atoms present in
the feed to carbon atoms present in the feed. The oxygen
atoms relevant for determining the oxygen-to-carbon ratio
are present in the feed in the form of carbon dioxide
molecules and as oxygen molecules in the oxygen-
containing gas. Carbon atoms will be present in the feed
in the form of the hydrocarbon molecules and in the form
of carbon dioxide molecules. Preferably, the feed
comprises hydrocarbon, carbon dioxide and the oxygen-
containing gas in concentrations sufficient to give an
oxygen—-to-carbon ratio in the range of from 0.6 to 1.6,
more preferably, in the range of from 0.9 to 1.5. More
preferably the oxygen-to-carbon ratio is in the range of
from 0.9 to 1.4, with oxygen-to-carbon ratios in the
region of the stoichiometric ratio of 1.0, that is in a
range of from 0.9 to 1.3, being especially preferred.
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to being contacted wth the catal yst. Secondly, at such high gas space
velocities, the time for which the feed contacts the catalyst is very |ow
This*in turn reduces the risk that conplete oxidation of the hydrocarbon in
the feed occurs. Conplete oxidation would yield carbon dioxide, which would
require reformng with the hydrocarbon i-h ®rder to yield the desired carbon
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in the feed and the desired oxygen-to-carbon ratio.

If steam is present in the feed, the steam-to-carbon
ratio is preferably in the range of from above 0.0 to

3.0, more preferably from 0.0 to 2.0.

The hydrocarbon, carbon dioxide, oxygen-containing
gas and steam, if present, are preferably well mixed
prior to being contacted with the catalyst. As discussed
hereinbefore, it is an advantage of the process of this
invention that the aforementioned components of the feed
may be mixed well upstream of the catalyst, without the
risk of a flame or an explosion propagating upstream from
the catalyst or other source of ignition.

The process of the present invention may be operated
at any suitable pressure. However, the process is
preferably operated at elevated pressures, that is
pressures significantly above atmospheric pressure. The
process may be operated at pressures in the range of up
to 150 bara. More preferably, the process is operated at
pressures in the range of from 2 to 125 bara, especially
from 2 to 100 bara.

The process may be operated at any suitable
temperature. However, under the preferred conditions of
high pressure prevailing in the process, the feed is
preferably contacted with the catalyst at high
temperatures in order to obtain the desired degree of
conversion. Accordingly, the mixture of the hydrocarbon,



In addition to the hydrocarbon, the feed conprises carbon dioxide.

Pr.ef erably, carbon dioxide is present in the feed in an anount of up to 50%
by vol une. A higher concentration of carbon dioxide in the feed may be
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litres of gas per kilogram of catalyst per hour) of at

least 500,000 N1/kg/hr. Preferably, the gas hourly space

velocity is in the range of from 500,000 to

50,000,000 N1/kg/hr, more preferably from 750,000 to

30,000,000 Nl/kg/hr, especially from 1,000,000 N1l/kg/hr

to 20,000,000 Nl/kg/hr.

The catalyst employed in the process of the present
invention comprises 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 wversion, as published in the CRC Handbook of
Chemistry and Physics, 68th Edition. Preferred catalysts
for use in the process comprise a metal selected from
ruthenium, rhodium, palladium, osmium,  iridium and
platinum. Catalysts comprising ruthenium, rhodium or
iridium as the catalytically active metal are especially
preferred for use in the process.

The catalytically active metal is most suitable
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. 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
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oo o el ek Lot Ao i,
oxygen-to-carbon ratio jn.the range qf from O. 6, ,
the range of PrEMSESo otfeSPrﬂi‘eg’%prlé’f"&né:&W‘ e OFdeFeta A thd io i s

in the range akeakbtemt® Witth thé catia]l yety.gedneo-stadable atdgimd id e region

bei g espect atpigiard pegs n dplan e chralybe AL Qs Fi ox de
in the feed wiflormacopeaticles Hildidimdsobba sdneascedseds.I nAsuch cases,
deter ni ned. by o e R o e e P o
source, for e;&mﬁdebed 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
regime, retained using fixed bed reaction techniques well
known in the art. Alternatively, the catalyst may be in
the form of a foam, prepared, for example, by the
impregnation of a ceramic foam of the refractory oxide by
the techniques described hereinbefore. Suitable foams
for use in the preparation of the catalyst include those
having from 30 to 150 pores per inch (12 to 60 pores per
centimeter). 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



natural gas, froma gas reservoir or associated gas froman oil reservoir
The quantity of oxygen-containing gas to be enployed in the feed to the
process will thus be determined by the concentration of carbon dioxide
present in the feed and the desired oxygen-to-carbon ratio. If steamis
present in the feed, the steamto-carbon ratio is preferably in the range
of fromabove 0.0 to 3.0, nore preferably ¥¥om 0.0 to 2.0. The hydrocar bon,

carbon. di oxi depagx$echrepataunhagigas a2RerEhes Lyl inPLASCRENgR BEPIG0M aD! Y
wel |l m xed prior to being contacted’wth the catal yst. As di Scussed
her ei nbef ore, Bt0i §%afl-Qdvakt 8§€RoR1gRETpr 0dBs geBETRAN s thRy EREILYRSEAN t he

af or enent i onedogogpengikedobetihariraadedntbe snpxederabll yupat téemrahgehe
catal yst, w thouyt .the tisk_of | ane _or _an _ex si gn prapagating,upstream
fromthe catal § thPmoﬁhzrtgoagc ’OPOFSHPFFSﬁFg¥Eg gpogégs 0 Fﬁ% resent
invention may beitpbilet ednge edy towituaslicéypiessuom 1H3wewer.Ot.he process is
Chove, ot masoner s PGP EAIREUAL Ly oLy E IS SIS 81
range of up to3158xgg kedver&apgenrenibhavinge aphdgbs ordugsdityt éd lows
Durasee brop 18 Bedased ComEraois st achiBos ey oM L
inder the prof SRR LYGA SRGHG SBOTH GAMSAEES b iBey e FREEP G o SRS PG ess,
the feed is prehesesblandc dhicached lwistth t e ¢htiagl waty,abniliyglh very low

volume of catalyst is required, which in turn allows the

very high gas space velocities of the present process to

be easily achieved on a commercial scale.

The feed is 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 and/or hydrogen whenever prepared by a
process as hereinbefore described.

The mixture of carbon monoxide and hydrogen prepared
by the process of this invention is particularly suitable
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.

The process of the present invention is further
described by way of the following illustrative example.
Example 1 '
Catalyst Preparation

An aqueous solution was prepared by dissolving



tenmperatures in order to obtain the desired degree of conversion.
Accordingly, the m xture of the hydrocarbon, -9- carbon di oxi de and
oxygen-contai ning gas are preferably contacted with the catalyst at a
tenpérature greater than 800 [err], nore preferably a tenperature in the
range of from900 to 1400 [err], especially from 1000 to 1300 [err] The
feed is preferably preheated prior to beih@'contacted with the catalyst.

The process OfpH3f v &SEY i eﬁiﬂcﬁ. J S qpeat WG houw lyg space
s per ogram o

vel ocity (expresse as norna |itres’’of ga catal yst per

hour) of at | eekst¥5d0,000 NT Kiﬁmrnewew%chma,tert h(ssg%?s FHor? yIEFRIcR
velocity is i rHdE UrerhntiraiidbHO00E & Q«&Qﬁm@OOA\i ph/ dMumimy e

N Tkg! br 1o 2ONGRIEN ORI 1 U S Loy din g pr Ghaise
the present i rhoe 10 80 amqh |m,a Ifet@al g)s et endmtiermderrupthél | of the
er i odi o Tabl & ST B AR UG S @ | e B ellg MkAi®
CRC Handbook dfasCrdgiittatrgd dhir i as a2 el imy tiohl mléfbrh@éir cand| yst s
for use in theHyRGEMS LM %@ar"s}i‘t@hé@'ﬁﬁeﬁﬁdﬁn r U & £ 1041 um
pal I adi um Osgk&@rigfckégné%led in an oven by heating for 1 hour and
being held at a temperature of 120 °C for 5 hours and
subsequently calcined by heating for 5 hours and 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
about 1.5. Methane, oxygen and carbon dioxide were
thoroughly mixed before being introduced into the reactor
to contact the fixed bed of catalyst. The concentration
of carbon dioxide in the feed was varied to give a total
of four different feed compositions, whilst keeping the
operating pressure and gas hourly space velocity (GHSV)
of the experiment constant. The composition of the gas
mixture leaving the reactor was measured for each of the
four feed compositions.

The operating temperature of the catalyst bed was
measured by optical pyrometry. The composition of the
gas nixture 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 operating



plati nrum Catal ysts conprising ruthenium rhodiumor iridiumas the
catalytically active netal are especially preferred for use in the process.
The catalytically active netal is nost suitable 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 nixtures
t hereof . The catalytically active nmetal-nhy be deposited on the refractory

oxi de.car 11 er oo ¢ BRs0UES 14 b spN B WheAibsAUIYs Siid abl e

techni que for depositing the rrier 1s_inpregn atlon whi ch

t echni que typP&Q?F}méﬁﬁpﬁF§e§U@@ﬁﬁé@@ﬁngntﬁ@ecgﬁhLﬁ’hﬁﬁﬁ%ﬁ Mth a

sol ution of a conporsi e tdwcéaéﬁéyén@@dlynaguvmble, i caﬂ%@' seen
foll oned by dr |ng

nd caIC|n|n e resultin rial. _Any suitable
reaction regi §%ﬁep5ﬁﬁﬁﬁédq n%gﬁepﬁﬁé q&WePﬁ @&&épﬁ nvention in
order_to cont agdrblka rbeac faeds wwmbruhangabmnbdn dﬂmxrﬂaihddb& regime is a
fluidised bedCO e%'e(ah E’lh?ll%t @l% %ﬂel %n tgéq.e 1CH1e%arttd cles

fluidised by a streamo rre regi ne use in the
process is a bpx@dcm@omemd;ee@dehmmmh tIrteomténeysateers thataianed

‘é\ﬂn;rlggeg rﬁaf?]lg.%]?ll il%?"el;%facfdr’b%@z A HI TR v RRHIC 1185 RhiCRiR] yst may be
This in turn results in the significant advantage that
less carbon dioxide is present in the product stream of
the process, which carbon dioxide would be an undesirable
inert component in the further conversion of the carbon
monoxide and hydrogen in such processes as the Fischer-

Tropsch synthesis.



regine, retained using fixed bed reaction techniques well known in the art.
A:ternatively, the catalyst may be in the formof a foam prepared, for
exanpl e, by the inpregnation of a ceram c foam of the refractory oxi de by
t he techni ques described hereinbefore. Suitable foanms for use in the
preparation of the catal yst include those having from 30 to 150 pores per
inch (12 to 60 pores per centineter). Furltéer, alternative forms for the
catal yst include refractory oxide honeygQfj Jronolith structures. In a
preferred enbodi nent of the process of thrs1nvention, the feed is
contacted with a catalyst retained in a fixed arrangenent which
arrangenment hapezatiigly (condidsSicns The term "tortuosity” is a comon term
in the art which, when refg&&ing to a bgﬁed cat al yst bed, can be defined as
the ratio of CRFEDS ﬁé@ﬁebﬂ e path t& by a gas flow ng through the bed
to the | engt hPolestsoreshdaredt strai ght 3.i2ne path through the bed. Thus, the
honeyconb ”DD%HS%hiﬁkﬁHPHHDquﬁﬂﬁe a {eifguosity of 1.0. For the purposes of
m

the present invention, the't high tortuosity"” is a reference to
arrangenents having a tortuosity substantially greater than that of the
honeyconb mon@lddd) comfpédidi®h in particular a tortuosity of at least 1.1.
A fixed bed of catalystvparticles typically has a tqortuosity of 1.5, whilst
ceram c foans O¥Y9RQy B Y9ldpar ed havidfy 3 t Hh-vbsi t Y 1P t hé hahge 3%-%rom

Methane (% vol) 61.7 60.9 60.5 60.2 58.6
Carbon Dioxide (% vol) 0.0 1.3 1.9 2.5 3.6
Oxygen-to-Carbon ratio 1.24 1.25 1.26 1.27 1.28

Conversion (%)

Methane 96.2 96.0 95.9 95.8 95.6
Carbon Dioxide - 48.9 49.3 50.4 50.6
Selectivity (%)1

Carbon Monoxide 92.3 91.3 90.8 90.1 89.5
Hydrogen 92.3 91.3 90.8 90.2 89.9

Selectivity to carbon monoxide and hydrogen based on
methane conversion.



3.0 to.4.0, ,or even higher. In general, the tortuosity of the fixed bed
arrangenent is preferably in the range of from1l.1 to 10.0, nore preferably
to 5.0. A nost suitable range of tortuosity is from1.3 to 4.0. It has been
found that by enploylng the catalyst in a fixed bed arrangenent having a
hi'gh tortuosity artows the required conversion to be achieved with only a

rel atively very nme betweenldhe reacting gases and the
catalyst. In thumm n“ﬂﬂe“ ry low volume of catalyst is Irse%6r6e$IN
which in turn a envesy I gh gas space velocities of t

process to be easily achieved on a comercial scale. The feed is preferably
contacted with the catal yst under adi gbafiac rcengi tions. For the purposes of
this specification, the term"adiabatit— 1S a reference to reaction
conditions in which substantially all heat |oss and radiation fromthe

reaction zone ils prlevrdasks vidh thee ;me;mnammfome@drbmwhm*mé f@ndt
f sen
gaseous efflueﬂgd§5 AN thige %%@ Eﬁrb ﬁﬁa@ LHr plper %&@Eéngb répa%@&hby a

i nvention rel at carpon no &*and r ogef
process as herEFﬁ§§ﬁ§r§°@§§éﬁﬁ§eG0nIH@t#nﬂtarée@ﬁ canpi simgosthge and

hydr ogen prepah?ﬁrbba&ﬂ%npr%ﬁ%%%noﬁlbﬁhae'Bﬁ@nhhoaxpﬁeﬁakbh%%ﬁ%r?&i?@ééﬂﬂe

for use in the § esi drocar bqns exa means o
Fi scher- TropscH? 5n?h€§%§9y§F Fﬁ@p§9§ﬂﬁ83FsmSFaéx§§éﬁ&F@§ from Srawp e
nmet hanol . Procvss&soEothbh@e@Qbm&tsmebl@fththélEﬂ@h@n@% @&r hogag¥onoxi de

and hydrogen hourly space veloc1ty of at least 500,000 Nl/kg/hr.
2. A process according to claim 1, characterised in
that the hydrocarbon is methane or present as natural
gas, associated gas, or other source of light
hydrocarbons.
3. A process according to either of claims 1 or 2,
characterised in that carbon dioxide is present in the
feed in a concentration of up to 50% by volume,
preferably up to 30% by volume, more preferably up to 25%
by volume, especially up to 10% by volume.
4. A process according to any preceding claim,
characterised in that the oxygen-containing gas is
substantially puré oxygen.

5. A process according to any preceding claim,
characterised in that the feed comprises the hydrocarbon,
carbon dioxide and the oxygen-containing gas in
concentrations sufficient to give an oxygen-to-carbon
ratio in the range of from 0.9 to 1.6, preferably from
0.9 to 1.5, more preferably from 0.9 to 1.4, especially
from 0.9 to 1.3.

6. A process according to any preceding claim,
characterised in that the feed is contacted with the
catalyst at a pressure of up to 150 bara, preferably a
pressure in the range of from 2 to 125 bara, more
preferably from 2 to 100 bara.
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i nto-such products are well known in the art. The pFeeeSSFUf‘THE'BFEEEnt
isnvention is further described by way of the foll ow n

exarrpl e. Exanple 1 Catal yst Preparation An aqueous S @M mr ed by
dlssoIV|ng - 12 - rhodiumchloride [err], 2.0 g orie acid
(3796 1.0 g) in demneralised water (6. 83%8) to glve a rhodlum

concentration of 10% by wei ght. Al pha atuhkPna extrudates (commercially

aval | abl e ex. JENGeA igrSess Usdedd MPOLS Caipobr 5¢4@ing Oc Jati, ver & | mrer sed
in the a orene o sol ufi,on e .resul ti re.,was agitate
firstly on a rc T f(tﬁgu%h%(fet%rlgaﬁoé’rtqcﬁ:? \i\fﬁ'l er for 1
hour. The resm:lattlarigrstataa:r |aaltemrdar'mﬂcé igreatexyv dihany Smé)at"Cngpi:etferabdwr and

being held at 4 taerg%?r[gaetz% ard i1¢ erIr gqrehgf13 é}%'ft[ D¢ ubsRAvent Ly

cal cined by heating ours an d at a tenperature of 500
[err] for 1 howre Prefexapliv ﬁgwatm%tt%éﬁﬂq §6d 5.0% by wei ght rhodi um

Catal ytic Partg al Lhegtés é’cé@f‘&iﬁé LACEE féé‘é&ﬁﬂgcéﬂ&ﬂn?' ng a
t ranspar ent séfphlre tubecfnunt once rically wth

Q
transparent p the dfigqa é‘t?nt‘%%nrﬁaﬁé: ‘Slj%tthp?r epared as
her ei nbef ore dmmwsaﬂ arns lgeadaburly space

velocity in the range of from 500,000 to 50,000,000
Nl/kg/hr, preferably from 750,000 to 30,000,000 Nl/kg/hr,
more preferably from 1,000,000 N1l/kg/hr to

20,000, 000N1/kg/hr.

9. A process according to any preceding clainm,
characterised in that the catalyst comprises a metal
selected from ruthenium, rhodium, palladium, osmium,
iridium and platinum, preferably a metal selected from
ruthenium, rhodium or iridium.

10. A process according to any preceding claim,
characterised in that the catalyst is retained in a fixed
arrangement.

11. A process according to claim 10, characterised in
that the catalyst is retained in a fixed arrangement
having a high tortuosity, preferably in the range of from
1.1 to 10.0, more preferably from 1.1 to 5.0, especially
from 1.3 to 4.0.

12. A process according to either of claims 10 or 11,
characterised in that the catalyst is in the form of
particles or a ceramic foam.

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

14. Carbon monoxide or hydfogen whenever prepared by a
process as claimed in any preceding claim.

V13/TS66FF
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into the $apphire tube and retained in the formof a fixed bed of catalyst
particles having a tortuosity of about 1.5. Methane, oxygen and carbon

di oxi de were thoroughly nixed before being introduced into the reactor to
contact the fixed bed of catalyst. The concentration of carbon dioxide in

t he feed was varied to give a total of four different feed conpositions,

whi |'st keepi ng the operating pressure and gas hourly space velocity (CGHSV)
of the experinment constant. The conposition of the gas m xturge beesi Nt he
reactor was measured for each of the four feed conpositions.” The operati ng
tenperature of the catal yst bed was neasured by optical pyronetry. The
conposition of the gas m xture | eavAng $h® ReAcCOT was neasured by gas
chromat ogr aphy. The conversion and the selectivity of the process to carbon
nmonoxi de and hydrogen (on the basis of nethane converted) was determ ned.
The operating PROTESSc @i (THEN PREPARAT LG §Fo CARBON MONCEXIPE: &MN8X t he
experinment are summarised in the Tabl e gygpeigpe! ow. From the data presented
in the Table, it can be seen that the process of the present invention
al l ows hydrocarbon feeds conprising carbon di oxide to be converted in high

yields and with hi ghpyelcesis \folr ehel priphlratdohos fmeagkone mendxiyvér agen. |t
can be seen thﬁ§d§bgen by the partial oxidation of a hydrocarbon

comprises contacting a feed comprising the hydrocarbon,
carbon dioxide and an oxygen-containing gas with a
catalyst comprising a metal selected from Group VIII of
the Periodic Table of the Elements at a gas hourly space
velocity of at least 500,000 N1l/kg/hr.

V13/TS66FF



hi gh I evel of carbon dioxide conversion is achieved. This in turn ?”ggfﬁ‘%s
in the significant advantage that |ess carbon dioxide is present in e
product stream of the process, which carbon di oxide woul d be an undesirable

i nert .conponent i'n the further conversion %&C?E@%%aélp -nf'?%it.)qﬁal‘}nfglg_s

hydrogen in such processes as the Fischer- sSynthesi s.
Tabl e Operating Conditions Tenperature_ [£rJ] ' 1050 Pressure (bara)

3.2 GHSV (1000 NI/ kg/ hr 1700 Feed Conposition Oxygen,(% va
38.3 37.5 WO :92./691193)7.t93t QG‘F@lm%aﬁh%"(b)%]v(ﬂ")ma“%n lgesTF’? ) 60. 9

60.5  60.2 uhfhikdBaeb@rDapyl deat forvoly tie Qrepakakion of tagbon 2.5
3.6 Oxygen-to-Carbon rati

(% Nt hane moRoxide i Ryagaden eipf reedddihoriping hygrgarBOKS ol OF
'Di oxi de and carbon dig8ide on/® Gommercipl SRI®-1 Selectivity (%
Carbon Monoxi de gsurprisfgi¥d, cBht2ary 86 8he 88adhindD 5 tiedpagenr
92.3  9L.3 argodisscus%oe'dzherglhbefore, it has now been found that a
feed comprising a mixture of a hydrocarbon, carbon
dioxide and an oxygen-containing gas can be converted
into a mixture of carbon monoxide and hydrogen by the
catalytic partial oxidation of the hydrocarbon in a high
- yield using very high gas hourly space velocities. Most
surprisingiy, it has been found that this process allows
high levels of carbon dioxide conversion to be achieved
when carbon dioxide is present in the feed in only minor

quantities., ) . .
Accordingly, the present invention provides a process for

the preparation of carbon monoxide and hydrogen by the partial
oxidation of a hydrocarbon, which process comprises contacting
a feed comprising the hydrocarbon, carbon dioxide, in a
concentration greater than that of air and up to 10% by volume
of the feed, and an oxygen-containing gas with a catalyst
comprising a metal selected form Group VIII of the Periodic.
Table of the Elements at a gas hourly space velocity of at least

500,000 Nl/ka/hr.
It is aqt{ost surprising aspect of the present

invention that the carbon dioxide reforming reactions
necessary to convert the carbon dioxide in the feed can
be achieved in the very short time in which the feed
contacts the catalyst at the very high space velocities
prevailing in this process. The use of very high space
velocities in the process of the present invention gives
'rise to a number of significant advantages. Firstly, it
is possible to apply gas velocities which exceed the
velocity of a flame propagating through the feed mixture.
This reduces the risk of explosions occurring during the
operation of the process due to ignition of the feed
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Sel ectivity to carbon nonoxi de and hydrogen based on nethane conversion.
Substitute sheet - 27 February 1998 -15- [err] 1. A process for the
preparati on of carbon nonoxi de and hydrogen by the partial oxidation of a
hydr ocarbon, which 5 process conprises contacting a.feed conprising the
hydr otar bon, carbon dioxide, in a concentr 2Hpsht Paﬁ"'@ﬁttl‘?a?nFﬁh'a{arbﬂ%ﬁa and
up to 10% by volune of the feed and an oxygen-containing gas with a

catal yst conprising a netal selected-flfem G oup VIII of the Periodic Table
of the El enents at a gas hourly space 10 velocity 000

Nl / kg/ hr. 2. A process according to claiml, Hmmlﬂﬂmﬁﬂ at the
hydr ocar bonCEBIM®t hane or present as natural gas associtat #d gas* or ot her

=source of light hydrocarbons. 15 3. A process according to claim1 or

claim2 ChaiaCteA' i?.%ceg st el 1 Pg 0?&8@&89%&" Qe ”%a?zﬁ:%d SmoidSi gt Lgh! Y
pure oxygen. . rocess accor 0 any one of precedi ng clal ns,
20 char act ehygélgen tbrfattlmepaﬁ‘éyabomdg‘ésonhgfhyﬁrbyérss«hrb@m bwhighoxi de .

and the osy ﬁ@c&ﬁl@@tﬂﬁegaﬁoﬂt&c&ﬂﬁg%tﬁe@d eaﬁpﬁﬂéingltﬁm Hy@x@cﬁ&béﬂ
oxygen-to-c nr n t.he_ran progess
accordi ng t%a%$%? eﬁﬁ ?hgo Eéﬁﬁ?ﬁl nbgFBBﬁg éhan éﬂat of airPafld
up to 10% by volume of t feed and an oxygen-containing gas
with a catalyst comprising a metal selected from Group VIII of
the Periodic Table of the Elements at a gas hourly space

10 velocity of at least 500,000 N1l/kg/hr.

2. A process according to claim 1, characterised in that the
hydrocarbon is methane or present as natural gas, associated
gas, or other source of light hydrocarbons.

15
3. A process according to claim 1 or claim 2 characterised in
that the oxygen-containing gas is substantially pure oxygen.

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

20 characterised in that the feed comprises the hydrocarbon, carbon
dioxide and the oxygen-containing gas in ‘concentrations
sufficient to give an oxygen-to-carbon ratio in the range of
from 0.6 to 1.6.

25 5. A process according to claim 4 wherein-the oxygen-to-carbon .
ratio is in the range of 0.9 to 1.5.

6. A process according to any one of the preceding claims,
characterised in that the feed is contacted with the catalyst at
30 a pressure of up to 150 bara.

7. A process according to claim 6 wherein the feed is
contacted with the catalyst at a pressure in the range of 2 to
125 bara.

35

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

Ths is the repieoement N3,
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ratio is in the range of 0.9 to 1.5. 6. A process according to any one of
t he precedi ng cl ' in that the feed.is contacted with the

catal yst -at 30 a pressure of up to 150 bara. 7. A process according to
cl ai m%6 wherein thﬁmnﬁmnliluuﬂﬂ ted with-the catalyst at a pressure in
the range of 2 to A proceSyb 5%%6¢(§ihﬁgtt(27aﬁ9bmvdf9981e .
precedi ng clains, [err] *162 [err] characterised in that the

feed is contacted with the catal yst a’El% tenperature greater than [err].
A process according to claim 8 wherein the feed is 5 contacted with the

cat al yst at ReL LS & o r&hgpet{ﬁgr&%doflgf EQH‘E?&%& 911@:%0911é & 1¥égl at’ | ot

process according to any one o e preceding C aracteris

‘the feed is ﬂ:&ﬂ"&?&ré&%t greaket &than $003€-10 a gas hourl y space velocity
in the range of from 500,000 to 50,000,000 N/kg/hr. 11. A process

according tq claiym [ . our pag eI0|ty IS i he, r ange
of from 350%000 to §8 gggé (%%%f\llﬂ% l??’n cll%ﬂ'ﬁ‘ A pré‘e(f? %?dl‘%& o"%ny :
one of the> FAEAAteS mhecmtaévet:. abdaj ﬁemarat:mecanatlystrmrcﬁes a
netal sel ectfbm 900 to 1400 °C.

10. A process according to any one of the preceding claims,
characterised in that the feed is contacted with the catalyst at

10 a gas hourly space velocity in the range of from 500,000 to
50,000,000 Nl/kg/hr.

11. A process according to claim 10 wherein the gas hourly
space velocity is in the range of from 750,000 to 30,000,000
- 15 Nl1l/kg/hx.

12. A process according to any one of the preceding claims,
characterised in that the catalyst comprises a metal selected
from ruthenium, rhodium, palladium osmium, iridium and platinum,
20 preferably a metal selected from ruthenium, rhodium or iridium.

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

25 _
14. A process according to claim 13, chai'acterised in that the
catalyst is. retained in a fixed arrangement having a high
tortuosity.‘

30 15. A process according to claim 14, wherein the tortuosity is .
in the range of from 1.3 to 4.0.

16. A process according to any one of claims 13 to 15,
characterised in that the catalyst is in the from of particles
35 or a ceramic foam.
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fromruthenium rhodium palladiumosmum iridiumand platinum 20
preferably a netal selected fromruthenium rhodiumor iridium 13. A
process vaccord_L to any_aone of the pr ecedi ng cl ai ns, characterised in that
the cataly |s retalned in a fixed arrang 25,14 C di ng
to claim 13 mﬂmmm mﬂi Im“mat t he cat §ﬂ§§{itl{tg shegt; 27%%) ‘éa'fgge

arr angenent hav sity.y 0 15. A process according to claim
14, wherein the for u05|ﬂy i’'s 'n the range of froml1l.3 to 4.0. 16. A

: process according to any one of clains 13 to 15, characterised in that the

catal yst igqln hhgr c%%‘sOfacEéi-&i eé??’éﬂgroﬁeCSEaEhE ?Pé‘&d{ rdlaimd o ']

17. A process acc an precedi ng .clal ms ar act er'i sed
-in that thEh‘PEé&tF§1ES%t é{‘,tgagl% the tﬁ‘?@dcétsal%‘ttaﬁﬁﬂér wigh %‘&?l"&a?ﬁ)]rifﬁ % i ons.

[err] under adiabatic conditions.
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