~TS 0012 SIN NANUFACTURIN@6é¥MYﬂENE OXI DE The present invention relates to a
process of manufacturing é§ﬁ¥$éheﬁgxide. USA patent specification No. 4 904
807 di scl oses a process of -mafitifacturi ng et hyl ene oxi de conprising all ow ng
to react in a reactor ethylene and free oxygen to ethylene oxide in the

presence of nethane, carbon dioxi de and-atgen; w thdrawing fromthe reactor

a reactor effluent; renoving ethylene oxide fromthe reactorTgfééxgnéIﬁo
ycl e

obtain a recycle stream . renoving carbon di oxi de and argon f
streamto obtain a treated recycle stream supplying the treated recycle

streamto the reactor; and syRgby ey gﬁ%tﬁ@gggEggaﬁkgﬁts and met hane to

the reactor. Additional reactants, et ne an ree oxygen- containing
gas, are supplied to the reactor to replace the reactants which reacted to

et hyl ene oxide. MphBapeesentURRYERHibA PBIAtAENtbhE pRbBere eEncentration
at such a level that 1ts %re% nie I S be5§f|0|al to the efficiency of the
reaction as JdBEEPEBEGUFARES ﬁg ERE S€B&EPrication No. 3 119 837. Carbon

dioxide is a by-pusAupatefitt bpectdttathoanNopadt 90# 80OE dislkedoseisox de is
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allowing to react in a reactor ethylene and free oxygen
to ethyléne oxide in the presence of methane, carbon
dioxide and argon; withdrawing from the reactor a reactor
effluent; removing ethylene oxide from the reactor
effluent to obtain a recycle stream; removing carbon
dioxide and argon from the recycle stream to obtain a
treated recycle stream; supplying the treated recycle
stream to the reactor; and supplying additional reactants
and methane to the reactor.

Additional reactants, ethylene and free oxygen-
containing gas, are supplied to the feactor to replace
the reactants which reacted to ethylene oxide. Methane is
supplied to maintain the methane concentration at such a
level that its presence is beneficial to the efficiency
of the reaction as described in USA patent specificatiod
No. 3 119 837,

Carbon dioxide is a by-product of the reaction and
part of the carbon dioxide is removed to maintain the
concentration of carbon dioxide below a predetermined
level.

Argon enters into the process with the free oxygen-
containing gas. In order to maintain the argon
concentration below a predetermined level, part of this
contaminant is removed from the recycle stream downstream
of the removal of ethylene oxide. In addition trace
amounts of nitrogen enter into the process with the free
oxygen—-containing gas. '

In the known process removing argon comprises



Argon enters into the process with the free oxygen- containing gas. In
ordér to maintain the argon concentration below a predeterm ned | evel, part
-of this contamnant is renoved fromthe recycle stream downstream of the
renoval of ethylene oxide. In addition trace anpunts of nitrogen enter into
the process with the free oxygen-contaiaipg-gas. In the known process
renovi ng argon co j ses eparating_a side streaglfronlthe recycl.e

r .
stream passiRPIFREERF R stidansbEetRel FORJICNA| ERCYFLE RERSAENePEFSENT
renovi ng an atigonsidatstreéay s6rehe feod ihkepesivat renbkhat ahithe

menbrane unit, renoving a_retent sfreamfromt el ent | et of the
menbr ane unit?egﬁ% ™ gafﬁén?éséﬁ?éﬁéggt?éﬁ%??ogfﬁé %ggy Fgmggkganl As
the flow throughleheo frebibe amenbsanhargejti heempedngf at hetephbianstireamar ge
as well. 1t if-a O erleofichbe PREPER! ok VRO RORLEANECHHSE, [ BRgarea of the
menbrane in the nmenbrane unit. To this end the process of manufacturing
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react in a react g&s ethy/| £16w afiirdligle Oy IREmbLaké hykenargy] denknatbe
presence of qg%htng,mg rpggedigxiggggngsa&ggfi wi t hdrawi ng fromthe reactor
a reactor

It is an object of the present invention to reduce
the area of the membrane in the membrane unit.

To this end the process of manufacturing ethylene
oxide according to the present invention comprises
allowing to react in a reactor ethylene and free oxygen
to ethylene oxide in the presence of methane, carbon
dioxide and argon; withdrawing from the reactor a reactor
effluent; removing ethylene oxide from the reactor
effluent to obtain a recycle stream; removing carbon
dioxide and argon from the recycle stream to obtain a
treated recycle stream; supplying the treated recycle
stream to the reactor; and supplying additional reactants
and methane to the reactor, wherein removing argon
comprises separating a side stream from the recycle
stream, passing the side stream to the feed inlet of a
membrane unit, removing an argon-containing stream from
the permeate outlet of the membrane unit, removing a
retentate stream from the retentate outlet of the
membrane unit, adding the retentate stream to the recycle
stream, and purging the permeate side of the membrane
unit with inert gas.

The invention will now be described by way of example
in more detail with reference to the enclosed Figure
showing schematically a line-up of the process of the
present invention.

A mixture including ethylene, free oxygen-containing
gas, argon, carbon dioxide and methane is supplied
through conduit 1 to a reactor 2. In the reactor 2



~effluent; renoving ethylene oxide fromthe reactor effluent to obtain a
recycle stream renoving carbon di oxide and argon fromthe recycle stream
fo obtain a treated recycle stream supplying the treated recycle streamto
the reactor; and supplying additional reactants and nethane to the reactor,
wherein renoving argon conprises separatigg-a side streamfromthe recycle
stream passi the S|de sireamto the feed jnlet of a membrane unit,
renoving an &1 gt IRNi FEES tORYIRR r TS t Ml PHedehP eI 8AEF et OopthKAEDE
nenbr ane uni toxideo nghe présates coStnetake oand hCOﬁE&ﬁmha%lESOHﬁbﬁt ggf the
menbr ane unlt n he.refentate streamio the rec stream an
purgi ng the pef%%g%éggé éd%f£?% aﬂ%%%? euﬁ??cgffhg % b5§ qThe
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process of the present 1nvention. A mxture Inc ree
oxygen- cont alarﬂcﬁg'?‘§ga hew e, netlardvtert kd dee akke rﬁ?ﬁ%ﬁ’étl sn¥anbipad

t hrough conduiHeyl #il R rﬁ@@%@rdfscdggé@e reactor 2 -3- ethylene and free
oxygen are allomqg to'€§§K¥eacté¥r9”a reactor effluent is withdrawn

through conduit 4. The reactor effluent includes ethylene
oxide, carbon dioxide, methane and argon. Carbon dioxide
is a by-product of the reaction, a further by-product is
ethane. Argon enters into the process with the free
oxygen-containing gas, in addition trace amounts of
nitrogen enter into the process with the free oxygen-
containing gas.

Ethylene oxide is removed from the reactor effluent
in an ethylene oxide removal unit 6, and from the
ethylene oxide removal unit 6 are removed an ethylene
oxide-containing stream through conduit 8 and a recycle
stream through conduit 9. The ethylene oxide removal unit
is known per se and will not be discussed.

The other contaminants are removed downstream of the
ethylene oxide removal unit. For the present invention we
are not concerned with the removal of nitrogen and
ethane.

Downstream of the ethylene oxide removal unit 6 the
recycle stream is compressed in compressor 11 to
compensate for the pressure drops in the treating units.

The compressed recycle stream in conduit 12 is
divided into a side stream 16 and a main stream. The main
stream is divided into two streams 18 and 19. Carbon
dioxide is removed from stream 19 in carbon dioxide
removal unit 22. From the carbon dioxide removal unit 22
are withdrawn a carbon dioxide-containing stream through
conduit 23 and a treated stream having a reduced carbon
dioxide content through conduit 24. The carbon dioxide



oxide in the presence of nethane and contam nants such as carbon di oxi de
and argon. The reactor 2 contains a suitable catalyst. The catal yst, the
feaction conditions and the concentration of the reactants are known per

se, and as they are not essential to the present invention they will not be
di scussed. Fromthe reactor 2 a reactor_effluent is w thdrawn through
conduit 4. The reactor effluent includes et hyl ene_oxi de, carbon di oxi de,
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from the permeate outlet 32, and removing a treated
stream from the retentate outlet 33. The membrane unit 30
comprises a hollow fibre membrane schematically
represented by dashed line 35, the hollow fibres include
polysulfone. To purge the retentate side of the membrane
unit 30, inert gas is supplied to the membrane unit 30
through conduit 36, the inert gas flows counter-currently
through the retentate side of the membrane unit 30.

The treated stream 24 from the carbon dioxide removal
unit 22 and the treated stream 33 from the membrane unit
30 are combined with the untreated stream 18 and supplied
through conduit 40 and conduit 1 into the reactor 2.
Additional reactants, ethylene and free oxygen-containing
gas, and methane are supplied to the reactor 2 through
conduit 42 which opens into conduit 40.

To illustrate the effect of purging the performance
of the membrane unit 30 in case the permeate side is not
purged is compared with the performance in case the
permeate side is purged.

Table 1 gives an example of the compositions and the
flow rates of the components in the feed to a membrane
unit used in the process without purging, and in the
retentate and the permeate leaving the membrane unit. The
membrane unit includes a hollow fibre membrane having an
area of 1 630 m2, the hollow fibres include polysulfone.

Table 1. Compositions and flow rates of the feed,
permeate and retentate of the membrane unit without



" conpensate for the pressure drops in the treating units. The conpressed
recycle streamin conduit 12 is divided into a side stream 16 and a nmain
stream The main streamis divided into two streans 18 and 19. Carbon
dioxide is renoved fromstream 19 in carbon di oxi de renoval unit 22. From
the carbon dioxide renoval unit 22 are wighdrawn a carbon
di oxi de-contai ni ng streamthrough conduit 23 and a treated stream having a
reduced car b I RRTI DU mdRFesent Ipgerbi®Bh- di oxi de
-4- renoval unit is known per se and will not be discussed. The flow rate
of the side stream 16 is betyeen 1 and 5%.0f _the flow rat f the recycle
stream the flow rate of st r%e\geréjw i s bet vé%ﬂnef@t%nd 40%§?€?ﬂtag?ow rate
of the recycle stream ariwahe ¥naml/hr at e Yokt r cemollthi s3vdk bal kmok/h
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retentate outd8fgeds. The nentg ane singg 30 cpmpgi ses, gghol | 9vugi big fpnbrane

schemmti cal | Y, dSRLES M Cb L £ 44 "® 35 30 NeLIgW Tigrss 1861 vee
Ethylene 27.20 101.19 22.72 4.00 27.42 97.19

Ethane 0.95 3.53 0.63 0.11 0.97 3.42
Carbon

dioxide 6.93 25.78 17.90 3.15 6.39 22.63
total 100.00 372.02 100.00 17.60 100.00 354.42

Table 2 gives the compositions and the flow rates of
the components in the feed to a membrane unit used in the
- process of the present invention, and in the retentate
and the permeate leaving the membrane unit. The membrane
unit includes a hollow fibre membrane having an area of
1 310 m2, the hollow fibres include polysulfone. The
purge gas is methane and the flow rate of the purge gas
is 7.44 kmol methane per hour, which corresponds to 2
mol% of the‘feed flow rate.

Table 2. Compositions and flow rates of the feed,
permeate and retentate of the membrane unit with purging
(according to the present invention).



: pofysulfone. To purge the retentate side of the nenbrane unit 30, inert gas
I s.supplied to the nenbrane unit 30 through conduit 36, the inert gas flows
counter-currently through the retentate side of the nenbrane unit 30. The
treated stream 24 fromthe carbon di oxide renoval unit 22 and the treated
stream 33 fromthe nenbrane unit 30 are- gonbined with the untreated stream
18 and supplied through conduit 40 and conduit 1 into the reactor 2.
Addi tional reactants, et hylE884 and free B8R ONt ai nin ?ﬁﬁﬁt%ﬁﬁ met hane
are supplied to the reacgwl 2 knvigugh corglui t Kb Wh ch oferk | kol fbndui t
40. To illustrate the effe of I ng per forJyrance e ane
unit 30 in cASFHIEE Y er ndat¥ si aaglq% noté'gigr ged q)‘si%orrpafieﬂié]\ﬁ t EE!ETE%
performance iArgmse the er2featd3 SHde | BMAHged. 2Tl e 1 Yivks 3A.t4anpl e
of the conpos{t.jons and t I rafes of ide copppments gnggherfeed to a
menbr ane uni ?jxyée}in theJ]'glr%cgl\éss'%thoutﬁrgi ng, and in fh_i Lgtent ate and
me I
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fi lbre {T?”bra iy amArep o Jop30 1mim4r], 3he7hol | pw, 85bres.Bocl ude
pol ysul fone. Table 1. Conpositions.and floy rate the feed, pegrgeate and
retentate of EW%nbrang)tﬂﬁt wi tHout A 5.0 {e68 PsiEs

Carbon

dioxide 6.91 25.71 17.28 4,08 6.07 21.63

total 100.00 372.02 100.01 23.60 100.00 348.42

Comparing the performances of the two membrane units,
it is clear that with purging the same amount of argon
passes through a membrane with a significantly smaller
area, and that a smaller amount of ethylene passes
through the membrane.

The flow rate of the purge gas is suitably in the
range of from 1 to 10 mol% of the feed flow rate. The
amount of ethylene permeating through the membrane
decreases with increasing purge gas flow rate, however,
above 10 mol% the decrease is too small to justify such a
large purge gas flow rate.

In the process described with reference to the Figure
the main stream is divided into streams 18 and 19, and
carbon dioxide is removed from stream 19. Alternatively,
carbon dioxide can be removed from the main stream, so
that dividing the main stream can be omitted.

The membrane material can be any material that allows
selective permeation of argon. Suitably the membrane is a
dense membrane of a polymeric material such as
polydimethyl siloxane or polysulfone.

Examples of suitable inert gases are methane,
nitrogen, carbon dioxide, or mixtures of thesé gases.



~-5- purging (not according to the present invention). Feed

Per-nmeat e Ret ent at e %ol knol / h %ol knmol /h %ol knol / h
Ni t rogen 1.22 4. 54 0. 81 0.14 1.24 4. 40 Argon

9. 30 34.6 11. 88 2.09 9.17 32.51 Oxygen 4.16 15. 48
7.70 1.36 3.98 14.12 Methane -50.24 186.90 38. 36 6.75
50. 83 180. 15 Et hyl ene 27.20 101.19 22.72 4. 00 27.42 97.19
Et hane 0. 95 3.53 0. 63 0.11 0. 97 3.42 '

6. 93 25.78 17.90 3.15 6.39 22.63 total 100.00 372.02

100.00 17.60 100.00 354.42 Table ZEQLVﬁ§EtgF§CO"DOSitiO”S and the flow
rates of the conponents in the feed

e unit used in the process

of the present invention, and in the retentate and the perneate | eaving the

area of 1 310" o arp e orhes rof i sEg, dehv iy BhFoR EURRRE IR, .

area of 1 310 nferr | oW one.
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menbrane uni (RPHHABUPBR NG YRR e YU RGE R 5L R R et BPBSERE FROGRPFoR) Toactor
effluent; removing ethylene oxide from the reactor
effluent to obtain a recycle stream; removing carbon
dioxide and argon from the recycle stream to obtain a
treated recycle stream; supplying the treated recycle
stream to the reactor; and supplying additional reactants
and methane to the reactor, wherein removing argon
comprises separating a side stream from the recycle
stream, passing the side stream to the feed inlet of a
membrane unit, removing an argon-containing stream from
the permeate outlet of the membrane unit, removing a
retentate stream from the retentate outlet of the
membrane unit, adding the retentate stream to the recycle
stream, and purging the permeate side of the membrane
unit with inert gas.
2. Process as claimed in claim 2, wherein to purge the
pefmeate side of the membrane, the inert gas is passed
counter-currently along the membrane.
3. Process as claimed in claim 1 or 2, wherein the flow
rate of the purge gas is in the range of from 1 to 10
mol?® of the feed flow rate.
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‘the main streamis divided into streans 18 and 19, and carbon dioxide is
removed from stream 19. Alternatively, carbon dioxide can be renoved from
the main stream so that dividing the main stream can be omtted. The
menbrane material can be any material that allows selective perneation of
argon. Suitably the nenbrane is a dense nenbrane of a polyneric materi al

such as pol ydi net hyl sil oxane or pol ysul fone. Exanples of sujtable inert
gases are nethane, nitrogen, carbon dioxide, or mxtures of_éhggﬂébégag

-7- TS 0012 SINCL A1l MS 1. A process of manufacturing ethyl ene oxide
conprising allowing to react in a 2@ %o% ﬁtgyéege and free oxygen to

et hyl ene oxide in the presence of - di oxi de and argon;

wi t hdrawi ng fromthe reactor a reactor effluent; renoving ethylene oxide

fromthe reactor effluent tenaRiFAcTURING ¥ TN AR IOFENOVI NG car bon
di oxi de and argon fromthe recycle streamto obtain a treated recycle

stream supplying the treated recycle streamto the reactor; and supplying
addi tional react afdrufarturimas iyl drte §x6iadd GompEs & Na I BESWMh Ot @r gon

react in a reactor (2) ethylene and free oxygen-
containing gas to ethylene oxide in the presence of
methane, argon and carbon dioxide; withdrawing from the
reactor (2) a reactor effluent (4); removing (6) ethylene
oxide from the reactor effluent to obtain a recycle
stream (9); removing carbon dioxide (22) and argon (30)
from the recycle stream to obtain a treated recycle
stream (40) which is supplied to the reactor (2); and
supplying (42) additional reactants and methane to the
reactor(2), wherein removing argon comprises separating a
side stream (16) from the recycle stream, passing the
side stream (16) a membrane unit (30), removing an argon-
containing stream from the permeate outlet (32), removing
a retentate stream from the retentate outlet (33) which
is added to the recycle stream (40), and purging the
permeate side of the membrane unit (30) with inert gas.

(Figure)
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3. Process as clainmed in claim1l or
omlto 10
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