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DESCRIPTION

[0001] This invention relates to a process for preparing a methane-containing gas mixture.

[0002] Processes for making methane containing gas mixtures by methanation of a synthesis
gas comprising carbon dioxide, carbon monoxide and hydrogen are described for example in
WO2012001401 (A1).

[0003] EP2684856 (A1) discloses a method for catalytic production of a methane-rich gas
mixture from sulphur-containing synthesis gas with simultaneous sulphur removal by: a)
producing a synthesis gas mixture; b) bringing said synthesis gas mixture into a contact with a
methanation catalyst thereby continuously deactivating the methanation catalyst by sulphur
and/or carbon species comprised in the synthesis gas mixture in one part of the methanation
process, while a part of said depleted methanation catalyst is simultaneously regenerated by
oxidation in a different part of the process.

[0004] A paper in Biomass and Bioenergy, vol. 34, no. 3, March 2010, pages 302-311 by Van
der Meijden et al discloses "The production of synthetic natural gas (SNG): A comparison of
three wood gasification systems or energy balance and overall efficiency”. It is disclosed that
although additional hydrogen removal is not required, selective oxidation could be applied if
necessary.

[0005] However there is a need for processes to provide methane-containing gas streams with
lower residual levels of hydrogen than may be achieved using methanation alone.

[0006] Accordingly, the invention provides a process for producing a methane-containing gas
mixture comprising the steps of:

1. (i) passing a first feed gas mixture comprising hydrogen and carbon dioxide through a
bed of methanation catalyst to react a portion of the hydrogen with at least a portion of
the carbon dioxide and form a methane-containing gas mixture containing residual
hydrogen,

2. (i) adding an oxygen-containing gas to the methane-containing gas mixture containing
residual hydrogen to form a second feed gas mixture, and

3. (iii) passing the second feed gas mixture through a bed of a selective oxidation catalyst
at an inlet temperature in the range 150 to 350°C to selectively react the residual
hydrogen and oxygen to form water and a hydrogen depleted methane-containing gas
mixture

wherein the temperature of the methane-containing gas mixture containing residual hydrogen
is adjusted before mixing it with the oxygen containing gas.

[0007] The first feed gas mixture may be a synthesis gas comprising hydrogen, carbon dioxide
and carbon monoxide. The synthesis gas may be formed from the gasification of
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carbonaceous feedstocks, such as coal or biomass using conventional techniques.
Alternatively, the synthesis gas may be prepared by pre-reforming, steam reforming, or by
autothermal reforming or catalytic partial oxidation of hydrocarbons such as natural gas or
naphtha. The synthesis gas may also contain methane and may already have been subjected
to one or more stages of methanation upstream.

[0008] Alternatively, the first feed gas mixture may be prepared by mixing a hydrogen-
containing gas mixture with a carbon dioxide-containing gas mixture. The hydrogen containing
gas mixture may be a synthesis gas or may be another gas stream containing hydrogen such
as a methane-containing gas mixture. The carbon dioxide-containing gas mixture may be any
suitable gas comprising or consisting essentially of carbon dioxide.

[0009] Alternatively, the first feed gas mixture may be provided by a coupling reactor designed
to oxidatively couple methane to produce ethylene. This reaction may only give partial
conversion in one pass and hence it may be necessary to recycle unreacted gases which
contain carbon dioxide, hydrogen and unreacted methane recovered downstream of the
reactor, back to the inlet of the coupling reactor to improve the overall reaction yield. In such a
case it is not desirable to have hydrogen in the feed to the reactor as it will react with the
oxygen in preference to the methane.

[0010] In a process, where the objective is to minimise the hydrogen concentration in the
product methane-containing gas mixture, it is desirable for the carbon dioxide and any carbon
monoxide to be present in an amount more than that theoretically required to methanate all of
the hydrogen. The methanation reactions for carbon monoxide and carbon dioxide may be
written as follows:

CO + 3 Hy — CHy + Ho0

C02+4 H2—>CH4+2 Hzo

[0011] Consequently, for a first feed gas containing carbon monoxide, carbon dioxide and
hydrogen for x mols/hr of CO and y mols/hr CO2, and z mols/hr H2; preferably z < (3x + 4y).
Furthermore, it is desirable that the hydrogen concentration in the first feed gas mixture is < 20
%vol and preferably < 15 %vol.

[0012] It may be desirable, in order to prevent catalyst poisoning, to subject the first feed gas
mixture or the hydrogen-containing gas mixture and/or the carbon dioxide-containing gas
mixture to a desulphurisation step prior to the methanation step. For example the first feed gas
mixture or the hydrogen-containing gas mixture and/or the carbon dioxide-containing gas
mixture may be passed over a bed of a particulate zinc oxide desulphurisation material.
Suitable inlet temperatures for desulphurisation are in the range 100-300°C. A particularly
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effective zinc oxide desulphurisation material is Puraspec™ 2020, available from Johnson
Matthey PLC. If desired, the hydrogen-containing gas mixture or the first feed gas mixture may
also be subjected to a step of hydrodesulphurisation by passing it over a hydrodesulphurisation
(HDS) catalyst upstream of the zinc oxide desulphurisation material. In addition, should the first
feed gas mixture contain unsaturated compounds (e.g. dienes or acetylenes) that might
present coking problems, these could be removed by hydrogenation over a suitable
hydrogenation catalyst, such as a copper catalyst, upstream of the methanation stage.

[0013] The methanation catalyst is desirably a nickel- or ruthenium-methanation catalyst,
preferably a particulate nickel-containing methanation catalyst, more preferably a precipitated
Ni catalyst with a Ni content = 30% by weight, preferably = 40% by weight. The methanation
catalyst may be in the form of pellets or extrudates, but may also be a foam, monolith or
coating on an inert support. Pelleted methanation catalysts are preferred. Such catalysts are
available commercially. A particularly suitable precipitated Ni catalyst with a Ni content =2 40%

by weight is Katalco™ CRG-S2R, available from Johnson Matthey PLC.

[0014] Typically the methanation catalyst may be operated at an inlet temperature in the range
200-350°C, preferably 200-300 °C, more preferably 230-280 °C . The methanation step reacts
hydrogen and carbon dioxide to form methane. Carbon monoxide present in the first feed gas
mixture may also react with a portion of the hydrogen to form methane. A portion of the
hydrogen in the feed remains unreacted, principally because there is an equilibrium limitation
on the extent of conversion. The proportion of unreacted hydrogen in the methane containing
gas mixture from the methanation step may be in the range 0.2 to 5 mole % of the second feed
gas. The methanation reaction is exothermic and the reaction may be performed adiabatically
in a fixed catalyst bed in a methanation vessel. The flow through the bed may be axial and/or
radial flow. The methanation step may alternatively be operated with cooling of the catalyst
bed, e.g. by passing at least a portion of the first feed gas mixture or the hydrogen-containing
gas or the carbon dioxide containing gas through one or more tubes disposed within the
catalyst bed.

[0015] In order to prevent unwanted side reactions the temperature of the methane-containing
gas mixture containing residual hydrogen is adjusted before mixing it with the oxygen
containing gas. Where the methanation step is performed adiabatically it may be desirable to
cool the methane containing gas mixture containing residual hydrogen. This may be performed
by passing it through one or more shell and tube heat exchangers fed with water under
pressure as the cooling medium, or by exchanging heat with the first feed gas in order to heat
it up to the feed temperature for the methanation reactor.

[0016] The oxygen containing gas is preferably a relatively pure oxygen stream, containing
>90%by volume O», but other oxygen-containing gases may be used, including air, if there is

no significant disadvantage with the presence of extra nitrogen in the methane containing
product gas.

[0017] In order to reduce the hydrogen content of the methanated gas, it is passed over a
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selective oxidation catalyst to selectively react the hydrogen with the oxygen in the oxygen
containing gas to form water. Any carbon monoxide present in the second feed gas mixture
may also be oxidised to form carbon dioxide. In the present invention the oxidation catalyst is
selected to avoid oxidation of the methane formed in the methanation step. The oxidation
reactions may be depicted as follows;

2Hy+ 05— 2 HO

2CO+0,—2CO,

[0018] In order to ensure high conversion of the residual hydrogen, the oxygen containing gas
may be added in stoichiometric excess, but too high an excess may cause unwanted side
reactions. Consequently, the stoichiometric excess of oxygen to hydrogen and any carbon
monoxide in the second feed gas mixture is preferably <50 mole% and more preferably <20
mole%.

[0019] If only partial conversion of the hydrogen is required, for example where the
concentration of hydrogen needs to be reduced to < 0.3% in the product gas, two options may
be utilised;

1. (i) the methane-containing gas mixture containing residual hydrogen can be split into a
first portion and a second portion. The first portion may be combined with a
stoichiometric excess of oxygen in the oxygen-containing gas to give almost complete
hydrogen removal, and then the product gas then combined with the second portion,
such that the combined gas stream has <0.3% hydrogen in it; and/or

2. (ii) oxygen can be added to the methane-containing gas mixture containing residual
hydrogen in less than a stoichiometric amount, such that the reaction produces a
product gas with <0.3% hydrogen in it. This embodiment will be particularly useful if it is
desired that the product gas be substantially oxygen free.

[0020] A combination of these two alternatives may also be used. Also, the oxidation catalyst
may be split into two parts with a portion of the methane-containing gas mixture containing
residual hydrogen being fed, together with the oxygen-containing gas, to a first part and a
portion of the methane-containing gas mixture containing residual hydrogen fed to the second
part, which may be in the same or different oxidation vessel. In this way the level of hydrogen
and oxygen in the product gas can be optimised according to requirements. Other
combinations can be envisaged by those skilled in the art to manage the relative
concentrations of hydrogen and oxygen in the product gas.

[0021] The oxidation catalyst is preferably a supported precious metal catalyst. For example
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the catalyst may comprise one or more of Pt, Pd, Rh, Ir or Ru at 0.1 to 5% by weight on an
oxidic support such as alumina, titania, zirconia or silica. Preferably the catalyst comprises Pt
or Pd on alumina, e.g. <5% wt Pt on alumina. The oxidation catalyst may be in the form of a
woven, nonwoven or knitted mesh, tablets, pellets or extrudates, a foam, monolith or coating
on an inert support. The precious metal oxidation catalyst is preferably a 0.1 to 5% wt platinum

on alumina catalyst, such as Puravoc ' 73, available from Johnson Matthey PLC, but other
supported precious metal catalysts may be used.

[0022] The oxidation catalyst is operated at an inlet temperature in the range from 150 to
350°C and an exit temperature from 150 to 450°C.

[0023] The oxidation reaction is exothermic and the reaction may be performed adiabatically in
a fixed bed selective oxidation vessel. The flow through the bed may be axial and/or radial
flow. The selective oxidation step may alternatively be operated with cooling of the catalyst
bed, e.g. by passing a the first feed gas mixture or the hydrogen-containing gas or the carbon
dioxide containing gas through one or more tubes disposed within the catalyst bed.

[0024] Both the methanation and oxidation catalysts are preferably used in the form of pellets
or extrudates with a diameter or width in the range 2-10 mm and an aspect ratio, i.e. length
/diameter or width in the range 0.5 to 4. The gas hourly space velocity (GHSV) of the first
and/or second feed gas mixtures through the catalyst beds may be in the range 2000 to

20000hr".

[0025] The process, including the methanation step and the oxidation step, is desirably
performed at a pressure in the range 5 to 80 bar abs.

[0026] If desired the product methane-containing gas mixture from the oxidation step may be
subjected to further processing including drying to remove water and/or carbon dioxide
removal. The drying may be performed by cooling the product gas stream to below the dew
point and collecting the liquid condensate, optionally with further drying over molecular sieves.
The COs-removal may be accomplished using solvent- or amine-wash, or caustic-wash

techniques known in the art. Alternatively pressure-swing adsorption may be used.

[0027] The invention is further illustrated by reference to the accompanying drawing in which;
Figure 1 is a depiction of a flowsheet of one embodiment according to the present invention.

[0028] In Figure 1, a carbon dioxide-containing gas mixture 10 is pre-heated in heat
exchanger 12 and passed through a desulphuriser vessel 14 containing fixed bed of a zinc
oxide desulphurisation material 16 in to remove hydrogen sulphide and form a desulphurised
carbon dioxide-containing gas mixture 18. A hydrogen-containing gas mixture 20 is pre-heated
in heat exchanger 22 and the resulting heated gas in line 24 mixed with the desulphurised
carbon dioxide-containing gas mixture 18 to form a first feed gas mixture in line 26. The first
feed gas mixture 26 is passed at an inlet temperature of 200-350°C and a pressure of 5-80 bar
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abs to the inlet of a methanation vessel 28 containing a fixed bed of a particulate nickel-
containing methanation catalyst 30. Methanation reactions occur as the gas passes
adiabatically through the catalyst bed to form a methane-containing gas mixture containing
residual hydrogen 32. The methane-containing gas mixture containing residual hydrogen 32 is
passed to a heat exchanger 34 where is it cooled in heat exchange with a coolant to a
temperature below about 350°C. The resulting cooled gas mixture 36 is mixed with an oxygen
stream fed via line 38 at a temperature of about 30°C to form a second feed gas mixture 40.
The second feed gas mixture 40 is passed at an inlet temperature of 150-350°C to the inlet of
an oxidation vessel 42 containing a fixed bed of a particulate alumina-supported platinum
selective oxidation catalyst 44. Oxidation reactions occur as the gas passes adiabatically
through the catalyst bed to form a hydrogen-depleted methane-containing gas mixture 46.

[0029] It will be understood by those skilled in the art that the drawings are diagrammatic and
that further items of equipment such as feedstock drums, pumps, vacuum pumps,
compressors, gas recycling compressors, temperature sensors, pressure sSensors, pressure
relief valves, control valves, flow controllers, level controllers, holding tanks, storage tanks and
the like may be required in a commercial plant. Provision of such ancillary equipment forms no
part of the present invention and is in accordance with conventional chemical engineering
practice.

[0030] The invention is further illustrated by reference to the following calculated Example.

Example 1

[0031] 1000 kgmols/hr of a hydrogen-containing gas mixture containing 90% by volume
methane and 10% by volume hydrogen is mixed with 27.5 kgmols/hr of a desulphurised carbon
dioxide gas mixture consisting essentially of carbon dioxide to form a first feed gas mixture.

The first feed gas mixture is fed to a methanator containing a bed of Katalco " CRG-S2R at an
inlet temperature of about 250°C and a pressure of 30 bara. The methanation reaction
proceeds to reduce the hydrogen concentration to approximately 1% by volume and heat the
reacting gas to about 330°C.

[0032] The resultant gas stream is cooled down to 300 °C in a heat exchanger and mixed with
5.9 kgmols/hr of an oxygen-containing gas containing 99.5% oxygen with the resultant gas
stream passed to an oxidation vessel containing a bed of Puravoc™ 73 selective oxidation
catalyst, where oxygen reacts selectively with hydrogen. The resulting gas has a composition
of approx. 93.8%vol CHy, 0.5%vol CO,, 5.6%vol H,O, 800ppmv oxygen and <100ppmv

hydrogen and leaves the reactor at about 348°C and 28 bara.

[0033] If, alternatively, the resultant gas stream from the methanator is fed to a second
methanation stage at about 250°C, then the hydrogen level in the product gas from the
oxidation vessel is about 0.36% vol. Hence, the invention allows a significant reduction in the
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hydrogen level of the product methane containing gas to be achieved in comparison to using a
second methanation stage.
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PATENTKRAV

1. Fremgangsmade til fremstilling af en methanholdig gasblanding, hvilken

fremgangsmade omfatter falgende trin:

(1) en ferste fedegasblanding, der omfatter hydrogen og carbondioxid, ledes
gennem en bed af methaniseringskatalysator med henblik pa at omsaette en del af
hydrogenet med mindst en del af carbondioxidet og danne en methanholdig

gasblanding, der indeholder residualhydrogen,

(i) der tilseettes en oxygenholdig gas til den methanholdige gasblanding, der

indeholder residualhydrogen, til dannelse af en anden fedegasblanding, og

(i) den anden fgdegasblanding ledes gennem en bed af en selektiv
oxidationskatalysator ved en indlgbstemperatur i omradet 150 til 350 °C med
henblik pa selektivt at omseette residualhydrogenet og oxygenet til dannelse af

vand og en hydrogendepleteret methanholdig gasblanding,

hvor temperaturen af den methanholdige gasblanding, der indeholder

residualhydrogen, justeres inden blanding deraf med den oxygenholdige gas.

2. Fremgangsmade ifalge krav 1, hvor hydrogenkoncentrationen i den farste

fedegasblanding er < 20 volumen-%.

3. Fremgangsmade ifalge krav 1 eller krav 2, hvor den ferste
fedegasblanding er en syntesegas, der omfatter hydrogen, carbondioxid og

carbonmonoxid.

4. Fremgangsmade ifelge krav 1 eller krav 2, hvor den farste
fedegasblanding fremstilles ved at blande en hydrogenholdig gasblanding med en

carbondioxidholdig gasblanding.

5. Fremgangsmade ifalge krav 4, hvor den hydrogenholdige gasblanding er

en methanholdig gasblanding.

6. Fremgangsmade ifalge krav 4 eller krav 5, hvor den ferste

fedegasblanding eller hydrogenholdige gasblanding og/eller den
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2

carbondioxidholdige gasblanding underkastes et afsvovlingstrin inden

methaniseringstrinnet.

7. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 6, hvor
methaniseringskatalysatoren er en ruthenium- eller nikkelholdig

methaniseringskatalysator.

8. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 7, hvor
methaniseringskatalysatoren drives ved en indlabstemperatur i omradet 200 til
350 °C.

9. Fremgangsmade ifelge et hvilket som helst af kravene 1 til 8, hvor

oxidationskatalysatoren er en understgttet sedelmetaloxidationskatalysator.

10. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 9, hvor

fremgangsmaden udferes ved et tryk i omradet 5 til 80 bar abs.
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