WO 02/ 098828 PCT/ US02/ 13445 PROCESS FOR THE PREPARATI ON OF ALKYLENE
GLYCOLS The present invention relates to a catalytic process for preparing
al kyl ene wglozmossas f rom al kyl ene oxi de and water. The pref eomakoatys ene
oxi des include ethylene 5 oxide (EO, propylene oxide (PO, and butyl ene

oxi de (BO, and tprO®ESS PORELHE PREPARA BION OFSALR Y BfE: Gheidorrespective
nonoal kyl ene gl ycol s: ethylene glycol (EG, propylene glycol (PG, and

butyl ene glycol (BG. Mst preferably, the invention relates to the
preparation of ethylene glycol fromethyle oxi de and water.. Particularly,
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oxide and water. The reactions are run adiabatically, and the heat of reaction is absorbed by
20 the reacting fluids, which respond with an increase in temperature. The reaction
temperature is typically 120°C at the inlet to the reactor and often exceeds 180°C at the exit
point.
High temperatures are desirable in the preparation of ethylene glycol, because
the rate of reaction is maximized and selectivity is unaffected by high temperature. An
25  added advantage of high temperature operation is that it reduces the need to supply external
sources of heat to downstream purification equipment for the separation and recovery of
unreacted water from the ethylene glycol product.
High ratios of water to ethylene oxide are typically fed to the commercial
reactors to favor the production of mono-ethylene glycol, which is capable of also reacting
30 with ethylene oxide to form diethylene glycol. Additionally, the diethylene glycol can react
with ethylene oxide to form triethylene glycol, and so forth.
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et hyl ene oxide nolar ratios | ess than 20:1. re in detail, exanples of

such cat girgedss tapghion saidJapanese appljeationrs g fopoatiop pf ethyleapgarRon®©02726. The

processes_descri bed therej equire converting a catalyst to the
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the catalyst to be nore selective towar monoet hyl ene glycol. In addition,
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requi20e el RUAAD0ZA6! iTihg procRsses described therein require converting a catalyst to the
bicarbonate form before the catalytic reaction, and reducing the concentration of carbon
dioxide to as low as 0.01 wt.% in order to allow the catalyst to be more selective toward
monoethylene glycol.
In addition, U.S. Pat. No. 5,488,184 also teaches a catalytic process wherein
25  carbon dioxide is reduced or eliminated from the reaction mixture in order to enable higher
reaction rates. This patent teaches that, for the bisulfite form of the catalyst, addition of
carbon dioxide is beneficial to the reaction selectivity, but that for other anion forms of the
catalyst, including the bicarbonate and formate forms, addition of carbon dioxide is
detrimental to selectivity as well as the reaction kinetics for the bicarbonate form. Said
30  patent thus teaches that the concentration of carbon dioxide be kept below 0.1 wt %. It also

teaches using relatively low reaction temperatures of around 80°C. Such low reaction

temperatures require external cooling.



WO 02/ 098828 PCT/ US02/ 13445 International patent applications WO 99/31034
and WD 99/ 31033, corresponding to U. S. Patents Nos. 6,160,187 and
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At reaction temperaturesvhigher than 100°C, the catalysts swell at a rate of greater than 1%

in

per day. In addition, these catalysts lose activity, and their half-life has been shown to be
less than 1 year. Specifically, materials such as DOWEX MSA-1 (ex The Dow Chemical
Company), Marathon A (ex The Dow Chemical Company), and XSA- 1000 (ex Mitsubishi)

25  swell due to their reaction with ethylene oxide and have half-lives of less than 100 days
when a reaction temperature of higher than 100°C is used.

In WO 99/12876 and WO 00/35 842, a process is described for the preparation
of alkylene glycols by reacting an alkylene oxide with water in the presence of a catalytic
composition based on a polybasic or a polycarboxylic acid derivative, which preferably is

30 immobilized on a solid support. In WO 99/12876, the catalytic composition is based on
ion-exchanging polymer materials containing as electropositive centers nitrogen atoms

coordinated with anions of di- and/or tri- and/or polybasic acids in which one or more
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-3 WD 02/098828 PCT/ US02/ 13445 hydrogen atons are substituted by an ion of
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same i nvewbinssbait descri bes the polycarboxylic acid demoratSoyesi4ns
derivatives having in their chain nolecule one or nore carboxyl groups and
one or NHydrdpah AR A SulBtifiddhy dnfien oh sk ¥kali eetat afidYexat andieniam idn.

car boxyl ate groups being separated fromeach other in the chain nol ecul e by
a separating groW® Q@(ﬁg$@t4pngar®f0 dascriketbe syneinyerfian, b desgnbss deanpl es of

such pol ycarbgxylj.c aci.d. derivati.ves are .nonosadi um sal of citrig¢ acid
ona - R cRrtokelif ats afrivai & el bR BEReR ch AP el g o

el ectr OD%}deypgrghﬁgﬁ&dame@emo?@@hrwkm 8RB WPindRidual Higboydand/exchange

resi ns and especl a Iy ani oni ¢ i on exchange resins. 10 The present I nventors

have $t udiagwxylatesgroups beingseperated depny each émthgfchaipnmaerubsiBupsepattiagnc| ude

fromthe data in. t.his.internationa ten | i ' - cially in
exanpl o 2800ne o aF 4 ERLOR AP0 SyBRE PlarBR 38 BlluesPBiERRET 2 Y1 1
acid cat@kivatives asd Men@eliuvi daits off €itdRy @fd hriBritdeilitedeyd® - Tiessolit kesportechbel ogy
commercially with attractive 15 economics will require that a catal yst be

devel opech salitimajeréal having elegisonnstive wied aspglebiped i WO 95/20930, ¢rsother ion

conmmer ci al iéati on. of gat al \}Jaﬁli C g)r ocessesharleql;rji re that the catal yst be
stabl e f STOEHEC LY T &s%eg oGO G P RE AL R R e, pl ant shut-downs to
renovig the catal yhe hreQmt ifventofs@RGE Sudie St fesintbRed edalgRosted oand
significant econom c di sadvantage. A first nethod that at |east partially

sol ved t WO @¥/3H48mand sonduds frera ¢he dat2m this-imemagonal patgnirppticaties, gidoup of t he
present inventors. Thi atent relates. to a nethod for, makin kyl.ane
O yoor . e B Biexpmpiea e i sisfhfn T ha PPl Wi T8 B 4680

al kyl ene Glaty@losaipchciter to a reaction zone or, alternatively, to an

adi abatic reactor, which reaction zone or adiabatic reactor conprises an
ani on exchange r e%¢ practicethy ghovewdeseribed i¢abnology epramgeciallysvith pifragtiieabl y is in
t he hi.carbonate fo co-.feeding carbon dioxide to.the 25 reagtion_zone in
an aﬁéu nt€CGROTGICS I""éf;lErT‘ltqubr.e ihﬁf _ca}(?glatﬁlbe ‘%Q'Flr‘fp 3‘?W?tﬂ &0%(9 {I‘Leeﬁﬁ}fragfi lﬂ‘vgﬁ BFOPS P e ast

100C i n thgt [LashineridARRon JiBtaRANaRbQRIRS r&uirelha tlikr&@rgﬁﬁ bak@blelfatarswel | i ng
and |l oss of catalyst activity are considerably reduced. The carbon di oxi de

co-fed i rextdnded peroadoof tome. r @thetwiom prmnshut-slowhe to temevattieataliest from the so

present in the §1rjd. prdad(gct, and ,shoul d be renoved. ?l]‘Jrl}f ortunately, this

renoval cha%?)”f .b‘8r? ¢ %p&gs.efalngmgp AP eHCTPBI Y B i s expensi ve,

requiring signifi gaptt B4AENMHat &3t MrtialfARIFRAl thid PpoAéliid dRBrMedgner gy costs.
20 US-B 1-6,211,419 of the group of the present inventors. This patent relates to a method for

making alkylene glycol, and preferably EG, PG or BG, comprising the steps of feeding an
alkylene glycol and water to a reaction zone or, alternatively, to an adiabatic reactor, which
reaction zone or adiabatic reactor comprises an anion exchange resin catalyst, which anion
exchange resin preferably is in the bicarbonate form; co-feeding carbon dioxide to the

25  reaction zone in an amount of at least 0.1 wt.%; and maintaining a temperature of at least
100°C in the reaction zone. The advantages of this process are that swelling and loss of
catalyst activity are considerably reduced.

The carbon dioxide co-fed in the reactor or reaction zone is, for the major part,

also present in the end product, and should be removed. Unfortunately, this removal of

30 carbon dioxide from the reaction products is expensive, requiring significant expenditures of
capital and additional energy costé.

Thus an idealized catalytic system is one that provides a combination of long
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Thus an idealized catalytic systemis one that provides a conbination of
long -4 WD 02/098828 PCT/ US02/ 13445 catalyst life with m niml physical
or chem cwio ccopgskg cati ons whil e operating at high tenper @0avesowiids
efficient use of energy. In one.aspect, the present invention is a nethod
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groups, to the reaction zone together with the al kyl ene” oxi de and wat er

feed. An maipitisga tempesaterggd ableast BO°Q imethe neactioveonei on is that it all ows
ani on 15 exchange, res

' d ially th i i car.bonat e f t
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invention is that the rate of swelling is mnimzed and lifetime of the
cat al yst adilenecglyicol ima seactoondzome ecomiprisingire-feedisg anion imvanid foom, selectédbfzobeen
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e educahe PR sertultns relrpR Earis coitnd R SR BHEN AR Pho be
bound t 0 g tRAhétfor! Bhe fRRMEY with the kASRUESE ddddlatédBed. €Si N based catal ysts
in anion formused in the processes of the prior art undergo thernal
deconposi ti on wheAntmpyrtant edpintage df the pacsentgoeantion nediatitralidvat anderes not have

any of_ the 25 anion present. and the t erature is gbove 80C. To extend the
usef U | i?"ég%‘lgetr‘l‘fénscg‘l(g‘?spg‘flal t?’oieéﬂﬁléere@ngﬁi’%%a%%g’Wem%dseﬁl ?or h%@é@éﬁ‘ﬁi ng to
the invenif,al 1R RideSURH eshirtaligttMens dQiedatiEmpaatiad keeddlifp spotu on in its
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on the t efpheradvargagena thdrpresdnt invientyonoi§ thah ¢heanieard sivelinghiemirgmized awhi | e stil |
not w shi nfg,to E@Qboupyd t a%%‘ttheory, it is believed that the addition 30
of the adifgtipgglihesatalyst B&ftrati on of hydroxyl anion and thus decreases

the amount of In accordance Wit}; the present invention, it has been found that swelling and
20 loss of activity in anionic exchange resins can be reduced by co-feeding certain carboxylic
acids.

Without wishing to be bound to a particular theory, it is assumed that the resin
based catalysts in anion form used in the processes of the prior art undergo thermal
decomposition when they are placed in an aqueous medium that does not have any of the

25  anion present and the temperature is above 80°C. To extend the useful life of the catalyst at
temperatures above 80°C, it has according to the invention been found that anion should be
added to the solution in its acid form. The amount of the anion required to provide stability
depends on the temperature and the affinity of the anion for the resin.

While still not wishing to be bound to any theory, it is believed that the addition

30 of the acid reduces the concentration of hydroxyl anion and thus decreases the amount of
resin that exists in the hydroxyl anion form. It is believed in this regard that it is this

hydroxyl anion form that lacks stability. Since equilibrium exists between all anions in the
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resin that exists in the hydroxyl anion form It is believed in this regard
that it is this hydroxyl anion formthat |acks stability. Since

equi | i briwmoexbsses between all anions in the -5 WO 02/ 098828/1RQY/134802/ 13445
solution, the rate of deconposition appears to be proportional to sone
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t enper at U%ad¢ andewatem be control l ed by feeding a | arge excess of water to

al |l ow the heat torhes, S8500PRA Y NG HEL R S8yl AULERAL LG regetor is

usually a cylindrical ves Series o vessel's W

bet weil@n Vviesgiah SvatedAAd ad esbxide tBlaueadtiof BomeR MRy redPiofbaé prefeiEbly BatpRean! ycol
selectivity. The reaction zone is desirably nmaintai ned under conditions

such t hatleasiene agiabatigaeastas copfeinirg aeatzlpsidred: dhe term “adigbativaraqserd dudefinedr eam
conprisin | yvcol. and ter. . Faorn purposes,of .this invention, the."glycol
product strasiroliie SR Fhaly sPheRiRBET witena 30 LHfAbrBsRsoE tedam
exiting aempahe ritd\édn LeQohRHINK B feb@AS b 18LY 6ResASTy N8 allow iR HaY e
product is generally in m xture, solution, or contained w thin unreacted

wat er . | nmabspipad bpthe waterfieed | Blaadeabatie edagtor tsomdilly aadindneal vessel etssdecofve for
the r ar e n the,skil Fact oré\%f or

tli {o. i thi | i t {.
consi dor atet® Vish R Bett RaSiEpbtierh Vetshopsriidn il manig iaobiabl, o
al kyl ene @xﬁﬂﬂrﬂﬂ)h@g];’@ﬂ sélearityng the feed strean(s) 25 w thout providing

condi tions that s%gnl ficantly degrade the catalyst bed or selectivity to
the desired prodlibereachkan zohe isdesisaiyintainsaiged conditiens spelathai thg t he
epoxi de and r.od treamis. the te ature in’

the r eact BPah MSper B o Drir e BRI A Bresra iy SR8 G1 y o
because tig puiRePdf thB3HHnAbn, ite FEYdoThARHct RS BRa1PNEEAd bidhdly to include
20  any product stream exiting a reactor that contains at least glycol and water. The glycol
product is generally in mixture, solution, or contained within unreacted water.

In light of the disclosure herein, conditions that are conducive for the reaction to
occur are within the skill in the art. Factors for consideration include the optimum
temperature, pressure, and water to alkylene oxide ratio for reacting the feed stream(s)

25  without providing conditions that significantly degrade the catalyst bed or selectivity to the
desired product.

One of the conditions conducive to reacting the epoxide and water to form a
glycol product stream is the temperature in the reactor. High temperatures are desirable in
the preparation of glycol because the rate of reaction is maximized, and the amount of

30 unreacted epoxide is reduced. The reaction temperature in a catalytic reactor should be at
least 80°C. Preferably, a temperature of at least 100°C, and more preferably of at least

110°C is maintained; even more preferably, a temperature of at least 115°C is maintained,
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30 unreacted epoxide is reduced. The reaction tenperature in a catalytic
reactor should be at |east 80C. Preferably, a tenperature of at |east
100C, anawooregseef erably of at | east 110C is maintai nedPCaiEs2/mame
preferably, a tenperature of at |least 115C is nmintained, -6 WO 02/098828

PCT/ US02/ ghd4Aiést prefctatip sd tepipefa@ira bf M. leadt | 2OPIOSE alaiktgined intthe b&alstic ddi@batics
mai ntained in the catalytic adiabatic reactor. Preferably, the tenperature

in the caeedten jPeefeeahbt dhe tempergturerigrthe eatalitia BRCor ffgiob mase tipe d ABIG; mase nor e

t han 145C, gv re pr.efer not nore.than 140C nd, st | even. nore
o ot er an DN R RorR M 3L X B PP R nd Bte PHEI AFE, AR
t he rangeméfe pt&terablyendt ot 18F&. preferably 500 kPa to 5000 kPa, wth

the intent to maintain reactants in the liquid phase. In the reaction
zone, Sa cat al yst Deareagiion psessines prgcieterally ur the adsigg of A0QkP4 oadd000 KBa,adi abat i ¢

reactor in the,r t1.0on Tvpi call.y .t he cat.al ys ed.s.a.fixed

corol vo el SR 600 kpa W Al D BufRbR lanb Bl bAERy
is desirable to ninthéteactiddBne0d shtdyst bed Rfust bedidtiddéd) p{réf&aﬂ?tiﬁlhb’léist bRel to
reduce the required reactor volunme and to mnimze noncatalytic reactions

t hat ray ddiabatie reaptonk therasdoryzame. dabiselly thetoptalyphioes is & fixied eatalysichedsbut

preferred, over ather. t s.of catalyst beds.. The catalyst .bed conpri se
By et ert 65 g ks RSs By G TRY dha LT Wi Sl RUF R R R YURE o
zone, 1 0anthfiluRBintthe HtAystibad tdedach thd dqufred AP Volui At hitiizes 15

enpl oyed. It should be of such a nature as to allow reactants and products
to pass tienoatglytic reactiensghatyneay lpadipilowermmendglyasl sqlectivity f dbes, afixgd bed is

catal ytic_contact . si r abl t.he,catalytic material is solid and is

i nsol ubl eerﬁrrSﬁ?PﬁeérO%eﬁwwg?aéﬂysgbSﬁ?s'the glycol products under the
condi tions in theTRs QEaps bedrRl 6P anﬁoyhﬁatéﬁél_%bp’aﬂe & fatallyHirfy thBMedHedon i s
an anion exchange resin. In | |ght of 20 the disclosure herein, selection
of a sui trapitionamthereantionann ané i pariienlaniin therndidhatic kdaptor,iip wibidh it & t .

Pr ef er.abl such i on,.exchange resin.is.,a strong base anionic change
Fest oorSRd S PoRLRTARARERERE b Fichy SRR R E PRl df piesHSLE Phe
oxal ate Qg ged, 'yb@tﬁiriﬁ%'sﬁﬂic&fnt sipfaeahiea fet @t RidBodtae aDERabI9 Sthe Tadlyfict he

di scl osures of ° 95/ 20559, WD 97/33850, WO~ 99/12876, 25 WD 00/ 35842, RU
Pat ent Novated@0273#l andds p0lubiin citherithe 1gagtants af telglycopproflests watler tet t he

ani on exchagﬁﬁar esbns contai n quaternary amoni um groups. Exanples of

sui tabl e,®@ } B P PIPCSPai | abl e, anion exchange resins include:

Amber | i teTM | RA 4fQferafigl (ROCtAGs ifSiSthisBARRE0R TS OIS KRB TESH. N light of

cross-|linked with divinyl benzene) (Rohm and
20  the disclosure herein, selection of a suitable anion exchange resin is within the skill in the

art. Preferably, such anion exchange resin is a strong base anionic exchange resin converted
to the bicarbonate form, to the citrate form, or to the oxalate form. Illustrative of
bicarbonate form exchange resins are the disclosures of W0 95/20559, WO 97/33850, WO
99/12876,

25 WO 00/35842, RU Patent Nos. 2002726 and 2001901. It is particularly
preferred that the anion exchange resins contain quaternary ammonium groups. Examples
of suitable, commercially available, anion exchange resins include: Amberlite™ IRA 400
and 900 series (based on polystyrene resins, cross-linked with divinylbenzene) (Rohm and
Haas); Lewatit™ M 500 WS (Bayer); Duolite™ A 368, A- biD, ES-131 and A-161 (Rohm

30  and Haas); DOWEX™ MSA-1, MARATHON A, and MARATHON MSA (The Dow
Chemical Company); and DIAION™ XSA 1000 (Mitsubishi). Anion exchange resins with
trimethyl benzyl ammonium groups (that is, Type I resins) are particularly preferred for this

7-



Haas); LewatitTM M 500 W5 (Bayer); DuoliteTM A 368, A- biD, ES-131 and
A-161 (Rohm 30 and Haas); DOMNEXTM MSA-1, MARATHON A, and MARATHON MSA (The
Dow Chenwoahk/o@sapany); and DI Al ONTM XSA 1000 (M t subi shi pCTArsozm4e@xchange
resins with trinethyl benzyl anmmonium groups (that is, Type | resins) are
parti cul galentidaeferred for this -7 W 02/098828 PCT/ US02/ 13445 inventi on.
In the nost preferred enbodi nent the ani on exchange resin has a counter
anion in the bi clrthomestprefsrnd erbodivnent be hpionsuchange eesindrase coneteatdon

citrate or .oxal ate. The second st of. t.he net.had,incl udes f.eeding anion in
aci d 1 or i e Pielblnare oy dfibe® R Siiabit St et AP e rtBRyl o aci ds
contai ni ng at | eaphe $eOnEAEPOFME hfetiR@ ifclud@dsTeRBng Afort eaciEReh] Qllectsne. The

co-fed anion is preferably fed in anpbunts that are {ust sufficient to
reducé t Heom ks growpcutsisting df pagecatbaraliglagids cemainingay ledst twodadioxic aidnoni ¢

lifeti d ility to th tal yst.. Th i. at ill d d
on the s e setat foren TR0 Fed Btiop e BRI R LT o RN Sgih e "
di scussi oguffifiémio FedubtOms swaling B 8 eSaNEatd1 P ARE ?foirid?:aavc_fésfr@(}'%nbﬁi’é at 120C,
for exanple, 1000 ppmof CO2 "(in accordance with the invention described

i n US-B lifetime andistabilityt® theeatalystciThe appraptiate emouns wilbdepsndondhé ¢ aci d of f er
good protection against..swel|ing. .The use of 25-100 mof . .tricarballylic
2ord and SEpppfr e RERpE Kelos ol 6 v iin rf HeoSebRoh FhidkPUERE "on { he

swel ljipng behavi or Thésre¥¥dt invembishave FoundeRs aB MROY AFRKaMBIEE] doazgnﬁ 800
obtained for citric acid 15 and oxalic acid. However, using 1 ppm of Co2,

100 ppm din acgpidaped with diednventiopdascoibed isdBrihi -6,21d4d9), 36 pp8 ¢fmitrigfacidanst i ¢

idin the f . i d | in the inventors' ini on t
Sutfiof ert angr oAyttt St proBRfios et mRREZhe bse S2IPIRRES exceed
120C. MbrigexsallylichRid Mdt8rpprest EDTRAn %é)féﬁd Ydath fell € FostBRIdffRBts®h thé2 showed

that nono et hyl'ene glycol selectivity is harmed during the course of the
react i on;svlling whevioy sk mgll, dthough thesdadvagtages weere desa tun BbRined fohcitricsdeid t i n

selectivit found. The addifjon of | ycar boxyl i cid. tai ning at
 east St wirb g e aupuer i Ao Pha o Ee AR Sl i 85 ahe e o
acid, of fa%EmﬁRﬁJcid,i'aij§ﬁ?rhto?hacﬁg\ééiﬁtiﬁ-gﬁsfeéﬁjﬁfeaﬁﬂﬁd nSi@aPinQRE R eftBREr | bed in
US-B 1-6,21 1,419. As stated herei n-above, the anount of the anion required
to provi dpisivakd suftigienttEnefiadletfetts onsveldmgovhenireactjonfempesatures exceedt al yst s
and the affini e resin.

depends ok be | STRGL LG, A0 IR LA Y Sl e SPERRLA S S rELn.
8{ ) ?: Er i Cetl%%lga Q%l @éﬂ@éﬂ\/@ty@@ﬁﬂ*}neﬁ‘aﬁﬁné’ﬂﬁf&ﬁﬁg bY thelrBRti8RH A% Wlﬁbna&sir% formis
20  tricarballylic acid and EDTA such a shift in selectivity was found.
The addition of polycarboxylic acid containing at least two carboxylic acid
groups, and especially citric acid and oxalic acid, offer cost and capital advantages over the
CO;, process described in US-B1-6,21 1,419.
As stated herein-above, the amount of the anion required to provide stability
25  and/or to reduce swelling of the resin catalysts depends on the temperature and the affinity
of the anion for the resin. Preferably, the anion in acid form is selected from the group
consisting of citric acid and oxalic acid; most preferably, the anion in acid form is citric
acid.
Generally, the anion in acid form is fed to the reaction zone in a concentration

30 ofbetween 10 and 150 ppm, drawn to the total feed. Below 10 ppm, benefits are marginal

and above 150 ppm advantages are offset by additional costs.



acid. Cenerally, the anion in acid formis fed to the reaction zone in a
concentration 30 of between 10 and 150 ppm drawn to the total feed. Bel ow
10 ppm beoabiovss2@ére margi nal and above 150 ppm advant agesTtarse2/od4fiset by
additional costs. -8 WD 02/098828 PCT/ US02/ 13445 The preferred carboxylic
acid concentration range is related to tenperature. At higher reaction
tenperature, it is preferred to use a higher carboxylic acid concentration
to achieve the bEka preferret icatbowylicacidbenncersrasion range ivwethtes toltemperatuegacht on

t enper at ur. the.process., 5 can be ogperated.at | ower .carboxyli Ci
concent r JDEUSE R R ety DR PR erh B SR PR S OBA Y e
basis of 4chieve tHefHREELMB with IBRE 5WENiRE. AhdafRMEr fdittidn tefpbiaturéthe Frdbess
dependent on his process and equi pnent, determ ne swtabFe anount s of

car boXy| i @ndeiogeraadtat nyter gatharylimacibepncexrasion té gchievgdhghest prodetivitingd f or

car boxylic, agi. di.ti.on, d specif.icall 1Q citric i ddition, I

ot voon Seieafilts: S8 i 1% of s FAGRRRES netsor doftinhy SPGh ety o o1 °
swel | i ng ydpeidehfeh hid pfo e ERINGLRHeAR deferdfetsRita®amBiits bfcarbiskyly asm! es
(vide infra), it is denonstrated that the addition of small anounts of

citrate awithoutpadudbusdém a swelling rate that is |ess than those neasured
i n experinents where dditive.is added. reover,..catalyst.activity as
nmeasured by conve&gli’%ﬂi)y’ erﬂrg gpqlga&g (gr?aib_(%%{g“r%céa/ ?‘{)d_ltl%ag eé'rﬁ}ab%ere no
addi tjgve dificadiiefiditiohelsdeti&n 25RAdN0EDEML ditheartd 3 besn SHowa tdirédicted to a

met hod for stabilizing an anion exchange resin catalyst capabl e of
cat al yzi raptalyst swelkiog iwdwen &4d inlakophesnératisn 062 ted Ofappar: Intthe eNarples{widgl ycol in

a reaction,.zone, .conprisi - feedi ng. ani.on in acid for selected from
e or ougtahas s pFRER IRy 85 BN o i el en PEUETHE

car boxy!l i GyelifdglraQh8ii® WRS tHaf tHAIE nme8Rfrbd RexpOiBehtd BRI aditlvetihgdRlky! ene
oxi de and water feed. Exanples of suitable polycarboxylic acids include,

but are nMdpreoiven tasalystactixigy asomeasiutediby, convérsian fsaireserved vehred comphrelldéme di ani ne
tetra _acetic acid. In %EFS .St&l i,lization nmethod, the anion in acid formis
pr ef eérabl §YSEMS WEEg NG 245i5ive iR 8d%500up consisting of citric acid and oxalic

acid; and nost prea&ERR] e pregeht ibentRnliflalsé\dgectsd @ heBbd brafMBiMing & an

anount of anion in acid formleading to a swelling rate being at east 1

vol ume %ameon ekahangemesip cablystaapablaot ¢atapting the reastiomef sikplene okige hrglneatet han
{d formis co-fed in th

rpon o R RB 5 e Rk ek L ¥ "o
gener al |y thd'&otiRBSRiBhg bPpdiPCarbddTic acids containing at least two carboxylic acid
20  groups to the reaction zone together with the alkylene oxide and water feed. Examples of
suitable polycarboxylic acids include, but are not limited to oxalic, citric, tricarballylic and
ethylene diamine tetra acetic acid.
In this stabilization method, the anion in acid form is preferably selected from
the group consisting of citric acid and oxalic acid; and most preferably is citric acid. A
25  stabilizing amount is an amount of anion in acid form leading to a swelling rate being at
least 1 volume % per day, and preferably at least 1.5 volume % per day lower than when no
anion in acid form is co-fed in the reaction zone. The stabilizing amount for the anion in
acid form that is fed in the reaction zone is generally in the range of 10-150 ppm.
The method of the present invention enables the catalyst to be removed or
30 replaced less frequently than would otherwise be necessary. Catalyst degradation can be
represented by catalyst half-life, which is defined as being the amount of time required for

the catalyst to lose half of its catalytic activity. Preferably, a sufficient amount of acid anion
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The met hod of the present invention enables the catalyst to be renpved or
30 replaced less frequently than woul d ot herwi se be necessary. Catal yst
degr adat i wo ccapssbe represented by catal yst half-life, whipch/ise2/dssfis ned as
being the amobunt of time required for the catalyst to lose half of its

cat al yti cisagdddwotidat th RALGRRINhe Gitaidt ukdd i@he ﬁ’:@%ﬂinv@ﬁtx&ﬁi‘s herds @by & V\D

02/ 098828 PCT/ US02/ 13445 is added so that the half-life of the cat al yst

used in tlaast Qﬁdgmlaﬁlmvaemﬁonswthwt&éeldomyl\/me picEashly,2be balfdiferisl ative to
operation wt h refer i.ncreased

by a1 cngtentdfyglfead LGS antBl BhEErBRbY on BRI indrtSelBy subiiced by

at | east g aP?eferE‘B@fﬁraﬁl%b&’pauﬁ%te?%be%?ré%ﬂmd anpenalsinaIMife %4 feast t he
catalyst half-life is at |east days. The nmethod of the present

i nventsi ordladays. reduces the anmount of swelling that the catalyst undergoes.
Preferably, using of the sen entj,on the ate. of

conti nuous, unlint %‘a‘e@%r’?ﬁﬁd’fﬁ”@?l& L\?rg UCF%%I"}T*:‘)’B%? ﬁ}‘\géh*ft

operat i orth%&tb@wunue@oeecl%ﬁm %Emg(t‘l'léjmé‘ﬂﬂb@ Bf th E&eﬂrlﬁvteﬁlahltue fite beast
60% and even nore preferably at |east 70% course, the catalyst

hal f -1 i f ecoatiduquseunlmmiéedoivet migab ys;lluced/w atilengt W%Ireldtewetn@pempomwmeutstbem fic

cat al yst. wel I| can be_t Ier cat al yst h her
cot vy dBioRal e aniy BRR LY peleih ol hneh R rors pretirrit kALt 0% 1y

may bg used SUCh @?coJr§e9§Hé ARl RE halfiﬁfé)d?fdztﬁéira\t@&ﬂatalfsﬁ 6\%’111?1% %Ill'l hégpdq vat er
condensate water (which may contain 15 sone resid conpounds), and

al so r ecyuposdhaspeeificreetatyst rMdre swehtintghen de igldrated with a pat@ltystslmvmg attgher
production .of al kyl ene oxide and al kyl ene glycol (which may contain
resi dual acb‘i"&%ol) The water is provided in an anbunt that is in a

stoichionmetric exggshe ﬁxfact‘ié?:aéf thik ?rg)éhﬁ&{j \Ja%rs Bp&%ﬂﬂt ﬁ'urﬁ??da?'% &éd’%h afrom
reaction with epoxide. Preferably, the nolar feed ratio wat er

epoxi de ifseshtwaterade¢iotizdd wator, stepmafistillzt watext canderssatevder (wh@hnancqme 20
preferabl Pref rably, the Iar feed r 0 1S nor.e than
B0C oo DrEvENGEn iy ehE R TR e e v aHer o B En 45 FPndRGh 6 't han
20. Thos tépﬁ:ro I y
dependi ngprg{:)egﬁmtthg gdggiﬁeg%wdgyoe%d%ﬁg%@gtl onl (‘ﬁ%ﬁf(’jff?? Igﬁ%tmnarlﬁ%&ﬂ

speci fi ¢ glptad). yBte water is peavidetilie ag poointtghatseth 4 stoichiemetresexcessiofitlent i on can

bl un i Shed SROXL0, COILEL LG, 2% STELL Lokel s 81 unal g Sk g®,
chcx B "AAOTRNCPS Bk, LB SR SRR S e R 1 22
| i qui2®, oorefesably at least 5.0. Preferably, the molar feed ratio is no more than 50, more preferably
no more than 30, and even more preferably no more than 20. Those of skill in the art will
recognize that this ratio will vary depending upon the epoxides employed, the reaction
conditions, and the specific catalyst utilized.
The epoxide used in the present invention can be unfinished epoxide containing
25  small levels of impurities such as, for example, aldehydes, or the epoxide can be pl‘lre
epoxide. The water and epoxide feed may be fed to the reaction zone separately or together
as co-feed. The water and epoxide may be fed to the reactors as a gas, as a liquid, or as a
combination thereof.
The invention will now be described in more detail, while referring to the
30 following comparative examples and examples according to the invention. Any reference to
percentages is a reference to weight percentages drawn to the total weight of the

composition or reactor contents, unless otherwise indicated.
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conmbi nation thereof. The invention wll now be described in nore detail,
while referring to the 30 foll owi ng conparative exanpl es and exanpl es
accor di ngwom2tobgs28 nventi on. Any reference to percent ages PCI/@oe/ef4a@5 ence to
wei ght percentages drawn to the total weight of the conposition or reactor
cont ent s,EXAMIEDt herwi se indicated. -10 WO 02/ 098828 PCT/ US02/ 13445
EXAMPLES Exanple 1 (Conparative) For exanple 1, 15 nml of M tsubishi D aion
XSA- 100CExamme] &empaigbv@lesin  was pl aced in a beaker that contained 50 m

oSSl 100 sSSP R ) AR S

bi car bonakg fladein 4 Beal@x HacgRsnERS @MY 6f wiRE COagRdvdsibuBbled ibagh theact or,
equi pped with a hot oil jacket to permt nearly isothernmal operation. Mre

i n detai |flaskfier kochouronio apnverhthe aidet Q0 anionic exghdnga sesinfremehehydrogyl dopm ong,
316 St ai ql ?ﬁ%bi?&rggr:lat‘%ﬁbe' 10 The reactor shell was heated to 1 20C by
0 I

circul atiﬁg olr%ll]gh the jacket. Water at a rate of 1.07 m/mn was

m xed with ethyl eTige e¢hsitzedlcatalystal & $lhced. id @ tWiuldiiréaciotdequippdd aaitd utols! y to
the reactor. The tenperature in the reactor was nonitored by a nulti point

t her mocouptke! toapramittneqphy ispthgrinal peratiomeMossiat details thermeacterseas 4 jacketadpdilat ur e
due to the.exothermc,reactio 1 he assed through the bed of catal yst.
The naexi rﬁiﬂf%ﬁ%ﬁf@f’?ﬁuﬁq ’@h@tﬁlgg‘esv\g@eﬁ@%‘hotter than the oil bath set
poi ntyp reachi ng aTkhepehétbiitefl wat Be4sted fNE264C hyairduldtidg on@il tHieughaBE jaketWas
anal yzed by an on-1li ne(ﬁqas chromatograph. Initially, the conversion was

99% and tWates el @eate off .47 my/mimwapbrizry yitoethikgse 08dge aba rafehed G Haml/mim angh s

conti nued. far .15 d t whichpoint the reactor shut do due to

excessi veopr e atfo b ragiotc T neraits X rPisi ot sl Y 47 gi na
vol une angulpipbie 8rmeduplee andEid 6/a8 foundithd: fite: readad inchasddun terhp@atar MRt on
and select|V|tK were 96. 0% and 98% resEectiver. The resin swelling rate

was 6. 7% thegxothemmaersaetion gsthesppassad thwpgicthe ted afpatalyst. Thegeaxamymt was

prepared using, Dow at h ign Exc e Resin. The resin was

Conyart edtrpERERin BaPRI Fad s bl Hin i GLRAR Sy B ucien e & SEREuPT(

sanpl e i maetulge dfffiefit [@M¥iMg HeFRAIRT wasAhlyod Bf anddh-BRUGRGErondtedrhs Of

sodi um bi carbonate (5 w.% though the tube for a period of 16 hours.

Initially, the conversion was 99% and the selectivity to the monoglycol was
98.1%. The reaction was continued for 15 days at which point the reactor shut down due to
excessive pressure drop. The catalyst had swelled to twice its original volume and plugged
20  thereactor. At the end of the run, the conversion and selectivity were 96.0% and 98%,

respectively. The resin swelling rate was 6.7%/day.

Example 2 (Comparative)

For Example 2, a catalyst was prepared using Dow’s Marathon A Anion

Exchange Resin. The resin was converted from the chloride to the anion form by placing a
25  catalyst sample in a tube and slowly pumping 1 gallon of an aqueous solution of sodium
bicarbonate (5 wt.%) though the tube for a period of 16 hours.

The exchanged catalyst was placed in a tubular reactor and operated as
described in Example 1. The maximum temperature in the bed was 10°C hotter than the oil
bath set point, reaching a maximum of 118°C.

30 The reaction was continued for 27 days at which point the reactor was shut
down. At the end of the run, the conversion and selectivity (to MEG) were 99.8% and

97.6%, respectively. The resin swelling rate was 2.1%/day.
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The exchanged catal yst was placed in a tubular reactor and operated as
described in Exanple 1. The maxi num tenperature in the bed was 10C hotter

t han t he wiolo2/obssedh set point, reaching a nmaxi nrum of 118C. P8Q/UNo134@mCti on
was continued for 27 days at which point the reactor was shut down. At the

end of thExMﬁK@@mgggﬁw)m on and selectivity (to MEG were 99. 8% and
97.6% respectively. The resin swelling rate was 2.1 % da -11 WO
02/ 098828 PCT/ USOByrixenmle Etheproeeddirg wﬁ}peﬁa@mpléﬁ tEdr pratalyst anddo

procedure d.in o] epare f h cata St and
Peact on JHLE ahRUPA YRR repefigh IR ERSole e Rbniiire RASn b topet Blsed e ur e
was all oaameaqof@a.ﬁlmspzﬁc 5 At the beginning of the run, the conversion

and selectivity were in excess of 99.9% and 98. 7% respectlvely The
reactidon was contAhﬂ@@egmﬂmng&Wgndhe aprversiqroandtselentavity weretim exeshuef down

due to e essure dr at a dtot ce 3

or i nal STt SRTh FetageeBh I dfachiBh Sk onBee TNyl K B

con?ller si %acta&dshuseé@@a%z&gtexcmw Ex%ﬁs& 191% c&ta%@s% nm&gb& v@xwe llTsh e4r ets Ih n

swel ling rate was 5. a arative) For anpl e e

proc edu?eorl&@?d vphma@ndml@g)zldﬂ@ rpacéfprarfiet thehenct:@f ¢ tMrcdnwswe aean t he

reaction r 0 0 ;s eaection erature

was allo UYS’PYVSTe X 36@ B&?/% ﬁeég‘gceléllélﬁhhﬁlﬁr%sfn "Fl %rﬁie ﬁssi(% é’m on and

sel ecftg Vi ¥ éq:t@aﬁ]tarhh@g) 15 99.9% and 98. 7% respectively. The reaction
g until th

was continue e reactor shut down due to excessive pressure drop,
as the cat aI yst her Exasipleed] thoprovgdiee hsed in Exgnplal2 to prepaze téﬁdatalpflstlﬁgléé@ the
reactor. : h‘lﬁe end of the Lun, tbhe conversion.and sel ecti vi t/g wer e 7%
and 98. 15%/“ 631988&“’\9&?63 e T el Ae SRR EioR donipe téi%?yWSExanrpl e
5 (Conparatowed o 2ackesoexanpl e 5, the procedure used in Exanple to
prepare the catalyst and to start the reaction was repeated. In thls
exanpl e, the rraxu’mmemgmnmewfﬂ@np&rth@ oenveryion and|selgukidtyt wernegzarh the83C. The
reactjon s at which eact or .shut down due
Lo exidas T RegR B Ve erpilivint ke Bianfin o efidiniien UGB RGHOE A AV AE

sel ectivi tb)éx&@%l% bEQYre dRopaikh® éatdl¥at HaASRRAEd Mahwoe ifRigiRs vBlubiainki Ng rate

was 17. 4% day.
plugged the reactor. At the end of the run, the conversion and selectivity were 9 9.7% and

98.1%, respectively. The resin swelling rate was 10.1%/day.

Example 5 (Comparative)

20 For Example 5, the procedure used in Example 2 to prepare the catalyst and to
start the reaction was repeated. In this example, the maximum reaction temperature was
allowed to reach 133°C.

The reaction was continued for 6 days at which point the reactor shut down due
to excessive pressure drop. At the end of the run, the conversion and selectivity were 100%
25  and 97.4%, respectively. The resin swelling rate was 17.4%/day.
Example 6
For example 6, the procedure used in Example 2 to prepare the catalyst and start
the reaction was repeated. In this example, the maximum reaction temperature was allowed
to reach 130°C. To demonstrate the benefits of adding an anion feed additive on the rate of
30 swelling, 25 ppm by weight of citric acid was added to the aqueous feed. Initially, the

conversion was more than 99.9% and the selectivity was 97%.
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Exanpl e 6 For exanple 6, the procedure used in Exanple 2 to prepare the
catalyst and start the reaction was repeated. In this exanple, the nmaxi num
reacti on wermmpessstsire was allowed to reach 130C. To denon®rmatse2/iiies
benefits of adding an anion feed additive on the rate of 30 swelling, 25
ppm by wei ght of hdfeh@icRGiH WREnRAFSLS &hy’s RewRRM BT tlfe%@btor' s'ﬂhi dcﬁh{ y, the
conversion was nore than 99.9% and the selectivity was 97% -

02/ 09882 8lurET £x88sivel gesire dthp. Thecatalyst had swebled formerd thanrtwae lﬁay@uml whi ch

poi nt the reactoy .shut, down due X ressure. dro cataly

had swel NelTRG L BERHARE FapeE At B A8 5T i B SeSiod R sgpdi diude” ™"
reactor. ifextdi€of0sloRfanti 08 904! @esp%&ﬁlefyp@@h&h&&h&ﬁ@teﬁ@eﬁ&ﬁﬂe‘&a&)ﬁw @he | N
excess of 99.9% and 96.9% réspectively. Even though the tenperature was
130C, 5t haesib sweling ratovelab bnly 3r¥odayas only 3.9% day. Exanple 7 For exanple
7, the prgcedtﬂrz used in Exanple 2 to prepare the catalyst and to start

t he react repeated. In this exanple, the maxi mumreaction
tenperature was @il QURfIel70tHe§R6ddRAfsed TOELRIPE S 16 ﬁzteﬁaﬁef%ﬁe Qepdtiahd t0f
adding an anion feed additive on 10 the rate of swelling, 50 ppm by wei ght
of citri cstatthd rmsommaeobpwed hia thqwaemplef @ednaxumumlraadtlyn terhgerureeassi on was

nore than,99. 0% an t| Vit 8% e reactian ...conti nued
for 15 adyowedis fheh Llfco A oideanonyite Mibenn of af e HSAGOL SRIBATOFEGh wor o
mor e rohanh9&idap @mhu% 56 ppfm Hye\ﬁag&tdf%ﬁhy aciBVAR alQUEhd codsFoBEr at ure was
130C, the resin swelling raté was further reduced to 1.3% day. 15 Exanple 8

For exanpngialy, thteopreceatwasemoredgban 99.0%aamg Itlee sklactvity wpaipe8¥he cat al yst and
to start the reagtion was repeate hi s .exanpl.e .t he |rmmreaction
temper at ur & vas. TR RS EORERCA S0k> dass AL R U REF GBI
greater tjy @elgc@vlgy%&e%&@ﬁmﬁ%%% hd 98/19RSpBvdly! /cEvJ@t}faﬁg}mﬁt rate the
benefits o an ani on ditive on the fate of 20 swelling, 25
ppm by wekmberatfe oias i 30°Cathiedesimsweltiog tht¢ was fizthanredocss! th é do/dThe reacti on
was cqntinued for 34 days at which point the reactor shut down due to
exce: 've&%‘—@é&gre drop. The catalyst had swelled to alnost twice its
original volune céx&hame%etﬂ?sceaﬁ&qise& in f%arﬁﬁ]@l%@ﬁre%rettﬁ@cartél%t ahd

conversion and selectivity were 99.8% and 98 respectively. The resin
swel | i ng stat thedection sasl rdpeated. 7P thsyexadbleEhampkiendn (@ongrateatperag)re was

allowed to reach 130°C. Initially, the conversion was greater than 9 9.9% and the selectivity

was 98.1%. To demonstrate the benefits of adding an anion feed additive on the rate of
20  swelling, 25 ppm by weight of citric acid was added to the aqueous feed.

The reaction was continued for 34 days at which point the reactor shut down
due to excessive pressure drop. The catalyst had swelled to almost twice its original volume
and plugged the reactor. At the end of the run, the conversion and selectivity were 99.8%
and 98.0%, respectively. The resin swelling rate decreased to 2.7%/day.

25  Example 9 (Comparative)

For example 9, the catalyst used in Example 1 was converted to the citrate
anion form by pumping a solution of citric acid (5 wt.%) through it. The citrate-exchanged
resin was then loaded into the reactor described above and the ethylene oxide and water
again reacted over the catalyst. No additive was present in the feed. In this example the

30 maximum reaction temperature was allowed to reach 130°C.
The reaction was continued for 30 days at which point the reactor shut down

due to excessive pressure drop. The catalyst had swelled to twice its original volume and
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For exanple 9, the catalyst used in Exanple 1 was converted to the citrate
anion formby punping a solution of citric acid (5 w.% through it. The
citrate-ewolangsds resin was then | oaded into the react or pdagcsor/nsds above
and the ethyl ene oxide and water again reacted over the catalyst. No

addi tive passeaitBSRAttor. NAL 16 eh@®Eflthe Inith, Y GonO&8idRIaBd blect3RtyRPoré DIBYY ARAIC | ON
tenperature was all owed to reach 130C. The reaction was continued for 30
days at vﬂﬂ"/e,rremptm\telx hEhe wgsivswellinguate waad.3%day.t o excessive pressure drop.

The cat alg E ?I% ﬁ%%l I egl 2 twice its original volume and -13 WO 02/098828
PCT/ US02/ S reactor. At the end of the run, the conversion
and sel ectivi ty WBEE &b Gk pr%%uré@s%a%tikm;bu1t3geepﬁﬁsthacam9ktlanagorate
was 3.3% day. Exanple 1 (Conparatlve) For Exanple 1 t he procedure used

in Exanpl %arntheaemlepafiaerqm@ted alrethissixamply, the masﬂ@tlmrrpaqtm tﬂéﬁﬁlf{iﬁlthWas

r epeat ed. maxi actl t al | d to
Fenon 1aotowey T Bt BORGE moirReT R e 4 Bt RGN s TR, e
the begi i B%lﬁlfllng BEthe ¥in, th\eonBRIVAM i QBlcanGtySRdre Gdater thanWorFardl 6% t han
99% and 98. 69 respecti ver The reaction was continued for 34 days at

whi ch pom%petch\éel}’eact or shut down 10 due to excessive pr essure drop. The

Che roactor. At R Enion eyt bR g bR LR REM I iR AU oD’
97. 0%0antqu8e Iex%ssw&f&@ﬁﬁé e yTthaalrygtsnaa swoREd tonforedhsh WA ifs GidigkaY -
Exanpl e 11 For exa procedure used in Exanple 2 to prepare the

cat al yst ‘enheme and nmgsqdahc rqah@r réa&meoﬁ ofiis rpm pheeanyersion andisgleetxatypveret he

t t h.430C. To sl d th
fate of SuaTieny Radk presdGh" e aup A5 Tet AETEIOPOS - 25 ppm by wel ght of
tricarbal gphifle #¢i d was added to the aqueous feed. Ini t| ally, the

conversion was nore than 99.8% and the selectivity was 95.8% The reaction
was conti nued forFeZexdmple Hi, thﬂprewdpmmdtmﬁxmcﬂmP@h@ltethﬂ)wﬁalilﬂadduéoto

excessi v dro The , cat st h swelled to st twice its
ororal - eaeng R rpgaae: At BiSemaR iy oo Rhtoetairé S
conver si ofiiod 1 &laBit 130°C. Yro§iow d%@nqpfé ra®d\6k s%ll%@anﬁ%%%@ﬁk'tﬂ@&a‘lal%&he resin
swel ling rate decreased to 5.0% day. Even though an i nprovenen

swel | i ng neactivityhl Seppenl by tregghs ef tricarballylyc axfid wheadded ¢e theraquepusdeed- duitiglisne

glycol Wat?le rC(()ar(ljversx()jn was more than 99.8% and the selectivity was 95.8%.

The reaction was continued for 34 days at which point the reactor shut down
20  due to excessive pressure drop. The catalyst had swelled to almost twice its original volume
and plugged the reactor. At the end of the run, the conversion and selectivity were 96.6%
and 93.2%, respectively. The resin swelling rate decreased to 5.0%/day. Even though an
improvement in swelling was achieved, the selectivity of the reaction to mono-ethylene
glycol was reduced.
25 Example 12
For example 12, the procedure used in Example 1 to prepare the catalyst and to
start the reaction was repeated. In this example the maximum reaction temperature was
allowed to reach 130°C. To slow down the rate of swelling and preserve the catalyst
reactivity, 25 ppm by weight of ethylene diamine tetra acetic acid was added to the aqueous
30 feed. Initially, the conversion was greater than 99.9% and the selectivity was in excess of

95.9%.
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25 Exanple 12 For exanple 12, the procedure used in Exanple 1 to prepare
the catalyst and to start the reaction was repeated. In this exanple the
maxi num rweareiosss2s enperature was allowed to reach 130C. PaTgalsowiddesn t he
rate of swelling and preserve the catalyst reactivity, 25 ppm by wei ght of
et hyl ene di ani ne TR feactRmShdsCoRfhtbd B2 RaAR %t Which MR AlteRMG o Guf &fifh |
Initially, the conversion was greater than 99.9% and the selectivity was in
excess ofdueds e9egssivd prevydr@op o The 8atPgIV HagaR/ell 8dtthmImbstewicedtstorigmahmslume

continued for 20.days at i.ch i t he reactor. shu own. due to excessive
ot essur o igudesn derzadr o il efohe bit s GrHgsien A ST SERPAR vor ume
and pl ugagsh 6418y A%k &fter thin 9675 EREpRLivAIPE The!Fosint MRIGRY VIR deLRAscaNd
selectivity were nore than 99. 9% and greater than 96.3% respectively. The
resi n Sswet.2%rdpyr &iven thoogle ars fuproverbent iR S99 ¢lhiyg Wiy achigvieduth selectivitprobthenent i n
swel I i ng was. achi eved tlhefgyal gct | Vi t%/ of the reaction to nono-ethyl ene

gl ycol wa§astiog e seno-ethy TESNP ‘.”F?‘E?rqi‘ e various exanples and conparative
exanpl es above arghe RPEEdR Bt &a?ioﬁ@@ia‘?nplés M%&p&fati@@%ﬂ&é aeveourl | i ng
Rat es Exanpl e I on Exchange Anion Form Feed Additive Maxi mum % Swel | / day

Resi n TC suinnfaromep jn Fhbls iibi shi Bi car bonate None 130 6.7 XSA 1000 2 (conp)

Mar at hon A Bicarb te None 118 2.1 . 3 _(conp) Marathon A Bicarbonate None
125 5.1 4 (conp)?%thﬁbﬁfﬁpﬁawecé‘?’%%ﬁéﬁét%ne 130 10.1 5 (conp) Marathon A

Ve at hqr e oy dpecinfy TR PLRET Bu RARRORT] MetBR T haaraltds |
CA 130 |2.7 XSA|RxSf 9 (conp) Mtsubishi Ctrate Noffe 130 3.8 XSA 1000 10
(conp) +Ssh—Bi-carbenagte—140-ppmCo2 13045
1 (comp) Mitsubishi Bicarbonate | None 130 6.7
XSA 1000
2 (comp) | Marathon A Bicarbonate | None 118 2.1
3 (comp) | Marathon A Bicarbonate | None 125 5.1
4 (comp) | Marathon A Bicarbonate | None ‘ 130 10.1
5 (comp) | Marathon A Bicarbonate | None 133 17.4
6 Marathon A Bicarbonate | 25 ppm CA 130 3.9
7 Marathon A Bicarbonate | 50 ppm CA 130 1.3
8 Mitsubishi Bicarbonate | 25 ppm CA 130 2.7
XSA 1000
9 (comp) | Mitsubishi Citrate None 130 33
XSA 1000
10 (comp) | Mitsubishi Bicarbonate | 140 ppm CO, [ 130 4.5
XSA 1000
11 Marathon A Bicarbongte 25 ppm TCA 130 5.0
12 Mitsubishi Bicarbonate | 25 ppm EDTA | 130 4.2
XSA 1000

10  CA- Citric Acid, TCA- tricarballylic acid, EDTA- ethylene diamine tetra acetic acid.

The examples show advantages to adding citric acid to the reaction feed. For a

Mitsubishi resin converted to the bicarbonate form, the swelling rate is reduced to 2.7%
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XSA 1000 11 Marat hon A Bicarbonate 25 ppm TCA 130 5.0 12 M tsubi shi

Bi carbonate 25 ppm EDTA 130 4.2 XSA 1000 10 CA- Citric Acid, TCA-
tricarbalWwplizmosses d, EDTA- et hyl ene diamine tetra acetic acdrdisoTms4exanpl es
show advantages to adding citric acid to the reaction feed. For a

M t subi shi pér @Y frofiPOY 8 V\ge@da} Wheh2s Bhra I bRAch@d f0ddded thle Ml IFopg rate is
reduced to 2. 7 -15 02/098828 PCT/ US02/ 13445 per day from 6. 7%})er day
when 25 ppMatﬂthQn A rgsgn qmvaﬂe@toah@lb@anbonathéorﬂe&w reﬂmswalhnmatanmhy A3Pesin

converted b| Cc onat. Si n.swel rate . 3%
when 50" pptifet “Eomp SECIR BFiF i g B K ahd uiRagioh Aoyl 30

t enper at ur ghik @oxiaﬁé}@s favth'bB' t@%fmf)l%é‘ ninfatQR &L V1 30eC exB B EsSwhere tid swelftg 130C
and 133C, where the swelli rates were 5.1 % 10.1 %and 17.4%

respedt i vetajes wineh 1ho 1@@%@& bb&%l fegpestivelyelenanhopady carbpxy he agié avgs added
further de Hs%ﬁeﬁte the benefits provided by the additives, the swelling
rates fort subi shi catal yst converted to the bicar bonate formwere
conpared to the s@gRurtieriahysstrabORy Bédefits provided bR ddaitives, TeswaBeh ftest ur e
fed to the reactor containing catalyst 10 in the bicar bonate form had 25
ppm of ci t for eheeMitenbishheatelast qonwerteddd thediedrbonatesfomn orran gerapareditosthg samhad no

2 cauct | BT SRR RSt bR al B R PR o g A e

resi nowas ke bR¥GHANE Esint Kadid3pen b @trR afcRI Where&@th\é\lﬂe&?tb@&%e?&cchanged
PCT/ US02/ 13445 CLAIMS 1. A nethod for making an al kyl ene gl ycol

conpri si ngeatdlgsdiadgo ad\dlavek yIlnéhlé cgmp@l@soanﬂtedmg @rmttaée anipwp a@ﬁlilmezldteé inghe
reaction zone tcorzgrl s ﬁéa n exch é f eedi ng ani on
oot 't oRfie BBV ERE B 2o B el S ke T B BelPbuetPE aci ae
cont ai Ni Ngex@had R tHeWdrf@rdmxyl i ¢ acid groups, to the reaction zone; and
mai ntaining a tenperature of at |east 80C in the reaction zone. 2. The

met hod of claim 1, wherein the catal yst conprises an ani on exchange 10
resin in the bicarbonate form the citrate formor the oxalate form
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3. The method of claiml1l or 2, wherein the al kyl ene glycol is ethylene

gl ycol, propylene glycol or butylene glycol, and the al kyl ene oxide is

et hyl ene woiodm9ssps opyl ene oxi de or butyl ene oxide. 4. Thecratswwdided any
one of clainms 1 to 3, wherein the anion in acid formis 15 selected from
t he groupccamgssting of citric acid and oxalic acid. 5. The nmethod of any
one of clains 1 to 4, wherein the anion in acid formis «citric acid. 6.
The nethod of any one of clains 1 to 5 wherein the anion in acid formis

fed to the reactiop zgone in_a, concentration of between 10 and 150 ppm 20
7. The method b cl AR RAwRSHE Aok gl cohcamimie ' m i s fed Lo the

reaction feg@ing ah Alk9cAO BLIAB hh@WafeP tPd rdasioMeRRe Re AHAbikPRNBRBMpAsind A8 Met hod
of any one of claiims 1 to 7, wherein the reaction zone conprises at |east

one adi abaiorcexchangearsin gatalybte net hod of any one of clains 1 to 8, wherein
the reaction tenperatu is .2 t n 100C and 140C.. 10, The net hod of
cl'ai m o, (FRUPEANDE HEATS ok s TR Rpau SOBETRECRPUBEbOIG ST85C. 17, A
met hod f ogonddifils bi 10hdd Gv & BarBHY AR 2BCHBMLELT 1BE keAchdH AInéSindARiaRiSn®h _
catal yzing the reaction of al'kylene oXide and water to al kylene glycol in a

react i on teoperatur@of atdeqst 8&TChig thorechetéadi zone.ani on in acid form selected from

th |.Sti f b lic .acid t ai ni. t | t t
car boxyl 1 ¢ acih gr ofpaneRgd BEARAE LYy AR Tt Gl P bR BRSNS one
oxi dejandre¥ili® theltB&fborratefoMk) tﬂ@éi@x_%?ff%ﬁn%@ﬁ{el&%{elt%ﬂ% 12. The method of

claim11l, wherein the anion in aci ormis selected fromthe group
consi sting of ZitriTheuéthodoficlaxal pr2,avheicin I alkienengdy¢nd s eshyledesglypeol,l or

12, wherein the gnign jn acid formjs fed . in the. reaction,zone in a
concent  sPHIon e Debityfr ydly e ofiSiang aif nfiiiene S0ed Rmider ne
ani on i n @Gadof EASoi®d 1N the reaction zone in a concentration of
25-100 ppm 15. e nethod of any one of clainsl | to 14, wherein a

suf ficient anmolint oFhe methotof anycanefod dlagros 1 tad, wheseir ithe angorr iatagid forrenabl ed
t hat er d l.ess,. than that which prevails

u nderllstS hgeéelﬁf?asflt:"é%g%’?%ﬁuﬁ%ﬁg{sﬁﬁgagggﬁtac rﬂxalr‘%%g@'o- feedi ng of
5 The method of any one of claims 1 to 4, wherein the anion in acid form is
citric acid.
6. The method of any one of claims 1 to 5, wherein the anion in acid form is fed
to the reaction zone in a concentration of between 10 and 150 ppm.
20 7. The method of claim 6, wherein the anion in acid form is fed to the reaction
zone in a concentration of between 25 and 100 ppm.
8. The method of any one of claims 1 to 7, wherein the reaction zone comprises
at least one adiabatic reactor.
9. The method of any one of claims 1 to 8, wherein the reaction temperature is
25  between 100°C and 140°C.
10.  The method of claim 9, wherein the reaction temperature is between 120°C
and 135°C.
11. A method for stabilizing an anion exchange resin catalyst capable of
catalyzing the reaction of alkylene oxide and water to alkylene glycol in a reaction zone,
30 comprising co-feeding anion in acid form, selected from the group consisting of
polycarboxylic acids containing at least two carboxylic acid groups, to the reaction zone

together with the alkylene oxide and water feed.
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10 anion. 16. The nethod of claim15, wherein a sufficient anmpbunt is added
so that a swelling rate is enabled that is at least 1.5 vol une percent per
day | ess wiban/opssag whi ch prevails under the sane reacti orcaarsd2/id4ens but
absent the co-feeding of anion. 17. The nethod of any one of clains 11 to

16, wherein a puffiThenbthadBENLinPl1, Wikrdf R brich ifAcldeems & delRtediitin GRL al yst
half-l1ife is increased by at |east 20 days. 18. The nethod of claim 17,

wher ei n agreup £onsising ofieitiarcidindoNabinacid. co-fed so that the catal yst

half-l1ife is ipcre ed t.l.eas a of aim 18,
Wherein & suf 1161 enthemeind O6SIEER! bAr 1S Witein e abioni aiddnm b4

hal f-1i fereh&dn%ﬁ@ﬁﬁ@ébn‘é&‘nt?étxoh%ﬁ@ 180 pp@ys. 20 20. The nethod of any one of
cl ai sl to 19, wherein the resul tanp catalyst half- life is at |east 40
days &t an opeMatl nBletraﬁtped af claign 13 wheeein dwcaniarinaciddonh is120 inithg resstion
Cel sius. 21. .The net one of clainmsl | to 20, wherein a sufficient

anount of Z°"§A} 6ﬁor}c§ntt%thneo(fZggl36{)}pgfn the rate of swelling of the catalyst is

reduced by at jgastTROn&86E8Niny on%%f%?almsﬁhqormtm&emfa s‘t‘llfﬁdléﬂt%ﬁmoum ein a
sufficient anount of anion is co-fed so that the rate of swelling of the

cat al yst dngonr sctutfe(ﬂsd)@lam swellieg ragois geatdehthat i3 3t leadtd vedirhoperodnt prday 183,
T TN T A T NN T T R
10  anion.

16. The method of claim 15, wherein a sufficient amount is added so that a
swelling rate is enabled that is at least 1.5 volume percent per day less than that which
prevails under the same reaction conditions but absent the co-feeding of anion.

17.  The method of any one of claims 11 to 16, wherein a sufficient amount of

15  anion is co-fed so that the catalyst half-life is increased by at least 20 days.

18. The method of claim 17, wherein a sufficient amount of anion is co-fed so
that the catalyst half-life is increased by at least 40 days.

19. The method of claim 18, wherein a sufficient amount of anion is co-fed so
that the catalyst half-life is increased by at least 60 days.

20 20.  The method of any one of claims11 to 19, wherein the resultant catalyst half-
life is at least 40 days at an operating temperature in the reaction zone of 120 degrees
Celsius.

21.  The method of any one of claims11 to 20, wherein a sufficient amount of

anion is co-fed so that the rate of swelling of the catalyst is reduced by at least 50 percent.
25 22. The method of claim 21, wherein a sufficient amount of anion is co-fed so
that the rate of swelling of the catalyst is reduced by at least 60 percent.

23. The method of claim 22, wherein a sufficient amount of anion is co-fed so

that the rate of swelling of the catalyst is reduced by at least 70 percent.

-18-



