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(54) Title: PROCESS FOR PREPARING ETHYLENE OXIDE

@\ (57) Abstract: The present invention relates to a process for treating a mixture of impure ethylene oxide and of water in a ratio
\L by weight of ethylene oxide to water of 0.1/1 to 4/1, comprising aldehyde impurities, formaldehyde and acetaldehyde, in order to
Q0 obtain a purified ethylene oxide essentially free of water and of the aldehyde impurities. The process comprises (1) conveying the
mixture to a first fractionation region Z1, while a liquid stream L1 comprising at least 98 % by weight of water and a portion of the
aldehyde impurities is withdrawn at the bottom of Z1, and a gas stream G1 comprising more than 99 % by weight of ethylene oxide
~~. with residual amounts of water and of the aldehyde impurities is withdrawn at the top of Z1, and (2) conveying the gas stream G1
to a second fractionation region Z2, while a liquid stream 1.2 comprising a mixture of ethylene oxide, of water and of the aldehyde
impurity(ies) is withdrawn at the bottom of Z2, a liquid stream 1.3 is withdrawn as a side stream from the region Z2 and is conveyed
to the region Zl, and a gas stream G2 comprising the purified ethylene oxide is withdrawn at the top of Z2. The process is particularly
suitable when it is combined with a process for the manufacture of ethylene oxide by gas-phase catalytic oxidation of ethylene by

molecular oxygen.
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PROCESS FOR PREPARING ETHYLENE OXIDE

The present invention relates to the recovery of an ethylene oxide essentially

free of water and of aldehyde impurities, formaldehyde and acetaldehyde, from a
mixture of water and of impure ethylene oxide obtained in particular during the
manufacture of ethylene oxide.

The impure ethylene oxide comprising the aldehyde impurities in the form of a
mixture with water generally results from the manufacture of ethylene oxide by gas-
phase catalytic oxidation of ethylene by molecular oxygen. The catalytic oxidation can
be carried out by virtue of a silver-comprising catalyst at a high temperature, for
example from 100 to 500°C, under an absolute pressure greater than atmospheric
pressure, for example from 0.5 to 5 MPa, in particular according to the process
disclosed in United States Patent US 2 775 510 or in International Patent Application
WO 96/33182.

A gaseous reaction mixture comprising ethylene oxide, the aldehyde impurities,
formaldehyde and acetaldehyde, unreacted reactants, such as ethylene and oxygen, and
optionally inert gases, such as nitrogen, argon, methane, ethane and carbon dioxide,
results from the catalytic oxidation. The recovery of the ethylene oxide from this
gaseous reaction mixture is usually carried out in several stages.

A first stage generally comprises absorption (or washing) with water, generally
consisting in bringing the gaseous reaction mixture into contact with water or an
essentially aqueous stream, in order to form a very dilute aqueous solution of ethylene
oxide and thus to separate the ethylene oxide from the other gaseous constituents, in

particular unreacted reactants and inert gases. The gaseous constituents
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thus separated generally constitute a gas stream for recycling which is returned to the
catalytic oxidation stage, optionally after a stage of decarbonation which consists in
removing the carbon dioxide gas. The very dilute aqueous solution of ethylene oxide
generally comprises from 2 to 3 % by weight of ethylene oxide, the aldehyde impurities
and some dissolved residual gases.

A second stage can subsequently comprise desorption (or extraction) with
steam, which generally consists in passing steam, generally countercurrentwise to the
very dilute aqueous solution of ethylene oxide, and in extracting from this solution, in
particular the ethylene oxide. Simultaneously, an aqueous solution highly depleted in
ethylene oxide is separated and, preferably, is recycled in the water or in the aqueous
stream employed in the preceding stage (the absorption stage). The ethylene oxide
extracted from the desorption stage generally appears in the form of a mixture of water
and of impure ethylene oxide comprising the aldehyde impurities, formaldehyde and
acetaldehyde. Generally, this mixture is in a ratio by weight of ethylene oxide to water
0f 0.1/1 to 4/1, preferably of 0.2/1 to 3/1, in particular of 0.4/1 to 1.6/1. In view of the
desorption conditions, the mixture of water and of impure ethylene oxide thus extracted
generally appears in the form of a gas mixture.

The stages which subsequently follow for separating the ethylene oxide from the
water and the aldehyde impurities differ from one process to another and generally
exhibit failings and disadvantages. Thus, for example, United States Patent US 3 904
656 discloses a stage of reabsorption by water of the ethylene oxide present in the
mixture of water and impure ethylene oxide resulting from the desorption stage. A large
part of the dissolved residual gases is not reabsorbed in the water and is easily separated
in the form of a gas stream. Furthermore, the reabsorption results in a fresh dilution of
the ethylene oxide in water, thus forming a dilute aqueous solution of ethylene oxide
(for example, of 5 to 15 % by weight of ethylene oxide) comprising the aldehyde
impurities. The following stages can successively comprise a “refining” stage, a stage of
exfraction of carbon dioxide gas and a final stage of purification of the ethylene oxide,
so as to remove in particular acetaldehyde. However, the ethylene oxide thus treated
still comprises substantial amounts of aldehyde impurities and in particular of
formaldehyde, for example more than 10 parts by weight per million (ppm) of

formaldehyde. Furthermore, the “refining” stage and the stage of extraction of carbon
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dioxide gas lead to not insignificant losses of ethylene oxide, so that the yield of
purified ethylene oxide is relatively low. Finally, the dilution of the ethylene oxide by
fresh amounts of water during the reabsorption stage inevitably leads subsequently to a.
considerable expenditure of energy in separating the ethylene oxide from this added
water.

United States Patents US 4 134 797 and US 5 529 667 also disclose a stage of
reabsorption of the ethylene oxide by water and a stage of extraction of the carbon
dioxide gas, as described above, and additionally provide a final stage of purification
intended to reduce the content of aldehyde impurities in the ethylene oxide. This final
stage is carried out by addition of steam as entrainment fluid with the mixture of water
and of impure ethylene oxide in a distillation column. Pure ethylene oxide substantially
free of aldehyde impurities is withdrawn by a first side stream from the distillation
column, while impure ethylene oxide (rich in formaldehyde and/or acetaldehyde) is
withdrawn simultaneously by the top of the distillation column and by a second side
stream. In particular, the stream withdrawn by the top of the distillation column is a
stream of impure ethylene oxide (about 99.5 % by weight or more of ethylene oxide)
rich in formaldehyde (approximately from 50 to 500 ppm of formaldehyde), the stream
withdrawn by the first side stream is a stream of pure ethylene oxide substantially free
of aldehyde impurities (approximately from 10 to 350 ppm of aldehyde impurities and
generally with less than 20 or even less than 10 or 5 ppm of formaldehyde), and the
stream withdrawn by the second side stream is a stream of impure ethylene oxide (about
88 or 95 % by weight or more of ethylene oxide) rich in acetaldehyde (approximately
from 0.1 to 10 %, or from 0.2 to 2 % by weight of acetaldehyde). However, the stream
of pure ethylene oxide is only obtained at the cost of a very complex process which
leaves approximately from 25 to 40 % of the ethylene oxide in the unpurified form,
without counting the losses of ethylene oxide which occur during the stages of
reabsorption and of decarbonation and the disadvantages described above related to
these two stages.

European Patent Application EP 0 322 323 discloses a process for separating
ethylene oxide from aldehyde umpurities, comprising first of all a stage of reabsorption
with water of the ethylene oxide, as described in the last two United States patents, or

else a “gradual condensation” stage, as disclosed in European Patent
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Application EP 0 139 601, carried out in particular in two or three heat exchangers
arranged in series, and subsequently provides for completion by a final stage of
purification of a liquid stream of water and of impure ethylene oxide in a relatively high
proportion of water (for example, from 1.2 to 5.2 % by weight of water). However, the
implementation of the reabsorption or gradual condensation stage leads to relatively
high losses of ethylene oxide, in particular because of the aqueous solutions or
condensates withdrawn, so that the yield of purified ethylene oxide is relatively low.
Furthermore, the ethylene oxide thus treated exhibits a content of aldehyde impurities,
formaldehyde and acetaldehyde, which still remains relatively high, for example from
15 to more than 20 ppm.

United States Patent US 3 418 338 discloses an extractive distillation of a 0.5 %
by weight solution of ethylene oxide comprising only formaldehyde.

International Patent Application WO 98/33785 discloses a distillation process
for separating ethylene oxide from formaldehyde only, and not from the aldehyde
impurities, i.e. formaldehyde and acetaldehyde.

The aim of the present invention is to correct the failings and to avoid the
disadvantages of the processes described above. In particular, it provides for the
provision of a purified ethylene oxide having in particular extremely low contents of the
aldehyde impurities, formaldehyde and acetaldehyde, by a process which makes it
possible to recover the purified ethylene oxide with a much higher yield than the known
processes. The process provided is relatively simplified and the capital and production
costs are particularly low. The process according to the invention is particularly well
suited to treating the mixtures of impure ethylene oxide and of water resulting from the
manufacture of ethylene oxide by the catalytic oxidation route.

The present invention relates first of all to a process for treating a mixture of
impure ethylene oxide and of water in a ratio by weight of ethylene oxide to water of
0.1/1 to 4/1, preferably of 0.2/1 to 3/1, in particular of 0.4/1 to 1.6/1, comprising
aldehyde impurities, formaldehyde and acetaldehyde, in order to obtain a purified
ethylene oxide essentially free of water and of the aldehyde impurities, which process is
characterized in that:

1) the mixture is conveyed to a first fractionation region Z1, while a liquid stream

L1 comprising at least 98 %, preferably at least 99 %, by weight of water and a
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portion of the aldehyde impurities is withdrawn at the bottom of Z1, and a gas

stream G1 comprising more than 99 %, preferably more than 99.5 %, by weight

of ethylene oxide with residual amounts of water and of the aldehyde impurities
is withdrawn at the top of Z1, and

(2)  the gas stream G1 is conveyed to a second fractionation region Z2, while a
liquid stream L2 comprising a mixture of ethylene oxide, of water and of the
aldehyde impurity(ies) is withdrawn at the bottom of Z2, a liquid stream L3 is
withdrawn as a side stream from the region Z2 and is conveyed to the region Z1,
and a gas stream G2 comprising the purified ethylene oxide essentially free of
water and of the aldehyde impurities is withdrawn at the top of Z2.

The treatment process of the invention is particularly suited to a process for the
manufacture of a purified ethylene oxide essentially free of water and of the aldehyde
impurities, formaldehyde and acetaldehyde, which process comprises:

(a) synthesis of ethylene oxide in a reaction region by a gas-phase catalytic reaction
between ethylene and molecular oxygen, so as to form a gaseous reaction
mixture comprising ethylene oxide, the aldehyde impurities, unreacted reactants
and possibly inert gases,

(b) absorption with water by bringing the gaseous reaction mixture obtained in (a)
into contact with an essentially aqueous stream, so as to form a dilute aqueous
solution of impure ethylene oxide comprising the aldehyde impurities, after
separation of a gas stream for recycling essentially comprising the unreacted
reactants and possibly the inert gases, which gas stream is at least partially
returned, directly or indirectly, to the reaction region, and

(©) desorption of the eth};lene oxide by entrainment of the dilute aqueous solution
obtained in (b) with steam in a column, so as to form, at the column bottom, an
aqueous stream essentially free of ethylene oxide and, at the top, a mixture of
impure ethylene oxide and of water in a ratio by weight of ethylene oxide to
water of 0.1/1 to 4/1, preferably of 0.2/1 to 3/1, in particular of 0.4/1 to 1.6/1,
comprising the aldehyde impurities,
and is characterized in that the mixture of impure ethylene oxide and of water

obtained in (c) is subjected to the treatment described above or to any one of the

alternative forms of this treatment described subsequently.
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Figures 1 and 2 diagrammatically represent, by way of illustration, the process
for the treatment and recovery of ethylene oxide according to the invention and a
preferred alternative form of this process. Figure 3 diagrammatically represents, by way
of illustration, a process for the manufacture of ethylene oxide comprising the treatment
and the recovery of ethylene oxide according to the invention.

The expression “aldehyde impurities” used here and subsequently is intended to
denote formaldehyde, acetaldehyde and one of their mixtures. The parts or percentages
by weight of aldehyde impurities, formaldehyde and acetaldehyde, are expressed by
weight of acetaldehyde in the present description, unless otherwise indicated.

Typically, the mixture of impure ethylene oxide and water which can be
obtained in (c) in the process for the manufacture of ethylene oxide, or which is
conveyed to the region Z1 of the treatment process according to the invention, can have
a content by weight of the aldehyde impurities approximately of 50 to 2 000 parts by
million by weight (ppm), preferably of 50 to 1 000 ppm, in particular of 50 to 500 ppm,
with generally a molar ratio of acetaldehyde to formaldehyde of 0.5/1 to 5/1, preferably
of 1/1 to 3/1 plus. In addition, the mixture can also comprise up to approximately
500 ppm, preferably up to 250 ppm, of carbon dioxide gas (with respect to the ethylene
oxide present in the mixture).

In the process for the manufacture of ethylene oxide as described above, the gas
stream for recycling obtained in (b) can advantageously be subjected to decarbonation
before it is returned to the reaction region. The decarbonation can be carried out by any
process which makes it possible to at least partially remove the carbon dioxide gas by
bringing the gas stream for recycling into contact with an absorbent of the carbon
dioxide gas, in particular an alkaline compound, as is described in more detail
subsequently. The decarbonation of the gas stream for recycling can be a particularly
effective means for reducing, controlling and regulating the content of carbon dioxide
gas in the gaseous reaction mixture and also in the ethylene oxide obtained by the
treatment according to the invention.

The desorption conditions in (c) of the process for the manufacture of ethylene
oxide can generally be chosen so that the mixture of impure ethylene oxide and of water
is obtained in the form of a gas mixture. Thus, in this case, the mixture of impure

ethylene oxide and of water, prior to sending it to the region Z1 of the treatment



WO 03/055869 PCT/GB02/05769

according to the invention, can advantageously be condensed, so as to form an aqueous
solution of impure ethylene oxide in proportions of water, ethylene oxide and the
aldehyde impurities which are identical or essentially identical to those in the said
mixture. After this condensation, but before the treatment according to the invention, it
is also possible to separate, from this final solution, the possible final traces of very
volatile compounds, such as residual amounts of carbon dioxide gas and possibly of one
or more inert gases (such as mentioned above), by entrainment, for example with steam.
This final separation can advantageously be carried out without substantially modifying
the composition of the solution in ethylene oxide, water and the aldehyde impurities and
preferably without substantially affecting the yield of purified ethylene oxide of the
process. Such a separation can be carried out in particular under conditions as described
subsequently in Figure 3. The advantage of this final separation, combined with the
decarbonation stage described above, is to be able to treat the mixture of water and of
impure ethylene oxide freed from substantial traces of carbon dioxide gas and
consequently to use treatment equipment, such as distillation columns, condensers and
reboilers, made of an ordinary steel and no longer of a special steel or of stainless steel.
Thus, the aqueous solution of impure ethylene oxide, after this optional final separation,
can be conveyed to the fractionation region Z1, for example at a temperature of 20 to
60°C, preferably of 30 to 50°C.

The fractionation region Z1 can comprise at least one distillation column having
e.g. from 10 to 30, preferably from 15 to 25, theoretical plates. The distillation column
can be a packed column or a plate column. The region Z1 can be fed with a mixture of
impure ethylene oxide and of water (or preferably with an aqueous solution of impure
ethylene oxide) at a level situated between a tenth and a half, preferably between an
eighth and a third, of the number of theoretical plates of Z1, counting from the bottom
of Z1, e.g. at a level from the 3™ to the 7", preferably from the 5™ to the 7™ theoretical
plates counting from the bottom of Z1. If the region Z1 comprises a packed column, the
packing may have a specific substance exchange surface in the range from 200 to 500,
preferably from 350 to 500 m*/m’.

The fractionation region Z1 can advantageously operate with a bottom
temperature of 100 to 160°C, preferably of 120 to 150°C, in particular of 130 to 150°C
and a top temperature of 30 to 60°C, preferably of 40 to 50°C, under an absolute
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pressure of 0.1 to 1 MPa, preferably of 0.15 to 0.5 MPa.

Heat is generally supplied to the region Z1 by virtue of a reboiler positioned at
the bottom of Z1 or by virtue of the introduction of steam into the bottom of Z1. The
choice of a relatively high bottom temperature in Z1 compels preference to be given to
the introduction of steam instead of the use of a reboiler.

The fractionation region Z1 operates according to the invention so that a liquid
stream L1 comprising at least 98 %, preferably at least 99 %, by weight of water is
withdrawn at the bottom and so that a gas stream G1 comprising more than 99 %,
preferably more than 99.5 %, by weight of ethylene oxide is withdrawn at the top. In
particular, the opérating conditions of Z1 can be such that the liquid stream L1 can
comprise less than 0.5 %, preferably less than 0.2 %, by weight of ethylene oxide. It has
been observed, in a particularly advantageous way, that the liquid stream L1 can
comprise from 60 to 99 %, preferably from 75 to 98 %, by weight of the amount of
formaldehyde present in the mixture of impure ethylene oxide and of water conveyed to
the region Z1. It is conceivable that, in the process of the invention, the great majority,
if not all, of the formaldehyde is separated from the ethylene oxide in the region Z1, by
virtue in particular of the specific fractionation conditions applied in Z1, thus making it
possible to achieve the desired compositions of the streams L1 and G1, as mentioned
above: in particular, a composition of the liquid stream L1 at the bottom which is
extremely rich in water and a composition of the gas stream G1 at the top which is
extremely rich in ethylene oxide. Consequently, it is conceivable that the success of the
process of the invention probably arises from the fact that the majority, if not all, of the
formaldehyde can be separated from the ethylene oxide in the region Z1. The
formaldehyde will be separated from the ethylene oxide with much more difficulty in
the region Z2, where the residual amount of water and of acetaldehyde in particular can
still be efficiently separated. It is also conceivable, without being able to show it with
certainty, that such results can be obtained in part by virtue of the choice of a bottom
temperature for Z1 which is particularly high and which might promote the preferential
removal, with the liquid stream L1, of the formaldehyde in a relatively unstable
hydrated form or in the form of a product from the hydration of formaldehyde.

The fractionation region Z1 can operate with the streams G1 and L1, which are

withdrawn from the region Z1, in a ratio by weight of G1 to L1 of 1/1 to 5/1, preferably
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of 1.5/1 to 4/1, in particular of 2/1 to 3/1.

According to the invention, the gas stream G1 feeds the fractionation region Z2,
which can comprise at least one distillation column having from 50 to 120, preferably
from 80 to 110, in particular from 85 to 105 theoretical plates. The distillation column
can be a packed column or a plate column. If the region Z2 comprises a packed column,
the packing may have a specific substance exchange surface in the range from 200 to
500, preferably from 350 to 500 m*/m>.The feeding of the region Z2 with the gas stream
G1 can advantageously be carried out at a level situated between a third and a half,
preferably between a quarter and a half of the number of theoretical plates of Z2,
counting from the bottom of Z2.

The fractionation region Z2 can advantageously operate with a bottom
temperature of 35 to 65°C, preferably of 40 to 60°C, and a top temperature of 30 to
50°C, preferably 35 to 45°C, under an absolute pressure which is different from or,
preferably, substantially identical to that existing in the region Z1, in particular an
absolute pressure of 0.1 to 1 MPa, preferably of 0.15 to 0.5 MPa. It can be of a
particular interest that the top temperature is so low, since the purified ethylene oxide is
withdrawn at the top of the region Z2 and then can be easily condensed in a condensate
form at a particularly low temperature, e.g. from 15 to 30°C.

Heat 1s generally supplied to the region Z2 by virtue of the introduction of steam
into the bottom of Z2 or, preferably, by virtue of a reboiler positioned at the bottom of
Z2, due in particular to the low temperature applied in the bottom of Z2.

A particularly advantageous alternative form of the operation of the
fractionation region Z2 can be that the region Z2 operates at reflux. Thus, the gas
stream G2 withdrawn at the top of Z2 can be advantageously condensed and preferably
cooled, so as to form a condensate at a temperature, for example, of 15 to 30°C. A
portion of the resulting condensate is returned as reflux to the top of the region Z2 and
the additional non-refluxed portion is recovered in the form of a liquid stream
composed of the purified ethylene oxide essentially free of water and of the aldehyde
impurities such as resulting from the treatment according to the invention. The reflux
ratio, expressed by a ratio by weight of the refluxed part to the additional non-refluxed
part, can advantageously be from 1/1 to 10/1, preferably from 1.5/1 to 5/ 1, in particular
from 2.5/1 to 4/1. An excessively low reflux ratio can affect the quality of the ethylene
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oxide withdrawn and recovered at the top of Z2 and can in particular increase the
content of the aldehyde impurities and in particular of acetaldehyde in the ethylene
oxide.

The fractionation region Z2 operates according to the invention so that a liquid
stream L2, comprising a mixture of ethylene oxide, of water and of the aldehyde
impurity(ies), is withdrawn at the bottom and so that a gas stream G2, comprising the
purified ethylene oxide essentially free of water and of the aldehyde impurities, is
withdrawn at the top.

The fractionation region Z2 can operate with the streams G2 and L2, which are
withdrawn from the region Z2, in a ratio by weight of G2 to L2 of 30/1 to 150/1,
preferably of 40/1 to 130/1, in particular of 60/1 to 100/1, especially of 65/1 to 85/1.

In particular, it is possible to use fractionation conditions such that, per 100 parts
by weight of liquid stream L2, from 80 to 95 parts by weight of ethylene oxide, from 1
to 5 parts by weight of water and from 1 to 5 parts by weight of the aldehyde
impurity(ies) are recorded. It is particularly interesting to note that the liquid stream L2
generally comprises, as the aldehyde impurity(ies), essentially acetaldehyde and that
consequently the region Z2 serves in particular to separate the ethylene oxide from the
acetaldehyde and the final traces of water. Furthermore, per 100 parts by weight of the
liquid stream L2, the presence of 1 to 10 parts by weight of ethylene glycol can also be
recorded.

The effectiveness of the treatment according to the invention is apparent in the
composition of the purified ethylene oxide essentially free of water and of the aldehyde
impurities, formaldehyde and acetaldehyde, resulting from the gas stream G2
withdrawn at the top of Z2 or in particular from the condensate formed after
condensation of G2: the ethylene oxide generally comprises from 1 to 50 ppm,
preferably from 2 to 10 ppm, in particular from 3 to 8 ppm, of water and from 1 to less
than 15 ppm, preferably from 2 to 12 ppm, in particular from 3 to 10 ppm, of aldehyde
impurities. It is particularly interesting to note that the purified ethylene oxide treated
according to the invention generally comprises less than 5 ppm, preferably less than
4 ppm, in particular less than 3 ppm, of formaldehyde. Furthermore, it may also be
noted that the purified ethylene oxide obtained according to the invention can comprise

from 3 to 15 ppm, preferably from 3 to 10 ppm, in particular from 3 to 6 ppm, of carbon
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dioxide gas.

Another particularly advantageous form of the treatment process according to
the invention is that a liquid stream L3 is withdrawn as a side stream from the region Z2
and is conveyed to the region Z1. Sending a liquid stream L3 to Z1 can be equivalent to
operating the region Z1 under conditions similar to reflux. The liquid stream L3 can in
particular be removed from Z2 at the same level as or below the point for feeding Z2
with the gas stream G1, preferably at a level situated between a third and a half,
preferably between a quarter and a half of the number of theoretical plates, counting
from the bottom of Z2. It has been found to be particularly advantageous to convey the
liquid stream L3 to a point situated in the upper half of the region Z1, preferably at the
top of Z1. Another advantageous condition intended in particular to improve the
operation of the region Z1 can result from the fact that the streams G1 and L3 are
employed in a ratio by weight of GI to L3 of 0.5/1 to 5/1, preferably of 1/1 to 3/ 1,in
particular of 1.5/1 to 2.5/1. Under these conditions, it has been observed that optimum
fractionation is obtained in Z1, in particular for reducing the aldehyde impurities, and in
particular formaldehyde, in the gas stream G1 exiting at the top of Z1. Finally, the
streams G2 and L3 can advantageously be withdrawn from the region Z2 in a ratio by
weight of G2 to L3 of 1/1 to 20/1, preferably of 2/1 to 10/1, in particular of 2.5/1 to 4/1.

It has been noticed that, by simultaneously varying the reflux ratio of the region
Z2 and the ratio by weight of the streams G1 and L3, it is possible to considerably
reduce the content of the aldehyde impurities, formaldehyde and acetaldehyde, in the
ethylene oxide treated according to the invention, while maintaining a yield of purified
ethylene oxide at a particularly high level.

Another alternative form of the treatment process according to the invention can
be that the fractionation region Z2, comprises two distillation columns arranged in
series, an upper column D1 and a lower column D2, so that the gas stream G1 emerges
in the lower half of D1, preferably in the bottom of D1, so that the gas stream G2 exits
via the top of D1, so that the bottom of D1 communicates via a liquid transfer stream
TL with the top of D2, so that the top of D2 communicates via a gas transfer stream TG
with the bottom of D1, and so that the liquid stream 1.2 exits via the bottom of D2. The
distillation columns D1 and D2 can be plate columns and/or packed columns, preferably

with the above-mentioned type of packing.
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In this novel alternative form, the gas transfer stream TG can emerge in the gas
stream G1, before being introduced into the lower half of D1 or in particular into the
bottom of D1. Furthermore, the liquid stream L3 described above can be removed from
the liquid transfer stream TL.

The treatment process of the invention is particularly advantageous when it is
implemented continuously.

The present invention also relates to a process for the manufacture of a purified
ethylene oxide essentially free of water and of the aldehyde impurities, formaldehyde
and acetaldehyde, as described above, comprising in particular a stage (a) of synthesis
of ethylene oxide, a stage (b) of absorption with water, a stage (c) of desorption, and a
final stage which consists in treating the mixture of impure ethylene oxide and of water
obtained in (c) by the process according to the invention.

The stage (a) of synthesis is known per se and comprises a gas-phase catalytic
oxidation reaction of ethylene with molecular oxygen, in particular with atmospheric
oxygen, in a reaction region. The reaction can be carried out in the presence of a silver-
comprising catalyst and of one or more inert gases, such as nitrogen, argon, methane
and ethane, at a temperature of 100 to 500°C, preferably of 150 to 300°C, under an
absolute pressure of greater than atmospheric pressure, for example from 0.5 to 5 MPa,
preferably from 1 to 3 MPa. The gaseous reaction mixture resulting from stage (a)
generally comprises the ethylene oxide formed (from 1 to 3 mol%), the unreacted
reactants, in particular oxygen (from 3 to 6 mol%) and ethylene (from 5 to 30 mol%),
carbon dioxide (from 3 to 12 mol%), one or more inert gases such as those mentioned
above (up to 80 mol%), and aldehyde impurities, formaldehyde and acetaldehyde.

The stage (b) of absorption with water is also known per se and can be in
particular that described above. It can comprise contacting, generally counter-
currentwise, the gaseous reaction mixture obtained in (a), cooled beforehand to a
temperature of 50 to 100°C, with water or an essentially aqueous stream in an
absorption column, at a temperature of 10 to 50°C, preferably of 20 to 40°C, under an
absolute pressure of 0.5 to 5 MPa, preferably of 1 to 3 MPa. The gaseous constituents
separated in this stage generally constitute a gas stream for recycling which is at least
partially returned, directly or indirectly, to the reaction region of stage (a). The gas

stream for recycling generally comprises the unreacted reactants, ethylene and oxygen,
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one or more ineri; gases (such as those mentioned above), and carbon dioxide. At least a
portion of the gas stream for recycling is preferably subjected to a stage of
decarbonation, before being returned to stage (a). The stage of decarbonation generally
consists in bringing the gas stream for recycling into contact with an absorbent of
carbon dioxide gas, in particular an alkaline compound, in particular an alkali metal
carbonate, such as potassium carbonate, or alternatively in particular an alkanolamine,
such as diisopropanolamine, an alkoylalkanolamine, or an alkali metal salt of an amino
acid. The decarbonation stage is disclosed, for example, in United States Patents US 3
665 678, US 3 867 113 and US 4 184 855, in European Patent Application
EP 0 583 828, and in French Patent Application FR 2 237 896. A particularly effective
decarbonation process, by reversible chemical absorption in a hot aqueous potassium
carbonate solution, a process known under the name of the “Benfield process” and
provided by UOP, is described in “SRI International, Process Economics Program
Report 2F, Ethylene Oxide and Ethylene Glycol” (January 1997), 5-10 and 5-11. The
decarbonation of the gas stream for recycling makes it possible to reduce, to control and
to regulate the content of carbon dioxide in the gaseous reaction mixture resulting from
stage (a), as well as in the dilute aqueous solution resulting from stage (b) and finally in
the mixture of impure ethylene oxide and of water resulting from stage (c), so that the
final mixture can have an extremely low content of carbon dioxide gas at the point
when it is to be subjected to the treatment according to the invention.

The stage (c) of desorption is also known per se and can be that described above.
It generally comprises entrainment with steam of the dilute aqueous solution obtained in
(b) and heated beforehand to a temperature of 70 to 110°C. The entrainment with steam
can be carried out in a desorption column at a temperature of 80 to 140°C, preferably of
90 to 130°C, under an absolute pressure of 0.1 to 1 MPa, preferably of 0.1 to 0.5 MPa.
An aqueous stream essentially freed from ethylene oxide, at a temperature of 90 to
130°C, is generally withdrawn at the column bottom, whereas the mixture of impure
ethylene oxide and of water, ready to be subjected to the treatment according to the
invention, exits at the top.

The process for the manufacture of ethylene oxide as described above is
generally carried out continuously, so that it becomes advantageous also to carry out the

treatment process of the invention continuously.
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Figure 1 diagrammatically represents, by way of illustration, the treatment
process according to the invention. The mixture of impure ethylene oxide and of water,
in a ratio by weight of ethylene oxide to water of 0.1/1 to 4/1, preferably of 0.2/1 to 3/1,
in particular of 0.4/1 to 1.6/1, comprising the aldehyde impurities, formaldehyde and
acetaldehyde, exists in the form of a gas mixture and feeds, via a line (1), a condenser
(2), so as to form an aqueous solution of impure ethylene oxide comprising the
aldehyde impurities. The latter aqueous solution exits from the condenser via a line (3)
and is introduced into a receiver (4) at a temperature, for example, of 20 to 60°C, under
an absolute pressure of 0.1 to 0.5 MPa. Traces of very volatile compounds, such as
residual amounts of carbon dioxide gas and possibly of one or more inert gases, such as
those mentioned above, can optionally be volatilized and separated from the aqueous
solution present in the receiver (4) and can finally be discharged via a line (5). The
aqueous solution of impure ethylene oxide, free of these possible very volatile
‘compounds, exits from the receiver (4) via a line (6) and is introduced into a
fractionation region Z1, as described above, composed of a distillation column (7). A
liquid stream L1 is withdrawn at the column bottom via a line (8) and comprises,
according to the invention, at least 98 %, preferably at least 99 %, by weight of water
and a portion of the aldehyde impurities, in particular from 60 to 98 %, preferably from
75 to 95 %, of the amount of formaldehyde present in the mixture conveyed to the
region Z1. A portion at least of the liquid stream L1 can be recovered and used in the
stage (c) of desorption of the ethylene oxide described above. In the lower part of the
column (7), in particular at the column bottom, heat is supplied via a steam line (9). A
gas stream G1, comprising, according to the invention, more than 99 %, preferably
more than 99.5 %, by weight of ethylene oxide, with residual amounts of water and of
the aldehyde impurities, exits at the top of the column (7) via a line (10).

The gas stream G1 feeds, via the line (10), a fractionation region Z2 as described
above and composed of a distillation column (11). The column (11) is equipped at its
base with a reboiler comprising a loop (12) equipped with a heat exchanger (13). A
liquid stream L2, comprising a mixture of ethylene oxide, of water and of aldehyde
impurity(ies) and which, per 100 parts by weight of L2, can comprise in particular from
80 to 95 parts by weight of ethylene oxide, from 1 to 5 parts by weight of water and
from 1 to 5 parts by weight of the aldehyde impurity(ies), in particular of acetaldehyde,
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is withdrawn at the column bottom via a line (14). At least a portion of the liquid stream
L2 can be recovered and conveyed to a unit for the manufacture of ethylene glycol (not
represented in Figure 1). A gas stream G2 exits at the top of the column (1 1) via a line
(15) and comprises the purified ethylene oxide essentially free of water and of the
aldehyde impurities, in particular a stream of ethylene oxide comprising from 1 to

50 ppm, preferably from 2 to 10 ppm, in particular from 3 to 8 ppm, of water and from
1 to less than 15 ppm, preferably from 2 to 12 ppm, in particular from 3 to 10 ppm, of
the aldehyde impurities, formaldehyde and acetaldehyde. The gas stream G2 is
condensed and preferably cooled via a condenser (16), so as to form a condensate which
exits from the condenser via a line (17). A portion of the condensate is returned as
reflux via a line (18) to the top of the column (11) and the additional non-refluxed
portion is recovered in a line (19) in the form of a liquid stream of the purified oxide
essentially free of water and of the aldehyde impurities as resulting from the process
according to the invention. A liquid stream L3, as described above, is withdrawn as a
side stream from the column (11) via a line (20) at a level substantially identical to the
level where the line (10) for feeding with the gas stream G1 emerges and is conveyed to
the upper part of the column (7), in particular to the top of this column.

Figure 2 diagrammatically represents, by way of illustration, an alternative form
of the treatment process according to the invention, identical to the process represented
in Figure 1, except for the fact that the fractionation region Z2, composed of the column
(11) and its ancillary devices, is different and is essentially replaced by two distillation
columns arranged in series, an upper column D1 (21) and a lower column D2 (22), as
described above. Thus, the entire process remains identical to that represented in
Figure 1 and with the same reference numberings, up to the point where the gas stream
G1 emerges via the line (10) no longer in the column (11) but in the column (21), in
particular in the lower half, preferably in the bottom of the column (21). The process for
withdrawing the gas stream G2, the condensation of G2 to form a condensate, the reflux
of a portion of the condensate and recovery of the other additional portion of the
condensate are identical to those illustrated in Figure 1 but are applied here no longer to
the column (11), but to the column (21) and with the same reference numberings. A
liquid transfer stream TL passes from the bottom of the column (21) via a line 23)to
the top of the column (22). A gas transfer stream TG passes from the top of the column
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(22) via a line (25), via the line (10), to the bottom of the column (21). The column (22)
is equipped at its base with a reboiler comprising a loop (12) and a heat exchanger (13),
like those illustrated in Figure 1 at the base of the column (11). As in Figure 1, a line
(14) withdraws the liquid stream L2 no longer from the bottom of the column (11) but
from the bottom of the column (22). A liquid stream L3 is removed via a line (24) from
the liquid transfer stream TL moving in the line (23) and is conveyed to the upper part,
preferably to the top, of the column (7).

Figure 3 diagrammatically represents, by way of illustration, a process for the
manufacture of ethylene oxide comprising the treatment process according to the
invention and as illustrated in Figure 2 with the same reference numberings. The
process for the manufacture of ethylene oxide comprises a reaction region (26) fed at
the bottom, via a recycling loop (27), respectively with ethylene via a line (28), with
molecular oxygen via a line (29), and with inert gas(es) via a line (30).

The gaseous reaction mixture described above exits at the top of the reaction
region (26) via the recycling line (27) and subsequently enters an absorption column
(31), preferably in the lower half of the column. A gas stream for recycling as described
above exits at the top of the absorption column (31) via the recycling line (27). An
essentially aqueous stream enters the absorption column (31) via a line (32), preferably
in the upper half or at the top of the said column. A portion of the gas stream for
recycling moving in the recycling line (27) at the outlet of the absorption column (31) is
diverted into a line (33) equipped with a decarbonation region (34), as described above,
s0 as to remove at least a portion of the carbon dioxide from the gas stream for
recycling, before returning the gas stream for recycling, at least partially freed from
carbon dioxide, via the line (33) to the recycling line (27) which subsequently returns to
the bottom of the reaction region (26).

A dilute aqueous solution of impure ethylene oxide comprising the aldehyde
impurities is withdrawn via a line (35) at the bottom of the absorption column (31) and
is conveyed to a desorption column (36) as described above, preferably to the upper half
or to the top of the latter column. Steam is introduced via a line (37) into the desorption
column (36), preferably into the lower half or at the bottom of the said column. The
liquid stream L1 withdrawn at the bottom of the distillation column (7) via the line (8)

is conveyed to the desorption column (36), preferably to the lower half or to the bottom
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of the said column. An aqueous stream essentially free of ethylene oxide is withdrawn
via a line (38) at the bottom of the desorption column (36), which stream can be
partially discharged via a bleed line (39) and can be partially returned to the absorption
column (31) via the line (32). The gaseous mixture of water and of impﬁre ethylene
oxide comprising the aldehyde impurities, formaldehyde and acetaldehyde, exits via the
line (1) at the top of the desorption column (36) and is treated by the process of the
invention, as illustrated in Figure 2.

In the continuation of the treatment according to the invention and as illustrated
in Figure 3, all the operations are represented in an identical fashion to those illustrated
in Figure 2, except for the fact that steam can be introduced as heat supply via a line
(40) into the receiver (4) and that a gas stream comprising residual amounts of very
volatile compound(s), such as carbon dioxide and optionally one or more inert gases,
such as those mentioned above, can be entrained with the steam and ethylene oxide, can
then be withdrawn at the top of the receiver (4) via the line (5) and can be conveyed to a
column (41). The gas stream can encounter, in the column (41), countercurrentwise,
water or an essentially aqueous stream introduced via a line (42), so that, on the one
hand, the final traces of carbon dioxide gas and optionally of very volatile compound(s)
and, on the other hand, the ethylene oxide entrained with the water in the form of a
liquid stream are essentially separated. The latter liquid stream can be withdrawn at the
bottom of the column (41) via a line (43), then be at least partially conveyed to the
desorption column (36) via the line (8), and optionally discharged via a bleed (44). The
additional portion not entrained in this liquid stream can be withdrawn at the top of the
column (41) via a line (45) in the form of a gas stream comprising the residual carbon
dioxide and optionally the very volatile compound or compounds. The latter gas stream
can be at least partially conveyed via the line (45) to the decarbonation region (34), and
can be recovered in the gas stream for recycling, and can optionally be discharged via a
bleed (46).

The following example illustrates the present invention.

Example

In a process for the manufacture of ethylene oxide by gas-phase catalytic

oxidation of ethylene by oxygen, as represented diagrammatically in Figure 3, and

which comprises a process for the treatment (according to the invention) of a mixture of
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water and impure ethylene oxide comprising the aldehyde impurities, formaldehyde and
acetaldehyde, according to the diagram of Figure 2. This mixture arrives via a line (1) in
the form of a gas stream at 89°C under an absolute pressure of 0.15 MPa and emerges
in a condenser (2), so as to form an aqueous solution of impure ethylene oxide
comprising the aldehyde impurities, formaldehyde and acetaldehyde. The aqueous
solution comprises, for a mixture of 100 parts by weight of ethylene oxide and of water
in a ratio by weight of ethylene oxide to water of 45/55, 25 ppm of formaldehyde,

85 ppm of acetaldehyde and 150 ppm of carbon dioxide gas. In a fractionation region
Z1 composed of a distillation column (7) comprising 21 theoretical plates, the aqueous
solution is introduced via a line (6) according to a flow rate of 26 t/h at a corresponding
level between the 3rd and 7th theoretical plates, preferably at a level corresponding to
the 6™ theoretical plate, counting from the bottom of the column. Steam is introduced
according to a flow rate of 11 t/h via a line (9) in the bottom of the column (7),
supplying the heat necessary to reach a column bottom temperature of 136°C and a
column top temperature of 45°C, under an absolute pressure of 0.3 MPa. A liquid
stream L1, comprising 99.3 % by weight of water, 0.07 % by weight of ethylene oxide,
formaldehyde and acetaldehyde, is withdrawn at the bottom of the column (7) via a line
(8) according to a flow rate of 18 t/h. A gas stream G1, comprising 99.9 % by weight of
ethylene oxide, 60 ppm of water, formaldehyde and acetaldehyde, is withdrawn at the
top of the column (7) via a line (10) according to a flow rate of 42 t/h.

A second fractionation region Z2 is composed of two distillation columns
arranged in series: an upper distillation column D1 (21), comprising 66 theoretical
plates, and a lower distillation column D2 (22), comprising 30 theoretical plates. The
gas stream G1 feeds the bottom of the column (21) according to a flow rate of 42 t/h.
The column (21) has a bottom temperature of 45°C and a top temperature of 40°C,
under an absolute pressure of 0.3 MPa. A gas stream G2 is withdrawn at the top of the
column (21) via a line (15) according to a flow rate of 76 t/h and is condensed and
cooled in a condenser (16), so as to form a liquid stream which flows at 27°C via a line
(17) out of the condenser (16). A portion of this liquid stream is refluxed via a line (18)
according to a flow rate of 58 t/h to the top of the column (21). The additional non-
refluxed portion is recovered via a line (19) according to a flow rate of 18 t/h and

constitutes the purified ethylene oxide essentially free of water and of the aldehyde
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impurities, formaldehyde and acetaldehyde, resulting from the process of the invention.
The purified ethylene oxide thus recovered comprises 3 ppm of formaldehyde, 4 ppm of
acetaldehyde, 5 ppm of water and 4 ppm of carbon dioxide gas. At the bottom of the
column (21), a liquid transfer stream TL flows via a line (23) and is introduced at the
‘top of the column (22) according to a flow rate of 37.6 t/h. A portion of TL is removed
from the line (23) to form a liquid stream L3, which is conveyed via a line (24)
according to a flow rate of 23 t/h to the top of the distillation column (7), as reflux.

The column (22) is equipped at the bottom with a reboiler comprising a loop
(12) and a heat exchanger (13) which makes it possible to maintain a bottom
temperature of 47°C and a top temperature of 45°C, under an absolute pressure of
0.3 MPa. A liquid stream L2, comprising 90 % by weight of ethylene oxide, 2.5 % by
weight of water and some acetaldehyde, is withdrawn at the bottom of the column (22)
via a line (14) according to a flow rate of 1 t/h. A gas transfer stream TG is withdrawn
at the top of the column (22) via a line (25) according to a flow rate of 36.6 t/h and is
conveyed to the bottom of the column (21) via the line (10).
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Claims:

1. Process for treating a mixture of impure ethylene oxide and of water in a ratio

by weight of ethylene oxide to water of 0.1/1 to 4/1, comprising aldehyde impurities,

formaldehyde and acetaldehyde, in order to obtain a purified ethylene oxide essentially
free of water and of the aldehyde impurities, which process is characterized in that:

(1)  the mixture is conveyed to a first fractionation region Z1, while a liquid stream
L1 comprising at least 98 % by weight of water and a portion of the aldehyde
impurities is withdrawn at the bottom of Z1, and a gas stream G1 comprising
more than 99 % by weight of ethylene oxide with residual amounts of water and
of the aldehyde impurities is withdrawn at the top of Z1,

(2)  the gas stream G1 is conveyed to a second fractionation region Z2, while a
liquid stream L2 comprising a mixture of ethylene oxide, of water and of the
aldehyde impurity(ies) is withdrawn at the bottom of Z2, a liquid stream L3 is
withdrawn as a side stream from the region Z2 and is conveyed to the region Z1,
and a gas stream G2 comprising the purified ethylene oxide essentially free of
water and of the aldehyde impurities is withdrawn at the top of Z2.

2. Process according to Claim 1, characterized in that the mixture of impure

ethylene oxide and of water is a gas mixture which, prior to being sent to the region Z1,

is condensed, so as to form an aqueous solution of impure ethylene oxide.

3. Process according to Claim 1 or 2, characterized in that the amount of the

aldehyde impurities, formaldehyde and acetaldehyde, in the mixture of impure ethylene

oxide and of water conveyed to the region Z1 is from 50 to 2 000 parts per million by

weight (ppm).
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4. Process according to any one of Claims 1 to 3, characterized in that the region
Z1 comprises at least one distillation column having from 10 to 30 theoretical plates.
5. Process according to any one of Claims 1 to 4, characterized in that the region
71 is fed with a mixture of impure ethylene oxide and of water at a level situated
between a tenth and a half of the number of theoretical plates of Z1, counting from the
bottom of Z1.

6. Process according to any one of Claims 1 to 5, characterized in that heat is
supplied to the region Z1 by virtue of a reboiler positioned in the bottom of Z1 or,
preferably, by virtue of the introduction of steam into the bottom of Z1.

7. Process according to any one of Claims 1 to 6, characterized in that the region
Z1 operates with a bottom temperature of 100 to 160°C and a top temperature of 30 to
60°C, under an absolute pressure of 0.1 to 1 MPa.

8. Process according to any one of Claims 1 to 7, characterized in that the streams
G1 and L1 are withdrawn from the region Z1 in a ratio by weight of G1 to L1 of 1/1 to
5/1.

9. Process according to any one of Claims 1 to 8, characterized in that the liquid
stream L1 comprises less than 0.5 % by weight of ethylene oxide.

10.  Process according to any one of Claims 1 to 9, characterized in that the liquid
stream L1 comprises from 60 to 99 % by weight of the amount of formaldehyde present
in the mixture of impure ethylene oxide and of water conveyed to the region Z1.

11.  Process according to any one of Claims 1 to 10, characterized in that the region
72 comprises at least one distillation column having from 50 to 120 theoretical plates.
12.  Process according to any one of Claims 1 to 11, characterized in that heat is
supplied to the region Z2 by virtue of the introduction of steam into the bottom of Z2 or,
preferably, by virtue of a reboiler positioned in the bottom of Z2.

13.  Process according to any one of Claims 1 to 12, characterized in that the region
72 operates with a bottom temperature of 35 to 65°C and a top temperature of 30 to
50°C, under an absolute pressure different from or, preferably, substantially identical to
that existing in the region Z1, in particular ranging from 0.1 to 1 MPa.

14.  Process according to any one of Claims 1 to 13, characterized in that the gas
stream G2 withdrawn at the top of Z2 is condensed, so as to form a condensate, a

portion of the resulting condensate being returned as reflux to the top of the region Z2
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and the additional non-refluxed portion being recovered in the form of a liquid stream
of the purified ethylene oxide essentially free of water and of the aldehyde impurities,
preferably in a ratio by weight of the refluxed part to the additional non-refluxed part of
1/1 to 10/1.

15. Process according to any one of Claims 1 to 14, characterized in that the gas
stream G1 feeds the region Z2 at a level situated between a quarter and a half of the
number of theoretical plates of Z2, counting from the bottom of Z2.

16.  Process according to any one of Claims 1 to 15, characterized in that the streams
G2 and L2 are withdrawn from the region Z2 in a ratio by weight of G2 to L2 of 30/1 to
150/1.

17.  Process according to any one of Claims 1 to 16, characterized in that, per 100
parts by weight of the liquid stream L2, from 80 to 95 parts by weight of ethylene
oxide, from 1 to 5 parts by weight of water and from 1 to 5 parts by weight of the
aldehyde impurity(ies), in particular of acetaldehyde, are recorded.

18.  Process according to any one of Claims 1 to 17, characterized in that the purified
ethylene oxide essentially free of water and of the aldehyde impurities resulting from
the gas stream G2 comprises from 1 to 50 ppm of water and from 1 to less than 15 ppm
of the aldehyde impurities.

19.  Process according to Claim 18, characterized in that the purified ethylene oxide
essentially free of water and of the aldehyde impurities comprises less than 5 ppm of
formaldehyde.

20.  Process according to any one of Claims 1 to 19, characterized in that the liquid
stream L3 is withdrawn from Z2 at the same level as or below the point for feeding Z2
with gas stream G1.

21.  Process according to any one of Claims 1 to 20, characterized in that the liquid
stream L3 is withdrawn from Z2 at a level situated between a quarter and a half of the
number of theoretical plates, counting from the bottom of Z2.

22.  Process according to any one of Claims 1 to 21, characterized in that the liquid
stream L3 is conveyed to a point situated in the upper half of the region Z1, preferably
to the top of Z1.

23.  Process according to any one of Claims 1 to 22, characterized in that the streams

G1 and L3 are employed in a ratio by weight of G1 to L3 of 0.5/1 to 5/1.
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24.  Process according to any one of Claims 1 to 23, characterized in that the streams
G2 and L3 are withdrawn from the region Z2 in a ratio by weight of G2 to L3 of 1/1 to
20/1.

25.  Process according to any one of Claims 1 to 24, characterized in that the

fractionation region Z2 comprises two distillation columns arranged in series, an upper

column D1 and a lower column D2, so that the gas stream G1 emerges in the lower half
of D1, preferably in the bottom of D1, so that the gas stream G2 exits via the top of D1,
so that the bottom of D1 communicates via a liquid transfer stream TL with the top of

D2, so that the top of D2 communicates via a gas transfer stream TG with the bottom of

D1, and so that the liquid stream L2 exits via the bottom of D2.

26.  Process according to Claim 25, characterized in that the gas transfer stream TG

emerges in the gas stream G1, before being introduced into the lower half of D1 or,

preferably, into the bottom of D1.

27.  Process according to Claim 25 or 26, characterized in that the liquid stream L3

is removed from the liquid transfer stream TL.

28.  Process for the manufacture of a purified ethylene oxide essentially free of water

and of aldehyde impurities, formaldehyde and acetaldehyde, comprising:

(a) synthesis of ethylene oxide in a reaction region by a gas-phase catalytic reaction
between ethylene and molecular oxygen, so as to form a gaseous reaction
mixture comprising the ethylene oxide formed, the aldehyde impurities,
unreacted reactants and possibly inert gases,

(b) absorption with water by bringing the gaseous reaction mixture obtained in (a)
into contact with an essentially aqueous stream, so as to form a dilute aqueous
solution of impure ethylene oxide comprising the aldehyde impurities, after
separation of a gas stream for recycling essentially comprising the unreacted
reactants and possibly the inert gases, which gas stream is at least partially
returned, directly or indirectly, to the reaction region, and

(c) desorption of the ethylene oxide by entrainment of the dilute aqueous solution
obtained in (b) with steam in a column, so as to form, at the column bottom, an
aqueous stream essentially free of ethylene oxide and, at the top, a mixture of
impure ethylene oxide and of water in a ratio by weight of ethylene oxide to

water of 0.1/1 to 4/1, comprising the aldehyde impurities,

23



WO 03/055869 PCT/GB02/05769

which process is characterized in that the mixture of impure ethylene oxide and of water
obtained in (c) is subjected to the treatment according to any one of Claims 1 to 27.
29.  Process according to Claim 28, characterized in that the gas stream for recycling

obtained in (b) is subjected to decarbonation, before it is returned to the reaction region.

24



WO 03/055869 PCT/GB02/05769

1/3
Fig.1 15 16
17
1
2 T~ 18
5 10 . 19
20
P \ > —C»
4 20 13

-~

SUBSTITUTE SHEET (RULE 26)



WO 03/055869 PCT/GB02/05769

2/3
Fig.2
1 - 15 16
v e :
*_524
3 Nz 18 19

f 7— D1 \21

24-/

14_j 12

SUBSTITUTE SHEET (RULE 26)



WO 03/055869 PCT/GB02/05769

3/3

30 Y v [ L4 i
% —~_41 10 15 16
36— 1\3 —~ 43 ‘(24 [ .-
4
37—/ L} \3% Y |z,
38_/‘ > :/‘8 6-) [ >

39 1 Cls i Z p1| 18 19

12

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

PCT/GB 02/05769

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 C07D301/32 C07D301/10

According to Inlernational Patent Classification (IPC) or to both national classlfication and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 CO7D

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

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

CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y WO 98 33785 A (BASF AG)

6 August 1998 (1998-08-06)
cited in the application

the whole document

Y US 4 134 797 A (BRIAN J. OZERO)
16 January 1979 (1979-01-16)
cited in the application

the whole document

Y WO 96 16953 A (HOECHST CELANESE CORP.)
6 June 1996 (1996-06-06)

cited in the application

the whole document

1-29

1-29

1-29

Further documents are listed in the continuation of box C. Patent family members are listed in 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 document but published on or after the international
filing date

invention

which is cited to establish the publication date of another
citation or other special reason (as specified)

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

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
*L* document which may throw doubts on priority claim(s) or 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

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

Tel. (+31-70) 3402040, Tx. 31 651 epo nl, 1

Fax: (+31-70) 340-3016 P Beslier, L

*Q" document referring to an oral disclosure, use, exhibition or document Is combined with one or more other such docu-—~
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but Inthe art
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
9 April 2003 23/04/2003
Name and mailing address of the ISA Authorized officer

Form PCT/ISA/210 (second shest) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

PCT/GB 02/05769

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

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

Relevant to claim No,

EP 0 322 323 A (ATOCHEM)

28 June 1989 (1989-06-28)
cited in the application

the whole document

US 3 418 338 A (HAROLD GILMAN)
24 December 1968 (1968-12-24)
cited in the application

the whole document

1-29

1-29

Fomn PCT/ISA/210 (continuation of second shest) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

PCT/GB 02/05769
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9833785 A 06-08-1998 DE 19703627 Al 06-08-1998
CN 1251583 T 26-04-2000
WO 9833785 Al 06-08-1998
EP 0963373 Al 15-12-1999
JP 2001509171 T 10-07-2001

Us 4134797 A 16-01-1979 AR 230992 Al 31-08-1984
AU 523074 B2 08-07-1982
AU 4425479 A 28-08-1980
BE 874308 Al 20-08-1979
BR 7901039 A 02-10-1979
CA 1101877 Al 26-05-1981
DE 2906698 Al 23-08-1979
ES 477942 Al 01-04-1980
FR 2417509 Al 14-09-1979
GB 2015514 A ,B 12-09-1979
IT 1117212 B 17-02-1986
JP 1449554 C 11-07-1988
JP 54132510 A 15-10-1979
JP 62051958 B 02-11-1987
KR 8402431 Bl 27-12-1984
MX 151397 A 14-11-1984
NL 7901073 A ,C 23-08-1979
NO 790572 A ,B, 22-08-1979
SE 448299 B 09-02-1987
SE 7901564 A 22-08-1979
ZA 7900823 A 24-09-1980

WO 9616953 A 06-06-1996 US 5529667 A 25-06-1996
Wo 9616953 Al 06-06-1996

EP 322323 A 28-06-1989 FR 2624859 Al 23-06-1989
AT 86618 T 15-03-1993
BR 8806786 A 29-08-1989
CA 1333266 Al 29-11-1994
CN 1034540 A ,B 09-08-1989
DE 3879142 D1 15-04-1993
DE 3879142 T2 19-08-1993
DE 322323 T1 07-12-1989
EP 0322323 Al 28-06-1989
ES 2009732 T3 01-08-1994
GR 89300117 T1 19-01-1990
JP 1203375 A 16-08-1989
JP 1905312 C 08-02-1995
JP 6029274 B 20~-04-1994
KR 9402256 Bl 19-03-1994
SU 1776258 A3 15-11-1992
us 4966657 A 30-10-1990

US 3418338 A 24-12-1968 BE 694229 A 17-08-1967
CH 471109 A 15-04-1969
DE 1618496 Al 01-04-1971
ES 337356 Al 16-02-1968
FR 1523243 A 03-05-1968
GB 1180822 A 11-02-1970
IL 27498 A 17-09-1970
JP 49034649 B 17-09-1974
LU 53034 Al 15-10-1968

Form PCT/ISA/210 (patent tamily annex) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

PCT/GB 02/05769

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 3418338 A NL 6701843 A ,B 29-08-1967
SE 360075 B 17-09-1973

Form PCT/ISA/210 (patent family annex) (July 1992)

page 2 of 2




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

