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Description

[0001] This invention relates to a process for removing
free oxygen from gaseous hydrocarbons.
[0002] Gaseous hydrocarbons such as natural gas,
LPG or LNG may contain small amounts of free oxygen,
i.e. O2 gas. Free oxygen may be introduced inadvertently,
by use of a gaseous hydrocarbon as a stripper gas or by
blending with air. For example, natural gas may contain
free oxygen as a result of poor purging after maintenance,
air leakage into stripper pumps, use of natural gas as
stripper gas for gas dryers, use of natural gas as stripper
gas for water injection and from dissolved air in fluids
injected down hole. The amount of free oxygen in the
natural gas recovered from these processes may be in
the range 70 to 100ppm (vol). Alternatively, free oxygen
may be introduced into LPG or LNG by blending proc-
esses with air to reduce calorific value in so-called "air
balancing". The amount of free oxygen introduced into
LPG or LNG in this way may be as much as 0.5% vol.
[0003] The presence of free oxygen is potentially haz-
ardous although the main concern in processing gaseous
hydrocarbons containing free oxygen is corrosion to
process equipment, resulting in costly replacement and
maintenance. It is therefore desirable to limit free oxygen
content to a few ppm or less
[0004] US 2004/159584 discloses the use of a hydro-
gen-rich reformate gas generator, such as a mini-CPO
(catalytic partial oxidizer) to provide a hydrogen-contain-
ing reformate gas to a hydrogen desulfurizer which pro-
vides desulfurized reformate gas to a major reformer
(such as a CPO) which, after processing in a water-gas
shift reactor and preferential CO oxidizer produces hy-
drogen-containing reformate in a line for use, for In-
stance, as fuel for a fuel cell power plant.
[0005] US 5446232 discloses a method and apparatus
for removing oxygen from hydrogen, hydrocarbon, or hal-
ogenated hydrocarbon gas which contains about 0.01 to
about 10 mole % oxygen by contacting the gas with a
Hopcalite catalyst at a temperature of about 100 DEG to
about 300 DEG C.
[0006] EP 0516401 discloses a process for producing
a substantially oxygen-free Inert gas product, such as
argon, comprising introducing hydrogen into a com-
pressed crude argon gas stream which contains oxygen
for a reaction with the oxygen impurity to form water va-
pour. The argon stream passes through a catalytic reac-
tor In which the oxygen impurity reacts at elevated tem-
perature with hydrogen to form water vapour. The result-
ing gas stream is cooled and passed to an adsorbent
effective to remove water vapour therefrom, EP 0145262
discloses a method for deoxygenating water for use in
steam generation systems, by adding hydrogen to a
stream of the water and intimately mixing the same, pres-
surizing the stream to a pressure of 60-150 psig, and
contacting the pressurized stream with a catalyst bed of
palladium or platinum dispersed on a solid carrier. The
hydrogen reacts with the dissolved oxygen in the pres-

ence of the catalyst at ambient temperatures, to produce
a deoxygenated stream of water containing less than 10
ppb of oxygen.
[0007] GB 944207 discloses catalysts containing Ni or
Co and Cu on a porous carrier together with an oxide of
thorium and/or uranium for use in a process for removing
oxygen from a gas mixture which contains hydrogen and
oxygen in a volume ratio of 2 or more.
[0008] Direct combustion of the free oxygen by heating
the gaseous hydrocarbon over a combustion catalyst re-
quires temperatures of 300°C or more and it is not prac-
tical to heat large volumes of gas to this temperature and
then cool it for subsequent use.
[0009] We have devised a process that overcomes
these problems.
[0010] Accordingly the invention provides a process
for reducing free oxygen in a gaseous hydrocarbon
stream, comprising the steps of

(i) forming a gas mixture containing hydrogen from
a hydrocarbon,
(ii) mixing the gas mixture with a gaseous hydrocar-
bon stream containing free oxygen, and
(iii) passing the resulting hydrocarbon gas mixture
over a supported Group 8 transition metal conver-
sion catalyst that converts at least a portion of the
free oxygen present in the gaseous hydrocarbon to
steam.

wherein the hydrogen-containing gas mixture is formed
from a portion of the hydrocarbon containing free oxygen.
[0011] The hydrogen-containing gas mixture may be
formed by catalytic dehydrogenation (cDH) of C2+ al-
kanes over oxidic or precious metal catalysts. By "C2+
alkanes" we mean alkanes of formula CnH2n+2 having
n≥2, preferably one or more of ethane, propane, butane,
pentane and hexane. The main types of alkane dehydro-
genation catalysts are Group 8 metals, particularly plat-
inum/tin supported on ZnAl2O4, MgAl2O4 or alumina,
chromium oxides on alumina or zirconia and gallium ei-
ther as a supported oxide or present in zeolites. Light
paraffins are best dehydrogenated using promoted Pt/Sn
on alumina and Cr2O3 on alumina above 500°C, prefer-
ably above 600°C. Long chain paraffins are best dehy-
drogenated using promoted Pt/Sn on alumina at temper-
atures between 400-500°C. While effective for forming
hydrogen from hydrocarbons, in order to maintain activ-
ity, a periodical regeneration of the catalyst with air may
be necessary to burn off carbon deposits (coke).
[0012] The hydrogen containing gas mixture may com-
prise one or more gases that are inert over the conversion
catalyst, such as nitrogen or may comprise a gas that is
reactive over the catalyst, i.e. one that may be reacted
with the fee oxygen and thereby remove it from the hy-
drocarbon stream. Preferably the hydrogen-containing
gas further comprises carbon monoxide.
[0013] For example, a hydrogen- and carbon monox-
ide-containing gas mixture may be formed by partial com-
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bustion of a hydrocarbon. Partial combustion of a hydro-
carbon with an oxygen-containing gas, such as air, oxy-
gen or oxygen-enriched air produces a gas mixture con-
taining hydrogen and carbon monoxide as well as other
gases such as unreacted C2+ hydrocarbons, methane,
carbon dioxide and nitrogen. Partial combustion, also
termed partial oxidation, maybe carried out using any
known partial oxidation process. Partial combustion of a
hydrocarbon may be performed by flame combustion in
a burner using an oxygen-containing gas in the absence
of a combustion catalyst, by so-called non-catalytic par-
tial oxidation (POx), or preferably may be performed at
lower temperatures in the presence of a partial oxidation
catalyst by so-called catalytic partial oxidation (cPOx). In
cPOx, the catalyst is preferably a supported Rh, Ni, Pd
or Pt catalyst having <20% wt metal or alloy combinations
of these metals, on an inert support such as silica, alu-
mina, titania or zirconia.
[0014] Alternatively, a hydrogen- and carbon monox-
ide-containing gas mixture may be formed by autother-
mal reforming (ATR) comprising oxidising a hydrocar-
bon, usually a gaseous hydrocarbon, with an oxygen con-
taining gas in the presence of steam and steam reforming
the resulting gas mixture containing unreacted hydrocar-
bon over a steam reforming catalyst to produce a gas
mixture containing hydrogen and carbon oxides (carbon
monoxide and carbon dioxide). In autothermal reforming
therefore steam is added with the hydrocarbon and/or
oxygen-containing gas. The oxidation step, which may
be performed catalytically, is exothermic and generates
the heat required by the endothermic steam reforming
reactions. Precious metal oxidation catalysts are pre-
ferred. Catalysts used in reforming the hydrocarbon may
include one or more of Ni, Pt, Pd, Ru, Rh and Ir supported
at levels up to 10% wt on oxidic supports such as silica,
alumina, titania, zirconia, ceria, magnesia or other suit-
able refractory oxides, which may be in the form of pellets,
extrudates, cellular ceramic and/or metallic monolith
(honeycomb) or ceramic foam or other support structures
offering Mechanical strength and low pressure drop. In
a preferred embodiment, the oxidation and steam reform-
ing reactions are catalysed, more preferably over the
same catalyst composition so that one catalyst provides
both functions. Such catalysts are described in WO
99/48805 and include. Rh or Pt/Rh on a refractory sup-
ports comprising Ce and/or Ce/Zr-containing mixtures.
The process may be operated at inlet temperatures in
the range 250 - 550°C and outlet temperatures in the
range 600-800°C depending on the amount of preheat
and O2:C:H2O ratio, and pressures of up to typically
about 3bar abs..
[0015] As well as combustion and steam reforming re-
actions, the water-gas-shift reaction takes place over the
reforming catalyst. Thus the reactions taking place in an
autothermal reformer, where the hydrocarbon comprises
methane include;

CH4 + 2O2 → CO2 + 2H2O

CH4 + H2O → CO + 3H2

CO + H2O → CO2 + H2

[0016] However, autothermal reforming requires a
supply of water for steam generation, which may not be
practical in e.g. offshore installations. In such cases, hy-
drogen formation by cDH, POx or cPOx may be preferred.
Alternatively, a water recycle system whereby unreacted
steam is condensed from the hydrogen-containing gas
and recycled to the reforming step may be employed.
Whereas a hydrogen- and carbon monoxide-containing
gas mixture may be formed by steam reforming alone,
this is not preferred.
[0017] If desired, the reformed gas mixture containing
hydrogen, steam and carbon oxides (CO and CO2) may
be cooled and passed over a water-gas-shift catalyst that
reacts carbon monoxide with steam to increase the hy-
drogen content of the gas mixture according to the fol-
lowing equation.

CO + H2O ↔ H2+CO2

[0018] The water-gas shift catalyst may be precious
metal-based, iron-based or copper-based. For example
a particulate copper-zinc alumina low-temperature shift
catalyst containing 25-35% wt CuO, 30-60% wt ZnO and
5-40%Al2O3% may be used at temperatures in the range
200-250°C. Alternatively the water gas-shift catalyst may
be Pt on ceria or titania.
Where it is desired to use a carbon monoxide-containing
gas over the conversion catalyst the water-gas shift step
may be omitted.
[0019] Whether hydrogen formation is by ATR, POx or
cPOx, with or without the water-gas shift reaction,it may
be desirable to cool the resulting gas mixture before con-
tacting it with the hydrocarbon containing free oxygen.
Preferably the temperature of the gas mixture is ≤ 300°C,
more preferably ≤ 200°C, more preferably ≤ 150°C when
it is combined with the hydrocarbon containing free oxy-
gen. Cooling of the gas mixture may be effected using
known heat exchanger technology. For example the gas
mixture may be cooled using water under pressure in
high and medium pressure steam generation.
[0020] The hydrogen-containing gas formed from the
hydrocarbon is combined with the hydrocarbon contain-
ing free oxygen and the resulting gas mixture passed
over the conversion catalyst In order to react the hydro-
gen with the free oxygen to produce steam. Alternatively
or additionally, the conversion catalyst may convert the
free oxygen Into carbon dioxide by reaction with any car-
bon monoxide present in the mixed gas stream. These
reactions may proceed according to the following equa-
tions;

© O2 + H2 → H2O
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© O2 + CO → CO2

[0021] The conversion catalyst may be any shown to
display activity for the oxidation of hydrogen and/or car-
bon monoxide at low temperatures, and is a supported
Group 8 transition mental catalyst. For example the cat-
alyst may comprise one or more ofCo, Ni, Pt, Pd, Rh, Ir
or Ru on an oxidic support such as ceria, magnesia, alu-
mina, titania, zirconia or silica. Au may also be present.
Metal sulphide supports may also be used. Preferably
the catalyst comprises Au, PtSn, PtFe, PtCo, Pt, Pd, Co
or Ni on alumina, e.g. ≤5% wt Pt on alumina. The con-
version catalyst may be in the form of a woven, nonwoven
or knitted mesh, particulates such as pellets or extru-
dates, a foam, monolith or coating on an inert support..
The conversion of the free oxygen is preferably per-
formed at ≤ 300°C, more preferably ≤ 200°C, most pref-
erably ≤ 150°C, with an Inlet gas temperature preferably
<100°C, more preferably <50°C.
The hydrocarbon used to form the gas mixture containing
hydrogen may be obtained from a variety of sources, e.g.
natural gas or crude oil refinery operations. In the present
invention, the hydrocarbon used as the source of hydro-
gen is a portion of the gaseous hydrocarbon containing
free oxygen. Thus in a preferred process, a side stream
portion of gaseous hydrocarbon containing free oxygen
is withdrawn, from e.g. a pipeline, used to form the hy-
drogen-containing gas mixture by ATR, cDH, POx or
cPOx and this mixture, optionally following a step of wa-
ter-gas-shift, combined with the remainder of the hydro-
carbon containing free oxygen. The flow of side-stream
hydrocarbon to the hydrogen-forming means may be
controlled by means of a forcing valve. The volume of
side stream portion withdrawn is preferably enough to
generate sufficient hydrogen and/or carbon monoxide re-
quired to reduce the free oxygen content of the hydro-
carbon down to acceptable levels, e.g. to ≤ 5ppm. The
amount withdrawn is therefore preferably s 20%, more
preferably ≤ 10%, most preferably ≤ 5% by volume of the
gaseous hydrocarbon stream. By utilising only a small
portion of the hydrocarbon-containing free oxygen to
generate hydrogen and carbon monoxide, the final com-
position of the hydrocarbon, after conversion of the free
oxygen is not significantly altered and therefore may be
used without further separation of the components.
[0022] In a preferred embodiment, the hydrocarbon
containing free oxygen is natural gas, i.e. a methane-rich
gas stream containing minor amounts of C2+ hydrocar-
bons. The natural gas may be a "raw" natural gas as
recovered from subterranean sources, including associ-
ated gas recovered with crude oil, or may be a "process"
natural gas that has been used in a process, such as a
stripping gas. Natural gas liquids (NGLs) may also be
used.
[0023] If desired, sulphur and optionally mercury or ar-
senic absorbers may be provided, e.g. upstream of the
hydrogen generation step, to remove poisons from the
hydrocarbon used to form the hydrogen containing gas

and so protect any catalysts used therein from poisoning.
Suitable sulphur absorbers include zinc oxide composi-
tions, preferably copper-containing zinc oxide composi-
tions whereas mercury and arsenic are usefully absorbed
on metal sulphides such as copper sulphide. Particularly
suitable sulphur and mercury absorbents are described
in EP0243052 and EP0480603. Additionally, hydrodes-
ulphurisation may also be performed upstream of any
adsorbents, using known Ni or Co catalysts to convert
organic-sulphur, -nitrogen -mercury and -arsenic com-
pounds into more readily removable materials such as
H2S, NH3, Hg and AsH3.
[0024] Although upstream sulphur removal may be de-
sirable to protect the downstream catalysts, in cases
where a precious metal reforming catalyst is employed
upstream of a water gas shift catalyst, it may be desirable
in addition or as an alternative to include a sulphur ab-
sorbent between the reforming catalyst and water-gas
shift catalyst.
[0025] It may also be desirable to include such a des-
ulphurisation step upstream of the conversion catalyst.
[0026] A portion of the hydrogen-containing gas may
if desired be subjected to a step of hydrogen separation
e.g. using suitable membrane technology, and the recov-
ered hydrogen sent upstream, e.g. for hydrodesulphuri-
sation purposes.
[0027] In a particularly preferred process, a side-
stream of natural gas is withdrawn and used to generate
the hydrogen-containing gas mixture.
[0028] The apparatus used for the process of the
present invention may be conveniently compact, in par-
ticular where side-stream partial combustion is affected.
[0029] Accordingly, the invention further provides ap-
paratus for reducing the free oxygen content of a gaseous
hydrocarbon, comprising a conversion vessel having
gaseous hydrocarbon inlet means, product gas outlet
means, a supported Group 8 transition metal conversion
catalyst disposed within said vessel between said inlet
and outlet means and hydrogen formation means oper-
atively connected to said conversion vessel that provide
a hydrogen-containing gas to said vessel such that the
gaseous hydrocarbon is mixed with said hydrogen-con-
taining gas and passed over said catalyst, wherein the
hydrogen formation means are operatively connected to
the free-oxygen-containing gaseous hydrocarbon
stream, so that the hydrogen formation means are fed
with a side-stream portion of the free oxygen-containing
gaseous hydrocarbon.
[0030] The hydrogen formation means may comprise
a catalytic dehydrogenation vessel having C2+ alkane
inlet means, product gas outlet means and containing a
dehydrogenation catalyst disposed between said inlet
and outlet means.
[0031] Alternatively, the hydrogen formation means
may comprise an autothermal reformer having hydrocar-
bon and steam inlet means, an oxygen-containing gas
inlet means, product gas outlet means and disposed be-
tween the inlet and outlet means, a partial oxidation cat-
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alyst and steam reforming catalyst.
[0032] Preferably, the hydrogen formation means
comprise a partial combustion vessel, having hydrocar-
bon and oxygen-containing gas inlet means, product gas
outlet means and optionally containing a partial oxidation
catalyst between said inlet and outlet means.
[0033] In one embodiment a water-gas-shift vessel
containing a water-gas shift catalyst is operatively con-
nected between the partial combustion vessel or auto-
thermal reforming vessel and the conversion vessel so
that the gaseous product stream from the partial com-
bustion vessel or autothermal reforming vessel may be
enriched with hydrogen before being mixed with the free-
oxygen-containing gaseous hydrocarbon stream and
passed over the conversion catalyst.
[0034] Suitable heat exchanger means may be provid-
ed to cool the gaseous product stream from the hydrogen
forming means to prevent decomposition of the free-ox-
ygen-containing gaseous hydrocarbon, and to prevent
damage to the water-gas-shift catalyst, if present.
[0035] It is desirable that any apparatus used to gen-
erate hydrogen is compact so as to facilitate off-shore as
well as on-shore Installation. In particular, reforming and
shift stages may be combined in compact hydrogen-gen-
eration apparatus wherein a hydrocarbon and oxygen
are combined over a precious metal partial oxidation cat-
alyst, which may also function as a catalyst for the stream
reforming reactions, and the resulting reformed gas mix-
ture cooled and passed over a suitable water-gas shift
catalyst. Cooling of the reformed gas mixture may be
performed using heat exchange means, such as cooling
coils, plates or tubes, or by direct injection of water.
Hence in a preferred embodiment, the hydrogen gener-
ation apparatus comprises a vessel in which is disposed
a supported precious metal reforming catalyst and a sep-
arate supported water-gas shift catalyst with heat ex-
change tubes or plate between the catalysts. The hydro-
carbon is fed, with an oxygen-containing gas and steam,
to the reforming catalyst where oxidation and steam re-
forming reactions take place. The resulting reformed gas
mixture containing hydrogen, carbon oxides steam and
a small amount of unreacted hydrocarbon is then cooled
by the heat exchange coils or plate and passed over the
water-gas shift catalyst to increase the hydrogen content
of the hydrogen-containing gas. The use of hydrogen
generation apparatus comprising both reforming and
shift catalysts is preferred in that it is very compact and
may therefore readily be installed in off-shore as well as
onshore facilities such as oil production platforms. We
have found that reforming apparatus designed for fuel
cell hydrogen generation is particularly suited to the
present invention due to its relatively small size. Suitable
apparatus for autothermal reforming is described in
EP0262947 and Platinum Met. Rev. 2000, 44 (3),
108-111, and is known as the HotSpot™ reformer.
[0036] The invention is further illustrated by reference
to the drawings in which Figure 1 is a flowsheet of one
embodiment of the process of the present invention and

Figure 2 is a flowsheet of an alternative embodiment
wherein the hydrogen generation and shift reactions take
place within the same vessel.
[0037] In Figure 1, a natural gas containing 70-100ppm
free oxygen is fed via line 10, to a mixing zone 12 in a
conversion vessel 14 where it is mixed with a hydrogen-
containing gas stream fed to said vessel via line 16. The
resulting gas mixture passes from the mixing zone 12 at
< 300°C through a bed of particulate supported precious
metal conversion catalyst 18. The level of free oxygen in
product stream 20 leaving vessel 14 is reduced to <5ppm.
Upstream of the conversion vessel 14 a side-stream line
22 withdraws a portion of the oxygen-containing natural
gas from line 10. The amount of natural gas withdrawn
via line 22 is controlled by valve 24 located downstream
of side-stream line 22 in line 10. The withdrawn portion
(≤ 20% vol) is fed via line 22 to a partial combustion vessel
26 in which is disposed a precious metal partial oxidation
catalyst 28. Air is fed via line 30 to combustion vessel
26. The oxygen in the air 30 reacts with the hydrocarbon
feed over the catalyst 28 to provide a gaseous product
stream comprising hydrogen, carbon monoxide, steam
and carbon dioxide. The gaseous product stream emerg-
ing from combustion vessel 26 is cooled in heat exchang-
er 32 and then passed to water gas shift vessel 34 con-
taining a bed of copper-based water-gas shift catalyst
36. The hydrogen content of the partially combusted gas
stream is increased over the water gas shift catalyst. The
hydrogen-enriched gas stream is passed from vessel 34,
via heat exchanger 38 and line 16 to mixing zone 12
where it is mixed with the major part of the free oxygen-
containing natural gas.
[0038] In Figure 2 a natural gas containing 70-100ppm
free oxygen is fed via line 10, to a mixing zone 12 in a
conversion vessel 14 where it is mixed with a hydrogen-
containing gas stream fed to said vessel via line 16. The
resulting gas mixture passes from the mixing zone 12 at
< 300°C through a bed of particulate supported precious
metal conversion catalyst 18. The level of free oxygen in
product stream 20 leaving vessel 14 is reduced to <5ppm.
Upstream of the conversion vessel 14 a side-stream line
22 withdraws a portion of the oxygen-containing natural
gas from line 10. The amount of natural gas withdrawn
via line 22 is controlled by valve 24 downstream of side-
stream line 22 in line 10. The withdrawn portion (≤ 20%
vol) is fed via line 22 to a purification vessel 40, containing
a particulate copper-zinc oxide composition 42 that re-
moves hydrogen sulphide from the gas stream. The des-
ulphurised gas is then preheated by means of a heat
exchanger (not shown) and fed via line 44 to hydrogen
generation vessel 46 containing a monolithic Rh on Ce-
ria-doped zirconia reforming catalyst 48. The desul-
phurised gas is mixed with oxygen and steam fed to the
hydrogen generation vessel 46 via line 50 and the mixture
autothermally reformed (oxidised and steam reformed)
over the catalyst 48. The catalyst catalyses both the com-
bustion and steam reforming reactions. The reformed
gas stream comprising hydrogen, steam and carbon ox-
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ides, is cooled by means of heat exchange tubes 52 with-
in the vessel 46 downstream of the reforming catalyst
48. The cooled gases then pass to a bed of low-temper-
ature shift catalyst 54 disposed within vessel 46 down-
stream of said heat exchange tubes 52. The cooled gas
mixture reacts over the catalyst 54 to increase the hy-
drogen content of the gas mixture by the water-gas shift
reaction. The gas mixture then passes from the hydrogen
generation vessel 46 via line 56 to a heat exchanger 38
where it is cooled.
[0039] The cooled gas stream containing hydrogen is
then passed from heat exchanger 38 via line 16 to the
mixing zone 12 where it is mixed with the major part of
the free oxygen-containing natural gas.

Claims

1. A process for reducing free oxygen in a gaseous
hydrocarbon stream, comprising the steps of

(i) forming a gas mixture containing hydrogen
from a hydrocarbon,
(ii) mixing the gas mixture with a gaseous hy-
drocarbon stream containing free oxygen, and
(iii) passing the resulting hydrocarbon gas mix-
ture over a supported Group 8 transition metal
conversion catalyst that converts at least a por-
tion of the free oxygen present in the gaseous
hydrocarbon to steam,

wherein the hydrogen-containing gas mixture is
formed from a portion of the hydrocarbon containing
free oxygen.

2. A process according to claim 1 wherein the hydro-
gen-containing gas mixture is formed by autothermal
reforming comprising a step of partial oxidation of a
hydrocarbon / steam mixture with an oxygen con-
taining gas, optionally over an oxidation catalyst, fol-
lowed by passing the partially oxidised gas mixture
directly over a supported Ni or precious metal steam
reforming catalyst.

3. A process according to claim 1 wherein the hydrogen
containing gas mixture is formed by partially oxidis-
ing a hydrocarbon with an oxygen containing gas.

4. A process according to claim 2 or claim 3 wherein
the hydrogen-containing gas mixture is subjected to
the water gas shift reaction over a water-gas-shift
catalyst to increase the hydrogen content of the gas
mixture.

5. A process according to any one of claims 1 to 4
wherein the hydrocarbon containing free oxygen is
natural gas, including natural gas that has been used
as a stripper gas.

6. A process according to any one of claims 1 to 5
wherein the conversion of free oxygen is carried out
at a temperatures ≤ 300°C.

7. A process according to anyone of claims 1 to 6
wherein sulphur and optionally mercury or arsenic
absorbers are provided upstream of the hydrogen
formation step to remove poisons from the hydrocar-
bon used to form the hydrogen-containing gas.

8. Apparatus for reducing the free oxygen content of a
gaseous hydrocarbon stream, comprising a conver-
sion vessel having free-oxygen-containing gaseous
hydrocarbon inlet means, product gas outlet means,
a supported Group 8 transition metal conversion cat-
alyst disposed within said vessel between said inlet
and outlet means and hydrogen formation means
operatively connected to said conversion vessel that
provide a hydrogen-containing gas to said vessel
such that the gaseous hydrocarbon is mixed with
said hydrogen-containing gas and passed over said
catalyst, wherein the hydrogen formation means are
operatively connected to the free-oxygen-containing
gaseous hydrocarbon stream, so that the hydrogen
formation means are fed with a side-stream portion
of the free oxygen-containing gaseous hydrocarbon.

9. Apparatus according to claim 8 wherein the hydro-
gen formation means comprise an autothermal re-
former having hydrocarbon inlet means, steam inlet
means, an oxygen-containing gas inlet means, prod-
uct gas outlet means, and disposed between the inlet
and outlet means, a partial oxidation means and a
steam reforming catalyst.

10. Apparatus according to claim 8 wherein the hydro-
gen formation means comprise a partial combustion
vessel, having hydrocarbon and oxygen-containing
gas inlet means, product gas outlet means and op-
tionally containing a partial oxidation catalyst be-
tween said inlet and outlet means.

11. Apparatus according to claim 9 or claim 10 wherein
a water-gas-shift vessel containing a water-gas shift
catalyst is operatively connected between the auto-
thermal reformer or partial combustion vessel and
the conversion vessel so that the gaseous product
stream from the autothermal reformer or partial com-
bustion vessel may be enriched with hydrogen be-
fore being mixed with the free-oxygen-containing
gaseous hydrocarbon stream.

12. Apparatus according to any one of claims 8 to 11
wherein heat exchanger means are provided to cool
the hydrogen-containing gas from the hydrogen for-
mation means.
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Patentansprüche

1. Verfahren zur Verminderung von freiem Sauerstoff
in einem gasförmigen Kohlenwasserstoffstrom, das
die Schritte umfasst

(i) Bilden einer Gasmischung, die Wasserstoff
aus einem Kohlenwasserstoff enthält,
(ii) Vermischen der Gasmischung mit einem
gasförmigen Kohlenwasserstoffstrom, der frei-
en Sauerstoff enthält und
(iii) Leiten der resultierenden Kohlenwasser-
stoff-Gasmischung über einen Konversionska-
talysator mit einem Übergangsmetall der Grup-
pe 8 auf einem Träger, der wenigstens einen
Teil des freien Sauerstoffs, der in dem gasför-
migen Kohlenwasserstoff vorhanden ist, in
Dampf umwandelt,

wobei die wasserstoffhaltige Gasmischung aus ei-
nem Teil des Kohlenwasserstoffs gebildet wird, der
freien Sauerstoff enthält.

2. Verfahren nach Anspruch 1, wobei die Wasserstoff
enthaltende Gasmischung gebildet wird durch auto-
thermales Reformieren, das eine Stufe einer parti-
ellen Oxidation einer Kohlenwasserstoff-Dampf-Mi-
schung mit einem sauerstoffhaltigen Gas, gegebe-
nenfalls über einem Oxidationskatalysator, gefolgt
von einem Überleiten der teilweise oxidierten Gas-
mischung direkt über einen Dampfreformierkataly-
sator mit Nickel oder Edelmetall auf einem Träger
umfasst.

3. Verfahren nach Anspruch 1, wobei die Wasserstoff
enthaltende Gasmischung gebildet wird durch par-
tielle Oxidation eines Kohlenwasserstoffs mit einem
sauerstoffhaltigen Gas.

4. Verfahren nach Anspruch 2 oder Anspruch 3, wobei
die Wasserstoff enthaltende Gasmischung einer
Wassergas-Shift-Reaktion über einem Wassergas-
Shift-Katalysator unterzogen wird, um den Wasser-
stoffgehalt der Gasmischung zu erhöhen.

5. Verfahren nach irgendeinem der Ansprüche 1 bis 4,
wobei der Kohlenwasserstoff, der freien Sauerstoff
enthält, Erdgas ist, einschließlich Erdgas, das als
Strippgas verwendet wurde.

6. Verfahren nach irgendeinem der Ansprüche 1 bis 5,
wobei die Umwandlung von freiem Sauerstoff bei
einer Temperatur ≤ 300 °C durchgeführt wird.

7. Verfahren nach irgendeinem der Ansprüche 1 bis 6,
wobei stromauf der Stufe der Wasserstofferzeugung
Schwefel- sowie gegebenenfalls Quecksilber- oder
Arsen-Absorber vorgesehen sind, um Gifte aus dem

Kohlenwasserstoff zu entfernen, der zur Erzeugung
des Wasserstoff enthaltenden Gases verwendet
wird.

8. Apparatur zur Verminderung des Gehalts an freiem
Sauerstoff in einem gasförmigen Kohlenwasser-
stoffstrom, die einen Umwandlungsbehälter mit ei-
ner Einlasseinrichtung für einen freien Sauerstoff
enthaltenden Kohlenwasserstoff, eine Produktgas-
Auslasseinrichtung, einen Konversionskatalysator
mit einem Übergangsmetall der Gruppe 8 auf einem
Träger, der innerhalb des genannten Behälters zwi-
schen den genannten Einlass- und Auslasseinrich-
tungen angeordnet ist, sowie eine Einrichtung zur
Wasserstofferzeugung umfasst, die funktionsge-
recht mit dem genannten Konversionsbehälter ver-
bunden ist, um dem genannten Behälter ein wasser-
stoffhaltiges Gas so zuzuführen, dass der gasförmi-
ge Kohlenwasserstoff mit dem genannten Wasser-
stoff enthaltenden Gas vermischt wird und über den
genannten Katalysator geleitet wird, wobei die Ein-
richtung zur Wasserstofferzeugung funktionsge-
recht so mit dem Strom des freien Sauerstoff enthal-
tenden gasförmigen Kohlenwasserstoffs verbunden
ist, dass die Einrichtung zur Wasserstofferzeugung
mit einem Seitenstromanteil des freien Sauerstoff
enthaltenden gasförmigen Kohlenwasserstoffs ge-
speist wird.

9. Apparatur nach Anspruch 8, wobei die Einrichtung
zur Wasserstofferzeugung einen autothermalen Re-
former mit einer Kohlenwasserstoff-Einlasseinrich-
tung, einer Dampf-Einlasseinrichtung, einer Einlas-
seinrichtung für ein Sauerstoff enthaltendes Gas, ei-
ne Produktgas-Auslasseinrichtung sowie angeord-
net zwischen den Einlass- und Auslasseinrichtun-
gen eine Einrichtung für eine partielle Oxidation so-
wie einen Dampfreformierkatalysator umfasst

10. Apparatur nach Anspruch 8, wobei die Einrichtung
zur Wasserstofferzeugung einen Behälter zur parti-
ellen Verbrennung umfasst, der Einlasseinrichtun-
gen für einen Kohlenwasserstoff und für ein Sauer-
stoff enthaltendes Gas, eine Produktgas-Auslass-
einrichtung und gegebenenfalls einen Katalysator
für eine partielle Oxidation zwischen den genannten
Einlass- und Auslasseinrichtungen umfasst.

11. Apparatur nach Anspruch 9 oder Anspruch 10, wobei
ein Wassergas-Shift-Behälter, der einen Wasser-
gas-Shift-Katalysator enthält, funktionsgerecht zwi-
schen dem autothermalen Reformer oder dem Be-
hälter für eine partielle Verbrennung und dem Kon-
versionsbehälter eingeschaltet ist, so dass der gas-
förmige Produktstrom aus dem autothermalen Re-
former oder dem Behälter für eine partielle Verbren-
nung mit Wasserstoff angereichert werden kann, be-
vor er mit dem freien Sauerstoff enthaltenden gas-
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förmigen Kohlenwasserstoffstrom vermischt wird.

12. Apparatur nach irgendeinem der Ansprüche 8 bis
11, wobei Wärmeaustauschervorrichtungen vorge-
sehen sind, um das Wasserstoff enthaltende Gas
aus der Einrichtung zur Wasserstofferzeugung zu
kühlen.

Revendications

1. Procédé pour réduire l’oxygène libre dans un courant
d’hydrocarbure gazeux, comprenant les étapes con-
sistant à :

(i) former un mélange gazeux contenant de l’hy-
drogène à partir d’un hydrocarbure,
(ii) mélanger le mélange gazeux avec un courant
d’hydrocarbure gazeux contenant de l’oxygène
libre, et
(iii) faire passer le mélange gazeux renfermant
l’hydrocarbure résultant sur un catalyseur de
conversion à base de métal de transition du
Groupe 8 sur support qui convertit au moins une
partie de l’oxygène libre présent dans l’hydro-
carbure gazeux en vapeur d’eau,

dans lequel le mélange gazeux contenant de l’hy-
drogène est formé à partir d’une partie de l’hydro-
carbure contenant de l’oxygène libre.

2. Procédé suivant la revendication 1, dans lequel le
mélange gazeux contenant de l’hydrogène est formé
par un reformage autotherme comprenant une étape
d’oxydation partielle d’un mélange hydrocarbu-
re/Vapeur d’eau avec un gaz contenant de l’oxygè-
ne, éventuellement sur un catalyseur d’oxydation,
puis le passage du mélange gazeux partiellement
oxydé directement sur un catalyseur de reformage
à la vapeur d’eau à base de Ni ou métal précieux
sur support.

3. Procédé suivant la revendication 1, dans lequel le
mélange gazeux contenant de l’hydrogène est formé
par oxydation partielle d’un hydrocarbure avec un
gaz contenant de l’oxygène.

4. Procédé suivant la revendication 2 ou la revendica-
tion 3, dans lequel le mélange gazeux contenant de
l’hydrogène est soumis à la réaction de conversion
du gaz à l’eau sur un catalyseur de conversion du
gaz à l’eau pour augmenter la teneur en hydrogène
du mélange gazeux.

5. Procédé suivant l’une quelconque des revendica-
tions 1 à 4, dans lequel l’hydrocarbure contenant de
l’oxygène libre est un gaz naturel, y compris un gaz
naturel qui est utilisé comme gaz de colonne de frac-

tionnement.

6. Procédé suivant l’une quelconque des revendica-
tions 1 à 5, dans lequel la conversion de l’oxygène
libre est effectuée à une température ≤ 300°C.

7. Procédé suivant l’une quelconque des revendica-
tions 1 à 6, dans lequel des agents absorbant le sou-
fre et facultativement le mercure ou l’arsenic sont
fournis en amont de l’étape de formation d’hydrogè-
ne pour éliminer les poisons de l’hydrocarbure utilisé
pour former le gaz contenant de l’hydrogène.

8. Appareil pour réduire la teneur en oxygène libre d’un
courant d’hydrocarbure gazeux, comprenant un ré-
cipient de conversion ayant un moyen d’admission
d’hydrocarbure gazeux contenant de l’oxygène libre,
un moyen de sortie de produit gazeux, un catalyseur
de conversion à base de métal de transition du Grou-
pe 8 sur support disposé à l’intérieur dudit récipient
entre ledit moyen d’admission et ledit moyen de sor-
tie et un moyen de formation d’hydrogène connecté
de manière opérationnelle audit récipient de conver-
sion qui fournit un gaz contenant de l’hydrogène
audit récipient de telle sorte que l’hydrocarbure ga-
zeux soit mélangé audit gaz contenant de l’hydro-
gène et passé sur ledit catalyseur, dans lequel le
moyen de formation d’hydrogène est connecté de
manière opérationnelle au courant d’hydrocarbure
gazeux contenant de l’oxygène libre, de telle sorte
que le moyen de formation d’hydrogène soit alimenté
avec une partie sous forme de courant latéral de
l’hydrocarbure gazeux contenant de l’oxygène libre.

9. Appareil suivant la revendication 8, dans lequel le
moyen de formation d’hydrogène comprend un re-
formeur autotherme ayant un moyen d’admission
d’hydrocarbure, un moyen d’admission de vapeur
d’eau, un moyen d’admission de gaz contenant de
l’oxygène, un moyen de sortie de produit gazeux et,
disposé entre le moyen d’admission et le moyen de
sortie, un moyen d’oxydation partielle et un cataly-
seur de reformage à la vapeur d’eau.

10. Appareil suivant la revendication 8, dans lequel le
moyen de formation d’hydrogène comprend un ré-
cipient de combustion partielle, ayant des moyens
d’admission d’hydrocarbure et de gaz contenant de
l’oxygène, un moyen de sortie de produit gazeux et,
facultativement, contenant un catalyseur d’oxyda-
tion partielle entre ledit moyen d’admission et ledit
moyen de sortie.

11. Appareil suivant la revendication 9 ou la revendica-
tion 10, dans lequel un récipient de conversion du
gaz à l’eau contenant un catalyseur de conversion
du gaz à l’eau est connecté de manière opération-
nelle entre le reformeur autotherme ou le récipient
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de combustion partielle et le récipient de conversion
de telle sorte que le courant de produit gazeux pro-
venant du reformeur autotherme ou du récipient de
combustion partielle puisse être enrichi en hydrogè-
ne avant d’être mélangé au courant d’hydrocarbure
gazeux contenant de l’oxygène libre.

12. Appareil suivant l’une quelconque des revendica-
tions 8 à 11, dans lequel un moyen d’échange de
chaleur est fourni pour refroidir le gaz contenant de
l’hydrogène à partir du moyen de formation d’hydro-
gène.
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