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PROCESS FOR THE OXIDATION OF A HYDROCARBONACEOUS
FEEDSTOCK

The present invention relates to a process for the
oxidation of a hydrocarbonaceous feedstock, in particular
a process for the catalytic partial oxidation of a
hydrocarbonaceous feedstock.

Partial oxidation of a hydrocarbonaceous feedstock,
in particular hydrocarbons, in the presence of a catalyst
is an attractive route for the preparation of mixtures of
carbon monoxide and hydrogen, normally referred to as
synthesis gas. The partial oxidation of hydrocarbons is
an exothermic reaction represented by the equation:

ChHon+2 + n/2 02 = n CO + (n+l) Hp

There is literature in abundance on the catalysts and the
process conditions for the catalytic partial oxidation of
gaseous hydrocarbons, in particular methane. Reference is
made, for instance, to EP-A-303 438, US-A-5,149, 464,
EP-B-576 096, and EP-A-629 578.

Since the catalytic partial oxidation reaction
proceeds at very short contact times (in the order of
tens of milliseconds), it is important that the reactants
are well-mixed when brought into contact with the
catalyst. Otherwise, the reaction will proceed at an
undesirable stoichiometry and the desired product
selectivity will not be obtained.

The mixture of the reactants of the catalytic partial
oxidation process, i.e. a hydrocarbonaceous feedstock and
an oxygen-containing gas, is highly reactive and
explosive, especially at the mixing conditions which are

typically applied, i.e. at elevated temperature and



10

15

20

25

30

35

WO 02/088021 PCT/EP01/04852

pressure -and in amounts giving an oxygen-to-carbon ratio
in the range of from 0.3 to 0.8.

In a catalytic partial oxidation process, the yield
of carbon monoxide and hydrogen, i.e. conversion times
selectivity, increases with increasing temperature of the
mixture of hydrocarbonaceous feedstock and oxygen-
containing gas that is fed to the catalyst. Thus, there
is an incentive to increase the temperature of the
mixture, but the temperature of the mixture is bound to a
maximum set by the risks of ignition, such as auto
ignition and particle induced ignition, and explosion.
Moreover, for commercial applications, it is often
desired to perform the mixing at elevated pressure, i.e.
at pressures well above atmospheric pressure.

It has now been found that the risk for explosion
and/or ignition, especially particle induced ignition, in
a mixture of a hydrocarbonaceous feedstock and an oxygen-
containing gas can be reduced, and therefore the
temperature and pressure of the mixture can be increased,
by adding a relatively small amount of oxidant to the
hydrocarbonaceous feedstock before it is mixed with the
oxygen-containing gas.

This finding may be advantageously applied in the
above-mentioned catalytic partial oxidation process. It
will be appreciated that the present finding may also be
applied in other oxidation processes wherein a mixture of
hydrocarbonaceous feedstock and oxygen-containing gas may
be formed prior to the actual oxidation. Non-limiting
examples of such oxidation processes are non-catalytic
partial oxidation, combustion, e.g. in a gas turbine, and
the oxidation step in autothermal reforming.

Accordingly, the present invention relates to a
process for the oxidation of a hydrocarbonaceous
feedstock with an oxygen-containing gas, wherein the

hydrocarbonaceous feedstock is mixed with the oxygen-
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containing gas prior to oxidation in an oxidation zone
and wherein an oxidant is added to the hydrocarbonaceous
feedstock before the feedstock is mixed with the oxygen-
containing gas in an amount in the range of from 0.005 to
10% (mole/mole) of oxidant based on the feedstock.

The addition of oxidant is especially advantageous in
oxidation processes wherein the hydrocarbonaceous
feedstock and the oxygen-containing gas are mixed at
elevated temperature and/or at elevated pressure.
Reference herein to elevated temperature and pressure is
to temperatures well above room temperature and pressures
well above atmospheric pressure. In the process of the
present invention, the mixture of hydrocarbonaceous
feedstock and oxygen-containing gas preferably has a
temperature in the range of from 100 to 800 °C, more
preferably of from 150 to 600 °C, even more preferably of
from 200 to 400 °C. The pressure at which the feedstock
and the oxygen-containing gas are mixed is preferably in
the range of from 2 to 100 bar (absolute), more
preferably of from 5 to 80 bar (absolute), even more
preferably of from 10 to 50 bar (absolute).

The oxidant to be added is preferably oxygen or
water, more preferably oxygen. Oxygen may be added as
substantially pure oxygen or as a diluted oxygen stream,
such as air or oxygen-enriched air. If the oxidant is
water, it is preferred to add the water as steam.
Alternatively, atomised liquid water may be added to a
preheated stream of the hydrocarbonaceous feedstock.

In the process of the invention, the oxidant is added
to the hydrocarbonaceous feedstock before the feedstock
is mixed with the oxygen-containing gas, i.e. upstream of
the zone where the feedstock and the oxygen-containing
gas are mixed. The oxidant may for example be injected
into the conduit supplying the feedstock to the mixing

zone. It is advantageous to add the oxidant well before
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the mixing zone such that the oxidant is well-mixed
through the hydrocarbonaceous feedstock when the
feedstock is mixed with the oxygen-containing gas.
Preferably, the residence time of the oxidant in the
stream of hydrocarbonaceous feedstock before it is
entering the mixing zone is at least 0.5 second, more
preferably at least 1 second.

Typically in catalytic partial oxidation processes,
the feedstock and the oxygen-containing gas are preheated
before mixing them. In the process of the invention the
oxidant may be added to the feedstock before the
feedstock is preheated or to the preheated feedstock.

Especially in the case that the oxidant added is
oxygen, the amount of oxidant added to the feedstock must
be below the flammability limit of the thus-obtained
feedstock-oxidant mixture, i.e. the amount may not be so
high that ignition or explosion of the feedstock-oxidant
mixture occurs at the prevailing process conditions.
Preferably, the oxidant is added in an amount in the
range of from 0.01 to 5% (mole/mole) based on the
feedstock, more preferably of from 0.02 to
2% (mole/mole), even more preferably of from 0.05 to
1% (mole/mole), in particular of from 0.05 to 0.5%
(mole/mole) .

Suitable hydrocarbonaceous feedstocks comprise
hydrocarbons, oxygenates or mixtures thereof. Oxygenates
are defined as molecules containing apart from carbon and
hydrogen atoms at least 1 oxygen atom which is linked to
either one or two carbon atoms or to a carbon atom and a
hydrogen atom. Examples of suitable oxygenates are
methanol, ethanol, dimethyl ether and the like.

Preferred hydrocarbonaceous feedstocks comprise
methane, natural gas, associated gas or other sources of
“light hydrocarbons”. In this respect, the term “light

hydrocarbon” is a reference to hydrocarbons having 1 to
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5 carbon -atoms. Preferably the feedstock comprises
methane in an amount of at least 50% by volume, more
preferably at least 70% by volume, even more preferably
at least 80% by volume.

The oxygen-containing gas that is mixed with the
hydrocarbonaceous feedstock prior to oxidation may be
oxygen, air, or oxygen-enriched air, preferably oxygen.

The oxidation process of the present invention is
preferably a combustion process or a partial oxidation
process, more preferably a catalytic partial oxidation
process.

In the catalytic partial oxidation process according
to the invention, a mixture of hydrocarbonaceous
feedstock and oxygen-containing gas is contacted with a
catalyst to obtain synthesis gas by means of an
exothermic reaction. Suitable catalysts are known in the
art.

In a catalytic partial oxidation process, the
hydrocarbonaceous feedstock and the oxygen-containing gas
are preferably present in the mixture in such amounts as
to give an oxygen-to-carbon ratio in the range of from
0.3 to 0.8, more preferably, in the range of from 0.45 to
0.75. References herein to the oxygen-to-carbon ratio
refer to the ratio of oxygen in the form of molecules

(O2) to carbon atoms present in the hydrocarbon

feedstock. Oxygen-to-carbon ratios in the region of the
stoichiometric ratio of 0.5, i.e. ratios in the range of
from 0.45 to 0.65, are especially preferred. If oxygenate
feedstocks are used, e.g. methanol, oxygen-to-carbon
ratios below 0.3 can suitably be used.

The mixture of hydrocarbonaceous feedstock and
oxygen—-containing gas may optionally comprise steam. If
steam is present, the steam-to-carbon ratio is preferably

in the range of from above 0.0 to 3.0, more preferably
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from 0.0-to 2.0. Optionally, the mixture may comprise
carbon dioxide.

The hydrocarbonaceous feedstock and the oxygen-
containing gas are preferably preheated, resulting in a
preheated mixture of hydrocarbonaceous feedstock and
oxygen-containing gas. It is an advantage of the
catalytic partial oxidation process according to the
present invention that the mixture may be heated to a
relatively high temperature without the occurrence of
ignition or explosion upstream of the catalyst.
Preferably, the temperature of the mixture is in the
range of from 100 to 800 °C. Due to the exothermic
character of the catalytic partial oxidation reaction,
the temperature of the gas leaving the catalyst is
typically in the range of from 750 to 1400 °C, preferably
of from 850 to 1350 °C.

The mixture may be contacted with the catalyst at any
suitable gas hourly space velocity (expressed as normal
litres of gas per kilogram of catalyst at STP
conditions). Preferably, the gas hourly space velocity is
in the range of from 20,000 to 100,000,000 N1/kg/h, more
preferably of from 50,000 to 50,000,000 N1/kg/h, even
more preferably of from 100,000 to 30,000,000 N1/kg/h.

The invention will now be illustrated by means of the
following examples.

EXAMPLE 1 (according to the invention)

Into a stream of 390 kg/h of natural gas,
0.1% (mole/mole) of pure oxygen was injected. After
oxygen injection, the natural gas stream was preheated
and fed to a mixing zone at a pressure of 30 bar
(absolute). Simultaneously, a separate stream of 310 kg/h
of pure oxygen having a temperature of 100 °C was fed to
the mixing zone.

The preheating temperature of the natural gas stream

was varied. Up to a preheating temperature of 360 °C,
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resulting in a temperature of the mixture in the mixing
zone of 300 °C, no ignition was observed.

EXAMPLE 2 (comparative)

The same experiment as in Example 1 was carried out,
without addition of oxygen to the natural gas stream.
Ignition was observed at a temperature of the mixture in

the mixing zone of 278 °C.
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CLAIMS

1. A process for the oxidation of a hydrocarbonaceous
feedstock with an oxygen-containing gas, wherein the
hydrocarbonaceous feedstock is mixed with the oxygen-
containing gas prior to oxidation in an oxidation zone
and wherein an oxidant is added to the hydrocarbonaceous
feedstock before the feedstock is mixed with the oxygen-
containing gas in an amount in the range of from 0.005 to
10% (mole/mole) of oxidant based on the feedstock.

2. A process according to claim 1, wherein the mixture
of hydrocarbonaceous feedstock and oxygen-containing gas
has an elevated temperature, preferably a temperature in
the range of from 100 to 800 °C, more preferably of from
150 to 600 °C, even more preferably of from 200 to

400 °cC.

3. A process according to claim 1 or 2, wherein the
hydrocarbonaceous feedstock is mixed with the oxygen-
containing gas at an elevated pressure, preferably at a
pressure in the range of from 2 to 100 bar (absolute),
more preferably of from 5 to 80 bar (absolute), even more
preferably of from 10 to 50 bar (absolute).

4. A process according to any of the preceding claims,
wherein the oxidant 1is oxygen or water, preferably
oxygen.

5. A process according to any of the preceding claims,
wherein an amount of oxidant in the range of from 0.01 to
5% (mole/mole) is added, preferably of from 0.02 to

2% (mole/mole), more preferably of from 0.05 to

1% (mole/mole), even more preferably of from 0.05 to 0.5%
(mole/mole) .

6. A process according to any of the preceding claims,

wherein the hydrocarbonaceous feedstock comprises
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methane, natural gas, associated gas or a source of light
hydrocarbons, preferably natural gas or methane.

7. A process according to any of the preceding claims,
wherein the oxygen-containing gas is oxygen.

8. A process according to any of the preceding claims,
which 1s a process for the partial oxidation of the
hydrocarbonaceous feedstock, preferably for the catalytic

partial oxidation of the hydrocarbonaceous feedstock.
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