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PROCESS FOR THE CATALYTIC PARTIAL OXIDATION OF 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 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 process 

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 reaction: 

2 CH4 + 2 co + 

A number of process regimes have been proposed in the art for 

carrying out the catalytic partial oxidation reactions. One regime 

that is most suitable for application on a commercial.scale is to 

is· contact the feed gases ~ith the catalyst retained in a fixed 

arrangement. 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 in a fixed bed arrangement. 

20 

25 

A number of academic experiments have been reported in the 

literature in which catalysts have been employed in the form of 

fixed beds of catalyst particles. 

Thus, 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 
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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 

775 •c. The catalyst employed comprised small amounts of a solid, 

powdered catalyst. 

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 and using small 

amounts of catalyst in the form of pellets retained in a fixed bed. 

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, Eu2Ir207", Catalysis Letters 8 

(1991) 169-174) report the selective partial oxidation of methane 
.· , . . 

using the europium iridium pyrochlore Eu2Ir207. The reaction was 

studied under the mild conditions of a pressure of 1 atmosphere and 

a temperature of 873 K_(600 °C). The catalyst was prepared by 

grinding and subsequent pressing to form pellets. The pelletised 

catalyst was packed into a porous silica frit and used directly in 

the experiments. 

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 MxM'yOz, 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; 

( 
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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 

c) a d-block transition metal on a refractory support; or 

d) a catalyst formed by heating a) or b) under the conditions 

of the reaction or under non-oxidizing conditions. 

The d-block transition metals are said in US-A-5,149,464 to be 

selected from those having atomic numb~r 21 to 29, 40 to 47 and 72 

to 79, the metals s.candium, titanium, vanadium, 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 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 o~ides, 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, 

P.alladium, ruthenium, rhodium, nickel and platinum supported on 

30 ,.alumina were applied. All the experiments were conducted under mild 

35 

process conditions, with typical conditions being a pressure of 1 

atmosphere, a temperature of 1050 K (777 °C) and a gas hourly space 

velocity of about 20, 000/hr. · 

The experiments described in both US-A-5,149,464 and 

WO 92/11199 employed catalysts in the form of solid powdered 
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particles retained in a fixed bed arrangement by packing in a 

reaction tube between two plugs of silica.wool. 

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 which a gaseous 

mixture of the hyd~ocarbonaceou~ feedstock, oxygen or an oxyqen­

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, rhoc;lium, iridium, osmium, ruthenium, nickel, chromium, 

cobalt, cerium, lanthanum .and mixtures thereof. Further, it is 

stated in EP-A-0 303 438 that materials not. noz:mally considered to 

be catalytically active may also be empl9yed 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 qr wire ,mesh. 

However, preference is given in EP~A-0 303 438 to the use of 

catalysts in the foJ:m of extruded honeycomb monoliths. These 

monoliths comprise a large number of parallel channels extending 

through the structure in the directio~ of flow of the feed and 

product gases. 

European Patent No. 0 262 947 (EP-B-0 ~62 947} 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 

:efractory solid. The support structures described in 

EP-B-0 262 947 are monolithic honeycomb supports, of the type used 

in purifyinq the exhausts from motor vehicles or from chemical 

plants, and particulate supports, preferably comprising particles 

having a maximum dimension of from. 1 to 4 mm,. for example 1.5 mm. 

D.A. Hickman and L.D. Schmidt ("Synthesis Gas Formation by 

Direct Oxidation of Methane over Pt Monoliths", Journal of Catalysis 
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138, 267-282, 1992}) have conducted experiments into the partial 

oxidation of methane in the presence of catalysts comprising either 

platinum or rhodium. The partial oxidation reactions were conducted 

at substantially atmospheric pressure and at temperatures in the 

range of from 600 to 1500 K (327 to 1227. °C). The catalysts 

employed were in the form of metal gauzes, metal-coated foam 

monoliths and metal coated extruded monoliths. The metal gauze 

catalysts comprised 1 to 10 layers of gauzes of either 40 mesh (40 

wires per inch) or 80 mesh. The foam monoliths were of alpha-

10 alumina and described as having an open cellular, sponge-like 

structure. The samples employed had a nominal porosity of 30 to SO 

pores per inch (ppi). The extruded monoliths were cordierite 

extruded monoliths, having 400 square cells/in2 and consisted of 

straight parallel channels giving laminar flows of gases through the 

15 channels under the conditions of gas flowrate studied. 

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 

20 supported on a cordierite monolith body. 

European Patent Application publication No. 0 576 096 

(EP-A-0 576 096) disclo,es a process for the catalytic partial 

oxidation of a hydrocarbon feedstock in which a feed comprising a 

hydrocarbon feedstock, an oxygen-containing qas and, optionally, 

25 steam at an oxygen-to-carbon molar ratio in the range of from 0.45 

to 0.75 is contacted with a catalyst in a reaction zone under 

adiabatic conditions. The catalyst comprises a metal from Group 

VIII of the Periodic Table of the Elements supported on a carrier 

a~d is retained in the reaction zone in a fixed arranqement havinq a 

30 ~igh tortuosity (defined as the ratio of the lenqth of the.path 

followed by·a gas flowing through the structure to the lenqth of the 

shortest possible straight line path through the structure). A wide 

range of carrier materials and structures are disclosed in 

EP-AO 576 096, including particles of carrier material, metal qauzes 

35 and refractory foams. Suitable materials for use as carrier 
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materials are said to include the refractory oxides such as silica, 

alumina, titania, zirconia and mixtures thereof. Alumina is stated 

as being an especially preferred carrier material. 

European Patent Application publication No. 0 548 679 

(EP-A-0 548 679) discloses a process for the preparation of carbon 

monoxide and hydrogen by the catalytic partial oxidation of methane 

in the presence of a catalyst prepared by depositing, as an active 

component, rhodium and/or ruthenium on a carrier comprising zirconia 

or stabilised zirconia. The catalyst is described in EP-A-0 548 679 

10 as being of any suitable form, such as finely divided powder, beads, 

pellets, plates, membranes or monoliths. •The catalytic partial 

oxidation process is described in EP.-A-0 548 679 as being conducted 

at a temperature of from 350 to 1200 •c, preferably from 450 to 

900 °C under a pressure of up to 300 kg/cm2G, preferably lower than 

IS 50 kg/cm2G. Typical operating gas space velocities are described in 

EP-A-0 548 679 as being in the range of. from 1000 to 40000 h-1, 

preferably from 2000 to 20000 h-1. The specific examples of 

EP-A-0 548 679 describe experiments conducted at atmospheric 

pressure at temperatures of from 300 to 750 •c and space velocities 

20 of 16,000 and 43,000 h-1. In all the-experiments described in 

EP-A-0 548 679, the catalyst was retained in the form of a fixed bed 

of particles. 

The specification of European Patent application publication 

No. 0 656 317 (EP-A-0 656 317) contains a description of a process 

2S for the catalytic partial oxidation of .a hydrocarbon feedstock in 

which the hydrocarbon is mixed with an oxygen-containing gas and 

contacted with a catalyst. The catalyst is retained in a fixed 

arrangement having a high tortuosity (defined as the ratio of the 

~ength of the.path followed by a gas flowing through the structure 

30 .to the length of the shortest possible straight line path through 

the structure) of at least 1.1 and having at least 750 pores per 

square centimetre. The catalyst preferably comprises a 

catalytically active metal supported on a carrier. Suitable carrier 

materials are described as including the refractory oxides, such as 

35 silica, alumina, titania, zirconia and mixtures thereof. A catalyst 

' 
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comprisinq a zirc9~ia refractory foam as carrier is specifically 

exemplified. 

An attractive catalytic partial oxidation process for 

application on a commercial scale would operate at elevated 

pressures, typically in excess of 10 bar, for example at around 

30 bar, and at hiqh qas hourly space velocities, typically of the 

order of 500, 0.00 to 1, 000, 000 h-1. Due to the thermodynamic 

behaviour of the partial oxidation reaction, in order to obtain a 

hiqh yield of carbon monoxide and hydroqen at elevated pressures, it 

is necessary to operate the reaction at elevated temperatures. 

Temperatures in of the o~der of 1000° C or higher are necessary for 

obtaininq the yields demanded of a commercial process. 

It has been found that a most suitable fixed arranqement for 

the catalyst for use in the catalytic partial oxidation of 

hydrocarbons under conditions which would be commercially attractive 

is one in which the catalyst is retained in the form of a monolithic 

structure. Catalysts for use in such a process comprise one or more 

catalytically active components supported on a refractory oxide 

carrier, the carrier being in the form of a monolith. Reference 

herein to a "monolith" or "monolithic structure" is to ·any single 

porous material unit, suitably to any sinqle porous refractory 

material unit, in which.the pores constitute straight.or tortuous, 

parallel or random elongate channels extendinq throuqh the unit 

structure, i.e. havinq interconnected open-porosity. 

As mentioned hereinbefore, the partial oxidation reactions are 

very exothermic, with typical reaction conditions in excess of 

1000 •c beinq required for successful commercial scale operation. 

However, it has now been found that major problems can arise in the 

operation of the partial oxidation process when using a catalyst in 

the form of a monolith. In particular, it has been found that the 

refractory monolithic catalyst structures are very susceptible to 

thermal shock under the conditions of very high temperature 

prevailinq in the catalytic partial oxidation process. Thermal 

shocks arise when the catalyst is subjected to a rapi~ change in 

temperature, givinq rise to substantial temperature qradients across 
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the catalyst structure. Thermal shocks may arise during a shut-down 

of a commercial reactor in the case of an emergency, in which case 

it will be necessary to rapidly cool the reactor and its contents. 

Thermal shocks may also be encountered by the catalyst during start-

up procedures, in the case of contacting the cold catalyst with 

heated feed or a heated pre-ignition gas and during normal process 

operation when fluctuations in the feed rate and composition occur. 

The measures needed to prevent the catalyst being subjected to 

thermal shocks during the operation of a process on a commercial 

scale typically including preheating by means of slow heat exchange 

for example, are very expensive and cumbersome. Accordingly, there 

is a need for a catalytic partia1 oxidation process which combines a 

high level of selectivity to carbon monoxide and hydrogen, a high 

level of catalyst stability and a resistance to thermal shocks. 

Surprisingly, it has now been found that zirconia-based 

monolith structures offer a significantJ.y greater resistance to 

thez:mal shocks under the operating conditions of the catalytic 

partial oxidation process than monoliths prepared from other 

materials. 

Accordingly, the present invention provides a.process for the 

catalytic partial oxidation of a hydrocarbon feedstock, which 

process comprises cont~cting a feed comprising a hydrocarbon 

feedstock and an oxygen-containing gas with a catalyst at elevated 

temperature under- conditions such that the catalyst will be 

susceptible to a the~l shock, the catalyst being in the form of a 

porous monolithic structure and comprising a catalytically active 

metal supported on.a· zirconia-based carrier. 

The proc;:ess provided by the present invention is particularly 

~dvantageous in that the specific catalyst employed has been found 

30 _to be particularly robust under the extreme conditions prevailing in 

35 

the presence of the catalytic partial oxidation reactions. In 

particular, the process has been found to be robust in circumstances 

in which the catalyst is subjected to thermal shocks. It has been 

found that the zirconia-based monolithic catalysts exhibit a 

markedly superior resistance to thexmal shock under partial 
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oxidation conditions than conventional catalysts, s1.ichas those 

based on alumina. 

For the purposes of this specification, the term "thermal 

shock" is a reference to conditions under which the catalyst 

experiences rapid changes in temperature over a wide temperature 

range as may be determined by means of catalyst surface-located 

thermocouples or of optical pyrometry, with rate of change in 

appearance. Any measure of thermal shock is dependent on the 

analysis technique employed, however, the following may be used for 

guidance. In particular, the term "thermal shock" is a reference to 

conditions under which the temperature experienced by the catalyst 

will change at a rate of at least 1 °c per second over a temperature 

range of at least 100 °c. The process of this invention may be 

applied under conditions such that the thermal shock is at least 

10 •c per second over a range of at least 100 °c. Conditions may be 

applied giving rise to greater thermal shocks, for example at least 

10 °c per second over a range of 500 °c. The process may be 

operated with conditions of still greater thermal shock, for example 

at least 50 •c per second over a range of 500 °c, being experienced 

by the catalyst. As hereinbefore stated, such shocks may arise in 

the start-up operation or shutdown of a commercial catalytic 

partical oxidation react:or. In a preferred aspect of the invention, 

the process comprises contacting an amount of an optionally 

preheated pre-ignition gas. or vapour, selected from any suitable gas 

or vapour which ignites cleanly at moderate temperature, for example 

methanol, hydrogen, synthesis gas or other gas forming in-situ or 

comprising carbon monoxide and/or hydrogen, with the catalyst prior 

to or simultaneously with contacting of feed with-the catalyst. By 

this means the catalyst is raised from the pre-ignition temperature 

to a higher pre-combustion temperature at which the catalyst is able 

to sustain catalytic combustion of the feed gas. Such start-up may 

incur a thez:mal shock of 60 to 100; •c per second over a range of 800 

to 1200 •c. 
The process of the present invention may be used to prepare a 

mixture of carbon monoxide and hydrogen from any hydrocarbon or 
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hydrocarbon feedstock. The hydrocarbon is in the gaseous phase when 

contacting the catalyst. 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 advantageously applied in the 

conversion of gas from naturally occurring reserves of methane which 

contain substantial amounts of carbon dioxide. The feed preferably 

comprises methane in an amount of. at least 59% by volume, more 

preferably at least 70% by volume, es.pecially at least 80% by 

volume. 

The hydrocarbon feedstock is contacted with the catalyst as a 

mixture with an oxygen-containing gas. Air is suitable for use as 

the oxygen-containing gas. However, the use of substantially pure 

oxygen as the oxygen-containing gas may be preferred. In this way, 

the need fer handling a large volume cf inert gas, for example 

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

The feed ~y optionally comprise steam. 

The hydrocarbon feedstock and the oxygen-containing: gas are 

preferably present in the feed in such amounts as to give an oxygen-· 

to-carbon ratio in the ranqe cf from 0.3 to 0.8, more preferably, in 

the range cf from 0.45 to 0.75. References herein to the oxygen-to­

carbon ratio refer to the ratio of oxygen in the from 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 0.65, with oxygen-to-carbon ratios in the region of the 

stoichiometric ratio of 0.5, that is ratios in the range cf from 

0.45 to. 0.65, being especially preferred. If steam is_ present in 

;he feed, the steam-to-carbon ratio is preferably in the' range cf 

30 _from above O. O to 3. 0, more preferably from 0. 0 to 2. 0. The 

35 

hydrocarbon feedstock, the oxyqen-containing gas and 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. For applications on a ecmmercial scale, elevated 
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pressures, that is pressures significantly above atmospheric 
.' ·.· . 

pressure are most suitably applied. The process may be operated at 

pressures in the range of up to 150 bara. Preferably, the process 

is operated at pressures in the range of from 2 to 125 bara, 

especially from 5 to 100 bara. 

The process may be operated at any suitable temperature. Under 

the preferred conditions of high pressure prevailing in processes 

operated on a commercial scale, the feed is preferably contacted 

with the catalyst at high temperatures. This is necessary if high 

10 levels of conversion are to be achieved at the preferred elevated 

pressures. Accordingly, the feed mixture is preferably· contacted 

with the catalyst at a temperature in excess of 950 •c, more 

preferably at a temperature in the range of from 950 to 1400 •c, 

especially from 1000 to 1300 •c. The feed mixture is preferably 

IS preheated prior to contacting the catalyst. 

The feed may be provided during the operation of the process at 

any suitable space velocity. It is an advantage of the process of 

the present invention that very high gas space velocities can be 

achieved. Thus, gas space velocities for the process (expressed in 

20 normal litres of gas per kilogram 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 for use in the process. 

25 The catalyst employed in the process of the present invention 

comprises a catalytically active metal supported on a monolithic 

zirconia-based structure. Catalytically active metals for inclusion 

in the catalyst are selected from.Group VIII of the Periodic Table 

ot the Elements. References herein to the Periodic Table are to the 

30 CAS version, as published in the. CRC Handbook of Chemistry and 

Physics, 68th Edition. Preferred catalysts for use in the process 

of the present invention comprise a metal selected from ruthenium, 

rhodium, palladium, osmium, iridium and platinum. Catalysts 

comprising ruthenium, rhodium or iridium as the catalytically active 
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metal are particularly preferred. Iridium is a most suitable· 

catalytically active metal. 

The catalyst comprises the catalytically active metal supported 

on a zirconia-based.monolithic carrier. Any suitable zirconia-based 

material may be employed. Suitable zirconia materials are available 

commercially. The· carrier preferably comprises at·least 70% by 

weight zirconia, for example selected from known fo.r:ms of 

(partially) stabilised zirconia or substantially pure zirconia. 

(Partially) stabilised zirconia comprising oxides of one or more of 

the rare earth, Group IIIB or Group. IIA elements of the Periodic 

Table are particularly preferred zirconia-based materials. Most 

preferred zirconia~based materials comprise zirconia stabilised or 

partially stabilised by one or more oxides of Mg, Ca, Al, Y, La or 

Ce. The stabilised.or partially stabilised zirconia may be in any 

commercially available form, such as a composite based on particles, 

fibres or whiskers. 

The zirconia-base monolithic carrier may comprise zirconia­

based material as above described coated with a further material 

having a desirable property rendering enhanced thermal shock 

resistance (for example SiC, Si02, A1203 or a mixture thereof), 

enhanced catalyst stability or enhanced thermal stability. 

The carrier is in ~he form of a porous monolithic structure. 

The monolithic structure which may be of the order of 1 cm to 1 m or 

more in largest dimension, may comprise one. or a plurality of 

individual monolithic portions of carrier. Whilst a plurality of 

carrier portions provides greater thermal shock resistance than a 

similar single portion carrier, supporting and obtaining a good 

interface of the portions can be problematic with the high space 

~elocities employed in the present invention. Nevertheless the 

30 _f:arrier may comprise a segmented monolithic carrier according to 

35 

known techniques. The porous monolithic structure may have any 

suitable form. one form of monolithic structure is. that of an 

extruded honeycomb, suitable materials of which are known in the art 

and available commercially. The extruded honeycomb material are 

characterised by having a plurality of straight, elongate, parallel 

( 
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channels extendinq throuqh the structure. However~ preferred 

monolithic structures are those havinq a high tortuosity. The term 

•tortuosity" is a common term in the art which, as used herein, is 

defined as the ratio of the lenqth of the path followed by a qas 

flowing through the structure to the length of the shortest possible 

straiqht line path throuqh the structure. Thus, it follows that the 

extruded honeycomb structures have a tortuosity of l.O. The 

monolithic structure employed in the process of the present 

invention preferabl~ has high t~rtuosity, that is a tortuosity of 

10 qreater than l.l. The monolithic structure preferably has a 

tortuosity in the range of from l.1 to about 10.0, more preferably 

in the ranqe of from 1.1 to about 5.0. A most suitable range of 

tortuosity for the monolithic structure is from l.3 to 4.0. 

·The monolithic structure employed in the process of this 

15 invention is porous, as hereinbefore defined. The monolithic 

structure is preferably of high porosity. These pores are to be 

distinquished from the micropores which may be present in the 

carrier material. The monolithic structure preferably contains at 

least 500 pores per square centimetre, more preferably at least 750 

20 pores per square ~entimetre. Preferred monolithic structures are 

those havinq from 1000 to 15000 pores per square centimetre, more 

preferably from 1250 to.10000 pores per square centimetre. 

The-monolithic structur~· preferably has « void fraction in the 

range of from 0.4 to 0.9, more preferably for the avoidance of 

25 excessive pressure-drop from 0.6 to 0.9. 

A most suitable and especially preferred monolithic structure 

for the catalyst carrier employed in the process of the present 

invention is a foam. Suitable zirconia-based foams for use in the 

pi:ocess of this invention are available cormnercially. 

30 · The catalyst employed in the process of the present invention 

may be prepared by processes known in the.art. A most suitable 

process is the impreqnation of the zirconia-based material with a 

compound of the catalytically active metal. 

The feed is preferably contacted with the catalyst under 

·35 adiabatic conditions. For the purposes of this specification, the 
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term "adiabatic" is a reference to reaction conditions under which 

substantially all heat loss and radiation from the reaction zone is 

prevented, with the exceptio~ 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. 

The carbon monoxide and hydrogf!n produced by the process of 

this invention may be used in any process employing either one or 

both of these compounds. The mixture of carbon monoxide and hydrogen 

prepared by the process is particularly suitable for use in the 

synthesis of hydrocarbons, for example by means of the Fischer­

T~opsch process, or for the synthesis of oxyqenates, for example 

methanol. Processes for the· conversion of carbon monoxide and 

hydrogen into such products are well known in the art. 

Alternatively, the carbon monoxide and hydrogen product may be used 

in the manufacture of.hydrogen by the water gas shift reaction~ 

Other applications for the products include hydroformylation and 

carbonylation processes. 

The process of th• present invention is further described by 

way of the following illustrative examples, of which Examples 1, 2 

and 3 are examples of einbodiments of the present invention, and 

Example 4 is for comparison purposes. only. 

Example 1 

A commercially available aluminium-stabilised zirconia~based 

foam (Al-PSZ, 990 pores per square centimetre) was. impreqnated with 

rhodium using conventional foam impreqnation techniques to give a 

final rhodium.· loading of 5% by weight .• 

The impregnated zirconia foam was loaded into a steel reactor. 

30 .!['he catalyst structure had a tortuosity of between 1.5 and 2.5. 

Natural qas and oxyqen were thoroughly mixed andthe resulting 

mixture used as feed and introduced into the reactor to contact the 

catalyst. The feed had an oxygen-to""."carbon ratio of 0.54. The feed 

was supplied at a gas hourly space velocity (GHSV) of 750,000 

... 
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Nl/kg/hr (normal .litres of gas per kilogram of catalyst per hour) 

and at a pressure of 1.0 bara. 

The operating temperature of the catalyst was measured by 

optical pyrometry. The composition of the gas leaving the reactor 

5 was measured by gas chromatography. The conversion and selectivity 

of the process to carbon monoxide and hydrogen (on the basis of 

methane converted) was detennined. The operating conditions and the 

results of the experiment are swmnarised in the Table hereinbelow. 

The feed was preheated to a temperature of 250 •c. Initially, 

10 however, no reaction was observed. A small region of the catalyst 

was ignited using heat generated by the combustion of a mixture of 

propane and oxygen. This resulted in a rapid ignition of the entire 

catalyst structure, observable as a glow extending rapidly across 

the catalyst structure from the ignition point in about 15 seconds. 

15 In this time, the entire catalyst was rapidly heated from the 

initial temperature of 250 •c to the final operating temperature of 

1240 •c. The catalyst was thus subjected to a thermal shock of 

greater than 60 °c per second over a temperature range of 990 °c . 

A description of the catalyst at the end of the experiment is given 

20 in the Table hereinbelow. 

Example 2 

A commercially ava~lable aluminium-stabilised zirconia-based 

foam (Al-PSZ, 990 pores per square centimetre) was impregnated with 

iridium using conventional impregnation techniques to give a final 

25 iridium loading of 5% by weight. 

The general experimental procedure described in Example 1 above 

was followed to test.the iridium/zirconia catalyst. The operating 

conditions and results of the experiment are set out in the Table 

h.ereinbelow. 

30 Example 3 

A commercially available magnesium-stabilised zirconia-based 

foam (Mg-PSZ, 990 pores per square centimetre) was impregnated with 

rhodium using conventional impregnation techniques to give a final 

rhodium loading of 5% by weight. 

• 
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The general experimental procedure described in Example 1 above 

was followed to test the rhodium/zirconiacatalyst. The operating 

conditions and results of .the experiment are set out in the Table 

hereinbelow. 

5 Example 4 

Comparative Ex!!!!ple 

10 

By way of c0mparison, a commercially available alumina foam 

(Al203) was impregnated with rhodium using conventional impregnation 

techniques to give a final rhodium loading of 5% by weight. 

The general experimental procedure described in Example 1 above 

was followed to test the rhodium/alumina catalyst. The operating 

conditions and results of the experiment are set out in the Table 

hereinbelow. 

Example No. · l 2 3 4 

Active Metal Rhodium Iridium Rhodium Rhodium 

Carrier Al-PSZ Al-PSZ Mg-PSZ Al203 
. foam foam foam foam 

Operating 

Conditions 

Feed Temperature 250· 250 180 180 

(oC) 

Operating 1240 1265 1290 1070 

Temperature c•c> 
·Pressure (bara) 1.0 1.0 1.0 1.0 

GHSV 750 750 750 900 

_(1000 Nl/kg/hr) 

oxygen/carbon 0.54 0.55 0.55 0.55 

ratio 

~· 

•• 

,. 
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CH4 conversion 

(%) 

CO selectivity 

(%)1 

H2 selectivity 

(%)2 

runtime (hours) 

Catalyst theJ:mal 

shock ** 

Description of 

catalyst at end 

of runtime 

1 selectivity to 
2 selectivity to 
.... Theaial shock 

influenced in 
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Table (Cont'd) 

98.8 99.2 

94.2 94.2 

95.5 94.9 

3 3 

>60 °C/sec >60 °C/sec 

over· 990°C over 

io15°c 

Undamaqed Undamaqed 

CO based on CH4 conversion 

H2 based on CH4 conversion 

97.7 

95.2 

93.8 

2 

>60 °C/sec 

over 

1110°c 

Undamaqed 

as experienced by catalyst durinq start 

part by nature of catalyst metal and of 

87 

93 

83 

1 

>60 °C/sec 

over 890°C 

Shattered 

into many 

fraaments 

up-

support. 
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CLAIMS 

1. A process for the catalytic partial oxidation of a hydrocarbon 

feedstock, which process comprises contacting a feed comprising a 

hydrocarbon feedstock and an oxygen-containing gas with a catalyst 

at an elevated temperature under conditions such that the catalyst 

S will be susceptible to a thermal shock, the catalyst having the fo.rm 

of a· porous monolithic structure and comprising a catalytically 

active metal supported on a zirconia~based carrier. 

2. A process according to claim 1, cha~acterised in that the 

catalyst will be susceptible to a thermal shock of at least 1°C per 

10 second over a temperature range of at least 100°c, in particular a 

thermal shock of at least 10°c per second over a temperature range 

of at least 100°c, more specifically a thermal shock of at least 

10 •c per second over a temperature range of at least soo0 c. 

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

15 contacting an optionally preheated pre-ignition gas or vapour prior 

to or simultaneously with contacting of feed with the catalyst, 

preferably any suitable pre-ignition gas which ignites cleanly at 

moderate temperature. 

4. A process according to any preceding claim, characterized in 

20 that the catalyst will be susceptible to a thermal shock of 60 to 

100 •c per second over a range of 800 to 1200 •c. 

5. A process according to any preceding claim, characterised in 

that the hydrocarbon feedstock comprises methane, natural gas, 

associated gas or a source of light hydrocarbons. 

2S 6. A process according to any preceding claim, characterised in 

that the oxygen-containing gas is substantially pure oxygen. 

~. 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 

30 0.3 to o.a, preferably from 0.45 to o.75, more preferably from 0.45 

to 0.65. 

f.,. 

( 
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8. A process according to any preceding claim, characterised in 

that the feed i~'dontacted with the catalyst at a pressure in the 

range of up to 150 bara, preferably from 2 to 125 bara, more 

preferably from 5 to 100 bara• 

9. 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 590 to 1400 •c, preferably from 1000 to 1300 •c. 

10. A process according to any preceding claim, characterised in 

that the feed 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. 

11. A process according to any preceding claim, characterised in 

that the catalyst comprises, as catalytically active metal, a metal 

from Group VIII of the Periodic Table of the Elements, preferably a 

metal selected from rhodium, ,iridium, or ruthenium, more preferably 

iridium. 

12. A process according to any preceding claim, characterised in 

that the monolithic catalyst carrier comprises at least 70% by 

weight zirconia for example selected from kno'wn forms of (partially) 

stabilised zirconia or substantially pure zirconia, preferably 

comprises (partially) ~tabilised zirconia comprising oxides of one 

or more of the rare earth, Group IIIB or Group IIA elements of the 

Periodic Table. 

25 13. A process according to any preceding claim, characterised in 

th~t the catalyst is in the form of a monolithic structure having a 

high tortuosity, preferably a tortuosity in the range of from 1.1 to 

10.0, more preferably from 1.3 to 4.0. 

14. A process according to any preceding claim, characterised in 

30 _that th~ catalyst is a monolithic structure having a high porosity, 

preferably at least 750 pores per square centimetre, more preferably 

from 1000 to 15000 pores per square centimetre. 

15. A process according to any preceding claim, characterised in 

that the catalyst is in the form of a foam. 
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16. A process accordinq to any preceding 

PCT/EP95103090 
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in 

that the catalyst has a void fraction in the ranqe of about 0.4 to 

about o.9, preferably about 0.6 to 0.9. 

17. A process according to any preceding claim, characterised in 

S that the feed is contacted with the catalyst under substantially 

adiabatic conditions •. 

18. Carbon monoxide and hycl.i::'oqen whenever prepared by a process 

accordinq to any one ·of claims 1 to·14. 

( 


