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Claim
A process for the preparation of a gaseous mixture containing hydrogen and

carbon monoxide by autothermal reforming, comprising

®
(i)

partial oxidation of a gaseous hydrocarbon feed in a partial oxidation zone;
passing the effluent of the partial oxidation zone to a reforming zone; and

(iif) reforming in the presence of a reforming catalyst in the reforming zone to

form a reformed product stream, such that the reformed product stream has a
temperature in the range from 1100 to 1300°C.
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PROCESS FOR THE PREPARATION OF HYDROGEN
AND CARBON MONOXIDE CONTAINING MIXTURES

The invention relates to a process for the preparation of
gaseous mixtures containing hydrogen and carbon monoxide by
autothermal reforming of methane containing feedstocks.

In the present specification the term "autothermal reforming"
is used to indicate a process regime comprising a partial oxidation
stage, followed by a catalytic reforming stage. In the partial
oxidation stage, low boiling (gaseous) hydrocarbens, in particular
methane, are partially oxidized to form mixtures containing
hydrogen, carbon oxides, water and unconverted hydrocarbons.

In the catalytic reforming stage, involving reactions between
hydrocarbons, carbon dioxide and water, additional amounts of
hydrogen and ¢arbon monoxide are formed.

In the industry, mixtures containing hydrogen and carbon
oxides, in particular carbon monoxide, are of considerable
importance. The mixtures, usually indicated as synthesis gas, find
utilization in a number of well-known commercial processes such as
the production of methanol, the synthesis of liquid hydrocarbons
and the hydroformylation of olefins.

In the patent and non-patent literature, the said commercial
processes have been extensively described and likewise many
publications have issued relating to technical features of methods
for producing the synthesis gas, to be used as feedstock for one of
the aforesaid commercial outlets.

It was realized that the composition of a hydrogen and carbon
monoxide containing mixture, suitable to be used as feedstock for
one specific outlet, e.g. the production of methanol is not
necessarily the same as that of a synthesis gas, intended to be
used as starting material for another outlet, such as the

production of liquid hydrocarbons.
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Accordingly, methods have been developed whereby the process
conditions applied in the preparation of a hydrogen and carbon
monoxide-containing mixture are modified, for example in order to
optimize the hydrogen/carbon monoxide ratio for the intended
utilization, or teo minimize the content of certain by-products in
the mixture which could impede with the further processing thereof.

In EP 112613 various utilizations of hydrogen and carbon
oxides containing mixtures are disclosed including the production
of methanol, ammonia, synthetic natural gas and normally liquid
hydrocarbons. The document in particular relates to the different
process conditions and flow schemes which are used in the
production of synthesis gas for each of the said utilizations.

As regards the production of liquid hydrbcarbons, in the said
document an operating scheme is recommended whereby a methane-
containing feed is mixed with oxygen, steam and recycled carbon
dioxide, the resulting mixture is preheated and is then passed to a
reformer comprising a first and a second catalyst zone.

The first catalyst zone contains a partial oxidation catalyst
containing palladium and platinum, supported on a honeycomb
carrier. The second catalyst zone contains a platinum group metal
steam reforming catalyst. The preheat temperature is preferably
about 427 to 760 °C, the temperature in the first catalyst zone
about 954 to 1316 °C and the temperature at the exit of the second
catalyst zone 954 °C.

The effluent from the second catalyst zone is cooled and
passed to a carbon dioxide removal zone. Carben dioxide is recycled
to the feed and the remaining stream is passed to a Fischer-Tropsch
hydrocarbon synthesis plant.

For the production of liquid hydrocarbons on a commercial
scale the aforesaid operating scheme is not considered attractive.

Large amounts of steam and CQ; are added to the partial
oxidation zone and, hence, at the exit of the second catalyst zone
the effluent still contains excessive amounts of carbon dioxide and
water. These compounds have to be separated off later in the

process, before the reformed product can be used in the Fischer-
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Tropsch reactor. It would be desirable to be able to produce
synthesis gas for use in a Fischer-Tropsch process for the
preparation of liquid ﬁydrocarbons without the need to add large
amounts of Hy0 and/or CO, to the process, inter alia in order to
prevent scot formation.

Another known process for the production of synthesis gas is
disclosed in EP 367654. The process comprises in a first step the
partial combustion of a light hydrocarbon feed with oxygen in an
amount of at most 50% of the stoichiometric amount required for
total combustion, in the presence of steam in an amount less than
1.5 mole per carbon atom in the feed, and in a second step the
contact between the combustion gas from the first step and a
catalyst containing a Group VI and/or Group VIII metal or compound
thereof at a temperature in the range of 800 to 1800 °c, preferably
of 900 to 1500 °cC.

It is described in this document that the catalyst in the
second step reduces the amount of soot formed in the first step.
The catalyst, however, does not substantially alter the
composition of the combustion gas from the first step by
reforming.

Christensen and Primdahl {Hydrocarbon Processing, March 19394,
pages 39-46} describe difficulties and state of the art in
autothermal reforming on a commercial scale. It is described in
this publication that if it is desired to prepare a synthesis gas
having a Hy/CO molar ratio of about 2, for use as feed for the
preparation of synthetic fuels, CO, addition is mandatory and the
H,0/C molar ratio should be low, but above 0.5. The CO3/C molar
ratio is typically in the range from 0.3 to 0.5.

A disadvantage of H,0 and COy addition is that it gives rise
to side-reactions which produce CO, and Hy0 respectively. The
formation of COj and the addition of CO, is undesired as it gives
Fise to a non-optimal CO production and, hence, a loss of valuable
carbon atoms. Further, COp if present in high amounts in the
synthesis gas, has to be separated from the synthesis gas before

it can be used in & subsequent process for the preparation of
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liquid hydrocarbons. In this respect, requirements for a Qynthesis
gas for the preparation of liquid hydrocarbons are different from
e.g. requirements for a synthesis gas for the production of
methanol. For the latter purpose it is advantagecus if the
synthesis gas contains an amount of COj.

According to Christensen and Primdahl, the Hy0/C molar feed
ratio should be higher than 0.5, typically at least 0.55 or 0.6,
inter alia to avoid excessive socot formation,

It would be desirable to be able to operate under such
conditions that no detectable soot is present in the synthesis gas
and the synthesis gas can be used directly in a process for the
preparation of liquid hydrocarbons, without excessive co-
production of COp and without the need to separate CO, from the
synthesis gas.

Further, it would be desirable to be able to operate without
excessive use of expensive oxygen and at a high conversion of
gaseous hydrocarbon feed.

In one aspect of the invention, it has now surprisingly been
" found that by‘selecting the temperature of the reformed product
stream within the range of 1100 to 1300 °C, a suitable feedstock
for the production of liquid hydrocarbons is obtained without
detectable soot formation, and without requiring high amounts of
Hp0, COp and Oy addition to the process.

Accordingly, in one aspect, the invention relates to a process
for the preparation of a gaseous mixture containing hydrogen and
carbon monoxide by autothermal reforming, comprising
(i} partial oxidation of a gaseocus hydrocarbon feed in a partial
oxidation zone;

{ii) passing the effluent of the partial oxidation zone to a
reforming zone; and

(iii) reforming in the presence of a reforming catalyst in the
reforming zone to form a reformed product stream, such that the
reformed product stream has & temperature in the range from 1100 to

1300 °c.
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Preferably, the partial oxidation is carried out at a H,O/C molar feed ratio of less

than 0.5, more preferably less than 0.2.

Preferably, the CO,/C molar feed ratio in the partial oxidation zone is less than 0.2,

more preferably less than 0.1.

5 In a further aspect of the invention, the present invention relates to a process for the

preparation of a gaseous mixture containing hydrogen and carbon monoxide by

autothermal reforming, comprising
(i) partial oxidation of a gaseous hydrocarbon feed in a partial oxidation zone;
(i) passing the effluent of the partial oxidation zone to a reforming zone; and
10 (iii) reforming in the presence of a reforming catalyst in the reforming zone t0
form a reformed product stream; wherein the partial oxidation is carried out at
a H,0/C molar feed ratio of less than 0.2 and no CO, is added to the partial
oxidation and/or reforming zone.
If the partial oxidation is carried out at a H,O/C molar ratio of less than 0.2, the
15 reformed product stream preferably has a temperature in the range from 1000 to 1350°C,
more preferably from 1100 to 1300°C.
It will be appreciated that in a most preferred embodiment, the partial oxidation is
carried out at a H,O/C molar feed ratio of less than 0.1, in particular about zero.
It has surprisingly been found that a low H,0O/C molar ratio and/or a relatively high

20 reformed product stream temperature, soot formation and soot in the reformed product

stream is negligible, and reforming catalysts remain stable.

For the purposes of this specification the H,0/C molar ratio refers to the number of
moles H,O per mole of carbon atoms. Similarly, the CO,/C molar ratio refers to the

number of moles CO, per mole of carbon atoms, and the 0,/C molar ratio refers to the

25 numbet moles Oy per mole of carbon atoms.

The number of moles of carbon atoms is obtained by adding together the number of

fmoles of different carbon-containing compounds multiplied by the number of carbon

atoms in the chemical formula of those compounds.

IN-\LIBaaj01268 ABN
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Accordingly, 1 mole ethane corresponds with 2 moles of carbon atoms.

Most surprisingly, it has been found possible to produce synthesis gas mixtures
having a H,/CO molar ratio of less than 2.2 without the addition of CO,, e.g. via a
recycle. Usually the CO,/C molar feed ratio will not be zero in view of any CO, present

5 in the gaseous hydrocarbon feed, especially if natural gas is used as gaseous hydrocarbon
feed.

The gaseous hydrocarbon mixture used as feedstock for the autothermal reforming
treatment, usually contains a substantial amount of methane. In principle, however,
hydrocarbon mixture may be used which is gaseous at standard temperature and pressure.

10 A preferred gaseous hydrocarbon source, which is readily available and therefore suitable
for large-scale operations is natural gas. The methane content of natural gas is usually at
least 80% by volume and often more than 90%. In addition, natural gas may contain

=ged minor amounts of other hydrocarbons such as ethane and propane and non-hydrocarbons,
such as nitrogen- and sulphur-containing compounds.

$e 185 The amount of non-hydrocarbons is typically less than 10%, preferably less than

5% by volume.

As oxidant, any oxygen-containing gas may be used such as exygen-enriched air,
S purified or pure oxygen. In order to minimise the nitrogen content of the autothermal
reforming feedstock, it is preferred to use molecular oxygen as the oxidant.
20 Coriveniently, the methane source and the oxidant are introduced together into the partial
oxidation zone. The oxidation in that zone is initiated, e.g. by using a spark plug.
By proper selection of the molar ratio between the reactants introduced in the partial
oxidation zone, a certain amount of heat is produced, provided by the exothermic

oxidation reaction. It will thus be possible to establish a preferred temperature profile in

25 that zone.

[R:\LIBaa]01268: ABN
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Preferably, the molar ratio between the reactants and the heat
supplied to the partial oxidation zone are selected such that the
temperature of the effluent from that zone is in the range of 1100
to 1400 °C.

If desired, the partial oxidation may proceed in the presence
of a catalyst. However, since the stability of the majorityﬂsf the
known catalysts at the envisaged temperature range forms a problem,
it is preferred to operate the partial oxidation without using a
catalyst, but with the aid of a burner.

Conveniently and preferably, a burner of the co-annular type
is applied. Co-annular (multi-orifice) burher are known to those
skilled in the art and comprise a concentric arrangement of
passages or channels co-axial with the longitudinal axis of those
burners, wherein W is an integer > 2. Examples of suitable co-
annular burners have been disclosed in EP-A-0 545 281 and
DE-05-2 935 754.

The gaseous hydrocarbon feed and an oxygen-containing gas as
defined herein-above are supplied to the partial oxidation zone
through the co-annular burner. As outlined herein-above, H;0 and/or
CO, can also be fed to the partial oxidation zone, typically
through the co-annular burner.

The molar ratios between oxygen and carbon atom (e.g. methane)
required to ensure that the temperature of the effluent from the
partial oxidation zone is within the desired range are usually in
the range of 0.5:1 to 0.9:1, preferably in the range of 0.6:1 to
0.8:1.

According to another aspect of the invention, it is also
possible, in order to achieve that the temperature of the effluent
from the partial oxidation zone is high (preferably within the
preferred range from 1100 to 1400 °C), whilst the consumption of
relatively expensive oxygen is kept low, to introduce less than the
total amount of gaseous hydrocarbon feed at the inlet of the
partial oxidation zone, thus increasing the molar ratio between
oxygen and carbon (02/C) in that part of the said zone and to
supply the remainder of the gasecus hydrocarbon feed to the
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reforming zone. Accordingly, in a further aspect, the present
invention relates to a process for the preparation of a gaseous
mixture containing hydrogen and carbon monoxide by autothermal
reforming, comprising

(1) partial oxidation of a gaseous hydrocarbon feed in a partial
oxidation zone;

(ii) passing the effluent of the partial oxidation zone to a
reforming zone; and

{(iii) reforming in the reforming zone in the presence of a
reforming catalyst to form a reformed product stream at elevated
temperature, wherein part of the gaseous hydrocarbon feed is fed to
the reforming zone.

Preferably, the amount of gaseous hydrocarbon feed introduced
to the reforming zone is in the range of 10 to 20% of the total
amount of gaseous hydrocarbon feed used in the process.

It is preferred to supply part of the required heat by
preheating the gaseous hydrocarbon feed, kifore the gaseous
hydrocarbon is introduced in the partial oxidation zoné. Also, the
oxidant may be preheated. The preheated streams are subsequently
passed to the partial oxidation zone, usually via a burner.

The preheating is preferably carried out such that the
preheated gaseous hydrocarbon feed has a temperature in the range
of 350 to 500 °C and the preheated oxidant has temperature in the
range of 150 to 250 °C.

The further heat required for operating the process in the
partial oxidation zone is substantially provided by reaction
itgself, ensuring that the effluent from that zone is at a
temperature within the envisaged range.

As indicated above, a high temperature prevailing in the
partial oxidation zone is advantageous for thermodynami¢ reasons.
The formation of hydrogen &nd carbon monoxide is enhanced and the
reverse formation of methane and water is suppressed.

Furthermore, at these high temperatures the formation of soot

is reduced.
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A further advantage inherent in the high temperature level of the effluent from the
partial oxidation Zone, consists in that the heat required in the endothermic catalytic
reforming, or at least a substantial proportion of that heat, is provided directly by
introducing the partial oxidation effluent into the catalytic reforming zone.

5 The effluent from the partial oxidation zone typically comprises large amounts of
hydrogen and carbon monoxide, €.g. of about 50 and 30 mol%, respectively and minor
amounts of carbon dioxide, unconverted methane, steam and nitrogen. This effluent is
suitably introduced directly into the catalytic reforming zone. To this zone also additional
steam may be introduced, usually as a separate stream. Steam and CO, in the effluent

10 from the partial oxidation zone and any additional steam will be involved in the formation

of further amounts of carbon monoxide and hydrogen, by reaction with methane, not yet

olee® converted in the partial oxidation zone.
R Any heat required in the catalytic reforming zone which is not already supplied by
veos the effluent from the partial oxidation zone, may be provided by adequate preheating of

el 15 any additional steam. If desired, this heat may also be generated by external means such

as heating coils.

EN In the process of the invention it is essential that sufficient heat is provided to the
e o
. catalytic reforming zone to ensure that the temperature of the effluent from that zone is at

the desired level.

vewess 20 As explained above, this heat is available from the effluent of the partial oxidation

L
2600

zone, possibly supplemented by any heat generated by external means or originating from

preheated additional steam.

The high temperature prevailing in the catalytic reforming zone entails the

requirement to use a catalyst which is capable to substantially retain its catalytic activity

25 and stability during a considerable number of runhours.

[N:\L1Baa]01268: ABN
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Suitable catalysts include catalysts containing one or more
metals from Group VIII of the Periodic Table, preferably one or
more noble metals of Group VIII or nickel.

Preferred catalysts are based on platinum as Group VIII metal,
optionally in combination with other noble metals such as palladium
and rhodium or non-noble metals such as lanthanum and cerium.

Preferred carrier materials are refractory oxides, more
preferably single thermally stable oxides or mixtures thereof such
as silica and, in particular, alpha-aluminas and hexa-aluminates.

The shape of the carrier particles may vary considerably.
Favourable results are especially obtained with alpha-alumina rings
and trilobe materials.

It has been observed that the performance of the catalyst used
in the catalytic reforming is influenced by the preparation of the
catalyst. It is recommended to prepare a catalyst by impregnating a
Group VIII noble metal or nickel compound on a suitable carrier
material, but other methods of depositing catalytically active
metals onto a carrier may also be applied. This deposition step is
usually followed by a calcination treatment, e.g. at a temperature
in the range of 400-1100 °C. The calcination treatment is typically
effected in (enriched) air or oxygen.

Preferred calcination temperatures aré in the range of 400 to
650 °C, more preferably in the range of 450 to 600 °C.

The amount of metal(s) typically present in the catalyst is known
to the skilled person and may depend on the type of metal(s) that
is {are} present in the catalyst.

The amount of noble metal(s) of Group VIII in the catalyst is
typically in the range from 0.4 to 8% by weight, preferably in the
range from 1 to 6% by weight, based on the total catalyst. The
amount of non-noble metal{s} of Group VIII in the catalyst usually
ranges from 1 to 40% by weight, preferably 5 to 30% by weight,
based on the total catalyst.

The autothermal reforming according to the invention
advantageously comprises a partial oxidation stage, followed by a

catalytic reforming stage wheteby the catalyst is present as a

»

[P
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fixed bed. The process may be operated in upward-flow or <downward-
fiow. Conveniently the process is operated such that the two
reaction zones are arranged within a single reactor housing.

The reformed product stream is eminently suitable to be used
as feedstock for a process for the manufacture of hydrocarbons
which, under normal temperature and pressure conditions, are
liquid.

In practice, the reformed product stream is first cooled,
preferably with the aid of a heat-exchanger, and then passed to the
liquid hydrocarbon production unit. Suitable conditions for the
production of liquid hydrocarbons are described in European patent
No. 0 428 223.

The heat generated in the heat exchanger may be used elsewhere
in the process of the invention, for example for preheating the
methane source, or the oxygen source supplied to the partial
oxidation zone.

The invention is further illustrated by the following

examples.

’ Example 1

In order to demonstrate that part of the gaseous hydrocarbon
feed can be advantageously fed to the reforming zone the following
experiment was carried cut.

For the preparation of mixtures containing hydrogen and carbon
monoxide a vertically located tubular reactor was used, comprising
at the bottom end a first reaction zone for the partial oxidation
of isatural gas and at the top end a second reaction zone for the
catalytic reforming of partially oxidized hydrocarbons obtained in
the first reaction zone.

The first reaction zone comprised at the bottom two inlets,
each being equipped with a burnet.

The second reaction zone was provided with a catalyst in the
form of a supported fixed bed of catalyst particles.

Via the inlets at the bottom of the first reaction zone a gas
stream comprising natural gas was supplied, preheated to 200 °C and

a mixture of oxygen and steam, preheated at 185 °C. The weight
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ratio between natural gas, oxygen and steam was 1:1.3:0.3, The
natural gas flow rate was 135 kg/h.

The pressure in the first reaction zone was 30 barg and the
temperature at the outlet was 1340 °C. Via a number of inlets

located between the outlet of the first reaction zone and the inlet

-of the second reactien zone, a mixture of 18 kg/h of natural gas

and 10 kg/h\éf steam was introduced and mixed with the effluent
from the first reaction zone (355 kg/h).

The resulting gas mixture having a temperature of ca. 1240 °C
was passed into the second reaction zone which contained a fixed
bed of a commercially available steam reforming catalyst (RKS-2-TH,
manufactured By‘ﬂaldcr*posoe), The effluent leaving the second
reaction zone with an hourly space velocity of 57000 N1/1/h had a
tempexatﬁre of circa 1020 °C.

The composigion of the gas streams at the inlet and the outlet
of the second reaction zone was measured by analysing a small side
stream of the gas at these locations. The analyses were made with
the aid of gas liquid chromatography.

The analytical results are shown in the following table (the

thermmodynamic eguilibrium values are given between brackets).

Table 1
- Compound Inlet cétalytiC‘ Outlet catalytic
‘ reforming reactor | reforming reactor |
) _ . (mol %) 1 {mol %) "
Ho ) ;1’ 52.1 (57.7) ) 56.4 (56.4)
cd; , 29,8 {31.0) . 28.9 (29.0)
- COs | o ,HB;I,(S,TX B 8.0 {7.9)
CHy nl 4.2 (0.0y | 1.0 (1.0)
Ny 5.8 (5.6) | 5.7(5.T)

From these results it can bé seen that the composition of the
gas at the inlet of the catalytic¢ reforming zorie deviates
significantly frem equilibrium, but that the gas at the outlet of
the reactor is approximately at thermodynamic equilibrium.
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The gas campoéition leaving the catalytic reforming zone can
suitably be used in a subsequent process step for the manufacture
of higher paraffins such as described in European patent No. 0 428
223.

Exagglé 2

In a reactor of the type as described in Example 1, an
experiment, was carried out comprising the partial oxidation of
natural gas in thé.ébsénqe of steam, followed by catalytic
refqrming using a fixed hed of a commercially available catalyst
{RKS-2-TH, manufactured by Haldor Topsoe).

The conditions aré shown in the following table.

Table 3

Weiéht ratio natural gas:QRYQen~, . 1 1:1.4

Temperature effluent partial oxidation zone, ° C | 1290

| Pressure, barg 7 7 30

Temperature effluent reforming zone, °C 11200

The composition of the gas leaving the reforming zone, the

reformed product stfeanh was as follows,

45.9  mol%

Ho 3

co : 29,0 . . mols
€Oy H 4.2 mols
CHy : 0.02 . mol%
sz’ : 16.2 mold
No H 4.7 mols

This composition was at thermodynamic équilibrium. No soot
could be detected (detection limit 10 ppm-w.) in the reformed
product stream.

The catalyst d. } fiot show any signs of deactivation during the
experiment which lasted for 16 hrs. Prior to this experiment, the
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catalyst had been used for 83 hrs. The catalyst had not shown any signs of deactivation in

this period either.
“The effluent from the catalytic reforming zone can suitably be used in a subsequent

process step for the manufacture of higher paraffins with the aid of a Fischer-Tropsch

5 type catalyst.

[N:\L1B2a}01 268: ABR
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The claims defining the invention are as follows:
1. A process for the preparation of a gaseous mixture containing hydrogen and
carbon monoxide by autothermal reforming, comprising
(i) partial oxidation of a gaseous hydrocarbon feed in a partial oxidation zone;
5 (i) passing the effluent of the partial oxidation zone to a reforming zone; and
(iii) reforming in the presence of a reforming catalyst in the reforming zone to
form a reformed product stream, such that the reformed product stream has a
temperature in the range from 1100 to 1300°C.
2. A process as claimed in claim 1, wherein the partial oxidation is carried out at
10 a H,O/C molar feed ratio of less than 0.5.
3. A process as claimed in claim 2, wherein the H,0/C molar feed ratio 1s less
than 0.2.
4. A process for the preparation of a gaseous mixture containing hydrogen and
carbon monoxide by autothermal reforming, comprising
15 (i) partial oxidation of a gaseous hydrocarbon feed in a partial oxidation zone;
(i) passing the effluent of the partial oxidation zone to a reforming zone; and
(iii) reforming in the presence of a reforming catalyst in the reforming zone o0
form a reformed p'roducti stream;
wherein the partial exidation is carried out at a HyO/C molar feed ratio of less
20 than 0.2 and no COy is added to the partial oxidation and/or reforming zone.
5. A process as ¢laimed in ¢laim 4, wherein the reformed product stream has a
temperature in the range from 1600 to 1350°C.
6. A process as claimed ift claim 5, wherein the reformed product stream has a
temperature in the range from 1100 to 1300°C.
25 7. A process as claimed in any one of claims 1 to 3, wherein in the partial
oxidation zone the CO,/C molar ratio feed ratio is less than 0.2.
8. A process as claimed in claim 7, wherein the CO,/C molar feed ratio is less
than 0.1.
9. A process as claimed in any one of the preceding claims, wherein in the
a0 partial oxidation zone the 0,/C molar feed ratio is in the range from 0.6 to 0.8.
10. A process for the preparation of a gaseous mixture containing hydrogen and
carbon monoxide by autothermal reforming, comprising
() partial oxidation of a gaseous hydrocarbon feed in a partial oxidation zone;
(iiy passing the effluent of the partial oxidation zone t0 a reforming zone; and
35 (iii) reforming in the reforming zone in the presence of a reforming catalyst to
‘ form a reformied product stream at elevated temperature, wherein part of the
gaseous hydrocarbori feed is fed to the reforming zone.

[N:\LiBaa0i268: ABN
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11. A process as claimed in claim 10, wherein 10 to 20% by volume of the total

amount of gaseous hydrocarbon feed used in the autothermal reforming is fed to the

reforming zone.
12. A process as claimed in any one of the preceding claims, wherein the
s reforming catalyst comprises one or more metals from Group VIII of the Periodic Table.
13. A process as claimed in claim 12, wherein the reforming catalyst comprises
one or more noble metals from Group VIII or nickel.
14. A process as claimed in claim 13, wherein the catalyst comprises platinum.
15. A process as claimed in any on¢ of claims 12 to 14, wherein the catalyst
10 comprises a refractory oxide carrier.
16. A process as claimed in claim 15, wherein the catalyst is calcined at a
temperature in the range from 400 to 650°C.
17. A process as claimed in any one of the preceding claims, wherein the partial
oxidation zone a co-annular burner is used.
15 18. A process for the preparation of a gaseous mixture containing hydrogen and
carbon monoxide by autothermal reforming, substantially as hereinbefore described with

reference to any one of the Examples.
19. A gaseous mixture of hydrogen and carbon monoxide produced by the process

of any one of the preceding claims..
Dated 17 July, 1998
Shell Internationale Research Maatschappij B.V.

20

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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ABSTRACT

PRQCESS FOR THE PREPARATION OF HYDROGEN
AND CARBON MONOXIDE CONTAINING MIXTURES

A process for the preparation of a gaseous mixture containing
hydrogen and carbon ‘monoxide by autothermal reforming, comprising
(i) partial oﬁidhtion\§£ a gaseous hydrocarbon feed in. a partial
gxidatien zone,

(ii) pa551ng the effluent of the partial oxidatjon zone to a

refo:m;ng zéne; and E »

(liL) reﬁermxng in the presence Qf a. refermlng catalyst in the

reforming zone to form&a reférmed product stream- wherein the

partial. exldatlon ls c%irled out at a HZC/C molar feed ratio of

leéss. than 0.2, and, preferahly reformed product stream has a 7
'tempezatu:e in the range from IQQQ to 1350 °C, or wherein the : o
* reformed product stream ha# a temperature in the range from 1100 to '

1300 °¢, and, pgeféxéb¥y'£he‘partiai:oxidation is carried out at a

S e - Hp0/C molar feed r&tﬁe-éf.lgss‘thaﬂ 0.5.
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