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PROCESS FOR THE PRODUCTION OF ETHYLENE OXIDE

The present invention relates to a process for the
production of ethylene oxide.

Ethylene oxide is used as a chemical intermediate,
primarily for the production of ethylene glycols but also
for the production of ethoxylates, ethanol-amines,
solvents and glycol ethers. It is produced by the direct
oxidation of ethylene with high-purity oxygen or air.
Several processes for producing the ethylene starting
material are known. For example, it is known Lo steam
crack hydrocarbon streams, such as an ethane stream, a
naphtha stream, a gasoill stream or a hydrowax stream,
into ethylene. Further, 1t is known to produce ethylene
by oxidative dehydrogenation (oxydehydrogenation; ODH) of
ethane. Yet another way to produce ethylene is by
conversion of an oxygenate, such as methanol, into
ethylene.

All these ethylene production processes have in
common that before any subsequent step wherein the
ethylene is further converted into useful chemical
intermediates, the ethylene containing product stream has
to be purified. More in particular, the ethylene
containing product stream has to be freed from ethane as
the latter may interfere in any subsequent step, so that
a purified ethylene stream containing no ethane can be
fed to the subsequent step, such as the step of oxidation
of ethylene. Said ethane may originate from the feed for
producing the ethylene. For example, the above-mentioned
ethane steam cracking and ethane oxydehydrogenation
processes may result in product streams which still
contain unconverted ethane in addition to the desired

ethylene product. Further, such ethane may originate from
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ethylene production processes wherein ethane is
produced as a by-product. For example, in the above-
mentioned naphtha, gasoil or hydrowax steam cracking and
methanol to ethylene conversion processes, ethane is
produced as a by-product.

Separating ethane completely from an ethylene
product stream may be done by use of an ethylene/ethane
splitter which comprises a relatively large distillation
column having a relatively large number of distillation
stages. The disadvantages of such large ethylene/ethane
splitter are the relatively high costs of building and
maintaining it and the high energy input required and
therefore relatively high energy costs. The boiling point
difference between ethylene and ethane is relatively
small: boiling point ethylene = -104 °C; boiling point
ethane = -89 °C. Having to separate ethane completely
from the ethylene is thus very cumbersome and results in
a high expenditure for producing ethylene and may result
in relatively high ethylene losses.

Further, in case said purified ethylene stream not
containing ethane is used to make ethylene oxide by
oxidation, a ballast gas should be added. For in the
oxidation of ethylene an oxidizing agent, such as high-
purity oxygen or air, is required. In 1958, the direct
ethylene oxidation process was modified by Shell to allow
the use of high-purity oxygen, rather than air, as the
oxidant. See: J.M. Kobe, W.E. Evans, R.L. June, and M.F.
Lemanski, Encyclopedia of Catalysis, Istvan Horvath, Ed.,
Wiley-Interscience, v.3, p.246, 2003.

Because an oxidizing agent is required, it is
important to control the safe operability of the reaction
mixture. Historically, nitrogen was utilized as a ballast

gas for the industrial epoxidation of ethylene. Over the
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past thirty years, the use of methane ballast has
gradually replaced almost all commercial nitrogen-
ballasted processes. One function of a ballast gas is
thus to control this safe operability. Ballast gases that
can be used in the production of ethylene oxide by
oxidation of ethylene, are thus nitrogen and methane. It
is very cumbersome to provide such ballast gas and feed
it to the ethylene oxidation unit, which results in a
high expenditure for producing ethylene oxide.

An obiject of the present invention is to provide a
process for the production of ethylene oxide by producing
ethylene and then producing ethylene oxide by oxidation
of said ethylene, which process does not have the above
drawbacks.

Surprisingly, it was found that the above drawbacks
are avoided by means of an integrated process wherein
ethylene is produced resulting in a stream comprising
ethylene and ethane, wherein ethylene and ethane from the
latter stream are subjected to oxidation conditions
resulting in the desired ethylene oxide, and wherein
before the latter oxidation step the stream comprising
ethylene and ethane resulting from the ethylene
production step is separated into two streams: (i) a
stream comprising ethylene and ethane in which the amount
of ethylene is greater than the amount of ethane; and
(ii) a stream comprising ethane and ethylene in which the
amount of ethane is greater than the amount of ethylene.

Accordingly, the present invention relates to a
process for the production of ethylene oxide, comprising
the steps of:

producing ethylene resulting in a stream comprising

ethylene and ethane;
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separating the stream comprising ethylene and ethane into a
stream comprising ethylene and ethane in which stream the
amount of ethylene is greater than the amount of ethane and a
stream comprising ethane and ethylene in which stream the
amount of ethane is greater than the amount of ethylene;

producing ethylene oxide by subjecting ethylene and ethane
from the stream comprising ethylene and ethane, in which stream
the amount of ethylene is greater than the amount of ethane, to
oxidation conditions resulting in a stream comprising ethylene
oxide, unconverted ethylene and ethane; and

recovering ethylene oxide from the stream comprising
ethylene oxide, unconverted ethylene and ethane.

Thus, in one aspect there is provided process for the
production of ethylene oxide, comprising the steps of:

producing ethylene by subjecting a stream comprising ethane
to oxydehydrogenation conditions, comprising contacting the
stream comprising ethane with an oxidizing agent, resulting in
a stream comprising ethylene and unconverted ethane;

separating the stream comprising ethylene and unconverted
ethane into a stream comprising ethylene and unconverted ethane
in which stream the amount of ethylene is greater than the
amount of unconverted ethane and a stream comprising
unconverted ethane and ethylene in which stream the amount of
unconverted ethane is greater than the amount of ethylene;

producing ethylene oxide by subjecting ethylene and
unconverted ethane from the stream comprising ethylene and
unconverted ethane, in which stream the amount of ethylene is
greater than the amount of unconverted ethane, to oxidation
conditions, comprising contacting the ethylene and unconverted
ethane with an oxidizing agent, wherein the amount of ethylene

as fed to the ethylene oxide production step is greater than

CA 2866332 2019-07-29
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the amount of unconverted ethane as fed to the ethylene oxide
production step, resulting in a stream comprising ethylene
oxide, unconverted ethylene, and unconverted ethane; and

recovering ethylene oxide from the stream comprising
ethylene oxide, unconverted ethylene, and unconverted ethane;
and

wherein unconverted ethane from the stream comprising
ethylene oxide, unconverted ethylene, and unconverted ethane is

recycled to the step of producing ethylene.

An advantage of the present invention is that less ethane
has to be separated from the ethylene containing product stream
that results from the ethylene production step. This means that
the ethylene stream that is sent to the ethylene oxide
production step may still contain a relatively large amount of
ethane. This results in a much simpler overall process using
less complicated separation processes and equipment. In
addition, the non-separated ethane advantageously functions as
a ballast gas in the next ethylene oxidation step sc that no or
substantially less additional ballast gas needs to be added.
Still further, a further separation of the stream comprising
ethylene and ethane resulting from the ethylene production step
of the present process is advantageously automatically, and at
least partially, effected in the ethylene oxide production step
wherein the ethylene is consumed and converted into ethylene
oxide which can be separated more easily from the non-consumed

ethane. All these and other advantages result in a substantial

CA 2866332 2019-07-29
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reduction of expenditure. These and other advantages are
further described below.

GB1314613 discloses the use of ethane as a ballast
gas in the production of ethylene oxide from ethylene.
However, the integrated process of the present invention
is not disclosed and is neither suggested in GB1314613.

The ethylene oxidation step in the present process
results in a stream comprising ethylene oxide,
unconverted ethylene and ethane. The ethylene oxide can
be recovered easily from such stream by means of methods
known to the skilled person. That is to gay, ethylene
oxide may be separated from said stream comprising
ethylene oxide, unconverted ethylene and ethane resulting
in a stream comprising unconverted ethylene and ethane.
The unconverted ethylene and the ethane from the latter
stream may be recycled within the present process and
advantageously be converted and re-used, respectively,
after such recycle. After ethylene oxide is separated
from said stream comprising ethylene oxide, unconverted
ethylene and ethane and before such recycle of the
remaining unconverted ethylene and ethane, any carbon
dioxide is removed. That is to say, either part or all
carbon dioxide is removed. Said carbon dioxide may be
produced in the ethylene oxide production step. Ways of
removing carbon dioxide, such as a caustic wash, are
known to the skilled person.

Unconverted ethylene, and optiocnally ethane, from
the stream comprising ethylene oxide, unconverted
ethylene and ethane resulting from the step of producing
ethylene oxide may be recycled to that step of producing
ethylene oxide. That is to say, either part or all
unconverted ethylene, and optionally ethane, is recycled

in such way. The recycled unconverted ethylene is then
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advantageously converted as yet in that ethylene
oxidation step. Further, the recycled ethane is then
advantageously re-used as a ballast gas in that ethylene
oxidation step. In this embodiment, preferably, a stream
comprising unconverted ethylene and ethane is separated
from the stream comprising ethylene oxide, unconverted
ethylene and ethane resulting from the step of producing
ethylene oxide, and is then recycled to the step of
producing ethylene oxide. Such recycle has both said
advantages in that conversion of unconverted ethylene
into ethylene oxide is effected ags yet, whereas re-use of
ethane as a ballast gas 1is also effected at the csame
time.

In cases wherein ethylene is produced from a feed
containing ethane in the ethylene production step of the
present process, ethane from the stream comprising
ethylene oxide, unconverted ethylene and ethane resulting
from the step of producing ethylene oxide may also be
recycled to the ethylene production step. In the latter
embodiment, ethane from the stream comprising ethylene
oxide, unconverted ethylene and ethane is recycled to the
step of producing ethylene. That is to say, either part
or all ethane is recycled in such way. This embodiment
has the advantage that more ethylene may be produced by
recycling unconverted ethane whereas ethane that is still
not converted after such recycle will then automatically
be re-used as a ballast gas in the ethylene oxidation
step.

Further, in such cases wherein ethylene is produced
from a feed containing ethane in the ethylene production
step of the present process, ethane from the stream
comprising ethylene oxide, unconverted ethylene and

ethane resulting from the step of producing ethylene
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oxide may also be recycled to both the ethylene
production step and the ethylene oxide production step.
In the latter embodiment, ethane from the stream
comprising ethylene oxide, unconverted ethylene and
ethane is recycled to the step of producing ethylene and
to the step of producing ethylene oxide. This embodiment
is illustrated in Figure 1.

Where in the present specification reference is made
to recycling to the "step of producing ethylene” or
"ethylene production step", or recycling to the "step of
producing ethylene oxide", "ethylene oxide production
Step" or "ethylene oxidation step", such steps not only
cover the step(s) of production of the desired product in
question but also the step(s) of work-up of the product
stream in question.

Between the ethylene production step and the
ethylene oxidation step of the present process, a
separation step is carried out. More in particular, the
stream comprising ethylene and ethane resulting from the
ethylene production step is separated into two streams:
(i) a stream comprising ethylene and ethane in which the
amount of ethylene is greater than the amount of ethane
("separated stream (i)”); and (ii) a stream comprising
ethane and ethylene in which the amount of ethane 1is
greater than the amount of ethylene (“separated stream
(ii)”). Preferably, in said separated stream (i) the
amount of ethylene is greater than 50 wt.% and the amount
of ethane is lower than 50 wt.%. Further, preferably, in
said separated stream (ii) the amount of ethane is
greater than 50 wt.% and the amount of ethylene is lower
than 50 wt.%.

More preferably, said separated stream (i) comprises

99.9 to 55 wt.% of ethylene and 0.1 to 45 wt.% of ethane,
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more preferably 99 to 55 wt.% of ethylene and 1 to

45 wt.% of ethane, more preferably 95 to 55 wt.% of
ethylene and 5 to 45 wt.% of ethane, more preferably 90
to 55 wt.% of ethylene and 10 to 45 wt.% of ethane, more
preferably 85 to 55 wt.% of ethylene and 15 to 45 wt.$% of
ethane, most preferably 80 to 60 wt.% of ethylene and 20
to 40 wt.% of ethane.

Further, more preferably, said separated stream (ii)
comprises 99.9 to 55 wt.% of ethane and 0.1 to 45 wt.% of
ethylene, more preferably 99 to 55 wt.% of ethane and 1
to 45 wt.% of ethylene, more preferably 95 to 55 wt.% of
ethane and 5 to 45 wt.% of ethylene, more preferably 90
to 55 wt.% of ethane and 10 to 45 wt.% of ethylene, more
preferably 85 to 55 wt.% of ethane and 15 to 45 wt.% of
ethylene, most preferably 80 to 60 wt.% of ethane and 20
to 40 wt.% of ethylene.

A further advantage of the present invention is that
ethane that is not sent to the ethylene oxide production
step for use as ballast gas, as discussed above, may
still be recycled and converted as yet. Therefore, in the
present invention, it is preferred that the separated
stream comprising ethane and ethylene in which stream the
amount of ethane is greater than the amount of ethylene,
that is to say above-mentioned stream (ii), is recycled
to the step of producing ethylene. This embodiment has
the advantage that more ethylene may be produced by
recycling unconverted ethane whereas ethane that is still
not converted after such recycle may then automatically
be used as a ballast gas in the ethylene oxidation step.

The separation step resulting in above-mentioned
separated streams (i) and (ii) may be performed by any
ethylene/ethane splitter which comprises a distillation

column having a certain number of distillation stages.
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Since, in the present invention, the ethylene stream that
is sent to the ethylene oxide production step may still
contain a relatively large amount of ethane, the
separation of ethylene from ethane does not have to be
complete. Therefore, an ethylene/ethane splitter, which
comprises a relatively small distillation column having a
relatively small number of distillation stages, may be
used. In addition or alternatively, a thinner
distillation column may be used, that is to say a column
wherein the cross-sectional area has been reduced. The
advantages of such small and/or thin ethylene/ethane
splitter are the relatively low costs of building and
maintaining it and the low energy input required and
therefore relatively low energy costs. This is inter alia
caused by a reduced condenser and reboiler duty.

Temperature and pressure ranges which are suitable
for effecting separation between ethylene and ethane are
of from -10 to —-40 °C (top temperature), more suitably -
25 to -30 °C, and 10 to 30 barg, more suitably 17 to 25
barg, respectively, for example around -27 °C and around
20 barg, respectively. A splitter that is used for a
complete separation of ethylene and ethane normally has
about 120 distillation stages. As mentioned above,
advantageously, in the present invention, the number of
distillation stages can be reduced considerably, for
example by 20%. Therefore, in the present invention, an
ethylene/ethane splitter may be used which comprises a
distillation column having of from 80 to 140, suitably 80
to 120, more suitably 80 to 110, more suitably 90 to 100
distillation stages.

In the flow scheme of Figure 1, stream 1 comprising
a feed containing ethane is fed to ethylene production

unit 2. Stream 3 comprising ethylene and ethane is fed to
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ethylene/ethane separation unit 4. Stream 6 comprising
ethane and ethylene wherein the amount of ethane is
greater than the amount of ethylene is recycled to
ethylene production unit 2. Stream 5 comprising ethylene
and ethane wherein the amount of ethylene is greater than
the amount of ethane and stream 7 comprising an oxidizing
agent, such as high-purity oxygen or air, are fed to
ethylene oxide production unit 8. Stream 9 comprising
ethylene oxide, unconverted ethylene, ethane and carbon
dioxide is sent to ethylene oxide geparation unit 10.
Ethylene oxide i1s recovered via stream 11. Further,
stream 12 comprising unconverted ethylene, ethane and
carbon dioxide ig split into two substreams 12a and 12b.
Substream 12a is recycled to ethylene oxide production
unit 8. Substream 12b is fed to carbon dioxide removal
unit 13. Stream 14 comprising unconverted ethylene and
ethane is split into two substreams l4a and 14Db.
Substream l4a is recycled to ethylene oxide production
unit 8. Substream 1l4b is fed to ethylene/ethane
separation unit 15. Stream 16 comprising unconverted
ethylene and stream 17 comprising unconverted ethane are
recycled to ethylene oxide production unit 8 and to
ethylene production unit 2, respectively. Still further,
Stream 5 may be subjected to hydrotreatment in a
hydrotreater unit before entering ethylene oxide
production unit 8 (said hydrotreater unit not shown in
Figure 1) to convert any acetylene present.

An embodiment of the present invention, wherein
ethane from the stream comprising ethylene oxide,
unconverted ethylene and ethane resulting from the step
of producing ethylene oxide is not recycled to the
ethylene production step but only to the ethylene oxide

production step, is i1llustrated in Figure 2. In the
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latter embodiment, ethane from the stream comprising
ethylene oxide, unconverted ethylene and ethane is only
recycled to the step of producing ethylene oxide. Such
embodiment especially applies advantageously to cases
where during ethylene production ethane is produced as a
by-product, as for example in the above-mentioned
methanol to ethylene conversion process.

For an explanation of the flow scheme of Figure 2,
reference is made to the above explanation of the flow
scheme of Figure 1, the only difference being that in the
flow scheme of Figure 2 stream 17 is not recycled to
ethylene production unit 2.

In the ethylene oxide production step of the present
procesg, ethylene oxide is produced by subjecting
ethylene and ethane from the above-mentioned separated
Stream comprising ethylene and ethane, in which stream
the amount of ethylene is greater than the amount of
ethane, that is to say above-mentioned separated stream
(i), to oxidation conditions resulting in a stream
comprising ethylene oxide, unconverted ethylene and
ethane.

An advantage of the present process is that said
separated stream (i) also comprises ethane, in addition
to ethylene that is to be oxidized. Ethane is a suitable
ballast gas in the oxidation of ethylene. As discussed
above, normally nitrogen or methane is added as a ballast
gas in the oxidation of ethylene. Now that in the present
invention, ethane present in said separated stream (i)
resulting from separation of the ethylene containing
product stream from the ethylene production step
functions as a ballast gas in the ethylene oxide
production step, no or substantially less of a separate

ballast gas, such as nitrogen or methane, has to be
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added. This results in a much simpler and more efficient
ethylene oxidation process.

In the present invention, additional ballast gas,
such as nitrogen or methane, may be added to the ethylene
oxide production step. However, it is also envisaged in
cases wherein ethylene is produced from a feed containing
ethane in the ethylene production step of the present
process, that the conversion in the ethylene production
step 1s tuned depending on the desired amount of ballast
gags needed in the ethylene oxide production step. That is
to say, 1n case the demand for ballast gas in the
ethylene oxide production step ig relatively low,
conversion in the ethylene production step may be set
higher such that relatively less unconverted ethane is
present in the product stream resulting from the ethylene
production step. And, conversely, in case the demand for
ballast gas in the ethylene oxide production step is
relatively high, conversion in the ethylene production
Step may be set lower such that relatively more
unconverted ethane is present in the product stream
resulting from the ethylene production step.
Alternatively, conversion in the ethylene production step
may be kept constant and additional ballast gas, such as
nitrogen or methane, may be added to the ethylene oxide
production step, as mentioned above. For example, the
conversion in the ethylene production step of the present
process may range from 5 to 90%, suitably from 10 to 60%.
Similarly, the sharpness of the ethylene/ethane
separation in the separation step, for example the number
of distillation stages in the above-discussed
ethylene/ethane splitter, may be tuned depending on the
desired amount of (ethane) ballast gas needed in the

ethylene oxide production step.
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In the ethylene oxide production step of the present
process, ethylene and ethane from said separated stream
(1) are contacted with an oxidizing agent. The oxidizing
agent may be high-purity oxygen or air, but is preferably
high-purity oxygen which may have a purity greater than
90%, preferably greater than 95%, more preferably greater
than 99%, and most preferably greater than 99.9%. Typical
reaction pressures are 1-40 bar, suitably 10-30 bar, and
typical reaction temperatures are 100-400°C, suitably
200-300°C.

The amounts of ethylene and ethane, respectively, as
fed to the ethylene oxide production step of the present
processg, may be comprised in the ranges as discussed
above for geparated stream (i).

Further, it is preferred that in the ethylene oxide
production step of the present process, the ethylene and
ethane are contacted with a catalyst, preferably a silver
containing catalyst. A typical reactor for the ethylene
oxide production step consists of an assembly of tubes
that are packed with catalyst. A coolant may surround the
reactor tubes, removing the reaction heat and permitting
temperature control.

In case a silver containing catalyst is used in the
ethylene oxide production step of the present process,
the silver in the silver containing catalyst is
preferably in the form of silver oxide. Preferred is a
catalyst comprising particles wherein silver is deposited
on a carrier. Suitable carrier materials include
refractory materials, such as alumina, magnesia,
zirconia, silica and mixtures thereof. The catalyst may
also contain a promoter component, e.g. rhenium,
tungsten, molybdenum, chromium, nitrate- or nitrite-

forming compounds and combinations thereof. Preferably,
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the catalyst is a pelletized catalyst, for example in the
form of a fixed catalyst bed, or a powdered catalyst, for
example in the form of a fluidized catalyst bed.

The nature of the ethylene oxidation catalyst, if
any, 1s not essential in terms of cobtaining the
advantages of the present invention as described herein.
The amount of the ethylene oxidation catalyst is neither
essential. If a catalyst is used, preferably a
catalytically effective amount of the catalyst is used,
that is to say an amount sufficient to promote the
ethylene oxidation reaction. Although a specific quantity
of catalyst is not critical to the invention, preference
may be expressed for use of the catalyst in such an
amount that the gas hourly space velocity (GHSV) is of
from 100 to 50,000 hr™, suitably of from 500 to 20,000
hr!, more suitably of from 1,000 to 10,000 hr™*, most
suitably of from 2,000 to 4,000 hr™t.

In the present specification, "GHSV"™ or gas hourly
space velocity is the unit volume of gas at normal
temperature and pressure (0 °C, 1 atmosphere; i.e. 101.3
kPa) passing over one unit volume of catalyst per hour.

A moderator, for example a chlorohydrocarbon such as
monochloroethane (ethyl chloride), vinyl chloride or
dichloroethane, may be supplied for catalyst performance
control in the ethylene oxide production step ¢f the
present process. Most suitably, ethyl chloride is used.

Moderators that can be suitably used in the ethylene
oxide production step of the present process are also
disclosed in above-menticned GB1314613, GB1314613
discloses the use of an inhibitor (that is to say, a
moderator), selected from ethylene dichloride, vinyl

chloride, dichlorobenzene, monochlorobenzene,
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dichloromethane, and chlorinated phenyls, chlorinated
biphenyls and chlorinated polyphenyls, in the production
of ethylene oxide from ethylene.

The nature of the moderator, if any, 1s not
essential in terms of obtaining the advantages of the
present invention &s described herein. The amount of the
moderator is neither essential. The amount of such
moderator in the reaction mixture may range from 1 part
per million by volume (ppmv) to 2 vol.%, suitably 1 to
1,000 ppmv. The minimum amount of moderator in the
reaction mixture may be 0,1 ppmv, 0,2 ppmv, 0,5 ppmv, 1
ppmv, 2 ppmv, 5 ppmv, 10 ppmv or 50 ppmv. The maximum
amount of moderator in the reaction mixture may be
2 vol.%, 1 vol.%, 1,000 ppmv, 800 ppmv or 700 ppmv.

A suitable range for the amount of moderator that
can be used in the ethylene oxide production step of the
present process is also disclosed in above-mentioned
GB1314613 in relation to the above-mentioned group of
specific inhibitors (that is to say, moderators) as

disclosed in said GB1314613.

Examples of ethylene oxidation processes, including
catalysts and other process conditions, are for example
disclosed in US20090281345 and above-mentioned GBR1314613.
All of these ethylene oxidation processes are
suitable for the ethylene oxidation step of the present
invention.

In accordance with the present invention, the
process for producing ethylene in the ethylene production
step may be any process as long as it results in a stream
comprising ethylene and ethane. One example of such

process is a process for steam cracking hydrocarbon
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streams, such as an ethane stream, a naphtha stream, a
gasoll stream or a hydrowax stream, into ethylene. The
product stream resulting from such steam cracking process
will always contain, in addition to the ethylene product,
some unconverted ethane and/or ethane by-product.

In the present specification, "naphtha" refers to a
mixture comprising saturated hydrocarbons which have a
boiling point ranging from 20 to 200°C. Generally, said
hydrocarbons have between 5 and 12 carbon atoms. Further,
"gasoll"™ refers to a mixture comprising saturated
hydrocarbons which have a boiling point ranging from 200
to 600°C, and "hydrowax" refers to a mixture comprising
saturated hydrocarbons which have a boiling point ranging
from 250 to 700°C.

The steam cracking process is performed at elevated
temperatures, preferably in the range of from 650 to
1000°C, more preferably of from 750 to 950°C. The
conversion is typically in the range of from 40 to 75
mol%, based on the total number of moles of hydrocarbon
provided to the cracking zone. Hydrocarbon stream steam
cracking processes are well known. Reference is for
instance made to Kniel et al., Ethylene, Keystone to the
petrochemical industry, Marcel Dekker, Inc, New York,
1980, in particular chapter 6 and 7.

Hereinbelow, the present invention and its
advantages are further illustrated with reference to a
process wherein the ethylene is produced by oxidative
dehydrogenation (oxydehydrogenation; ODH) of ethane.

In one embodiment, the present invention relates to
a process for the production of ethylene oxide,

comprising the steps of:
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producing ethylene by subjecting a stream comprising
ethane to oxydehydrogenation conditions resulting in a
stream comprising ethylene and unconverted ethane;

separating the stream comprising ethylene and
unconverted ethane into a stream comprising ethylene and
unconverted ethane in which stream the amount of ethylene
is greater than the amount of unconverted ethane and a
stream comprising unconverted ethane and ethylene in
which stream the amount of unconverted ethane is greater
than the amount of ethylene;

producing ethylene oxide by subjecting ethylene
and unconverted ethane from the stream comprising
ethylene and unconverted ethane, in which stream the
amount of ethylene is greater than the amount of
unconverted ethane, to oxidation conditions resulting in
a stream comprising ethylene oxide, unconverted ethylene
and unconverted ethane; and

recovering ethylene oxide from the stream
comprising ethylene oxide, unconverted ethylene and
unconverted ethane.

Preferably, in the above-mentioned ethane
oxydehydrogenation embodiment, a stream comprising
unconverted ethylene and unconverted ethane is separated
from the stream comprising ethylene oxide, unconverted
ethylene and unconverted ethane and is recycled to the
Step of producing ethylene oxide. Further, preferably,
said separated stream comprising unconverted ethylene and
unconverted ethane is further separated into a stream
comprising unconverted ethylene which is recycled to the
step of producing ethylene oxide and a stream comprising
unconverted ethane which is recycled to the step of

producing ethylene.
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In addition, advantageously, the latter separation
is not critical so that a complete separation of ethane
from ethylene is not needed. In the ethane
oxydehydrogenation embodiment of the present invention,
ethane is both starting material in the ethylene
production step and ballast gas in the subsequent
ethylene oxide production step. All that matters is that
the separated substream which comprises more ethylene
than the other separated substream is recycled to the
Sstep of producing ethylene oxide, whereas the other
separated substream is recycled to the step of producing
ethylene.

Before recycle of said streams, carbon dioxide may
be removed partially or completely, in a way as is for
example discussed above with reference to Figures 1 and
2.

Also in the above-mentioned ethane
oxydehydrogenation embodiment, the stream comprising
ethylene and (unconverted) ethane resulting from the
ethylene production step is separated into two streams:
(i) a stream comprising ethylene and unconverted ethane
in which the amount of ethylene is greater than the
amount of unconverted ethane (“separated stream (i)");
and (ii) a stream comprising unconverted ethane and
ethylene in which the amount of unconverted ethane is
greater than the amount of ethylene (“separated stream
(ii)”) . The above-mentioned preferences for the relative
amounts of ethylene and ethane in said separated streams
(i) and (ii), also apply to the above-mentioned ethane
oxydehydrogenation embodiment, with the proviso that in
the latter embodiment “ethane” implies “unconverted

ethane’.
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Further, also in the above-mentioned ethane
oxydehydrogenation embodiment, it is preferred that the
separated stream comprising unconverted ethane and
ethylene in which stream the amount of unconverted ethane
is greater than the amount of ethylene, that is to say
above-mentioned stream (ii), 1is recycled to the step of
producing ethylene.

The flow schemes of Figures 1 and 2 are equally
applicable to the ethane oxydehydrogenation embodiment of
the present invention as described above, with the
proviso that in the latter embodiment oxidizing agent
should not only be fed to ethylene oxide production unit
8 but also to ethylene production unit 2 (the latter
oxidizing agent feed is not shown in Figures 1 and 2).

The same advantages as described above apply to the
ethane oxydehydrogenation embodiment of the present
invention.

An additional advantage of the ethane
oxydehydrogenation embodiment of the present invention is
that there is no need to remove remaining oxidizing
agent, 1if any, from the product stream resulting from the
ethylene production step, because oxidizing agent is
needed anyway in the subsegquent production of ethylene
oxide. For example, US20100256432 addresses the
cumbersome requirement to eliminate unreacted oxygen from
an ethane oxydehydrogenation product stream.

Further, advantageously, the same source of
oxidizing agent as used for feeding oxidizing agent to
the ethylene oxide production step of the present
process, can be used for feeding oxidizing agent to the
ethylene production step of the ethane oxydehydrogenation
embodiment of the present process. This is illustrated in

Figure 3. For an explanation of the flow scheme of Figure
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3, reference is made to the above explanation of the flow
scheme of Figure 1, the only difference being that in the
flow scheme of Figure 3 there is an additional stream 18
comprising an oxidizing agent which is fed to ethylene
production unit 2 and which originates from the same
source used for stream 7 comprising an oxidizing agent
which is fed to ethylene oxide production unit 8.

In the ethylene production step of the above-
mentioned ethane oxydehydrogenation embodiment of the
present invention, a stream comprising ethane is
contacted with an oxidizing agent, thereby resulting in
oxidative dehydrogenation of the ethane into ethylene.
The oxidizing agent may be high-purity oxygen or air, but
is preferably high-purity oxygen which may have a purity
greater than 90%, preferably greater than 95%, more
preferably greater than 99%, and most preferably greater
than 99.9%.

Ranges for the molar ratio of oxygen to ethane which
are suitable in oxidative dehydrogenation of ethane, are
of from 0.01 to 1, more suitably 0.05 to 0.5.

Further, it is preferred that the stream comprising
ethane is contacted with a catalyst. The catalyst may be
a metal oxide catalyst, preferably a mixed metal oxide
catalyst which is a metal oxide catalyst containing two
or more different metals, preferably at most four or five
different metals. Preferably, the catalyst is a
pelletized catalyst, for example in the form of a fixed
catalyst bed, or a powdered catalyst, for example in the
form of a fluidized catalyst bed.

Examples of ethane oxydehydrogenation processes,
including catalysts and other process conditions, are for
example disclosed in US7091377, W02003064035,
US20040147393, W02010096909 and above-mentioned



81781511

10

15

20

25

30

- 21 -

US20100256432,

A suitable ethane oxydehydrogenation catalyst is
a mixed metal oxide catalyst containing molybdenum,
vanadium, tellurium and niobium as the metals, which may
have the following formula:
MoV, TepNb 0,

wherein a is from 0.01 to 1, b is from >0 to 1, c is
from >0 to 1, and n is a number which is determined by
the valency and frequency of elements other than oxygen.
The nature of the ethane oxydehydrogenation catalyst is
not essential in terms of obtaining the advantages of the
present invention as described herein.

The amount of the ethane oxydehydrogenation
catalyst, if any, is neither essential. If a catalyst is
used, preferably a catalytically effective amount of the
catalyst is used, that is to say an amount sufficient to
promote the ethane oxydehydrogenation reaction. Although
a specific quantity of catalyst is not critical to the
invention, preference may be expressed for use of the
catalyst in such an amount that the gas hourly space
velocity (GHSV) is of from 100 to 50,000 hr™, suitably
of from 200 to 20,000 hr™!, more suitably of from 300 to
10,000 hr?, most suitably of from 500 to 5,000 hr’*.

In the ethane oxydehydrogenation embodiment of the
present invention, typical reaction pressures are 0.1-20
bar, suitably 1-10 bar, and typical reaction temperatures
are 100-600°C, suitably 200-500°C.

In general, the product stream resulting from the
ethylene production step in the ethane oxydehydrogenation
embodiment of the present invention comprises water in
addition to ethylene and unconverted ethane. Water may

easily be separated from said product stream, for example
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by cooling down the product stream from the reaction
temperature to a lower temperature, for example room
temperature, so that the water condenses and can then be
separated from the product stream.

Preferably, water is separated from the product
stream resulting from the ethylene production step in the
ethane oxydehydrogenation embodiment of the present
invention, and the resulting product stream is then sent
directly to the next step, that is to say the step
wherein the stream comprising ethylene and unconverted
ethane resulting from the ethylene production step is
separated into above-mentioned streams (i) and (ii). In
this way, advantageously there is not any other
intermediate step, other than said water removal step and
separation step. Therefore, there is no need to remove
any carbon monoxide or carbon dioxide prior to the
ethylene oxidation step. Oxygen may or may not be removed
prior to said separation step,.

Preferably, at least part of the ethylene oxide 1is
converted to monoethylene glycol (MEG), which is a useful
liguid product. The conversion of ethylene oxide to MEG
may be done using any MEG producing process that uses
ethylene oxide. Typically the ethylene oxide is
hydrolysed with water to MEG. Optionally, the ethylene
oxide is first converted with carbon dioxide to ethylene
carbonate, which is subseguently hydrolysed to MEG and
carbon dioxide. The water is provided to the MEG zone as
a feed containing water, preferably pure water or steam.
The MEG product is obtained from the MEG zone as a MEG-
comprising effluent. Suitable processes for the
production of ethylene oxide and MEG are described for

instance in US2008139853, US2009234144, US2004225138,
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US820044224841 and US20081823999,

The invention is further illustrated by the
fecllowing Example.
Example

In this experiment, ethylene was oxidized into
ethylene oxide (EO) over a rhenium-containing catalyst
prepared according to US20090281345 and having a silver
content of 17.5 wt.%, using air as a source of oxygen
(oxidizing agent), using ethane as ballast gas, and using
ethyl chloride (EC) as moderator.

The experiment was performed in a “single-pass” or
“once-through” mode without any recycle. An inlet gas
stream was contacted with the catalyst in a U-shaped
tubular steel microreactor that was immersed in a
temperature—controlled molten metal bath. The inlet gas
stream comprised 25 vol.% of ethylene, 8.3 vol.% of
oxygen, 0.6 vol% of carbon dioxide, 260 parts per million
by volume (ppmv) of EC, 32.3 vol.% of ethane, the balance
comprising nitrogen originating from the air that was
used as the source of oxygen and from the blend
containing EC that was used as the moderator.

A gas flow rate of 254 cc/minute was directed
through a 4.6 g charge of catalyst, providing a gas
hourly space velccity (GHSV) of 2,850 hr~!. Total
pressure was 16.5 bar gauge. Generation of 3.48 vol.% EO
in the product stream corresponded to a work rate of 195
kg of product per cubic meter of catalyst bed per hour
(kg/m>/hr). The catalyst temperature to achieve said
target work rate was 244 °C.

Results of the experiment are shown in Table 1
below. The experiment shows that ethane can be used as a

ballast gas in the oxidation of ethylene to EO. In
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addition, when using ethane as ballast gas, the

selectivity of the ethylene oxidation reaction to EO is

high. Furthermore, ethane is converted to only a small

extent.

Table 1
Oxygen conversion 46.60%
Ethylene conversion 15.2%
Ethane conversion 0.7%
Selectivity of conversion of ethylene to EO 88.9%
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CLAIMS:

1. Process for the production of ethylene oxide, comprising
the steps of:

producing ethylene by subjecting a stream comprising ethane
to oxydehydrogenation conditions, comprising contacting the
stream comprising ethane with an oxidizing agent, resulting in
a stream comprising ethylene and unconverted ethane;

separating the stream comprising ethylene and unconverted
ethane into a stream comprising ethylene and unconverted ethane
in which stream the amount of ethylene is greater than the
amount of unconverted ethane and a stream comprising
unconverted ethane and ethylene in which stream the amount of
unconverted ethane is greater than the amount of ethylene;

producing ethylene oxide by subjecting ethylene and
unconverted ethane from the stream comprising ethylene and
unconverted ethane, in which stream the amount of ethylene is
greater than the amount of unconverted ethane, to oxidation
conditions, comprising contacting the ethylene and unconverted
ethane with an oxidizing agent, wherein the amount of ethylene
as fed to the ethylene oxide production step is greater than
the amount of unconverted ethane as fed to the ethylene oxide
production step, resulting in a stream comprising ethylene
oxide, unconverted ethylene, and unconverted ethane; and

recovering ethylene oxide from the stream comprising
ethylene oxide, unconverted ethylene, and unconverted ethane;
and

wherein unconverted ethane from the stream comprising
ethylene oxide, unconverted ethylene, and unconverted ethane is

recycled to the step of producing ethylene.

CA 2866332 2019-07-29



10

15

20

25

30

81781511
- 26 -

2. Process according to claim 1, wherein unconverted ethylene
from the stream comprising ethylene oxide, unconverted
ethylene, and unconverted ethane is recycled to the step of
producing ethylene oxide.

3. Process according to claim 1 or 2, wherein a stream
comprising unconverted ethylene and unconverted ethane is
separated from the stream comprising ethylene oxide,
unconverted ethylene, and unconverted ethane and is recycled to
the step of producing ethylene oxide.

4. Process according to claim 1, wherein unconverted ethane
from the stream comprising ethylene oxide, unconverted
ethylene, and unconverted ethane is recycled to the step of
producing ethylene and to the step of producing ethylene oxide.
5. Process according to any one of claims 1-4, wherein the
separated stream comprising ethylene and unconverted ethane in
which stream the amount of ethylene is greater than the amount
of unconverted ethane, comprises 90 to 55 wt.% of ethylene and
10 to 45 wt.$% of unconverted ethane, and wherein the separated
stream comprising unconverted ethane and ethylene in which
stream the amount of unconverted ethane is greater than the
amount of ethylene, comprises 90 to 55 wt.% of unconverted
ethane and 10 to 45 wt.% of ethylene.

6. Process according to any one of claims 1-5, wherein the
separated stream comprising unconverted ethane and ethylene in
which stream the amount of unconverted ethane is greater than
the amount of ethylene is recycled to the step of producing
ethylene.

7. Process according to any one of claims 1-6, wherein a
stream comprising unconverted ethylene and unconverted ethane
is separated from the stream comprising ethylene oxide,

unconverted ethylene, and unconverted ethane, the stream

CA 2866332 2019-07-29



81781511
- 27 -

comprising unconverted ethylene and unconverted ethane is
separated into a stream comprising unconverted ethylene which
is recycled to the step of producing ethylene oxide and a
stream comprising unconverted ethane which is recycled to the
step of producing ethylene.

8. Process according to any one of claims 1-7, wherein at
least part of the ethylene oxide is converted to monoethylene

glycol.
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