WO 02/ 26675 PCT/ EPO1/ 11306 - 1 CATALYTIC PROCESS FOR PRODUCI NG AN
ALKYLENE GLYCOL WTH REACTOR- QUTPUT RECYCLE The present invention rel ates

to a processoafgE7s produci ng an al kyl ene gl ycol by reacti ngpcamemhyiogne
oxide with water in the presence of a catalytic conposition. 5 Background

of the invention Al kylene glycols, in particular nonoal kyl ene glycols, are
of established commercial interest. For exanple, nonoal kylene glycols are
being used in anti-freeze conpositions, as solvents and as base materials
in the 10 production of polyal kylene terephtalates e.g. for fibres and
bottles. The production of alkylene glycols by |iquid phase hydrolysis of
al kyl ene oxide is known. The hydrolysis is perforned w thout a catal yst by
addi ng a Iargecé?€é¥§18fPBQCﬁﬁﬁeFOReP§OD§§IN§ 2Y ABEYSENE WANEOLPWATHDI e of

al kylene oxide, or it is peff%ﬁ@c@rdﬂdb@ptﬁfﬁ&qﬁi gxcess of water in a
catal ytic system The reaction is consider e a nucleophilic

substitution reaction, whereby opening of the al kylene oxide ring occurs,

vater acting as t@ﬁezgreggpeoEhbleﬁtiﬁﬁcegigtggetp;gng%'césg%ggd

nonoal kyl ene gl ycol so act as a nucl eophi arule’a mxture of
nmonoal kyl ene erdgplndlahkyﬂkﬁéegEyGéycahdbhlghectlabkyheaékgﬂynels is

ety r g8t abouh 0y GaRer! B8 CAB! BELLUBLY k8 dOAGRAMYLERe ol yeol. 1t T

necessary to suppress the secon Feacton bot ieen th&C primary
product and thempbkykéns.oxi de, mhlch conpetes with the hydrolysis of the

oyl ae 0 U QUERLACEE! KReTeRYs[OLgeuPPl oSty (e secondaty react on

Alkylene glycols, in particular monoalkylene glycols,
are of established commercial interest. For example,
monoalkylene glycols are being used in anti-freeze
compositions, as solvents and as base materials in the

10 production of polyalkylene terephtalates e.g. for fibres
and bottles.

The production of alkylene glycols by liquid phase
hydrolysis of alkylene oxide is known. The hydrolysis is
performed without a catalyst by adding a large excess of

15 water, e.g. 20 to 25 moles of water per mole of alkylene
oxide, or it is performed with a smaller excess of water
in a catalytic system. The reaction is considered to be a
nucleophilic substitution reaction, whereby opening of
the alkylene oxide ring occurs, water acting as the

20 nucleophile. Because the primarily formed monoalkylene
glycol may also act as a nucleophile, as a rule a mixture
of monoalkylene glycol, dialkylene glycol and higher
alkylene glycols is formed. In order to increase the
selectivity to monoalkylene glycol, it is mnecessary to

25 suppress the secondary reaction between the primary
product and the alkylene oxide, which competes with the
hydrolysis of the alkylene oxide.

One effective means for suppressing the secondary

reaction is to increase the relative amount of water



present in the reaction m xture. Al though this neasure inproves the
selectivity towards the production of the nonoal kyl ene glycol, it creates
a probl enwigvaidgets | arge anmounts of water have to be renowwd/fmi/1{3eoveri ng
the 5 product. Considerable efforts have2been nmade to find an alternative
for increasing the reaction selectivity wthout having to use a |arge

excess of watgresbélstialhycthBeseagthioht ;iReueef OEWEBGu?H thessgbgehian of
nore 10 active hydrolysis catal ysts and various catalysts have been

di scl osed. BotTPEEY®S ahla®aPRAPFREVAEr BPYardschbal pEpsuRsienpeénthe
i nvesti gat ed, myhes eRy1 bhe Wgul dodppear «LbatcLhg 5§@b@fe¥n agn! dphgat %&t@és

enhances the reaction rate wthout 15 significantly affecting t

sel ectivity, MMereks oy Wdtay havrRakpnkecrempyststgenspaPveringethe

sel ectg vi ti espwhghicr I espect to the nonoal kyl ene glycol are obtained.
Certain anions, e.g. bicarbonate (hydrogen carbonate), bisulphite

(hydr ogen sul phi t€nsidenabbeanfforbds nbhyddacen madekhowhing amhi bit good
catalytic actLyiiynifiLe! £BrOlaBLELENE OHLIRCGORYBROLARAE, pELECt! VI LY
t owar ds nonoal kyl ene gl ycol. wever ef the salts of  these &hi ons are
used as the cuibhyst havintohogeseoaslasyst envemer kfupabért hesuahtyi on

product by distillafj 1 pr.ob ayse the_salts are poorly
soluble in tﬁ%é%%y%%fggﬁ% %%%é ?§3§%§% %ﬁ é@%}?%% ?g%oﬁiaﬁ TBhVer si ons,
good ldk| ect i vatiwadhpdtolysnat eatalkytenandxivdeioati oatahybesohéaéned with
t he process,?ggiféggggoin?EP-A 0 156 449 and EP-A 0 160 330 30 (both of

e). Ac

Uni on Carbid cordlnsge 0 these docunents the hydrolysis of alkylene

oxi des is carriedBotih amidhendpatBebireoiydrseyetsi vatyleabancang pesal at e
ani on- cont ai nin terjal, eferably a solid havin | ect ropositive
conpl exi ng. si Rt RaReear PhFFSPRort Hetite febars: Eraf ERe hRectald sol i d
i s preferabl yaahdatdoalysts enhances the reaction rate without
15 significantly affecting the selectivity, whereas by using
alkaline catalysts generally lower selectivities with
respect to the monoalkylene glycol are obtained.
Certain anions, e.g. bicarbonate (hydrogen
carbonate), bisulphite (hydrogen sulphite), formate and
20 molybdate, are known to exhibit good catalytic activity
in terms of alkylene oxide conversion and selectivity
towards monoalkylene glycol. However when the salts of
these anions are used as the catalyst in a homogeneous
system, work-up of the reaction product by distillation
25 will pose a problem because the salts are poorly soluble
in the glycol and tend to make it semi-solid.
High conversions, good selectivity and a low
water/alkylene oxide ratio can be obtained with the
process, disclosed in EP-A 0 156 449 and EP-A 0 160 330
30 (both of Union Carbide). According to these documents the
hydrolysis of alkylene oxides is carried out in the
presence of a selectivity-enhancing metalate
anion-containing material, preferably a solid having
electropositive complexing sites having affinity for the

35 metalate anions. The said solid is preferably an anion



WO 02/ 26675 PCT/ EPO1/ 11306 3 exchange resin, in particular a
styrene-di vinyl benzene copolyner. The el ectropositive conplexing sites

are in paidixgbar quaternary ammoni um protonated tertiarpcTaARINg1300"
guat ernary phosphonium The netal ate anios-are 5 specified as nol ybdat e,

tungstate, netavanadate, hydrogen pyrovanadate and pyrovanadate anions. A

conplication gkchhhbe PEOEASSihSphbatchihgrabkytepengl®sohngantahnibpg
product stream al so conprises_a substantial anount of netalate anions,
di spl aced frofiPPRLYBREct FBBOSLEFiECRPOSEbABResPHElEKiBg B tEReasel id

netal ate ani Qﬁafeﬂ&ahaknquaﬁkﬁaic@: am}nen%ﬂlgr pkB8thAIHES :cﬁﬁt%g?yngm%e

metal ate anions in the alkylene glycol product stream this stream 1Is
cont act ed wi t AradydltpPygnpayi BosPhenivpoesihpveetadaprerinhgnsi eee associ at ed

with i ons Lchiateqla.r e id i 0 In US-A
L o w8 Al 601 90ARELE BhohbEgsa, Bk ok a0 ALl
di scl osed sol burevenpdate asdnpyieiagadatet ahavescoAptexpdiwathon of

hydrotalcite type pebBiss! IsDORD:SPAC! LiOILARS L P BALLONeA ! hat the 20

subj ect process c e carrired out ert as 'a or “&--cont Pnuous
process w th peegete sfreamoassoedompaitent 8 substeguiatdamBenycbé of

reactor output |j ntigned, In RU.C.2 002 726.(Shvets et.al.) there is
di scl osed a %?%%%%ggfggl%ﬁg'pg%%ag Fgﬁ SF°§|EQ?eﬁéé§P§88P§1%§V§5 catal ytic
hydr &td on of ebkyleréngxsiless whetkbysalkyl meealgtygcahion addedihonghe

starting m xtur 5 thfe. cle.of regc&or o] ug IS nklon d. In W
95/ 20559 (SheT?? there ﬁé AFLEF okRaTS BFchég gy gﬁ% pWSSﬁFﬁF?on of
al kyl ene gl ycahsombeiri thanaBRyabkyl ghgcoXi geodisct eactedm thivakerehn t he
o “more- el ect TBpOSRFRGESE TEEE fnophiti BOY SPOceLes FERGPSLbaSFe anon
exchange resi fombplékenquai eegasiysociated with anions which are
15 replaceable by the said metalate anions.
In US-A 5,064,804 and in EP-A 0 529 726 (both of
Union Carbide) there are disclosed solid catalysts
comprising a metalate complexed with a hydrotalcite-type
clay. In both specifications it is mentioned that the
20 subject process can be carried out either as a batch or a
continuous process with recycle of unconsumed reactants
if required. Recycle of reactor output is not mentioned.
In RU-C 2 002 726 (Shvets et al.) there is disclosed
a process for the production of alkylene glycols by
25 catalytic hydration of alkylene oxides, whereby alkylene
glycol is added to the starting mixture. No recycle of
reactor output is mentioned.
In WO 95/20559 (Shell) there is disclosed a process
for the preparation of alkylene glycols wherein an
30 alkylene oxide is reacted with water in the presence of a
catalyst composition comprising a solid material having
one or more electropositive sites, in particular a
strongly basic anion exchange resin of the quaternary
ammonium type, which electropositive sites are

35 coordinated with one or more anions other than metalate



amoni um type, which el ectropositive sites are 35 coordinated with one or
nore ani ons other than netal ate WO 02/ 26675 PCT/ EPO1/ 11306 - 4 or hal ogen
ani ons, ewo o2cear bonat e, bisul phite and carboxylate - WgdT/Edee1 POV SO
that when the solid material is an anienid -exchange resin of the
guaternary ammoniumtype and the anion is bicarbonate the process is 5

performed in idhe haubsleantndon2SRNGE 0fi GaiRl td 0Hid8: orA t&r awack shar ed

by the conventional anionic exchange resins is their Iimted tolerance to

heat and thelCPTERYdptLEDIT ML SFhendmoviige Fdatexdhes &he moMd9/ 31033
(Dow) it is dese¢lilad RAWanlBRIPGRS IBSHEHGY i3 | Q£ L&sins,
e.g. as described in WO 95/ 20559, suff (1;% ro%%lﬁglegfr %ee)&%\%\ggﬁaﬁgf
particul arly AMTMOBAPEY &YRFesnGr ddicemntipan ig5 bicarhiens teo dilvee mir ofogrstshéis
descriges a mpihad:aka HhniHeSisighatueh e L0 L0 IRl AGAMg 40 the 15
reaction mxture a conbination of additives conprising carbon dioXide and
a base in an anoudt dxawbpckeshared b thel woaveHthemademnSodiand 9. 0.

Further, WO 99,3 ( : Al QRO . f LN _si t he swel | ing of
an anion exchangégﬁégi r?g%ngoqt%’si%%%%nqgﬁlg%a ité)ligeljagg’t o .t%%legneaél odi nent
two or nore &ledlrasiscepadbdild tar ecopmedilédiai.n series, each reactor

taini f. | wsit | yst | 1,i i I ti
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minimising such swelling comprising adding to the

15 reaction mixture a combination of additives comprising
carbon dioxide and a base in an amount sufficient to
maintain a pH between 5.0 and 9.0.

Further, WO 99/31034 (Dow) proposes a method of
minimising the swelling of an anion exchange resin by

20 using an adiabatic reactor. In one embodiment two or more
adiabatic reactors are operated in series, each reactor
containing a separate batch of catalyst.

Catalyst swelling is problematic as it can result in
flow of reactants through the reactor being slowed or

25 blocked. Therefore, it would be advantageous if there was
a means by which swelling of a catalyst based on an anion
exchange resin employed in the conversion of alkylene
oxides to alkylene glycols could be minimised and/or the
life-time of that catalyst prolonged.

30 Summary of the invention

Surprisingly, it has now been found that by recycling
reactor output from a reactor containing a catalyst based
on an anion exchange resin back through the same reactor,
swelling of the catalyst may be reduced.

35



reactor output froma reactor containing a catal yst based on an anion
exchange resin back through the sanme reactor, swelling of the catalyst may
be reducego B32e® 02/ 26675 PCT/ EP01/11306 5 Statenent ofpdinepoiaysegti on
The present invention provides a process f5o~ the production of an al kyl ene
gl ycol wherein: - a feed m xture containing a respective al kylene oxide 5
and water is gahregdeedotrorak LheashtQre inlet of a reactor containing a
fixed bed of a soljd catal ySt based_ orm an ani on exchange resin, and - a
reactor output ni XE8rBrE§RIEI ARNGNARCH RyPEREesgPyPsPCaRe doredbred f eed
mxture is reppygdctiom ak aﬁoall%iren%n?l bhelnek-clihe reactor, .
characterised in that at |east a part o he reactor output mxture is
recycl ed to at | e@sfefemirkureotonieindagear saspectibet ailkyd eges oxiigei on
of thesinventbag Jackl §8°;REESENCNYBNLIOTLaLPRIE Ghilhte Jreactor output
is recycled to at |east one inlet of the same Treactor. e part of the
react or out puredetbes revyeliadngmay fheedoivednioéntl yodéparcatted vittoeatsked par t
not to be regxcgﬁdaﬁggﬁre&ﬁﬁaﬁégc %%i%UtBH§ has |l eft the reactor; 20 or
alternatively the part of the reactor output to be recycled may be

conveni ently renpg&edetrboort hetpedchdxtuira candefihéngntnoutllketleak t he

reactor than r Lch h art, of. _the reactor output not to be
recycled is gggnsgdgﬂggﬂhgggF Fﬁg???dingkgrﬁré?eFF@ﬁvgﬁbﬁﬁpﬁbﬁF of the
prese} invenleaat aeneovtkéttobft hier eaacanxfor the part of the reactor
out put m xture which is tq be cycled.is  positioned upstreamof an outl et
of the reactogh?g?cpﬁglssgrfno%EPﬁeageégﬁﬁF BUPBEE ﬁng e TRAFERTI s not to

be output mixture is recycled to at least one inlet of the

same reactor.

Detailed description of the invention

15 In the present invention, a part of the reactor
output is recycled to at least one inlet of the same
reactor. The part of the reactor output to be recycled
may be conveniently separated from the part not to be
recycled after the reactor output has left the reactor;

20 . or alternatively the part of the reactor output to be
recycled may be conveniently removed from the reactor via
a different outlet of the reactor than that from which
the part of the reactor output not to be recycled is
removed.

25 Accordingly, in one preferred embodiment of the
present invention, an outlet of the reactor for the part
of the reactor output mixture which is to be recycled is
positioned upstream of an outlet of the reactor for the
part of the reactor output mixture which is not to be

30 recycled.

In a further preferred embodiment, an outlet of the
reactor for the part of the reactor output mixture which
is to be recycled is positioned downstream of an outlet
of the reactor for the part of the reactor output mixture

35 which is not to be recycled.



30 recycled. In a further preferred enbodi ment, an outlet of the reactor
for the part of the reactor output mxture which is to be recycled is

posi ti onegygdpweelsr eam of an outlet of the reactor for theqard1@izeshe
reactor output mxture 35 which is not té& be recycled. WO 02/26675

PCT/ EPO1/ 11306 6 In a nost preferred enbodi nent, the part of the reactor

output to be recyghed insssepaediedaly %H%bﬂl&mléﬁﬁ:t het paa-the  eqycl ed after
the reactor output has | eft the_  reactor. I'n the present invention the

part of the r E&EC5PT SULPUL o be F@&V@Ilé’éll ey SE@aredrd dFam the Pa&ttor

inlet |eadingodi keChly rbeybhed aaeler cn@f rch iRy 12:%1 {ﬁurtstha@ XeGt Wheh a
wat er and/ or al kyl ene oxi de feed stream on route he reactor.

Conveni ently, rﬁﬁétﬁért of the reactor 10 out put mxture to be recycled is

first gixed with g,feed p%étewtelﬁ%wel%hn&h@n a&@b%n%hkylr%%c%q wat er,

and the conbined mxture of recycled reactor output | ene oxide and
wat er then i npp@m}@e(ﬁot bearecyadedoneyi Meetrestyclefile tregctrsacttd Thé egnount

of reactor OUEL% 1 HX YR Pe I eched 1By Re varig %‘H rQRLlgmUm
regar to S jq thO

performance w t t her reaction paranefer wever it
is preferredwilkit at wetpgar andf/Otrhalkeré,@ztn@r ot tieu tf ewld csltnesam roelcym@tuee isin

the range of f{ro 0 - 9 . 0 a a hpQut re
preferably |nftt hghgaﬁregcgg .f%é%%élie%%&é Eﬂ%%bag:%d%%s re é:’rté) ly in the
r angel @f fromu&@uttom@&tﬁrwt Yo Pee reeypdest dise faﬁcstthmlpwe&?smﬂthpraocfee;d IS

preferably in.the ran%%aof. fr m60 Cjkti 200 C rmre referabl 8# 25 the
e gr

range of fromm'}ﬁ:t&rteoc re:,Sln d %o eeperé) 9 Ixi"é”lt_‘egngé'jl tPlsﬁom 80 C

to 110 C |In thebjpnesent xitnvenbifomeciyilleds rbaelttosfh@\mtpbjtat alkylene
oxide and water then introduced to at least one inlet of
the reactor.

15 The amount of reactor output mixture to be recycled
may be varied to obtain optimum performance with regard
to other reaction parameters emploved, however it is
preferred that the part of the reactor output which is
recycled is in the range of from 50 to 99.5 wt% of the

20 total reactor output, more preferably in the range of
from 75 to 99.5 wt%, and most preferably in the range of
from 80 to 99.5 wt%.

The temperature of the present process is preferably
in the range of from 60 °C to 200 °C, more preferably in

25 the range of from 70 °C to 110 °C, and most preferably in
the range of from 80 °C to 110 °C.

In the present invention, it has been shown that
recycling a part of a reactor output mixture back through
the same reactor reduces catalyst swelling. The exact

30 reasons for this surprising effect are as yet unknown.
However, one possible explanation is that a constituent
of the reactor output is reducing swelling; i.e. a
positive back-mixing effect is occurring wherein the
reactor output comprises one or more constituents not

35 present in the reactants which reduce swelling.



recycling a part of a reactor output m xture back through the sane reactor
reduces catal yst swelling. The exact 30 reasons for this surprising effect

are as yeiwounkgewn. However, one possi bl e explanation i s gdiatpodv11306
constituent of the reactor output is reduci-ng swelling; i.e. a positive
back-m xing effect is occurring wherein the reactor output conprises one

or nore const @RS tAGe135 RHeSeRgudt ilde ihPaGiantiSigMH-cN Heediiee rpwel | i ng.
WO 02/ 26675 PCT/ EPO1/ 1130 7, Alternatively, the reduction in swelling may

be due to incPEESEFSSUFEPErEEsaleVEdiogy ot Afe XOPATER toh T gbh &he
cat al yst bed,; chhelgeer paged thenpeicaidaise st helwveenR dilhe 1Ragkern I nl et
and the react outlet, or conpi nati on of thes nd/ or other factors.
In the procesgkgfrfﬁgESFeégiF%iﬁ@gﬁﬁgﬁhxfﬁﬁgfﬁiQuﬁﬁe%cafgiﬁét swel ling is
preferably kepbmbinkésent bdn thésE0@ndros. oAhieur ttheroadvant ageous feature of
the present 10 invyentian_ i t hy.recycling,a.part, of the reactor . output
m xture back intofghghge %?S%PQaﬁg Féﬁb Fgfﬁgg * WFPgﬁgﬁcggﬁhﬁﬁgﬁaﬁfarise
bet ween t he t eptaddsthevediltiom ief priedereddiyokeps: fionilmssedhancdsr/diongl y,

| ess external p,enperature control is required to maintain the reaction 15

tenperature than with a conventional reactor. This is particularly
advant ageous when?i $8thberapdvandpoeons deatuseepdr the. PTRseptocess of the

Preseny i nyenthoBafayndes LHBECERNLRAJ330 LSRLbET BBl (e 3R.RdLghati c
reactor. 20 However, the present invéntion has been found to give
particul arly gos@uteBdkRtyrenbaekmingo mhe mesictgreabaly fempswaltiiicey when

the reactor |&;3Rci-allebal HEICLOL Addech RAL! LEW ALl RLCLRLLEM
enbodi mrent of the present invention the reactor I's an iso hermal” react or.
25 | sot her mal ofe&beorsagtergérnemanlipisied.l Agedrddbgly, less external

temperature control is required to maintain the reaction

15 temperature than with a conventional reactor. This is
particularly advantageous when isothermal conditions are
preferred.

The process of the present invention may be
implemented in an isothermal or an adiabatic reactor.

20 However, the present invention has been found to give
particularly good results in terms of minimising catalyst
swelling when the reactor is an isothermal reactor and in
a particularly preferred embodiment of the present
invention the reactor is an isothermal reactor.

25 Isothermal reactors are generally shell and tube
reactors, mostly of the multitubular type wherein the ‘
tubes contain the catalyst and the temperature is
controlled by passing a fluid or gas outside the tubes.
Prior to the present invention isothermal reactors were

30 thought to be inappropriate for use with anion exchange
resin catalysts as in order to control effectively the
temperature during reaction, the reactor tubes of
isothermal reactors needed to be long and narrow.
Accordingly, catalyst expansion resulted in the flow of

35 reactants through the catalyst bed being prevented.



reactors, nostly of the multitubular type wherein the tubes contain the
catal yst and the tenperature is controlled by passing a fluid or gas
outside tWwe dgulges. Prior to the present invention isotherp@Elerogaciors were
30 thought to be inappropriate for use w tth -ani on exchange resin catalysts
as in order to control effectively the tenperature during reaction, the
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Accordingly, catalyst expansion resulted in _the flow of 35 reactants

through the cdtSALSIMedd ISEGHPrisy GHRAE1aAdY0 Hues s imer/aEpoty fesbe - 8
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t hat adi abati c?ealcé@étsof@r\ﬁerr@%@qiﬁ@é@ - THTHISA S8 & tysﬂ“_’%kﬂ@lli@i-ng. 5 The
process of the preseni lauenl i3 iR HRRRE ARn A Hd H 8281 OF
or using two or nore reactors in series wherein the part of the react or
out put ni xtur &@SA8Y & ¢ipgleeirAddY s Passddd ivsughr atoreastacne s umt her
reactor. Int @e%i'e@%@%i&lh%@ A5, 0 %%ef lirera%‘?:ror K pqﬁzctzrar LU ti’leota
conventional reactor or it may conveniently be a recycle F éactor operat ed
according to tohéeprecysdedf itshegsrsaskrithrionggntiton.edlte aat dwsthero be used
in the present_ i .S, a ni_qQn change resin. _Any of a

| ar ge nunber &fg@éﬁ%nﬁgln tzl%émbgi%%%a?%ﬁ r%glaecg% &:e)él%eé)g’len %retr}lseéﬁ id catal yst
of t hk0presentreatent mary. bEx anulcesregft iamiadn reaxotvange rasinmess on whi ch t he
catal yst may veni. I based j.ncl ude basi c _quaternar moni_um
resins, quat %%%é’%gl :Lp%tc’)cs:L h%% FnT 8 TS I5PSt6haces aé%reﬁgr 05%'31‘]]@ 36
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is based on a str I asic aternary. a iumresin ar a at er,nar
Ipflosp?\oni um rZsi %B%Tﬁgggilfygltygé R 6?(;% I ggrfsks‘?lélé:e&nafr‘? uoé]nilﬁn d

based on an anion exchange resin. Any of a large number

15 of anion exchange resins can be used in the solid
catalyst of the present invention. Examples of anion
exchange resins on which the catalyst may conveniently be
based include basic quaternary ammonium resins,
quaternary phosphonium resins, protonated tertiary amine

20 resins, vinylpyridine resins, and polysiloxanes.

Preferably, the catalyst is based on a strongly basic
quaternary ammonium resin or a quaternary phosphonium
resin. The catalyst is most preferably based on an anion
exchange resin comprising a trimethylbenzyl ammonium

25 group .

Examples of commercially available anion exchange
resins on which the catalyst of the present may be based
include Lewatit M 500 WS (Lewatit is a trade mark),
Duolite A 368 (Duolite is a trademark) and Amberjet 4200,

30 (all based on polystyrene resins, cross-linked with
divinyl benzene) and Reillex HPQ (based on a
polyvinylpyridine resin, cross-linked with divinyl
benzene)

The anion exchange resin in the fixed bed of solid

35 catalyst may comprise more than one anion. Preferably,
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the anion is sel eghed themahhenghieup ehrbosgnberabeiodi s fiate, nmetal ate
and carboxyl ate anions. Wien the anion is a carboxglate anion, it is

preferred t haPrEhETERFoANPE ShFoPPERHARY R POV Hics dedd agion its

chai n 310l ecul Ba9RRGORNNBES EARRAXWH1GLAHRS ondNE O Y JHiR-GAN Rexylat e
groups, the indivigﬁal car boxyl and/ or carggxylgte groups bg?%g sep %ated

from each ot ABF PRSt RE BREPnCABPeXYILatBy gxoyppar &hiengngivigluadonsi sting of
at | east one e y y yi i i i citric
i d der vt o B L AR b o 2R e
preferably theaghi 8khes anbtber bondremadieonle Avsel isepeatdliyst owbuph has
given parlicUt8hsYs998d ofeall 13a8leB 8MRaxed phe Q8. A0CGeR Of the

I
present 15 invention, I's a catalyst bas on a quaternary ammoni um resin,
pref ekbl y a pedivracbeprilirngcadt rnmenhykbenzylriammoiidudegricvanivand

co-ordinated Weeh PReleRrbil dotbles At ol e ER e ARt an aquceus.
solution of a suMpabl eraterablyotheeaklignatsdacbprachosarecanpound to
A solid catalyst which has given particularly good
results when employed in the process of the present
15 invention, is a catalyst based on a quaternary ammonium
resin, preferably a resin comprising a trimethylbenzyl
ammonium group, and wherein the anion is a bicarbonate
anion.
The catalyst anion may be co-ordinated with the anion
20 exchange resin by adding an aqueous solution of a
suitable neutral or weakly acidic precursor compound to
the anion exchange resin, which may or may not have been
adapted in a foregoing preparatory step. For example,
when the anion exchange resin is a quaternary ammonium
25 resin and the anion is a bicarbonate, the catalyst may be
prepared in a single step by adding to an anion exchange
resin in the chloride form an agqueous solution of an
alkali metal bicarbonate such as sodium bicarbonate,
followed by washing with water, or alternatively the
30 catalyst may be prepared in two steps by first converting
the resin to the hydroxyl form with a hydroxide such as
aqueous sodium hydroxide, and subsequently adding carbon
dioxide gas, followed by washing with water.
A stabilising additive may optionally be added to the
35 catalyst bed. Preferably, the stabilising additive is an



t he ani on exchange resin, which may or may not have been adapted
foregoing preparatory step. For exanple, when the ani on exchange
a quat er n@igyo2@gemni um 25 resin and the anion is a bicarbompatiggpoiis06at al yst

may be

prepared in a single step by addih@ to an ani on exchange

in a
resinis

resin in

the chloride forman aqueous solution of an alkali netal bicarbonate such

as sodi um bi cachanat eon beathawee Byswashirog wikbipial &f wik1y bereati vel y
the 30 catal yst na&ﬁﬁapg&egared in tw steps by first converting

to the hydroxyP¥ &

the resin
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water. A stabilising additive may optionally be_ adde

to the 35 catalyst
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The al kyl ene oxides uséd as starting

resin of

t he met hacryl ate type.

exchange

materials in PﬁédepKQE@§§)09rPH@ pre$BRLri MPdRCdES -have their conventional
tion, p&e@ersseaya@wleﬂ@})%w%sha%!enal@{g\rﬂe&gn% 1908 gRAXY) Y Oup

5 defi ni
in their
gener al

nol ecul es. Preferred a ene oxi des e al kyl'ene oxi
f or nupgnRratReoomeIR4 10 \ / O wherein each of Rl to R4

es of the

i ndependently represents a hydrogen atomor an optionally substituted

al kyl gr

oup having from1 to 6 gdrbpeA-akénr4 Any al kyl group, 15

repreggnted by R, R2, R3 and/or R4\ preferably has from 1 to 3 carbon
atons. Optional substituents on the al kyl groups are inactive noieties
hydr oxy groups. Preferably, Rl, R2, and R3 represent hydrogen

atons and R4 hepLesentsnaoRoRISERS Rt Yhad ClaGRral KWe 9equp and.
hydrogen atom or an optionally substituted alkyl group

such as

15

20

25

30

having from 1 to 6 carbon atoms. Any alkyl group,

represented by rR1, R2, R3 and/or R4, preferably has from

1 to 3 carbon atoms. Optional substituents on the alkyl

groups are inactive moieties such as hydroxy groups.

Preferably, Rl, R2, and R3 represent hydrogen atoms and

r4 represents a non-substituted Cj-C3z-alkyl group énd,

more preferably, Rl, R2, R3 and rR% all represent hydrogen

atoms.

Examples of alkylene oxides which may conveniently be

employed include ethylene oxide, propylene oxide, 1,2-

epoxybutane, 2,3-epoxybutane and glycidol. The alkylene

oxide is preferably ethylene oxide or propylene oxide;

ethylene glycol and propylene glycol being alkylene

glycols: of particular commercial importance. Most

preferably the alkylene oxide of the present invention is

ethylene oxide and the alkylene glycol is ethylene
glycol.

The process of the present invention is preferably

performed without using excessive amounts of water. In

the process according to the present invention, the

amount of water is preferably in the range of from 1

to



20 nore preferably, Rl, R2, R3 and R4 all represent hydrogen atons.
Exanpl es of al kyl ene oxi des which may conveniently be enployed include
et hyl ene ax @es6Br opyl ene oxi de, 1,2- epoxybutane, 2, 3-ep@cinttianesoand
glycidol. The al kyl ene 25 oxide is preferiably ethylene oxide or propyl ene
oxi de; ethylene glycol and propylene glycol being al kylene glycols-of

particul ar cogyensiak hEPOLLRARCEE Q(Qﬁ&leﬁé%ﬁ&é@' y]inb% gk@fle%as}g)xaﬂe of

the present invention is ethylene oxide and kyl ene glyco

ethyl ene 30 gFheorangmecprbeesslotot AB ﬁnés@ﬁstupV§ﬁ$r@hleoﬁréremably
performed w tpgujgusi ng excessive anounts of water. In the process
according to the present invention, the anount of water is preferably in
the range of fromInths\POREEBE75NPETLEPO1PDEB081 1iQmidSEounﬂEsspecenDIe
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preferably of from In the resen I nven |qU| eJﬁourly
space 5 veIdceaytihmnghamQEereachowemﬁrl1Vaiy ﬁepéeﬁab@yomnother
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certain enbodlnthhsand mhstppeeéerabmyemtton5|1/113 may be beneficial to
add car bon d|0X|dfnto t he. react or on di oxi el ther be added

directly to the TRatToreor ?Tbﬁ%§mﬁﬁgﬁdagd o Phesah yFEﬁéan?HelFeed

the et er feedayand/benaftetyt| eostd@aonrbbéncaibridedtoxtle isateobe added,
t he anpunt be vari .obtain ogtinum

of .C di o 1
per f or mance i A" a?e?%f?%ﬁxéboﬁfagrm?@a%??%ﬁrbg?aﬁggﬁgs 1rRCpayt FeuFB® the
type of catal ysacespl eyetk m@yeberaﬂb@daﬁBUﬂheaﬂﬂﬁﬁléhb|ox@ﬂ@fﬁéé&ly be

less than 0. 1tﬁgw@atgPr§egéef 89 gegecycle stream. If carbon
dioxide is to be added, the amount of carbon dioxide

15 added may be varied to obtain optimum performance in
relation to other reaction parameters, in particular the
type of catalyst employed, however the amount added will
preferably be less than 0.1 % wt, more preferably less
than 0.01 % wt, based on a total amount of reactants.

20 The process of the invention may optionally be
performed under pressure. When the reaction is performed
under pressure, the pressure is conveniently in the range
of from 200 to 3000, more conveniently 200 to 2000 KPa.

The present invention further provides a recycle

25 reactor suitable for use in accordance with the process
of the present invention.

The present invention will be further understood from
the following illustrative examples.
Examples according to the invention were performed in

30 an isothermal recycle reactor, whilst comparative
examples were performed in a conventional adiabatic
reactor.

Recycle Reactor

The recycle reactor comprised a reactor tube filled

35 with catalyst. The reactor tube had an internal diameter



than 0.01 % wt, based on a total amount of reactants. 20 The process of the
invention may optionally be perfornmed under pressure. Wien the reaction is
per f or medwoun@dgs7spr essure, the pressure i s conveniently irpdiepoiamge of
from 200 to 3000, nore conveniently 200-t 822600 KPa. The present invention
further provides a recycle 25 reactor suitable for use in accordance with

the process off the pneseid d M@HEOHLE BE M eseld tdveridqpi || be
further understood from the fol I,ovm&%r;f il lLustrative exanpl es. Exanpl es

according to tHRCEIRFERY 0PI R Tertiest edh i I3pEing st tdieatad dne
reactor, whilsf (QURRALIMLaIEXAMTNES Jer& BRI inrﬂedsyé‘cé}npomee@démr

adi abatic reactor. Recycle Reactor The recycle reactor conprised a reactor
tube filled 3%shfif HiFdt 2 MREYER tIsor yhBIHER dfromterreEctdimnet er WO
02/ 26685 PCT/ ERQM kL told s & % mpand N e reactor
was i sot hermal ,.]'dbei %g‘?ﬁ tted w tah a&heatll ng I?Lgc{'eg%eg% f/énléjgi?

t her nost at i callsinsoieadiadewiidt tsinpenadtum CindnEldstidrel ewtsrifdal ethpdth a
recycle | oop rjuny f Qmp r . i.p8, t ¢ i i pe;
the recycle Ioo%rgd%%ilr% hé%tagrg%‘v%s?W%%?ﬁduwéﬁ%ﬂor%%%m&lﬁ gca eot ape.
A recycl e stremavgds fdiom aiegetingd hwithyeaRaqnenpurid Qderioleicy alet dd .ow

nmeasured with enn rrd ol4S.. . . 1n _qperati feed .nj xture
cont ai ni ng al kl?ﬂ e%g% ox:ig%l'(f% afﬁa % lre;}rattu?trse fcgélrﬁarﬁnolr%%ea%q{%%%er Q?ﬂ‘rrgo%gh a
reactd? inl et anghewrgier iits Fask ds1tchridueg hr delve areadtmrughube w4 tis fagtom
the reactor a ct.qr t I.xture; .a part of sai,d reactar o ut

m xture bei ng%%clgfc e(EJL%t ﬁ%%ﬁ%hg ttﬁ?ef(orueqchyc he rle&ﬁzﬁchrosﬂpeef IS Ure Bt

al kyl ene oxi dehendreaatter. abb aCoraseritdronaltpReaatiortzanpar ajdme X 3Fildes were
performed in %x%&ﬂ%&n%h %%E mixture being recycled through the recycle

loop to the feed mixture of alkylene oxide and water.

15 Conventional Reactor

Comparative examples were performed in a conventional
adiabatic type reactor which comprised a reactor tube
filled with catalyst and fitted inside a stainless steel
pipe. The reactor tube had an internal diameter of 20 mm

20 and a length of 24 cm. The reactor tube was insulated
with a Teflon layer placed between the tube and the
stainless steel pipe. The stainless steel pipe was
electrically heated to compensate for heat loss only. In
operation water was preheated prior to mixing with

25 alkylene oxide to achieve the required inlet temperature.

Preparation of Catalyst

A solid catalyst (A) based on a guaternary ammonium
resin and having a bicarbonate anion was prepared by
washing an ion exchange resin of the quaternary ammonium

30 type in the chloride form (Amberjet 4200, ex-Rhom & Hass,
exchange capacity 1.3 meg/ml) as follows:-
i) 150 ml of wet catalyst was slurried in a water filled

glass tube,



adi abatic type reactor which conprised a reactor tube filled with catal yst
and fitted inside a stainless steel pipe. The reactor tube had an internal
di anet er oo ¥deemm 20 and a length of 24 cm The reactor tuylg/pms1izesul at ed
with a Teflon | ayer placed between the tub® -and the stainless steel pipe.

The stainless steel pipe was electrically heated to conpensate for heat

| | I t
oss only. |n;joperaki pR1WRALQE WASORr gyggate%%eﬁbea ’O&uremﬁepg’r gg -

al kyl ene oxi de to achieve the requir et tenper
Catal yst A sofpdivarhigarbopptpasedusion qift einesymeimunenressesin and

having 2 bi cay B0l oo QBckRS BECBREE, hika HASNENGAR! O sExGhARAR, oS! N

of the quaternary ammonium 30 type e ch orm (

ex- Rhom & HasﬁpaC@xEﬁéﬁgetEaﬁécﬂV9 D)3 meg/m) as follows: i) 150 ml of wet
catalyst was slurried in a water filled glass tube, WD 02/ 26675

PCT/ EP01/ 1130611} tBe pkyhangedhresidewani washed withanged by bfeatitrent

with a sodiu i gatb _$0 i (10 tinmes nol ar excess in 2500 g of
wat er) for apgégx?n%tgpﬁég %o%?%'%@iquid Hourly Space Velocity =4 1/1. h) 5

1) o et S L e s B Bl L
4200 had beenthentmbecmgpléB@Dyhedcbaagedlmmsthcbmpldeeﬂyeéxbhaagbdnate
ions, e LSt CRboRbRR SRR ERbaL LASGREL ALUS! sbELS L PO
rati d025:1) wasnteontped ehel@8BaKpatpbesagra2opgn.an i sothermal (70 C)
recycl e react conta n|n 15 51 o] h cat al A 15 liquid recycle
strean1fron1t§e—%%ae%% %ﬁ? ﬂ?x%ﬁmﬁ ﬁa%nvﬁéﬁﬁ?éfned at a recycle rate of
83.3 % w; the |liguvater / ethylene oxide feed (mol ratio 25:1) was

pumped at 1000 Kpa pressure over an isothermal (70 °C)

recycle reactor containing 15 ml of wet catalyst (A). A

i5 liquid recycle stream from the reactor output mixture was
maintained at a recycle rate of 83.3 % wt; the ligquid
hourly space velocity (LHSV) through the reactor being
13.6 1/1.h. The overall conversion of ethylene oxide to
glycols was 30 %.

20 The recycle reactor was operated for 507 hrs after
which time the amount of catalyst swelling, as determined
by measuring the volume of catalyst before and after use,
was 2.5 %; giving a rate of swelling of 0.49% /100 hrs.
Example 2 (comparative)

25 A water / ethylene oxide feed (mol ratio 36.5:1) was
pumped at 1000 Kpa pressure over an adiabatic reactor
containing 60 ml of wet catalyst (A). The liquid hourly
space velocity (LHSV) through the reactor was 3.9 1/1.h
and the inlet temperature was from 68-69 °C and the

30 outlet temperature from 79-82 °C. The overall conversion
of ethylene oxide to glycols was 60-70 %.

The reactor was operated for 500 hrs after which time
the amount of catalyst swelling was 5.6 %; giving a rate
of swelling of 1.12% /100 hrs.



hourly space velocity (LHSV) through the reactor being 13.6 I/I.h. The
overal |l conversion of ethylene oxide to glycols was 30 % 20 The recycle
react or wa® @peéated for 507 hrs after which tinme the ampgniemi/icmsal yst
swel ling, as determ ned by neasuring thel4&olune of catal yst before and
after use, was 2.5 % giving a rate of swelling of 0.49% /100 hrs.

Exanpl e 2 (conpamgliVve) (28cO-¥aher tb ehBYhapenexids feed (nol ratio 36.5:1)
was punped at 1000 Kpa pressure over an adi abatic reactor containing 60

n of wet catal ysP VAyer Theethylraehesify fepdcdmpdl sakdp BERSVL)t Wasugh
the reactor wasmde8 ALl 1B00argdat Reckbl et Lorperat fho - C and
the 30 outl e}tA@t egeerat ure frcﬁ??g- glzs o Thgggveraﬁﬁ%gg%\%nﬁé}i ?ﬁg§8?%et hyl ene
oxi de to gl ycBP3cHas 600¥B1dNThE5Sr BacPbr Waks Capelarsed (Ror. 5be waseaft er

whichginme t t a S | LAY RO e TRV rate of
swel | i5tng of 1?%12%@%00?1?3% %%Egz%gggggh%@r;gggﬁl%008(191?‘&1%9@%@I e 3
(accordi ng t odipsiflaveRrpoaysApaacmeteret Wekenvaoiede dieddg( bk rahi:o
5-25:1) was b o1 r e n_i ermal.__recycl
reactor cont a?ﬁ?ﬁggggggﬂ Qggyégtg (E:%? %E{/ﬁs? r%ﬁ) Ehéhge\‘sf\‘gﬁ:gf gué:PH)%/l }egﬁg%g%lede
f eed cont ai nebde20gppaintaaddddwiahbenrediyoXedeatBr ofessopab@niters wer e

varied duringgthgorup: e-.biqui-d, recycle streamfromt ctor out put
m xture bei n%gﬁgfn gf n%%gwlfhaédr 1elcc?ylg g F’B?geo?’g?PSﬁ]t%Q;@gS?g %85.0331% ;
t he 11i0gui d hothkyrepaterveebongt fronHSVY thrdughlll.hheandacher being from
2.0to 3.2 1/ tenperature_being i.n_the f _from75 to 105

C. The overa#?lqggﬁgglﬁ%?glﬁe%?ge%ﬁy%gﬁer%ﬁgaeofz‘ofﬁPchgg%gOPrcﬁn e 9190
The recycl e reaetatlwasnopeshvadofoetB2ehesont tier td5gWiceh st ivae ERemanount
of catal yst sg\gl_bigg, as determ ned

The recycle reactor was operated for 922 hrs after

15 which time the amount of catalyst swelling, as determined
by measuring the volume of catalyst before and after use,
was 8.4%; giving a rate of swelling of 0.91% /100 hrs.
Example 4 (comparative)

A water / ethylene oxide feed (mol ratio 20-32:1) was

20 pumped at 1000 Kpa pressure over an adiabatic reactor
containing 60 ml of wet catalyst (A). Process parameters
were varied during the run: the liquid hourly space
velocity (LHSV) through the reactor being from 2.4 to 2.6
1/1.h, the inlet temperature being from 67-74 °C and the

25 outlet temperature from 93-98 °C. The overall conversion
of ethylene oxide to ethylene glycols was from 94-99%.

The reactor was operated for 900 hrs after which time
the amount of catalyst swelling was 19.8 %; giving a rate
of swelling of 2.22% /100 hrs.

30 By comparison of working Examples 1 and 3 with
comparative Examples 2 and 4 respectively, it can be seen
that under amalogous conditions significantly less -
catalyst swelling occurs when using a process according
to the present invention than with conventional adiabatic

35 processes.



by neasuring the volunme of catalyst before and after use, was 8.4% giving
arate of swelling of 0.91% /100 hrs. Exanple 4 (conparative) A water /
et hyl ene Q¢ @eefRed (nol ratio 20-32:1) was 20 punped at pQQhoResopr €SSUr e
over an adi abatic reactor containing 60 4 of wet catalyst (A). Process
paranmeters were varied during the run: the liquid hourly space velocity
(LHSV) through the reactor being from2.4 to 2.6 1/1.h, the inlet
tenperature being from67-74 C and the 25 outlet tenperature from 93-98 C.
The overal |l c&meapdieoh (@ﬁcetdyhgnGOOXheeiMUeetﬁWMGne glycols was from
94-99% The reactQr ed. for hrs i.me the anount
of catal yst smell%%gd§§§ngggé%% ghevPﬁgggt Of t reF%Pﬁ 18Ve?ti?ﬂ>/100
E;s ?0 Bg comharreoycmf_uefhtngtém@ﬂpyeﬁ 1naﬂ&a&p&ebh§ ammparghﬁvased
anpl.es an res | it ca under_.ana
condlﬁfons S|gﬁ|F|EX§Fﬁye¥§¥ engaPAT St E@ﬁllln %@&&P? ﬁﬂgﬁ035| éeg a
process accorﬁudg rhngéhefpreaenﬁonnwenﬂumﬁohhaﬂHMJBM)Convﬁﬂ&baﬁﬁbr
adi abatic rocesses. WD 02/26675 PCT/ EPO1/ 11306
(accor ding to gﬁerPﬁvéﬂtF8ﬂfl?808§n89§FF5P8nth@ tp@tﬁoﬁﬁeFﬁéOBrEQent
i nvention theth9m§éﬁbeokedét eF eﬁﬁ| Q}é@dtllrbnE&ﬁﬂipltah% &ea@@é:&v\ﬂ@ @&e?he5 to
convert ethyl ene oxide ( to et ne g under a w de range o
reacti on condFPPYRESESH- BB)mO?ﬁeeFéﬁg?B? 9&&§°ﬂuﬁ“ﬁﬁ)cSﬁFPﬁé@Qs%Sﬁeration,
and tie conveest@nste oet hyhameiexkde of the reaction and the selectivity
of the conversion to nono ethylene glycal (MEG recorded for 10 each set
of conditions. CaFBbROBi B8%xPYe‘Ra¥agdasdetio tPhéhpedcpbioredégedsiPBuPa) by

prem xi ng a calcyl-ahedi AFDHNEatutakRanadiboxikder satwoat edowatier stream
with the water feed to give the required anount of added carbon di oxide.
When a reacti §gturated water stream with the water feed to give the
required amount of added carbon dioxide. When a reaction
15 parameter was changed, the conversion and selectivity
were allowed to stabilize and the values then recorded.
In Experiment 5, the reactor was operated
continuously for 1050 hrs after which time the amount of
swelling was 10 %; giving a rate of swelling of 0.95%
20 /100 hrs.

The results are shown in Table 1.



15 paraneter was changed,

stabilize and the val ues then recorded.

oper at ed @@ndsmausl y for
was 10 % giving a rate of swelling of 0.195% 20 /100 hrs.

shown in Table 1. WO 02/26675 PCT/ EPO1/11306 16 Table 1 EX H20/EO Recycl e

Tenp. LHSV CO2 EO conv.

the conversion and selectivity were allowed to
t he reactor was
1050 hrs after which tinme the amguntpo®fiizoswel |ing
The results are

VEG sel .

not / nol

I n Experi nment

51

(%w) (O (1/1.h) added (nol %

(ml% (PPm 5a 23.7 99.0 70 3.1 0 48.3 98.8 5b 23.7 99.0 80 3.1 0 61.4
98.2 5c 23.7 99.Malbe3l1 0 79..3 98.0 5d 23.7 99.0 100 3.1 0 89.6 97.6 5e
23.7 99.0 110 3.1 0 94.0 97.3 5f 9.8 99.4 70 2.0 0 62.1 97.3 5g 9.8 99.4
80 2.0 0 751.7 96.4 5h 9.8 99.4 90 2.0 0 86.8 95.6 5i 9.8 99.4 100 2.0 O
92.1 95] EX PH.WED 99| Rediidle. PTEmOS5. L@ 4 5Skcdy. 0 YR cB8av2. (MRe/6edD. 93. 7
51 5.0 99. 4| #60/:0D D(9lwtd) 91| ochm (L1010 3D. 3 &M  EDIZ). 0 PFm61%pn 1({. 0
99.2 90{2.0[{20 80.5 P5.6 50 J10.0 9911 90 2.0 @pnB0./6 95.7 5p 10.0 99.1 90
2.0 40 2371 94%F=56110:0-99pP90-—2-Pp49— 04—90—5+—10--0-09-2-99 20140
72.9 94:?k155 ﬁ%i% 99.Zggdy2.3 6 O67 6 34.4 St RO.C 99;§:§0 2.0 %6. 3
94.1 5p5H0J0 99.8 9D 299.60 $6.2093[ 8 351 0 61.4 98.2

5c 23.7 99.0 90 3.1 0 79.3 98.0

5d 23.7 99.0 100 3.1 0 89.6 97.6

5e 23.7 99.0 110 3.1 0 94.0 97.3

5f 9.8 99.4 70 2.0 0 62.1 97.3

5g 9.8 99.4 80 2.0 0 75,.7 96.4

5h 9.8 99.4 90 2.0 0 86.8 95.6

51 9.8 99.4 100 2.0 0 92.1 95.2

535 9.8 99.4 110 2.0 0 95.8 94.4

5k 5.0 99.4 80 2.0 0 76.9 93.7

51 5.0 99.4 100 2.0 0 91.1 91.3

5m 10.0 99.3 90 2.0 20 81.0 95.6

5n 10.0 99.2 90 2.0 20 80.5 95.6

50 10.0 99.1 90 2.0 20 80.6 95.7

5p 10.0 99.1 90 2.0 40 72.3 94.7

5q 10.0 99.2 90 2.0 40 71.9 94.9

5r 10.0 99.2 90 2.0 40 72.9 94.7

5s 10.0 99.2 90 2.0 60 67.6 94.4

5t 10.0 99.2 90 2.0 60 66.3 94.1

5u 10.0 99.3 90 2.0 60 66.2 93.8




WO 02/ 26675 PCT/EP01/11306 - 17 CL Al MS 1. A process for the
production of an al kyl ene glycol wherein: - a feed m xture containing a
respecti veyoadakgégne oxide 5 and water is introduced to atpdraasi/i1o0e 1 nl et
of a reactor containing a fixed bed of a47selid catal yst based on an anion
exchange resin, and - a reactor output m xture containing an al kyl ene

gl ycol and unreacted feed m xture is renoved fromat 10 |east one outl et
of the reactor, characterised in that at |east a part of the reactor

output mxture is recycled to at |least one inlet of the sanme reactor. 2. A
process according to claim1, characiefiged jjngthat 15 the part of the
reactor output recycled is in the range—of—ftrom50 to 99.5 wt % of the
total reactor output. 3. A process according to claim1l1l or 2, characterised

in that an qutlef odde, T 19 fﬂoé&@c?&{t%gfaﬁha?l]gf&ﬁ r%lr%pgé ut

m xture which is to be recycled 1s positioned upstream o outl et of
the reactor fwdrendigrpart of the reactor output mxture which is not to be

recycled. 4. A pro 10g: J_ai o] cterised in .that an
outl et of the rea%f%?é?grgﬁ%%%gﬁr&oﬁcl%h@ #éa%?%?eggﬁg%u?ﬁ{rﬁ’ J?(?rtlﬁeox %%h IS
to be5recycl edhd svaposy tisneut 2xhdowhsts eaim béasin ot | 2blet dheareactor for

the part of e.reactor. output mxture which.is not(.to be recycled. .. 5. A
process accorxtl ncgﬂ’(%]’tg)l %én)@t%%%f%? %I%Jixn%&fo?% A ac%%%%t%??%%%sgﬁo?ﬁ%? t he
reactor is amn sof heniheh excemiar .r&38i6,. ahdrocess according to any one of

claine 1 to 5, characteri sedti q:th.at t he ani.on, exchanrge {esin is a W
02/ 26675 PCT/ EPOE! ﬂeﬁ)%ton; qugEpu mixture containing ax alkylene

glycol and unreacted feed mixture is removed from at

10 least one outlet of the reactor,
characterised in that at least a part of the reactor
output mixture is recycled to at ieast one inlet of the
same reactor.
2. A process according to claim 1, characterised in that

15 the part of the reactor output recycled is in the range
of from 50 to 99.5 wt% of the total reactor output.
3. A process according to claim 1 or 2, characterised in
that an outlet of the reactor for the part of the reactor
output mixture which is to be recycled is positioned

20 upstream of an outlet of the reactor for the part of the
reactor output mixture which is not to be recycled.
4. A process according to claim 1 or 2, characterised in
that an outlet of the reactor for the part of the reactor
output mixture which is to be recycled is positioned

25 downstream of an outlet of the reactor for the part of
the reactor output mixture which is not to be recycled.
5. A process according to any one of claims 1 to 4,
characterised in that the reactor is an isothermal
reactor.

30 6. A process according to any one of claims 1 to 5,

characterised in that the anion exchange resin is a



strongly basic quaternary ammoniumresin or quaternary phosphoniumresin.
7. A process according to any one of clains 1 to 6, characterised in that

the catal wgto@eé@n is selected from 5 the group of bicarbenatmi e
carboxyl ate, bisulphite and netalate anipgs- 8. A process according to
claim?7, characterised in that the anion is a carboxylate anion which

carboxyl ate agipBngh$ BaROLY LALRAXKELG ARk ANOD AN BG Lalls gl g,r” 10

nol ecul e one or nore carboxyl” groups and one or nore car oxyl oups,
t he |nd|V|duaphéépb@nyumaﬁéﬁén car boxyl at e groups belng separated from

each other in-the gggkgsgnggggkalg§rgizgg&g%kpn%fg Em%OES'St'ng of at

| east one aton1 1 proceéss acc any —one of ¢l ai s $rto 8,
characterlsedChﬁrahaBrﬂhedamhonhakchhngeateﬁwmtlanaonquateeﬂetweanﬁm@num

oSt nFn (heqsat bisk, 83 81cLe8pg Bl coUaIRLE A0 0N 1B oce:
alkylene OX|dmetalathyhamenSOX|de and the al kyl ene glycol is ethylene
glycol. 8. A process according to claim 7, characterised in that
the anion is a carboxylate{anion which carboxylate anion
is a polycarboxylic acid anion having in its chain
10 molecule one or more carboxyl groups and one or more
carboxylate groups, the individual carboxyl and/or
carboxylate groups being separated from each other in the
chain molecule by a separating group consisting of at
least one atom.
15 9. A process according to any one of claims 1 to 8,
characterised in that the anion exchange resin is a
quaternary ammonium resin and the catalyst anion is a
bicarbonate anion.
10. A process according to any one of claims 1 to 9,
20 characterised in that the alkylene oxide is ethylene

oxide and the alkylene glycol is ethylene glycol.



