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OXIDATIVE COUPLING OF METHANE

Field of the invention

The present invention relates to a process for oxidative
coupling of methane (OCM).

Background of the invention

Methane is a valuable resource which is used not only as a
fuel, but is also used in the synthesis of chemical compounds
such as higher hydrocarbons.

The conversion of methane to other chemical compounds can
take place via indirect conversion wherein methane is reformed
to synthesis gas (hydrogen and carbon monoxide), followed by
reaction of the synthesis gas in a Fischer-Tropsch process.
However, such indirect conversion is costly and consumes a lot
of energy.

Consequently, 1t is desirable for industry to be able to
convert methane directly to other chemical compounds without
requiring the formation of intermediates such as synthesis gas.
To this end, there has been increasing focus in recent years on
the development of processes for the oxidative coupling of
methane (OCM).

The oxidative coupling of methane converts methane into
saturated and unsaturated, non-aromatic hydrocarbons having 2 or
more carbon atoms, including ethylene. In this process, a gas
stream comprising methane is contacted with an OCM catalyst and
with an oxidant, such as oxygen. In such a process, the oxygen
is adsorbed on the catalyst’s surface. Methane molecules are
then converted into methyl radicals. Two methyl radicals are
first coupled into one ethane molecule, which is then

dehydrogenated into ethylene via an ethyl radical intermediate.
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In general, the conversion that can be achieved in an OCM
process 1is relatively low. Besides, at a higher conversion, the
selectivity decreases so that it is generally desired to keep
the conversion low. As a result, a relatively large amount of
unconverted methane leaves the OCM reactor. The proportion of
unconverted methane in the OCM product gas stream may be as high
as 60 to 80 mole% based on the total molar amount of the gas
stream. This unconverted methane has to be recovered from the
desired products, such as ethylene and other saturated and
unsaturated hydrocarbons having 2 or more carbon atoms, which
are also present in such gas streams.

It 1is known to separate the gas stream leaving an OCM
process in the following way. Acid gas (mainly CO») is removed in
two stages, the first stage is an aqueous amine absorption
system, using for example monoethanolamine (MEA), and the second
stage removes final traces of CO; by scrubbing against aqueous
NaOH. The COz;-free gas 1is dried in a dessicant bed and processed
in a separation train similar to that used in conventional
ethylene plants. The separation sequence comprises a front end
demethanizer, deethanizer, C2 splitter, depropanizer, C3
splitter, and a debutanizer. The cryogenic needs for separation
are met by a propylene-ethylene cascade refrigeration system
that requires ethylene refrigerant only for the demethanization
stage.

Thus, 1t is known to separate methane from saturated and
unsaturated hydrocarbons having 2 or more carbon atoms, such as
ethylene, by means of cryogenic distillation in so-called
“demethanizer” columns. In cryogenic distillation, a relatively
high pressure and a relatively low (cryogenic) temperature are
applied to effect the separation of methane. The use of
cryogenic distillation following an OCM process is for example

disclosed in US5113032 and US5025108.
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It 1is an objective of the present invention to provide an
improved process for oxidative coupling of methane. One aim is
to obtain relatively pure ethylene. Another aim is to reduce the
energy required for purifying ethylene.

Summary of the invention

Surprisingly it was found that the above-mentioned objectives
may be obtained by means of the OCM process of the present
invention.

The present invention relates to a process for oxidative
coupling of methane (OCM), comprising the steps of:

(a) contacting, in a reactor, oxygen and methane with an OCM
catalyst, resulting in a reactor effluent comprising
ethylene, ethane, methane, carbon dioxide and water;

(b) cooling the reactor effluent to obtain a liguid stream
comprising water and a gas stream comprising ethylene,
ethane, methane and carbon dioxide;

(c) removing carbon dioxide from at least a part of the gas
stream comprising ethylene, ethane, methane and carbon
dioxide resulting in a gas stream comprising ethylene,
ethane and methane;

(d) passing at least a part of the gas stream comprising
ethylene, ethane and methane as obtained in step (cC)
through a membrane, preferably a membrane comprising metal
cations, more preferably a membrane comprising silver (I)
ions (Ag® ions) or copper(I) ions (Cu® ions), to obtain a
stream comprising ethane and a stream comprising ethylene.

In the process of the present invention additional steps may
be present. For example, use may be made of one or more
additional membranes. Additionally or alternatively, a
distillation step may be added. Additionally or alternatively,

use may be made of a Pressure Swing Adsorption (PSA) unit.
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With the OCM process of the present invention, especially

with the preferred embodiments that will be discussed below, it

is possible to obtain a high yield of relative pure ethylene at

a reduced energy demand.

Brief description of the drawings

Figure

1 is a schematic drawing of a process for oxidative

coupling of methane in accordance with one embodiment of the

present invention.

Figure
process in
used.

Figure
process in

Figure
embodiment

Figure
process in
column are

Figure

process in

2 1s a schematic drawing of a part of a preferred

which two membranes and a distillation column are

3 is a schematic drawing of a part of a preferred
which one membrane and a PSA unit are used.

4 is a schematic drawing of a part of a preferred
in which two membranes and a PSA unit are used.

5 is a schematic drawing of a part of a preferred
which one membrane, a PSA unit, and a distillation
used.

6 is a schematic drawing of a part of a preferred

which a distillation column, a membrane and a PSA

unit are used.

Figure
process in
used.

Figure

process in

7 is a schematic drawing of a part of a preferred

which a PSA unit, a membrane and another PSA unit are

8 1is a schematic drawing of a part of a preferred

which two PSA units and a membrane are used, in

addition to a recycle.

Detailed description of the invention

The present invention relates to a process for oxidative

coupling of methane according to claim 1.

A schematic drawing of

a process for oxidative coupling of methane in accordance with
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one embodiment of the present invention is shown in Figure 1,
which is described in detail in the “Figures” section.

Step (a)

In step (a) oxygen and methane are contacted with a catalyst
in a reactor, preferably an OCM reactor.

In step (a), an OCM reactor may be any reactor suitable for
the oxidative coupling of methane, such as a fixed bed reactor
with axial or radial flow and with inter-stage cooling or a
fluidized bed reactor equipped with internal and external heat
exchangers.

In one embodiment of the present invention, a catalyst
composition comprising a methane oxidative coupling (OCM)
catalyst may be packed along with an inert packing material,
such as quartz, into a fixed bed reactor having an appropriate
inner diameter and length.

Optionally, such catalyst composition may be pretreated at
high temperature to remove moisture and impurities therefrom.
Said pretreatment may take place, for example, at a temperature
in the range of from 100-300 °C for about one hour in the
presence of an inert gas such as helium.

Various processes and reactor set-ups are described in the
OCM field and the process of the present invention is not
limited in that regard. The person skilled in the art may
conveniently employ any of such processes in the reaction step
of the process of the present invention.

Suitable processes include those described in EP0206042A1,
Us4443649, CA2016675, US6596912, US20130023709, w02008134484 and
WO02013106771.

As used herein, the term “reactor feed” is understood to
refer to the totality of the gas stream(s) at the inlet (s) of
the reactor. Thus, as will be appreciated by one skilled in the

art, the reactor feed is often comprised of a combination of one
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Oor more gas stream(s), such as a methane stream, an oxygen
stream, an air stream, a recycle gas stream, etc. For example,
in one embodiment, a gas stream comprising methane and another
gas stream comprising oxygen are fed to the reactor. In another
embodiment, a gas stream comprising methane and oxygen is fed to
the reactor.

The one gas stream or multiple gas streams which may be fed
to the OCM reactor may additionally comprise an inert gas. An
inert gas is defined as a gas that does not take part in the
oxidative coupling of methane. The inert gas may be selected
from the group consisting of the noble gases and nitrogen (Nz).
Preferably, the inert gas is nitrogen or argon, more preferably
nitrogen. In case air is fed to the reactor, one or multiple gas
streams comprise oxygen as well as nitrogen.

During the oxidative coupling of methane in reaction step
(a), a reactor feed comprising methane and oxygen may be
introduced into the reactor, so that methane and oxygen are
contacted with a methane oxidative coupling catalyst inside that
reactor.

A gas stream comprising oxygen (to be combined with the
methane in reaction step (a)) may be a high purity oxygen
stream. Such high-purity oxygen may have a purity greater than
90%, preferably greater than 95%, more preferably greater than
99%, and most preferably greater than 99.4%.

In reaction step (a) of the process of the present invention,
methane and oxygen may be added to the reactor as mixed feed,
optionally comprising further components therein, at the same
reactor inlet. Alternatively, the methane and oxygen may be
added in separate feeds, optionally comprising further
components therein, to the reactor at the same reactor inlet or

at separate reactor inlets.
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In reaction step (a) of the process of the present invention,
the methane:oxygen molar ratio in a reactor feed may be in the
range of from 2:1 to 10:1, more preferably 3:1 to 6:1. In a case
wherein in the present invention air is used as the oxidant in
reaction step (a), such methane:oxygen molar ratios correspond
to methane:air molar ratios of 2:4.8 to 10:4.8 and 3:4.8 to
6:4.8, respectively.

Methane may be present in a reactor feed in a concentration
of at least 35 mole%, more preferably at least 40 mole%,
relative to the reactor feed. Further, methane may be present in
a reactor feed in a concentration of at most 90 mole%, more
preferably at most 85 mole%, most preferably at most 80 mole%,
relative to the reactor feed. Thus, in the present invention,
methane may for example be present in a reactor feed in a
concentration in the range of from 35 to 90 mole%, more
preferably 40 to 85 mole%, most preferably 40 to 80 mole%,
relative to the reactor feed. In the context of the present
invention, the components of said reactor feed are to be
selected in an overall amount not to exceed 100 vol.%.

In general, the oxygen concentration in a reactor feed should
be less than the concentration of oxygen that would form a
flammable mixture at either the reactor inlet or the reactor
outlet at the prevailing operating conditions.

The ratio of the methane to oxygen and volume percentages for
the various components in a reactor feed are the ratio and
volume percentages, respectively, at the entrance of the
catalyst bed. Obviously, after entering the catalyst bed, at
least part of the oxygen and methane from the gas stream gets
consumed.

In reaction step (a), a reactor feed comprising methane and
oxygen may be contacted with a methane oxidative coupling (OCM)

catalyst so that methane is converted to one or more C2+
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hydrocarbons, including ethylene. Suitably, the reactor
temperature in said reaction step is in the range of from 500 to
1000 °C. Preferably, said conversion is effected at a reactor
temperature in the range of from 700 to 1100 °C, more preferably
700 to 1000 °C, even more preferably 750 to 950 °C.

In a preferred embodiment, said conversion of methane to one
or more C2+ hydrocarbons is effected at a reactor pressure in
the range of from 0.1 to 20 bar, more preferably 0.5 to 20 bar,
more preferably 1 to 15 bar, more preferably 2 to 10 bar.

According to the present invention, the above-mentioned
methane oxidative coupling catalyst may be any methane oxidative
coupling catalyst. Generally, the catalyst may contain one or
more of manganese, one or more alkali metals (e.g. sodium) and
tungsten. Preferably, the catalyst contains manganese, one or
more alkali metals (e.g. sodium) and tungsten. Said carrier may
be unsupported or supported. In particular, the catalyst may be
a mixed metal oxide catalyst containing manganese, one or more
alkali metals (e.g. sodium) and tungsten. Further, the catalyst
may be a supported catalyst, such as a catalyst comprising
manganese, one or more alkali metals (e.g. sodium) and tungsten
on a carrier. The carrier may be any carrier, such as silica or
a metal-containing carrier. A particular suitable catalyst
comprises manganese, tungsten and sodium on a silica carrier
(MN-Na,W0a/5103) .

Suitable methane oxidative coupling catalysts are described
in the following publications.

Chua et al. studied the oxidative coupling of methane for the
production of ethylene over sodium—-tungsten-manganese-supported
silica catalyst (Na-W-Mn/Si02) in Applied Catalysis A: General
343 (2008) 142-148.
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The performance of Mn-Na:W0:/Si0; catalyst was further
reviewed by Arndt et al. in Applied Catalysis A: General 425-426
(2012) 53-61 and Lee et al. in Fuel 106 (2013) 851-857.

US20130023709 describes the high throughput screening of
catalyst libraries for the oxidative coupling of methane and
tests various catalysts including catalysts comprising sodium,
manganese and tungsten on silica and zirconia carriers.

US20140080699 describes a specific method for the preparation
of catalysts such as Mn-Na;W04/Si0; catalyst which is said to
provide an improved catalyst material.

Various manganese and titanium-containing catalysts for the
oxidative coupling of methane are researched in the literature
and are disclosed in various patent publications including Gong
et al. Catalysis Today 24 (1995), 259-261, Gong et al. Catalysis
Today 24 (1995), 263-264, Jeon et al. Applied Catalysis A:
General 464-465 (2013) 68-77, US4769508 and US20130178680.

The amount of the catalyst in said process is not essential.
Preferably, a catalytically effective amount of the catalyst is
used, that is to say an amount sufficient to promote a methane
oxidative coupling reaction in step (a).

In step (a) of the process of the present invention, the gas
hourly space velocity (GHSV; in m® gas/m® catalyst/hr) may
typically be of from 100 to 50,000 hr!. Said GHSV is measured at
standard temperature and pressure, namely 32 °F (0 °C) and 1
bara (100 kPa). In a preferred embodiment of the present
invention, said GHSV is of from 2,500 to 25,000 hr !, more
preferably of from 5,000 to 20,000 hr !, most preferably of from
7,500 to 15,000 hrt.

The catalyst used in step (a) may be a particulate catalyst,
preferably a heterogeneous catalyst in the form of particles.
The particles may be of any size suitable to be used in the

reactor. The particles may be small enough to be used in a
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fluidized bed reactor. Alternatively, the particles may be
arranged in a catalyst bed in the reactor. In that case the
reactor may be a (multi-) tubular fixed bed reactor. Such a
catalyst bed may comprise pellets, extrudates, or catalyst on a
metal support (like a metal wire or metal flake). In addition to
catalyst particles, the catalyst bed may also contain inert
particles, i.e. catalytically inactive particles.

During step (a), ethane, ethylene and water are formed by
oxidative coupling of methane. Further, carbon dioxide is formed
as a by-product. During step (a) gas is fed to the reactor and
an effluent is withdrawn from the reactor. The reactor effluent
comprises ethylene, ethane, methane, carbon dioxide and water.
Said methane comprises unconverted methane.

Step (b)

In step (b) the reactor effluent is cooled, for example from
the reaction temperature to a lower temperature, for example
room temperature, so that the water condenses and can then be
removed from the gas stream (reactor effluent).

In step (b), by cooling the reactor effluent, a liquid stream
comprising water and a gas stream comprising ethylene, ethane,
methane and carbon dioxide are obtained.

Step (c)

In step (c) carbon dioxide is removed from at least a part of
the gas stream comprising ethylene, ethane, methane and carbon
dioxide, resulting in a gas stream comprising ethylene, methane
and ethane. This is preferably performed using one or more
amines and/or by means of caustic treating. Caustic treating may
be performed, for example, using a sodium hydroxide solution. A
suitable carbon dioxide removal agent may be an aqueous solution
of a base, for example sodium hydroxide or an amine.

Step (d)
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In step (d) at least a part of the gas stream comprising
ethylene, ethane and methane as obtained in step (c) is passed
through a membrane. A stream comprising ethane and a stream
comprising ethylene are obtained in step (d). In case the stream
that is subjected to step (d) comprises ethylene, ethane and
methane, step (d) results in a stream comprising ethane and
methane and a stream comprising ethylene.

As further described below, before carrying out step (d), the
gas stream comprising ethylene, ethane and methane as obtained
in step (c) may be separated into a stream comprising methane
and a stream comprising ethylene, ethane and optiocnally methane.
The latter stream comprising ethylene, ethane and optionally
methane is subjected to step (d), resulting in a stream
comprising ethane and optionally methane and a stream comprising
ethylene. By separating the gas stream comprising ethylene,
ethane and methane as obtained in step (c) into a stream
comprising methane and a stream comprising ethylene, ethane and
optionally methane, the ethylene concentration, and thus the
ethylene partial pressure, in the stream comprising ethylene,
ethane and optionally methane is increased. When this stream,
having an increased ethylene partial pressure compared to the
gas stream comprising ethylene, ethane and methane as obtained
in step (c), is subsequently subjected to step (d), the
increased ethylene partial pressure may require a lower membrane
surface to separate the ethylene compared to separating the
ethylene from the stream comprising ethylene, ethane and
methane.

Further, the gas stream that is subjected to step (d) may
comprise nitrogen. For example, said nitrogen may originate from
air fed as oxygen containing source to step (a). As described

above, the stream comprising ethane as obtained in step (d) may
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comprise methane. Further, the stream comprising ethane as
obtained in step (d) optionally comprises nitrogen.

Optionally, at least a part of the stream comprising ethane
as obtained in step (d) may be fed to step (a). For example, at
least a part of a stream comprising ethane and methane as
obtained in step (d) may be fed to step (a).

Further, optionally, at least a part of a stream comprising
ethane and methane as obtained in step (d) may be separated into
a stream comprising ethane and a stream comprising methane. The
latter separated stream comprising methane may be fed to step
(a) . The latter separated stream comprising ethane may be
converted to ethylene, for example by subjecting it to ethane
cracking (pyrolysis) conditions.

At least a part of the gas stream comprising ethylene,
ethane and methane as obtained in step (c) may be subjected to
distillation, to remove methane, before it is passed through the
membrane in step (d). Preferably, before carrying out said
distillation, any water is removed. Said water may be residual
water originating from the carbon dioxide removal agent used in
step (c). Said water may for example be removed by means of
molecular sieves or glycol dehydration. Said distillation step
results in a top stream comprising methane and a bottom stream
comprising ethylene, ethane and optionally methane. Said bottom
stream is sent to step (d). Said distillation step before step
(d) is illustrated in Figure 6, as further described below.

Alternatively, at least a part of the gas stream comprising
ethylene, ethane and methane as obtained in step (c) may be fed
to a Pressure Swing Adsorption (PSA) unit, to remove methane,
before it is passed through the membrane in step (d).
Optionally, before carrying out said PSA step, any water is
removed, as described above. Said PSA step results in a stream

comprising methane and a stream comprising ethylene, ethane and
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optionally methane. The latter stream is sent to step (d). Said
PSA step before step (d) is illustrated in Figures 7 and 8, as
further described below.

PSA units are commercially available. Suitable adsorbents
to be used in the PSA unit are, for example, molecular sieves,
zeolites, such as zeolite 13X and zeolite bHA, activated carbon,
silica gel, activated alumina and crystalline titanium silicate.
In the PSA unit, the pressure in a desorption step is lower than
the pressure in the sorption step that directly precedes said
desorption step. In case desorption is effected by reducing the
pressure, the pressure in said sorption step may be the same as
the pressure at which the preceding step is operated. The
temperature in the PSA unit may vary within wide ranges.
Preferably, the temperature is in the range of from 0 to 200 °C,
more preferably 25 to 175 °C, most preferably 50 to 150 °C.
Advantageously, said step may be carried out at a non-cryogenic
temperature, e.g. of from 0 to 110 °C.

Preferably the membrane used in step (d) comprises metal
cations, more preferably transition metal cations. Any membrane
comprising metal cations, capable of separating ethylene from
ethane, may be used. Ethylene may preferentially complex to said
metal cations. For example, the membrane may comprise one or
more metal cations selected from the group consisting of
silver (I) ions (Ag® ions), copper(I) ions (Cu® ions), gold(I)
ions (Au" ions), nickel(II) ions (Ni?" ions), platinum(II) ions
(Pt?* ions), palladium(II) ions (Pd?" ions). Suitably, the
membrane comprises silver(I) ions or copper(I) ions, more
suitably silver(I) ions.

Suitable membranes which may be used in step (d) are for
example available from Imtex (Innovative Membrane Technologies)
and CMS (Compact Membrane Systems). Suitable membranes which may

be used in step (d) are membranes as described in W02004096415,
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W02012167362, W0201080753 and CA2918287, the disclosures of
which are herein incorporated by reference.

Suitable membranes which may be used in step (d) comprise a
supporting substrate and additionally a layer comprising the
above-mentioned metal cations. Any supporting substrate may be
used. For example, the supporting substrate may comprise a
polyester, polyamide, polyimide, polyacrylonitrile,
polysulphone, polycarbonate, or a combination thereof. Further,
said layer comprising the above-mentioned metal cations may be
composed of any material. For example, said cations containing
layer may be a polysaccharide layer, in particular a chitosan
layer.

A further suitable membrane which may be used in step (d)
comprises a nonporous, selectively permeable layer of a
copolymer comprising copolymerized perfluorinated cyclic or
cyclizable monomer, and a 4-carbon acid/anhydride, wherein the
copolymer may further comprise an acyclic fluorinated olefinic
monomer. In particular, a metal exchanged fluorinated ionomer
may be used which is a copolymer minimally including repeating
units of (i) a polymerized derivative of a perfluorinated cyclic
or cyclizable monomer and (ii) a strong acid highly fluorinated
vinylether compound in which the acid moiety is exchanged with a
cation of a Group 11 metal. Metal exchanged fluorinated ionomers
are readily soluble and can be formed into thin, selectively gas
permeable membranes by solution deposition methods.

The membrane used in step (d) preferably is operated at a
pressure in the range of from 1 to 100 bara, preferably 2 to 50
bara, more preferably 5 to 25 bara. The membrane used in
step (d) preferably is operated at a temperature in the range of
from 0 to 150°C, preferably 10 to 100°C, more preferably 20 to
60°C.
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In a case wherein in one of the below-described optional
further steps, separation using a further membrane (“second
membrane’”) is carried out, such further membrane separation step
may be carried out in the same way as step (d), using a “first
membrane’”, as described above.

Further, in a case wherein in one of the below-described
optional further steps, separation using Pressure Swing
Adsorption (PSA) is carried out, such further PSA separation
step may be carried out in the same way as the above-described
optional PSA step before step (d).

As mentioned above, it is an objective of the present
invention to provide an improved process for oxidative coupling
of methane. One aim is to obtain relatively pure ethylene.
Another aim is to reduce the energy required for purifying
ethylene. The above-mentioned objectives may be obtained by
means of the OCM process of the present invention including
membrane separation step (d), due to one or more of the
following: 1) removal of light columns and de-methanizer; 2)
removal of (methane/ethylene) cold-box; 3) removal of C2 and C3
splitters; 4) flexibility to use air as oxidant causing optional
removal of air separation unit. In the present invention, a
relatively high recovery of ethylene may be obtained.

Optional further steps

The process of the present invention may comprise one of the
following further steps.

In a case wherein the stream comprising ethane as obtained in
step (d) also comprises methane, one of the following further
steps may be performed.

At least part of a stream comprising ethane and methane as
obtained in step (d) may be subjected to distillation, resulting
in a top stream comprising methane and a bottom stream

comprising ethane. Preferably, before carrying out said
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distillation, any water is removed, as described above. At least
part of the stream comprising methane as obtained in this
distillation step may be fed to step (a). At least part of the
stream comprising ethane as obtained in this distillation step
may be converted to ethylene, for example by subjecting it to
ethane cracking (pyrolysis) conditions as described above. Said
distillation step after step (d) is illustrated in Figure 2, as
further described below.

Further, at least part of a stream comprising ethane and
methane as obtained in step (d) may be fed to a Pressure Swing
Adsorption (PSA) unit to obtain a stream comprising ethane and a
stream comprising methane. At least part of the stream
comprising methane as obtained in this PSA step may be fed to
step (a). At least part of the stream comprising ethane as
obtained in this PSA step may be converted to ethylene, for
example by subjecting it to ethane cracking (pyrolysis)
conditions as described above. Said PSA step after step (d) is
illustrated in Figures 3, 4, 5, 6 and 7, as further described
below.

Further, in a case wherein the stream comprising ethylene as
obtained in step (d) also comprises ethane, one of the following
further steps may be performed.

At least part of a stream comprising ethane and ethylene as
obtained in step (d) may be subjected to distillation, resulting
in a top stream comprising ethylene and a bottom stream
comprising ethane. The former stream comprising ethylene may be
a stream of high purity ethylene of polymer grade. Preferably,
before carrying out said distillation, any water is removed, as
described above. At least part of the stream comprising ethane
as obtained in this distillation step may be fed to step (a).
Alternatively, at least part of the stream comprising ethane as

obtained in this distillation step may be converted to ethylene,
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for example by subjecting it to ethane cracking (pyrolysis)
conditions as described above. Said distillation step after step
(d) is illustrated in Figure 5, as further described below.

Further, at least part of a stream comprising ethane and
ethylene as obtained in step (d) may be passed through a second
membrane, preferably a membrane comprising metal cations, more
preferably a membrane comprising silver(I) ions (Ag® ions) or
copper(I) ions (Cu" ions), to obtain a stream comprising ethane
and a stream comprising ethylene. The latter stream comprising
ethylene may be a stream of high purity ethylene of polymer
grade. At least part of the stream comprising ethane as obtained
in this second membrane separation step may be fed to step (a).
Alternatively, at least part of the stream comprising ethane as
obtained in this second membrane separation step may be
converted to ethylene, for example by subjecting it to ethane
cracking (pyrolysis) conditions as described above. Said second
membrane separation step after step (d) is illustrated in
Figures 2 and 4, as further described below.

Further, more specific embodiments of the present invention
are described hereinbelow.

Two membranes and a distillation

In one preferred embodiment of the process use is made of two
membranes and a distillation column. A schematic drawing of a
preferred example of this embodiment is shown in Figure 2, which
is described in detail in the “Figures” section. One stream
obtained by means of the first membrane is fed to a distillation
column. Another stream obtained by means of the first membrane
is fed to a second membrane.

In this preferred embodiment, in step (d) a stream comprising
ethane and methane and a stream comprising ethylene and ethane

are obtained, and step (d) is followed by the following steps:
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(e) feeding the stream comprising ethane and methane as
obtained in step (d) to a distillation column to obtain a
stream comprising ethane and a stream comprising methane;

(f) optionally feeding at least a part of the stream comprising
methane as obtained in step (e) to step (a);

(g) passing at least a part of the stream comprising ethylene
and ethane as obtained in step (d) through a second
membrane, preferably a membrane comprising metal cations,
more preferably a membrane comprising comprising silver (I)
ions (Ag'™ ions) or copper(I) ions (Cu® ions), to obtain a
stream comprising ethane and ethylene and a stream
comprising ethylene;

(h) optionally feeding at least a part of the stream comprising
ethane and ethylene as obtained in step (g) to the membrane
used in step (d), that is to say to the first membrane, or
optionally feeding at least a part of the stream comprising
ethane and ethylene as obtained in step (g) to step (a).

The distillation in step (e) preferably is performed at a
pressure in the range of from 1 to 100 bara, preferably 10 to 50
bara, more preferably 15 to 35 bara. At least a part of the
stream comprising ethane as obtained in the distillation step
may be fed to step (a). Alternatively or additionally, at least
a part of the stream comprising ethane as obtained in the
distillation step may be converted to ethylene, for example by
subjecting it to ethane cracking (pyrolysis) conditions.

Step (f) is optional. In step (f) at least a part of the
stream comprising methane as obtained in step (e) is fed to the
reactor, the OCM reactor, used in step (a). This stream can be
fed directly to the reactor, or it can be mixed with a stream
comprising oxygen and/or a stream comprising methane before it

is fed to the reactor.
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In step (g) at least a part of the stream comprising ethylene
and ethane as obtained in step (d) is passed through a second
membrane. Step (g) may be carried out in the same way as step
(d) as described above. In particular, the second membrane used
in step (g) may be the same or different as compared to the
first membrane which is used in step (d).

Step (h) is optional. Step (h) is a recycle step.
Alternatively or additionally, in said step (h), at least a part
of the stream comprising ethane and ethylene as obtained in step
(g) may be converted to ethylene, for example by subjecting it
to ethane cracking (pyrolysis) conditions.

One membrane and a PSA unit

In one preferred embodiment of the process use is made of one
membrane and a Pressure Swing Adsorption (PSA) unit. A schematic
drawing of a preferred example of this embodiment is shown in
Figure 3, which 1is described in detail in the “Figures” section.
One stream obtained by means of the membrane is fed to a PSA
unit.

In this preferred embodiment, the stream comprising ethane as
obtained in step (d) additionally comprises methane, and step
(d) is followed by the following steps:

(eA) feeding the stream comprising ethane and methane as
obtained in step (d) to a Pressure Swing Adsorption (PSA)
unit to obtain a stream comprising ethane and a stream
comprising methane;

(fA) optionally feeding at least a part of the stream
comprising methane as obtained in step (eA) to step (a).

Step (eA), using a Pressure Swing Adsorption (PSA) unit, may
be carried out in the same way as the PSA step as described
above. At least a part of the stream comprising ethane as
obtained in step (eA) may be fed to step (a). Alternatively or

additionally, at least a part of the stream comprising ethane as
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obtained in step (eA) may be converted to ethylene, for example
by subjecting it to ethane cracking (pyrolysis) conditions.

Two membranes and a PSA unit

In one preferred embodiment of the process use is made of two
membranes and a Pressure Swing Adsorption (PSA) unit. A
schematic drawing of a preferred example of this embodiment is
shown in Figure 4, which is described in detail in the “Figures”
section.

In this preferred embodiment, in step (d) a stream comprising
ethane and methane and a stream comprising ethylene and ethane
are obtained, and step (d) is followed by the following steps:

(eA) feeding the stream comprising ethane and methane as
obtained in step (d) to a Pressure Swing Adsorption (PSA)
unit to obtain a stream comprising ethane and a stream
comprising methane;

(fA) optionally feeding at least a part of the stream
comprising methane as obtained in step (eA) to step (a);

(gA) passing at least a part of the stream comprising ethylene
and ethane as obtained in step (d) through a second
membrane, preferably a membrane comprising metal cations,
more preferably a membrane comprising comprising silver (I)
ions (Ag® ions) or copper(I) ions (Cu® ions), to obtain a
stream comprising ethane and ethylene and a stream
comprising ethylene;

(hA) optionally feeding at least a part of the stream
comprising ethane and ethylene as obtained in step (gA) to
the membrane used in step (d), that is to say to the first
membrane, or optionally feeding at least a part of the
stream comprising ethane and ethylene as obtained in step
(gA) to step (a).

Steps (eA) and (fA) are as described above. At least a part

of the stream comprising ethane as obtained in step (eA) may be
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fed to step (a). Alternatively or additionally, at least a part
of the stream comprising ethane as obtained in step (eA) may be
converted to ethylene, for example by subjecting it to ethane
cracking (pyrolysis) conditions.

Step (gA) is as described for step (g) above. Step (hA) is as
described for step (h) above. Alternatively or additionally,
step (hA) may comprise optionally converting ethane from the
stream comprising ethane and ethylene as obtained in step (gd)
to ethylene, for example by subjecting it to ethane cracking
(pyrolysis) conditions as described above.

Membrane, PSA and distillation

In one preferred embodiment of the process use is made of a
membrane, a Pressure Swing Adsorption (PSA) unit and a
distillation column. A schematic drawing of a preferred example
of this embodiment is shown in Figure 5, which is described in
detail in the “Figures” section.

In this preferred embodiment, in step (d) a stream comprising
ethane and methane and a stream comprising ethylene and ethane
are obtained, and step (d) is followed by the following steps:

(eA) feeding the stream comprising ethane and methane as
obtained in step (d) to a Pressure Swing Adsorption (PSA)
unit to obtain a stream comprising ethane and a stream
comprising methane;

(fA) optionally feeding at least a part of the stream
comprising methane as obtained in step (eA) to step (a);

(gB) feeding the stream comprising ethylene and ethane as
obtained in step (d) to a distillation column to obtain a
stream comprising ethane and a stream comprising ethylene;

(hB) optionally feeding at least a part of the stream
comprising ethane as obtained in step (gB) to step (a).

Steps (eA) and (fA) are as described above. At least a part

of the stream comprising ethane as obtained in step (eA) may be
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fed to step (a). Alternatively or additionally, at least a part
of the stream comprising ethane as obtained in step (eA) may be
converted to ethylene, for example by subjecting it to ethane
cracking (pyrolysis) conditions.

Preferably, before carrying out step (gB), any water is
removed, as described above in relation to an optional
distillation step preceding step (d). The distillation in step
(gB) preferably is performed at a pressure in the range of from
1 to 100 bara, preferably 10 to 50 bara, more preferably 15 to
35 bara. Alternatively or additionally, step (fA) may comprise
optionally feeding at least a part of the stream comprising
ethane as obtained in step (eA) to distillation step (gB).
Alternatively or additionally, step (hB) may comprise optionally
converting ethane from the stream comprising ethane as obtained
in step (gB) to ethylene, for example by subjecting it to ethane
cracking (pyrolysis) conditions as described above.

Distillation, membrane and PSA

In one preferred embodiment of the process use is made of a
distillation column, a membrane and a Pressure Swing Adsorption
(PSA) unit. A schematic drawing of a preferred example of this
embodiment is shown in Figure 6, which is described in detail in
the “Figures” section.

In this preferred embodiment, at least a part of the gas
stream comprising ethylene, ethane and methane as obtained in
step (c) is subjected to distillation, resulting in a stream
comprising methane and a stream comprising ethylene, ethane and
methane which latter stream is fed to step (d), and step (d) is
followed by the following steps:

(eA) feeding the stream comprising ethane and methane as
obtained in step (d) to a Pressure Swing Adsorption (PSA)
unit to obtain a stream comprising ethane and a stream

comprising methane;
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(fA) optionally feeding at least a part of the stream
comprising methane as obtained in step (eA) to step (a);

(gC) optionally feeding at least a part of the stream
comprising methane as obtained in the distillation to step
(a) .

Preferably, before carrying out said distillation, any water
is removed, as described above. Said distillation step results
in a top stream comprising methane and a bottom stream
comprising ethylene, ethane and methane. Said bottom stream is
fed to step (d).

Steps (eA) and (fA) are as described above. At least a part
of the stream comprising ethane as obtained in step (eA) may be
fed to step (a). Alternatively or additionally, at least a part
of the stream comprising ethane as obtained in step (eA) may be
converted to ethylene, for example by subjecting it to ethane
cracking (pyrolysis) conditions.

PSA, membrane and another PSA (or distillation) (1)

In one preferred embodiment of the process use is made of a
first Pressure Swing Adsorption (PSA) unit (upstream of the
membrane), a membrane and a second PSA unit (downstream of the
membrane) . A schematic drawing of a preferred example of this
embodiment is shown in Figure 7, which is described in detail in
the “Figures” section.

In this preferred embodiment, at least a part of the gas
stream comprising ethylene, ethane and methane as obtained in
step (c) is fed to a first Pressure Swing Adsorption (PSA) unit,
resulting in a stream comprising methane and a stream comprising
ethylene, ethane and methane which latter stream is fed to step
(d), and step (d) is followed by the following steps:

(eA) feeding the stream comprising ethane and methane as
obtained in step (d) to a second PSA unit to obtain a

stream comprising ethane and a stream comprising methane;
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(fA) optionally feeding at least a part of the stream
comprising methane as obtained in step (eA) to step (a);

(gC) optionally feeding at least a part of the stream
comprising methane as obtained in the first PSA step to
step (a).

Optionally, before carrying out said first PSA step, any
water is removed, as described above.

Steps (eA) and (fA) are as described above. Optionally, said
step (eA) may be replaced by a step which comprises subjecting
the stream comprising ethane and methane as obtained in step (d)
to distillation to obtain a stream comprising ethane and a
stream comprising methane. At least a part of the stream
comprising ethane as obtained in said second PSA step (eA) or in
the latter alternative distillation step may be fed to step (a).
Alternatively or additionally, at least a part of the stream
comprising ethane as obtained in said second PSA step (eA) or in
the latter alternative distillation step may be converted to
ethylene, for example by subjecting it to ethane cracking
(pyrolysis) conditions.

PSA, membrane and another PSA (or distillation) (2),

including recycle

In another preferred embodiment of the process use is made of
two Pressure Swing Adsorption (PSA) units (upstream of the
membrane), a membrane and a recycle from the membrane to the
first PSA unit. A schematic drawing of a preferred example of
this embodiment is shown in Figure 8, which is described in
detail in the “Figures” section.

In this preferred embodiment, at least a part of the gas
stream comprising ethylene, ethane and methane as obtained in
step (c) is fed to a first Pressure Swing Adsorption (PSA) unit,
resulting in a stream comprising methane and ethane and a stream

comprising ethylene and ethane which latter stream is fed to
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step (d) to obtain a stream comprising ethane and ethylene and a
stream comprising ethylene; the stream comprising ethane and
ethylene as obtained in step (d) is recycled to the first PSA
unit; the stream comprising methane and ethane as obtained in
the first PSA step is fed to a second PSA unit to obtain a
stream comprising ethane and a stream comprising methane; at
least a part of the stream comprising methane as obtained in the
second PSA step is optionally fed to step (a).

Optionally, before carrying out said first PSA step, any
water is removed, as described above. Optionally, said second
PSA step may be replaced by a step which comprises subjecting
the stream comprising ethane and methane as obtained in the
first PSA step to distillation to obtain a stream comprising
ethane and a stream comprising methane. At least a part of the
stream comprising ethane as obtained in said second PSA step or
in the latter alternative distillation step may be fed to step
(a). Alternatively or additionally, at least a part of the
stream comprising ethane as obtained in said second PSA step or
in the latter alternative distillation step may be converted to
ethylene, for example by subjecting it to ethane cracking
(pyrolysis) conditions.

Figures

The present invention will be further elucidated with
reference to the drawings.

Figure 1 is a schematic drawing of a process for oxidative
coupling of methane in accordance with one embodiment of the
present invention. Gas comprising oxygen and methane is fed (1)
to a reactor (2). In the reactor (2), which is an OCM reactor,
oxygen and methane are contacted with a catalyst comprising a
mixed metal oxide. The reactor effluent comprising ethylene,
ethane, methane, carbon dioxide and water is fed (3) to a

separator (5). The reactor effluent is cooled. A ligquid stream
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(7) comprising water is separated from the gas stream. The
remaining gas stream comprising ethylene, ethane, methane and
carbon dioxide is fed (6) to carbon dioxide removal unit (8). A
suitable carbon dioxide removal agent fed to said carbon dioxide
removal unit (8) may be an aqueous solution of a base, for
example sodium hydroxide or an amine. A gas stream comprising
ethylene, ethane and methane is fed to membrane (9). Membrane
(9) may be a membrane as described above. A stream comprising
ethane and methane (10) is obtained. And a stream comprising
ethylene (11) is obtained.

The following Figures 2 to 8 elucidate further embodiments
of the embodiment of Figure 1.

Figure 2 is a schematic drawing of a part of a preferred
process in which two membranes and a distillation column are

used. The stream comprising ethane and methane (10) is fed to a

distillation column (31). A stream comprising methane (32) is
obtained which is optionally recycled to OCM reactor (2) (see
Figure 1). A stream comprising ethane (33) 1s obtained. The

stream comprising ethylene (11) also comprises ethane and is fed
to a second membrane (34). Second membrane (34) may be the same

as first membrane (9). A stream comprising ethylene (35), which

is a product stream, is obtained. A stream comprising ethane and
ethylene (36) is recycled to the first membrane (9). Said stream
comprising ethane and ethylene (36) may also be recycled to OCM

reactor (2) (see Figure 1).

Figure 3 is a schematic drawing of a part of a preferred
process in which one membrane and a PSA unit are used. The
stream comprising ethane and methane (10) is fed to a PSA unit
(41) . A stream comprising methane (42) is obtained which is
optionally recycled to OCM reactor (2) (see Figure 1). And a

stream comprising ethane (43) is obtained.
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Figure 4 is a schematic drawing of a part of a preferred
embodiment in which two membranes and a PSA unit are used. The
stream comprising ethane and methane (10) is fed to a PSA unit
(41). A stream comprising methane (42) is obtained which is
optionally recycled to OCM reactor (2) (see Figure 1). And a
stream comprising ethane (43) 1is obtained. The stream comprising
ethylene (11) also comprises ethane and is fed to a second
membrane (34). Second membrane (34) may be the same as first
membrane (9). A stream comprising ethylene (35), which is a
product stream, is obtained. A stream comprising ethane and
ethylene (36) 1is recycled to the first membrane (9). Said stream
comprising ethane and ethylene (36) may also be recycled to OCM
reactor (2) (see Figure 1).

Figure 5 is a schematic drawing of a part of a preferred
process in which one membrane, a PSA unit and a distillation

column are used. The stream comprising ethane and methane (10)

is fed to a PSA unit (41). A stream comprising methane (42) is
obtained which is optionally recycled to OCM reactor (2) (see
Figure 1). And a stream comprising ethane (43) 1is obtained. The

stream comprising ethylene (11) also comprises ethane and is fed
to a distillation column (51). A bottom stream comprising ethane
(53) and a top stream comprising ethylene (52) are obtained.
Figure 6 i1is a schematic drawing of a part of a preferred
process in which a distillation column, a membrane and a PSA
unit are used. A gas stream comprising ethylene, ethane and
methane (61) originating from carbon dioxide removal unit (8) is
fed to a distillation column (62). A bottom stream comprising
ethylene, ethane and methane and a top stream comprising methane
are obtained. Said bottom stream is fed to membrane (9). The
stream comprising ethane and methane (10) is fed to a PSA unit

(41). A stream comprising methane (42) is obtained which is
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optionally recycled to OCM reactor (2) (see Figure 1). And a
stream comprising ethane (43) is obtained.

Figure 7 i1is a schematic drawing of a part of a preferred
process in which a first PSA unit, a membrane and a second PSA
unit are used. A gas stream comprising ethylene, ethane and
methane (61) originating from carbon dioxide removal unit (8) is
fed to a first PSA unit (62). A stream comprising ethylene,
ethane and methane (64) and a stream comprising methane (63) are
obtained. Said stream (64) is fed to membrane (9). The stream
comprising ethane and methane (10) is fed to a PSA unit (41). A
stream comprising methane (42) is obtained which is optionally
recycled to OCM reactor (2) (see Figure 1). And a stream
comprising ethane (43) 1is obtained.

Figure 8 is a schematic drawing of a part of a preferred
process in which first and second PSA units and a membrane are
used. A gas stream comprising ethylene, ethane and methane (61)
originating from carbon dioxide removal unit (8) is fed to a
first PSA unit (62). A stream comprising ethylene and ethane
(64) and a stream comprising methane and ethane (63) are
obtained. Said stream (64) is fed to membrane (9) to obtain a
stream comprising ethane and ethylene (10) and a stream
comprising ethylene (11). The stream comprising ethane and
ethylene (10) 1is recycled to the first PSA unit (62). Said
stream comprising methane and ethane (63) is fed to a second PSA
unit (41) to obtain a stream comprising methane (42) and a
stream comprising ethane (43). Said stream comprising methane

(42) 1is optionally recycled to OCM reactor (2) (see Figure 1).
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CLAIMS

1. A process for oxidative coupling of methane (OCM),
comprising the steps of:

(a) contacting, in a reactor, oxygen and methane with an OCM
catalyst, resulting in a reactor effluent comprising
ethylene, ethane, methane, carbon dioxide and water;

(b) cooling the reactor effluent to obtain a liguid stream
comprising water and a gas stream comprising ethylene,
ethane, methane and carbon dioxide;

(c) removing carbon dioxide from at least a part of the gas
stream comprising ethylene, ethane, methane and carbon
dioxide resulting in a gas stream comprising ethylene,
ethane and methane;

(d) passing at least a part of the gas stream comprising
ethylene, ethane and methane as obtained in step (cC)
through a membrane, preferably a membrane comprising metal
cations, more preferably a membrane comprising silver (I)
ions (Ag'™ ions) or copper(I) ions (Cu® ions), to obtain a

stream comprising ethane and a stream comprising ethylene.

2. The process according to claim 1, wherein in step (d) a
stream comprising ethane and methane and a stream comprising
ethylene and ethane are obtained, and step (d) is followed by
the following steps:

(e) feeding the stream comprising ethane and methane as
obtained in step (d) to a distillation column to obtain a
stream comprising ethane and a stream comprising methane;

(f) optionally feeding at least a part of the stream comprising
methane as obtained in step (e) to step (a);

(g) passing at least a part of the stream comprising ethylene

and ethane as obtained in step (d) through a second
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membrane, preferably a membrane comprising metal cations,
more preferably a membrane comprising comprising silver (I)
ions (Ag® ions) or copper(I) ions (Cu® ions), to obtain a
stream comprising ethane and ethylene and a stream
comprising ethylene;

(h) optionally feeding at least a part of the stream comprising
ethane and ethylene as obtained in step (g) to the membrane
used in step (d), that is to say to the first membrane, or
optionally feeding at least a part of the stream comprising

ethane and ethylene as obtained in step (g) to step (a).

3. The process according to claim 1, wherein the stream
comprising ethane as obtained in step (d) additionally comprises
methane, and step (d) is followed by the following steps:

(eA) feeding the stream comprising ethane and methane as
obtained in step (d) to a Pressure Swing Adsorption (PSA)
unit to obtain a stream comprising ethane and a stream
comprising methane;

(fA) optionally feeding at least a part of the stream

comprising methane as obtained in step (eA) to step (a).

4. The process according to claim 3, wherein in step (d) a
stream comprising ethane and methane and a stream comprising
ethylene and ethane are obtained, and wherein step (d) is
further followed by:

(gA) passing at least a part of the stream comprising ethylene
and ethane as obtained in step (d) through a second
membrane, preferably a membrane comprising metal cations,
more preferably a membrane comprising comprising silver (I)
ions (Ag® ions) or copper(I) ions (Cu® ions), to obtain a
stream comprising ethane and ethylene and a stream

comprising ethylene;
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(hA) optionally feeding at least a part of the stream
comprising ethane and ethylene as obtained in step (gA) to
the membrane used in step (d), that is to say to the first
membrane, or optionally feeding at least a part of the
stream comprising ethane and ethylene as obtained in step

(gA) to step (a).

5. The process according to claim 3, wherein in step (d) a
stream comprising ethane and methane and a stream comprising
ethylene and ethane are obtained, and wherein step (d) is
further followed by:

(gB) feeding the stream comprising ethylene and ethane as
obtained in step (d) to a distillation column to obtain a
stream comprising ethane and a stream comprising ethylene;

(hB) optionally feeding at least a part of the stream

comprising ethane as obtained in step (gB) to step (a).

6. The process according to claim 1, wherein at least a part
of the gas stream comprising ethylene, ethane and methane as
obtained in step (c¢) is subjected to distillation, resulting in
a stream comprising methane and a stream comprising ethylene,
ethane and methane which latter stream is fed to step (d), and
step (d) is followed by the following steps:

(eA) feeding the stream comprising ethane and methane as
obtained in step (d) to a Pressure Swing Adsorption (PSA)
unit to obtain a stream comprising ethane and a stream
comprising methane;

(fA) optionally feeding at least a part of the stream
comprising methane as obtained in step (eA) to step (a);

(gC) optionally feeding at least a part of the stream
comprising methane as obtained in the distillation to step

(a) .
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7. The process according to claim 1, wherein at least a part
of the gas stream comprising ethylene, ethane and methane as
obtained in step (c¢) is fed to a first Pressure Swing Adsorption
(PSA) unit, resulting in a stream comprising methane and a
stream comprising ethylene, ethane and methane which latter
stream is fed to step (d), and step (d) is followed by the
following steps:

(eA) feeding the stream comprising ethane and methane as
obtained in step (d) to a second PSA unit to obtain a
stream comprising ethane and a stream comprising methane;

(fA) optionally feeding at least a part of the stream
comprising methane as obtained in step (eA) to step (a);

(gC) optionally feeding at least a part of the stream
comprising methane as obtained in the first PSA step to

step (a).

3. The process according to claim 1, wherein at least a part
of the gas stream comprising ethylene, ethane and methane as
obtained in step (c¢) is fed to a first Pressure Swing Adsorption
(PSA) unit, resulting in a stream comprising methane and ethane
and a stream comprising ethylene and ethane which latter stream
is fed to step (d) to obtain a stream comprising ethane and
ethylene and a stream comprising ethylene; the stream comprising
ethane and ethylene as obtained in step (d) is recycled to the
first PSA unit; the stream comprising methane and ethane as
obtained in the first PSA step is fed to a second PSA unit to
obtain a stream comprising ethane and a stream comprising
methane; at least a part of the stream comprising methane as

obtained in the second PSA step is opticnally fed to step (a).



WO 2018/189097 PCT/EP2018/059008

13

Fig.1

35

- 36
i 42
Fig.3 —
10 41
9 I
e A1
- 43




WO 2018/189097 PCT/EP2018/059008

2/3

Fig.4 i———m "
9 34

/7 P AN 35

42

Fig.o [ 41

42

I

= 11




WO 2018/189097 PCT/EP2018/059008

3/3
42
Fig.7 10 i
9{ {43
B s - 11-—
63 /
61
— |62
|64
Fig.8 .
r———-»
41
| 63[ |4
61 " ;
o4 |




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/059008

A. CLASSIFICATION OF SUBJECT MATTER

INV. C07C2/84 C07C7/144
ADD.

C07C11/04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

co7C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y HALL R B ET AL:
OF OXIDATIVE COUPLING",
XP008042019,

abstract

paragraph 1

paragraph 1; figure 1

page 127, paragraph 2
page 129, last paragraph

METHANE AND ALKANE CONVERSION CHEMISTRY,
January 1995 (1995-01), pages 123-130,

page 123, last paragraph - page 124,
page 124, paragraph 6 - page 126,

"EFFECTS OF PRODUCT 1-8
SEPARATION OF THE KINETICS AND SELECTIVITY

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

28 May 2018

Date of mailing of the international search report

06/06/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Dunet, Guillaume

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/059008

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

ERIC M. CORDI ET AL: "Steady-state
production of olefins in high yields
during the oxidative coupling of methane:
Utilization of a membrane contactor",
APPLIED CATALYSIS A: GENERAL,

vol. 155, no. 1, July 1997 (1997-07),
pages L1-L7, XP055402009,

AMSTERDAM, NL

ISSN: 0926-860X, DOI:
10.1016/5S0926-860X(96)00386-9

abstract

page L2, last paragraph - page L3,
paragraph 2

page L4; figure 2

pages L5-L7, paragraph 3.

WO 2014/089479 Al (SILURIA TECHNOLOGIES
INC [US]) 12 June 2014 (2014-06-12)
abstract

page 28, line 16 - page 29, line 11
figure 2

pages 29-33

example 1

claims 1-19

WO 20107133461 Al (BASF SE [DE]; ABDALLAH
RADWAN [DE]; MAEURER TORSTEN [DE]; THEIS
GERHAR) 25 November 2010 (2010-11-25)
abstract

page 8, lines 34-40

page 9, lines 1-19

examples 1, 2

claims 1-15

WO 2016/200504 Al (SABIC GLOBAL
TECHNOLOGIES BV [NL]; LIANG WUGENG [US];
SARSANI SAGAR [U)

15 December 2016 (2016-12-15)

abstract

paragraphs [0010], [0047]

examples 1-3

claims 1-20

WO 2015/105911 Al (SILURIA TECHNOLOGIES
INC [US]) 16 July 2015 (2015-07-16)
abstract

paragraphs [0271], [0274], [0276] -
[0282]

paragraphs [0366] - [0367]

paragraph [0450]

examples 1-4

claims 1-129

1-8

1-8

1-8

1-8

1-8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2018/059008
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2014089479 Al 12-06-2014 AU 2013355038 Al 12-06-2014
CA 2893948 Al 12-06-2014
US 2014171707 Al 19-06-2014
US 2017341997 Al 30-11-2017
WO 2014089479 Al 12-06-2014

WO 2010133461 Al 25-11-2010  CN 102438999 A 02-05-2012
EP 2432772 Al 28-03-2012
US 2012065412 Al 15-03-2012
WO 2010133461 Al 25-11-2010

WO 2016200504 Al 15-12-2016  CN 107646027 A 30-01-2018
EP 3303268 Al 11-04-2018
WO 2016200504 Al 15-12-2016

WO 2015105911 Al 16-07-2015 CA 2935937 Al 16-07-2015
CN 106068323 A 02-11-2016
EP 3092286 Al 16-11-2016
US 2015232395 Al 20-08-2015
US 2015329438 Al 19-11-2015
US 2015329439 Al 19-11-2015
US 2016200643 Al 14-07-2016
US 2017260114 Al 14-09-2017
WO 2015105911 Al 16-07-2015

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

