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» HYDRCOLYSI S OF ALKYLENE OXI DES The present invention relates to a process
for the preparation of an al kyl ene glycol by reacting an al kyl ene oxi de
with water int mmn\mof a catal ytic conposition. 5 Backgjpusg®f the
i nvention Al kyl\ mm“ W in particul ar nonoal kyl ene glycols, are o
establ i shed conmmer cjglesi Nt erest. For exanplle,~ nonoal kyl ene gl ycol s are
being used in anti-freeze conpositions, as solvents and as base naterials
in the 10 production of polyal kyl ene terephthal ates e.g, for fibres or
bottl es. The production of al kylene glycols by liquid phase hydrol ysis of
al kyl ene oxide is knoyrarther RrdisLYStfci Soperhver MR Tkt Bepkory £Bd al yst by
addi ng a | arge excess of 15 water, e.gPH‘ 20 to 25 nol es of water per nole of
al kyl ene oxide, or it is performed 9 HXLENRI PEFDekcess of water in a
catalytic system The reaction is considered to be a nucleophilic
substitution reaction, whereby aopening of the al kylene oxide ri ngc occurs,
wat er acting as the B rﬁﬁﬁ%ﬁhilpé?ntE’éu’é%lactﬁé P RaPFP§esdrifid the

nmonoal kyl ene gl ygetpat $0i GiCtct as alRyLeROpfiydnl &y adebdkbeng &m xd e dfe
nonoal kyl ene gl ycold di al kyl ene ql yggl and hi&geher al k¥l epe gl ycols is
formed. In order °¥b9¢ MY HLIE 19Fe 186 P88t PYT ISP T “foRoSPk T EheS iSRSt s

necessary to 25 suppress the secondary reaction between the prinmary product

and the alkkyl ene_ox]j de i C onpet wifh the hydrolysis of the al kyl ene
oxi de. Onér’ effec % ur\’,\@ Pt%e”E%v‘E%tloﬁ the secondary reaction is to

i ncrease the rel ati vl gifyosdtser 180partaiseritar monhelkehete anl ynodtsur e.
Al t hough this ne r 4 = . L mr Qv he I [vity towards
t he production o$§¥h§f n%sn%%l?]%y%eeﬁjggémggf?%?ﬁn%regrzetsgs' gggr%g%lhn#'n t hat

| arge anounts of mapealkeemre 10 weLserbeeleing ysssbier angitheeproduct. 5
Consi derabl e ef f apf5; v e been Jmde veAe bi Al alk el Rakkyeaiorsd ng{easi ng

the reaction selectivity wthout having to use a | arge excess of water.
Usual |y tifese ef PoPEYCHERR FoRrde@lénlene Serarittingd adesnbre- akey viilbres
hydrol ysi s catal ystgopfeyari ous catal ysts have 10 been discl osed. Both
acid and al kaline hydrol ysis catal ysts_have been investigated, wher eby it
woul d appear that thEPHUREAUAEGW Ot ALYEL e faifods PHeligdtd iRfifTat e
W:thoyt si gni }‘i Cﬁpﬁkylﬁéiﬁcﬁ' :Hyl.ktyh%nslebﬁﬁ;ﬁé Vid YknoMie Lea& b}’dblésiylgisﬁ&s

al kal i ne catal ysts gener y |l ower selectivities th respect to the
nonoal kyl ene gl yBSFgaF‘Be%b‘f%trW ac&afﬁﬁﬁs'érﬁ%r?sd,amlé‘.gg.a gF%ﬁ?b%’h%ﬁ%s of
(hydrogenscar bonatey, &igulhite 26hydlegeot swd iy tpe)r, mboenaf ea Biogl ene

nol ybdate, are knowg to_exhi bjteq%o%%rcr:n%t avlq%/trilc activity 20 in t rng orf

al kyl ene oxi de c8AVEFsi Oh BhdSEBEOFTEEY" T Hhet ﬁ&afﬁf/f’%ﬂeogl VEoT:
However when theisabt savdlytioseseatieons Tareremetdi ;s iisheooatidéysd ta ke a
honbgeneous system. ,wor k- of .t r i oduct i, Stillation wll
pose a problem b@%ﬁ%%plghg{)%a%‘fbs&grtéﬁg%ér ?ga‘g%lf%}!l ewh%éelgk %héenlgllgé/co and
tend to nake it sbri atbylene Quatde rdng armons urWatEt sctangi assoheble in the
glycol r tion HLg Vi haNs,. - V] w

wat er / al Eé}fene ogi[lggg(rggﬁg&b%&ﬁh 0 t%lgign alrgmgf?%fﬁﬂg%dp}rnégggggyg?l{s% osed
in EP-A 0 156 4991laadlEPlAc(d%D B3@ OWSLRORALLNI rf Garbilded mitwreling to
these documents h@ﬁogm{,g&y@&lﬁoﬂl Y 28RG1 Oxd dPS,dci GREM heghort in the

presence of a selectiviiy-enhancing netal ate ani on-containing materi al,
preferably a sol BdkHagnfgdBsrel ecks FFSTREr vEN cCOfffi Texiondg PEEEREe hElhg ng

affinity for thege14cduper 003 mamiaalkghienangppsel,The Sai desdkifr{ Sto
preferably an anion exchange resin, in particular a st3ér ene-di vi nyl benzene

copol ynmer2d The elS8EPEBPBsFRT vEe I iFRGCE} Po LY ™ THEr PFENR BY

quat ernary ammonigadubt OhRAE I8E 4 Biylliedey cRNEEEL whih GéabeEBAT ¥iPRosRhoni um
The netal ate ani ons are specifi edfgj‘t gol ybdatg, tungstate, netavanadate,
hydr ogen pyr ovanddStel%¥ads p9t oV ftdt¥e €35 8h59€ A conplication of this
process is that the ehKyéenec el we tead@nitak ns sy Ut thkr sasbd $0y
conprises a substantial amunt of 10 mettgl ate %_gj ons, di Epl ﬁced fromthe

el ectropositive CSASFARPNYSsT? e¥ T e P881 F & Het'dl A" URki 8h ¥dNT R ni ng

mat eri al .30 n or deiretsentedncehs heesrmiont makt et al Aitthcarghondisnmeédeuae Kyl ene
gl ycol product stream this streamis contacted with a solid having

el ectropositive 15 conpl exing sites associated with anions which are

repl aceabl e by the said netal ate anions. In WO 95/20559 (Shell) there is

di scl osed a process for the preparation onmwmmwmmmmWol s wherein an

al kyl ene oxide is reacted with water in t f a 20 catal yst
conposition conprising a solid material havingeooe or nore el ectropositive
sites, which are coordinated with one or nore anions other than netal ate oz
hal ogen ani ons, e.g. bicarbonate, bisul phite and carboxylate, wth the

-y o o e ~ - . Y M



30, 1200H, DOVEX MSC-1, DOWEX 50W DI ANON SK1B, LEWATIT VP OC 1812, LEWATIT
S 100 MB and LEWATIT S 100 GL. In terns of exchange capacity or equival ent
of active sites, the relative anmobunt of acidic ion exchange resin to be
used according to the present invention is 35 generally fromldne@0R303,
based on the total capacity of 4 June 2003 g the strongly basic ion
exchange resin. Preferably this anmount is “f fom 15 to 100% nore preferably
from20 to 50% In terns of weight, the relative amount of acidic ion 5
exchange resin t3MpEoNsadthe ctRIAGG VES vt hewpresehbei RyeRurbhon sofetes al |y
from5 to 70 Wt"/%fnotaﬁﬁybeﬁé CglydAni gRi ekegregaaggrw%n iRT ehef abl yod he
anmpunt is from5 to 50 W% nbre preferam froml1l0O to wt % Preferably
the two conponen@@OUPté °fr%9%ﬁ?(ﬂﬁmeytPObSa§FE°V6ﬁ é?éhéﬁ@@v?é%n% W ch is
coordi nated with grRuer.more catalytically effective anions, and the
stabilising additive which is a acidic ion exchange resin, are used in

inti mate adm xture. FRESEBBFRISIHRIES Pﬁ@esPFSHgW9dBa§PC 8% ¥Kchange 15
resin with the cahalethiagabbyref fadieseian @ReC@Bakthiphi eéwbelbﬁtperforrred
before or after adm xing with the stabilising additiv Prefer t he
coordination is 6@F¢6Wﬁeaa5e?%r%°éﬁﬁifln@rg?hgxﬁﬁﬁﬁl8gew6§?ﬁes %}ﬂ%s
starting naterlahhemethefaﬁt@rMEMEﬁfdﬁhﬂbﬂeohntﬂatBemebayentBEImore
conventional definit.ion pQu ds_havin vi ci pal . oxi de
(epoxy) group in 3He&i"F Hﬁ?é%h¥%é? %%HtrysglaFP sﬁFf&BPecaFg ¥P kY1 A oxi des
of the geberal fdrean @iRE1GRRICR3 Rg \ O 25 wherein RL to R9 independently
represent a hydrogen t II t Vi ng
from1l to 6 carbon atgﬁ@ﬂgggd%nri%pggaqa 5 éggzg ?e§g5§?#g¥éFég6%%?%§hﬂ(n
RO preferably ha9Jﬁﬁ6¢HQat©dB %@#hﬂn’&ﬂompulﬂsaggbstitbentSbeinact¢ﬂe

moi eties, such as, hydrg )f)énggtgrmcr@sy e Regselbn ?E%E%g@k&!utm R2 and
R3 represent hydrogen ato represents a non-sub June 2003 - g _
stituted Cl-C3-alsdgnidicaptandeffrrtelns dmer sBlectRYItRY wReraag R9 wsing

represent 1hydroge ;ahame. cEXAIPLEs géne&wlt@bIlewakkgle@eet%re@ésthﬁ{ﬁf ore
i nclude et hyl ene oxi de, progglene oxi de, 1,2-epoxybutane, 5 2, 3-epoxybutane

and gl yci dol . Et H5A SRR Lok PdEN &R K eé’ﬁegé%icéfé are eptparefcul ar

comrerci al inportanceerfsiestioned e’i@ov%aclatrbbfaa@@VQHS/aQS@é'ﬁ ¢orperform
t he hydrolysis of the alkglene oxrde§] wi t hout ﬁsrngﬁexcessrve amount s of

water. In the pr R¥ELecBrAPHRPI T 10 MHO IS e SBAPRGENt FBAT2BFDERE s of
water in the rangflgfhdhte) dbenbh&itn PRy JHNi®ief gabllylaneloxideaatevigyte
sui tabl e, annunts inther gg q% 1 to .6 on the same basi s erng greferred.
In the préfess ofih H& v At FORY hFh Lei%c GRAVEF &S ORi R, BEPBETL Y0 Y he
nonoal kyl ene 15 ghm&awsamenaélenaadeeﬂdyxachmewederwheanonhy 9aDts5oﬁD|es
“nvent | on may be AT GLSUE TE BAEh Sodr o IT5h s Mbaer8r 5 TATBAFREELt ar for
| ar ge scal e enbodsyerens Wwbrksupref ertreed dag tépar @tredtuhe pr}/odessﬂZDatlon
cont nuoust y._Sugl £OUANRUS BASESSLANPSOLLIE] QUL BBom )| RIS
preferred25The rebrttre gaycbd amd nteriched uwd@rikseemerﬁaﬂ;d25Qadte¢manm or
hybrid conditions, er, r ener akly e
reactors, nostly cﬁﬁéﬁﬁd% ??#?ugéféfo%di %ﬂ%hESe?het iggggegggg%%§$n t he
catal yst and a caefedictpasses outsi de the tubes. Adiabatic reactors are not
cool ed, and the prodyglySLERGOLS L8V NG fsféqec@awlfeg 6aQl gd;bp a separate
heat exchanger Under Certain chosen circunstances the catal ytic conversion
of EO may be i nconplet/alkydenni erids tipfticoranede pOtaancBevi hbr Fae |y

hydr ol ysedgi n thepp@@égsspeggc@&swelﬂ egcton heloowsbhangatalysy ped. 35 nce
this thernmal 4 June 2003 - 10 hydrolysis is |ess specific towards MEG

it is reconnended(?QFWnQﬁ HP%@nth%r?%%ﬁhciﬁﬁHQEddﬁgrﬁotﬁeeﬁéaePBPmeths“H%n

be achieved by fih{dnahe ceagt py1 ok |Btidear tlswlcfa&ru@aebaal $nOfhénert
packing material to 5 reduce its_vol une, and/or addrngﬁan i nert gas,

such as nitrogen, PI®PRE Péaét6?l?%ﬁ&Y%ﬁxdqﬂqﬁnéﬁHgoﬂﬁFéﬁ § the reactor

under so-call ed t&mic&{-%d‘nlt@%m@dmstmsu I rpx@rf@erabtlcy a@bkalndadequay e
tine-yielg val ues, i s recommended. to erfornr 5€oc%% undeé el evat ed
10 tenperdfure angt ?ﬁ?ﬁﬁﬂ?ﬁétéﬁﬁdF?TQﬁﬁfl itdi5i% F@é f@hﬁer \¢ Fare
generally in the range from80 to 200 C, whereby tenperatures in the range
from90 to 150 C are preferred. The reaction pressure is usually selected
in the range of 200 to 3000, 15 preferably 200 to 2000 kPa. For batch
operations of the process, the selected reaction pressure is advantageously
obtai ned by pressurising with an inert gas, such as nitrogen. If desired,

m xtures of gases may be used, for exanple a mxture of carbon dioxide and
nrtrogen |s in 20 certarn |nstances advantageous In or der to acconnDdate
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catal ytically active anion (bicarbonate, formate, citrate nono-anion) on
the resin: - 150 m of wet resin was slurried in a water filled 5 gl ass
tube (60 x 2.5 cn); - chloride was exchanged by treatnent with sodium

bi car bonate, sodium formate or nonosodiumcitrate in each cabdune2@@ieous
solution (10 nol ar excess, in 2500 g of water) for approximately 5 hours
(LHSV: 9 1/1.h); 10 - the exchanged resin was washed with 1200 M of water
for 2 hours (LHSV: 4 1/1.h). By this procedure nost (>98~) of the chlorine
anions in the res¢teladree agiengngée bsaithesddgl ried parifemably3afheni@si n was
treated as follo SRR LI sent .yt - 3

(nol ybdate) on t ecé‘%s(% n: ?lh o B@réﬁc&laaﬁrgsa?’r?' ﬁs n>sé ??E’%é%eﬁ%ﬁ}eqen 2300
g of a 3 gw aque®RReyakt-i ('Sﬁeoﬁl§@H¥WWW£@P(lﬁazmoq}t©$ean¢gin at
room t enper at ur epartlté}ﬁarreau@t\é@ﬁaw 2l S ) 'p&to%%a\e%et k@@hgkgfém@ 20
exchange col umtm and then rinsed by passi ng wat er Q)

t enper at ure thro%rﬂ%%ré‘élrUnﬁhPEle‘ﬁ“g Tyel meta t§ul§§éqaén?¥9 6500 g of
a 3 %v aqueous sggiiipin wkdabe 5@5&&) OtfhrV@eStaQ%SS%ttaQraﬁHthEhehg
roomtenperature (LHSV 1.7 1/1. 23 and then treated wi_ith 1S00 25 of hot
(75 O nol ybdat PR AN £3 28, PYERNA 4§ ppens flAn&Pr‘yllFm%gows
carried out wt htBﬂQQDJQJldEfssths (:EStQ)l;dvaethym %Q@Qog-%gwamin@t Eoom)
tenperature, res Ive LHSV.3.9 1/1.h procedur e nost _(>98~

of the chlorine BRPGH % (eﬁ'mt RESPeSPAPTRTRS &Mﬁ%@&tﬁﬁ t ABYRE; YEd ani on.

.9 A wedld y acigietalare exdbasgedieslaceod fien nichadrytabeosypeveas used:

4 June 2003 - NVBERLI TE | 5 crosslin
pol ynet hacryl at e?%lm%IA A enzgr?g Pgs?he O%ir’nneécnéa&lf §nlﬁ§7dF851éﬁl?Jo'?gm
exchange capaci txyaeerZEaheq/nrrbrdbrStA s¢dury | sheacrdivnt of srchaage resin of

the sul phonic 5 a¢ Ql-bé YRE RS ali§ ene mﬁﬁ%%d]u%t &.Grags! L Flfgdstream

pol ystyrene/ di vi ny enzene reS| hy rogén or nj ‘exchange
capacity 1.7 megi#d contathe wdési Feﬂokh@arpwn%cﬁmrtqmﬁl\mgeprepar ed by

10 m xi ng d he Ca&@fwﬁém %qt@@ bBgosi £ 089! Wi A dndn Wik ehange resin
(AIVBERJET 4200 type RA-909 ty ¢g(élthh t he appropriate anount of

the acidic ion ek%ﬁi&ﬁ‘%brl@slbﬁ{ G)WBEPM’T’EE‘F 5D, aTABESRLYST 15). | 1.

Exanpl es 1-22, batcherQ&%r/@o%ses(éﬁeﬂﬁmlerﬂe au Qﬁ's%\l%s\élasafb%&gsé/\“h
t he catal yst (30 mmol of total Qatalg th us mml of quaternary anmmoni um

on AMBERJET 9200f&Rdthirdi* 8RAIGH1PRCP ErYELEFo "gersi85afpl ). The

gascap was pur ged) Bytddeoideh iRl tré@ge@damﬂuamatra:t 118 thleepeHEEnOE é—@QaO kPa
was enpl o%qed 20 The, mi xture was heated to 100 C Stlr%l ene oxide (99 g; 1

mol) was Y owl y SEERYY UndEROSEEEPRCPRBE 1N .2 Fetesha ki RV was
mai nt ai ned under ocf@Né1 MLAES eatejclurbpgsiaiv@ :how§ athik00 aCe ABoeafin®fed un
sanple was taken for GC anal I

{ AT 05 Th res j‘{fg l?8nv%rrsljioToanr(x:I VEG
selectivity dataf*hPe %%rﬂf:aﬂsr@dlﬁ’?%b? & 2063°F 18-°9%Ap E
~, U~, waoM-u~r NNaoiNons v .3y .ybicegbOorwte f obrsultm‘ﬁcr.er MraDea@Box@ratepo~ rr r~
. n - _ o e T ~
rri 1dN 300 p N 1¥K %Nﬁud%ié% Chat%Whiféhe £51:% matégiag 99 ano’ rn-o
a~ o~vo ( o~ o~r . ~r .. 0~ o0~a0O . 0, o~C . a~ o~r .~ a-~-o . a-
25 anlonlc exchange resin of the quaternary ammonium type
and the anion is bicarbonate the process is performed in
the substantial absence of carbon dioxide. According to
this document, the presence of carbon dioxide in the feed
is detrimental to the catalytic effect of bicarbonate-
30 exchanged resins of the quaternary ammonium type.
A drawback shared by the conventiocnal anionic
exchange resins is their limited tolerance to heat. In
practising the process of alkylene oxide hydrolysis
according to WO 95/20559 with catalyst compositions based

35 on conventional organic guaternary ammonium ion
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exchangers it has been found, that under severe alkylene
oxide hydrolysis reaction conditions (high temperature
and/or long service) the catalytic activity (selectivity
and/or conversion) of the conventional resin-based
catalysts tends to deteriorate. Moreover, under these
reaction conditions these catalysts were found to undergo
swelling.

The sensitivity to heat of anionic exchange resins
has been known for a long time. According to Elizabeth W.
Baumann, in J. of Chemical and Engineering Data 5 (1960)
376-382, the degradation of AMBERLITE IRA-400 which is a
strong base (quaternary ammonium) ion exchange resin
having three methyl groups in its guaternary structure
can (according to two decomposition reactions la and 1b)
liberate trimethylamine which can be absorbed by a cation
exchange resin such as AMBERLITE IR-120-H, if present, or
methanol which is not absorbed by the cation exchange
resin. In the first column of the article it is further
remarked, that “the presence of this resin [AMBERLITE
IR-120-H} provides a means for absorbing basic
decomposition products that might affect the progress of
decomposition, permits study of the decomposition by
reaction la and roughly duplicates the conditions in a
mixed bed deionization system”. The article contains no
showing of any effect of AMBERLITE IR-120-H, which is a
strongly acidic ion exchange resin of the sulphonic type,
on the thermal stability of the anionic exchange resin.
And of course the article is not concerned with the
stability of any catalytic effect associated with an
ionic exchange resin.

In US-A 4,579,983 (Union Carbide) there is disclosed
a process for making alkylene glycols from alkylene oxide
and water in the presence of a water-insoluble phase
containing a selectivity-enhancing organometalate which

may comprise an anion exchange resin, and a stabilising
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material which is water-soluble and comprises a cation and a
selectivity-enhancing metalate anion. This stabilising material is thus a metalate
salt.

In the co-pending European Patent Application No. 98204234.3, filed on
even day herewith, there is disclosed a process for the preparation of alkylene
glycols by reacting an alkylene oxide with water in the presence of a catalyst
composition including a carboxylic acid derivative, having in its chain 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. Catalysts
compositions including such carboxylic acid derivatives immobilised on a solid
support, in particular an anionic exchange resin, are specifically claimed. One
advantage of the carboxylic acid derivatives as defined in this application is that
their catalytic combination with anionic exchange resins is more stable.

It has now been found that the stability of solid catalysts in the conversion
of alkylene oxide to alkylene glycol, which solid catalysts include a strongly
basic ion exchange resin coordinated with one or more anions, can be
considerably enhanced by adding a relatively small amount of an acidic ion
exchange resin.

Summary of the invention

The present invention relates to a process for the preparation of an
alkylene glycol by reacting an alkylene oxide with water in the presence of a
solid catalytic composition which includes a strongly basic ion exchange resin
coordinated with one or more anions which is chosen from the group of
metalates, carboxylates, bicarbonate and bisulphite, and a stabilising additive
which is an acidic ion exchange resin.
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Detailed description of the invention

As such, the solid catalytic compositions as herein defined are effective as
alkylene oxide hydrolysis catalysts in a heterogeneous liquid reaction system.
Compared to catalytic compositions having the same components without the
acidic ion exchange resin, the compositions according to the present invention
are more stable and retain their selectivity and stability under severe reaction
conditions as well as being more resistant to swelling.

Any of a large nhumber of strongly basic anion exchange resins (IER's) can
be used as the solid support for the catalytic anion, in particular those wherein
the basic groups are quaternary ammonium or quaternary phosphonium groups.
IER's based on vinylpyridine and IER's based on polysiloxanes can also be used.

Strongly basic anionic exchange resins which are suitable for use are
known per se and many are commercially available, e.g. the ones sold under the
trade names AMBERJET 4200, AMBERLITE 400, IRA 404, LEWATIT M 500WS,
DOWEX 1 x 8, DOWEX MSA-1 (all of which  are products based on
polystyrene, cross-linked with divinylbenzene) and Reillex HPQ (based on
polyvinylpyridine, cross-linked with divinylbenzene).

The catalytic anion which is coordinated with the anion exchange resin is
chosen from the group of metalates such as molybdate, tungstate and vanadate,
carboxylates such as formate and citrate, bicarbonate and bisulphite. Particularly
advantageous are the polycarboxylates, having in their chain molecule one or
more carboxyl groups and one or more carboxylate
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The results in Table 1 indicate that the acidic ion exchange resins have
little catalyti @ SEPPUPEIRT (TP COBFELFIP LT ot L thRAF e NS &YWt Rdut any
addi ti on, Exanplt@elpobytatitaiyldreis;, addistenisogedthesrefddred.basic 5

i on- exchapge based iﬁt al yst dg}es not dimpish its cat aeld%/ﬁtt{ c effect. I11I.
Exanpl es 23-27, cat al§5E &t%0i5fy TYBET The® ¢ hetfrad O5tHFNAEY &SI PEst ed
under severe condiet.i @hs HyrlEcsi rgiddcenionf ekbicangd atessing vrathe c¢cm 10 | ong
0.5 inch wde Hokci hube %rovi dtﬁmd Wi tg.g heat i ngré%Facket usi ng .a lgot oi |
system Water wasiBHAPEE WRH dRCHBEEhanp i AR IHIP OS5 °F 1PR over the
catal yst bed at ath@l€tantyme Eressheewobkl1908ck®Phc disn rerctange ¥€8iheurs.
Then the catal yst Y ro h e or.. T 5 straongly

basi ¢ capacity (ocfugggflﬂ%%\&zrﬁ{%ﬁa%uﬁggrgéugb%,g?%e&\%%ﬁei/ %25#‘8 éﬁggﬁky
(tertiary0am ne igweopspnanthe heverefdl aghfibn Eapaticy ghde i dkpthe two

previous capaci tj.q3} ; bg%wfod Rl aRdovgedyeat alysts &id,gw genegde by
titration and the s di ‘ference (change 20 during use) noted. "The results
are sunmari sed iggtEalkéc2compopifige 26p3be agvergl W dffectigdovo ~r v~ Ir

-1 ImMla~ u~gheMekbralp Mdkly acidic ion exchange resin, i.e. one of
the methacrylate type, is best suited. However, it will
15 be understood that a small amount of one or both of the
two other types, either alone or in combination with the
methacrylate type, is also within the scope of the
present invention.

Examples of commercially available weakly acidic ion

20 exchange resins of the methacrylate type are those known
by the trade marks AMBERLITE IRC-50, AMBERLITE GC-50,
AMBERLITE IRP-64 and AMBERLITE IRP-88.

Examples of commercially available acidic ion

exchange resins of the acrylate type are those known by
25 the trade marks AMBERLITE IRC-86, AMBERLITE IRC-76, IMAC
HP 336 and LEWATIT CNP 80.

Examples of commercially available strongly acidic
ion exchange resins of the sulphonic type are those known
by the trademarks AMBERLYST 15, AMBERJET 1500H, AMBERJET

30 1200H, DOWEX MSC-1, DOWEX 50W, DIANON SK1B, LEWATIT VP OC
1812, LEWATIT S 100 MB and LEWATIT S 100 Gl.

In terms of exchange capacity or equivalent of active
sites, the relative amount of acidic ion exchange resin
to be used according to the present invention ais

35 generally from 10 to 200%, based on the total capacity of
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the strongly basic ion exchange resin. Preferably this
amount is from 15 to 100%, more preferably from 20 to
50%.

In terms of weight, the relative amount of acidic ion
exchange resin to be used according to the present
invention is generally from 5 to 70 wt% of the basic
{anionic) exchange resin. Preferably the amount is from 5
to 50 wt%, more preferably from 10 to 30 wt%.

Preferably the two components, i.e. the strongly
basic ion exchange resin which is coordinated with one or
more catalytically effective anions, and the stabilising
additive which is a acidic 1on exchange resin, are used
in intimate admixture.

The coordination of the strongly basic ion exchange
resin with the catalytically effective anion can in
principle be performed before or after admixing with the
stabilising additive. Preferably the coordination is
performed before admixing.

The alkylene oxides used as starting material in the
process of the invention have their conventional
definition, i.e. they are compounds having a vicinal
oxide (epoxy) group in their molecules.

Particularly suitable are alkylene oxides of the
general formula

rlf—cr%—cr3i—r4

N,/

wherein Rl to R4 independently represent a hydrogen atom

or an, optionally substituted, alkyl group 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.

As substituents, inactive moieties, such as hydroxy
groups may be present. Preferably, R1, R? and R3

represent hydrogen atoms and R4 represents a non-sub-
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stituted Cj-C3-alkyl group and, more preferably, Rl, R2,

R3 and R4 all represent hydrogen atoms.

Examples of suitable alkylene oxides therefore
include ethylene oxide, propylene oxide, 1,2-epoxybutane,
2,3-epoxybutane and glycidol. Ethylene oxide and pro-
pylene oxide are of particular commercial importance.

As mentioned above, it is advantageous to perform the
hydrolysis of the alkylene oxides, without using
excessive amounts of water. In the process according to
the present invention, amounts of water in the range of 1
to 15 moles per mole of alkylene oxide are quite
suitable, amounts in the range of 1 to 6 on the same
basis being preferred. In the process of the invention
high selectivities with respect to the monoalkylene
glycol are often already achieved, when only 4 or 5 moles
of water per mole of alkylene oxide are supplied.

The process of the invention may be carried out in
batch operation. However, in particular for large scale
embodiments it is preferred to operate the process
continuously.

Such continuous process can be carried out in a fixed
bed reactor, operated in up-flow or down-flow. Down-flow
operation is preferred.

The reactor may be maintained under isothermal,
adiabatic or hybrid conditions. Isothermal reactors are
generally shell- and tube reactors, mostly of the
multitubular type, wherein the tubes contain the catalyst
and a coolant passes outside the tubes. Adiabatic
reactors are not cooled, and the product stream leaving
them may be cooled in a separate heat exchanger.

Under certain chosen circumstances the catalytic
conversion of EO may be incomplete, in which situation
rest EO can be thermally hydrolysed in the dead space of

the reactor below the catalyst bed. Since this thermal

Co
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4 June 2003 - 19 The results in Table 2 indicate that in this severe

accel erated stabbivirglyess inedess SREFYIbasteva e Bisod idatisl yst in the

presence of a smallLoaReNaLd oo mrﬁfﬁ\iigiecﬂa@nlf?&mrwc{% Nn §pEOre than 2
tinmes nore stable than 5 the correspondi ng catal yst without the acidic ion

exchange resin. F9acER&npFel2&ary Pec gL ANBHSOEG HWms Hdies reegksite 28

AVBERJET 9200/ HOQ3r1£bi garbonatie)int ek RE1 50040 A4 pBUNIMR madleir@kiCa@bal yst
was used in this test, wherei nr&roce%?/oga]%arretgrs were varied (water: EO
1’ e

nmol ar rati® bet we€RUFE5IERVOL? 128 YeRPC N9 2D Ipert, 9asaxiShGm BEd

tenperat ure bet wagRr84ed24t&) thelheaceact feedani ar r dMardtcpaialt idigampker
stai nl ess 15 steel tube, with a hot .oil hea 'ngfjuacket, and was | oaded with
23 nl of catal ystr.ea‘FHQIEEi’%fe*°1‘°'f°€e1&e\%a§rbﬁ%% D | SR HH SRS the cat al yst

bed. Liquid EO was ppapeddés tdhebtadat adebyate ptimgeri iy a1BES Lakotison
LDP-5). Before entering the catalyst b this EOwas . mxed in 20 line with
wat er, punped by r&ﬁoﬁiﬁgﬁdﬁgn{)‘? ‘%?eyafz rfnoﬁg?e%%?%ﬁﬁr‘én%%rs e?‘oerﬁarr{(ﬁdl ed by the
oi | tenper@ture. tkmpthetoeatamed gfrddsereatahgstibes. a t hernowel | was pl aced
with a thernocouple Q. r e ctor f.l.uent S

cool ed and col |l ect edgﬁﬁggg%%ogu%ﬂ:q\fg’sgg{a{)é%%{??%%% ensear?ﬂ'll S l\/r\]/e\rlélg’et aken
at tine interval sahge GrEmaddlysid0 TRe wbenktby bemperahrdssdad itheTabl e

3 L L une 2093020, fabhe: 3 dso +BXaubl £- 28 Bt ot HRNIRO !
rati oLHSV (1/ | %%f&&;’ Bgig tenpera- ture (C?II:EO ?:onver3| on (% *ggl ectivity
t owards MEG (nol pressure is usually selected in the range of 200 to 3000,

$)**080. 9241210092 :21.26:60. 994059 A7 x3927+50. 0PI I BHLLE, 004979499,
798. 56918. 90. 979999. BO98. 7709. 80. 9911999. 295. 61377. 80. 9210999. 897. 31A27. 8

.1.8311395. 297. 2P837e93, 8219492l qared 868 HON ORI BPBY VoA FHMFIGAGFECTFEAY1009

8. 83058. 00. 9310199+ Z97L3598 Qgsgsflicgag,g. 0996139018000k 92599,996,59737. BO. 9
21 0399. 896. 95207. 70. 9210099, 896, 76917. §0. 9210099, 996. 860G7. 80. 9210099. 996. 9

*: EO conver si on "dfgrgep - - 1f0BesirqvESI ¥ t3PRE 2 3T8RGT (BT PavBEes 2566 +
3TEGQ **:. Sel ect iekamplleowandst MG dfMarbpn- d16Q1ide Matd (MG oge2DEG £n3TEG) 5
Conpar atiye Exanpl e 29 For conparispn the results of a simlar test using
AMBERJET 9200/ bi C&58n3t é“éé?g?‘?%ta PRGE9%PERout the | RC50 stabiliser) is
presented in Table 313. oNake tbaicdamniclibseexper swehlirgg fdf ethavataara/lFEtNOI

ratio (7.5) is us‘ﬁ%{‘ 10 Corrggrigontvg trh tcgerrgg%;ng (i:ann‘l'aa Jaent?é' 1eo%tslt hi s

nmol ratio shows t nBh8PEAAFtPON BI° FRECS6ThIR T’ g Y
be greater than the volume occupied by of the catalyst
therein, for example 10 to 70 vol% greater.

25 It will be understood that the process of the present
invention is not limited to its operation in the presence
of the defined catalyst alone. In certain situations,
particularly when operating in continuous-flow manner, it
has been found to be advantageous to subject at least

30 part, such as about 30-60 wt%, of the alkylene oxide feed
stream to partial thermal hydrolysis in the absence of
catalyst, before completing the hydrelysis catalytically.
It has been found that partial hydrolysis, even in the

absence of a catalyst, is still sufficiently selective



4 June 2003 - 21 detrinmental effect on the selectivity to MEGin such
conti nuous node fixed-bed operation. Table 3.2 - Conparative Exanple 29
Run- hour H20/ EO nmol rati oLHSV (1/ |.h)Max. bed tenpera- ture (C) EO
conversion ($)*Selectivity towards MEG ( nol 4 June 2003
$)**177.51. 110499. 896. 7937. 51. 110399. 996. 81137. 51. 1112100. 095. 81377. 51. 1999
9.996. 61617. 51. 19999. 996. 62337. 51. 1102100.%96. 33097. 51. 1109100. 096. 33287. 51
.1110100. 095. 93357. 51. 19899. 996. 53537. 51. 19999. 996.5 *: EO conversi on (nol
~s) - 10U x ( MEGowaxgsGthe3reEm 3 iaa epeVvEEYF02 DFG ke 3MEQhS otherSdaaet i vity
towards MEG (mold); s nkQQuke VEF & MEG 14 RDEG 3kv3IEQnY. cBxafples 30- 33,

conti nuous EO hydrol ysis Exanpl e 30 and Conparative Exanple 31 AMBERIET
9200/ format e + | RC- 30 PERPARY YN ¥ D) PayplorFBF1e02EAY | % i B ahpl an BProggssused
in a continuous JHex@drPREnOXERE | dte iEh%ehQ?gh§/aHElP§éé Of frBfiE Was
conpared with that of AMBERIET 4200/ formate (Conparative Exanple 31) under
exact |y identi cBrGVREsSIcaRE i PHENtFho e RPePPAeATS/ QRrRNQIRIINGS 6§t in a
once-t hrough 15 imslg-itihe 24 che | Prghuceacteeamonwhehes of réngDy Badiicner

di aneter) wi de glass tube in a 39 nm w dedstai nj ess ftgel nmet al Fs%ipe.

Bet ween the gl as?’roééc?f%“ﬁ‘af’ﬁﬁer%ﬁﬁ‘ t'fe U88%aFeF PEuDB: 1% TRYPRYF ¥ FAEE) PRayer
was used as an callye 2@03on, 22he immilcagebupAntkbeebfi £0¢ feadd i@ sy st em
was used at the outer. SS trubgago cor erlljsat?l Lor heat |OSSfS;hth
tenperature set POIAL Yot Are-FEA NG ¢evlee Wis9E2Par the'1d ture of
t he wat enPEO r eafdwrd fréed. dThéng egpe it Snyasmehar gedunt $ ho 50amined or

catal yst. The wat.,e reheated t chiev esjired reactor inlet
tenperature pri rhc{scghﬁll%%sngg\?\ngtﬁgEgé.aélhnef(}tO@ngérga a%ggofngéleg?eeepdmvéi‘s“
measur ed usi ng astimamopdesplespl amkonint ¢heobrotect eatteam analy tdlswout | et

tenperature was peasyrad Qo HSEHPr 8 iHETNMRGRURLE si WRtcRehow the, satlployst

bed in the reactor outlet. %he_process conditions during these experinents
are conpil ed i n Uslwater useghie Yhe ARALLSSr e ALkPAYIDODRR aem@#n oot
tenperat yse (C) 65;0RGAGIOL 0OPhbEHh I RIRIALHI BahE) 8§é;é9t12§/ R fdow
(m/h)130-150Mol ratio H20/EO (nol /nol ) 10-25LHSV (1/1.h)2.3-2.5 I n each
Exanpl e the reacRifPSaereudenRER L uteor smeslnhERe aray yaffegiel thang
resulted in a vohedm dhgrease ohdSdradiichk shizhs t¥ak UME hAGT 8aSE YA yi1@ached

by the 2347th run-hour in Co ratjve ampl.e 31, but only by the 4037th
run-hour in Exanp? &S8P iiSBhPRECY LT oqurxﬁcttdoPh ) o seﬁ?riﬁ’\‘%ﬂ’ﬂ]ieon. 20 The

EO conversi on angr sedtaofliaviihyg {(DMAY dendViG wemetholhaved ( DMERRAGH EXREYNE

until the cut-off at 55 volo swelling of the _respectiye catalyst. The

results %De corrpFrIl%aer?cﬁ'pl‘é’SI%%QJ_‘% %rhg‘mlf’.ué’,t é’ﬁo%?ngot hétp?’ﬂe%%i‘? ti%n of

| RC-50 to the AMBERIFToBR(A0bEOTHALR2 ¢ dicaldestechad ho andadouet 2003 ow A3

significant effeft%pqg] the catalytic performance in terns of EO conversion
t

and MEG sel ectiv Under the process conditions. Table 9.2 - Exanple 30
Run hour (h)EO convearsiefifectole ~&Seswrt iivi rgpmbewapgdsmMi€s and/or

(ol 19298. 398. 72 98. 6 : : -098..784398 .8175095 698. 92019
06.006- 4202007 6URC TR R0 HaB BT B.A0h on 554 08 3057 BAIEboR. G $600796,
298. 3 Tal¥%e 4.3 gemprphinténye PERGADS ¢TI eRiin efibil e(1h) EOLdonierisd vy

(mol $) MEG sel eCthg&lfé(l sed, including the process of the present

(ol $) 19899. 69B. 629599. 798, 645599, 998. 679099 998 083309" 7975 8175099. 896. 120
1598.796.g 4 Jumeep00d - "2g bPERANPPEBLcak CHAPHPEL PYed BXanA BB
AMBERIET 9200/ ci tpa¢ £1 APHP-22Bk0Bnd1 § ReRB LAkl ¥gtnande AMBERIEhich

9200/ citrate nmono-ani on were conpared (Exanple 32 and Conparative Exanple
33 respectivel y) efheSt 1 tly- CPREVERPHITERTIE eIn@Er PPREPBARES coMRANMTYs as in
Exanpl es 330 and 3djqid eachxBranpberédmny @act b@ncwassuvpnontd |t @it - of f when
catal yst swel | i ng resulted in a volunme increase of 55 volt. Thi's vol une

i ncrease was reatfBREESialy 2825L BRI SHATPHGS 2FR EDRPEr ARPYR X dHHS e 33,
but only by the 8298éha i ANMBERLYST EXHIMAMBERIEMLEDOHS AKBERSENG 200K, he

present inventiop, The EO _conversi a | ectivity_towards_ MNEG were
followed in eachDgﬂﬁ%mﬁ%FﬁhtPPWEﬁeg@%Lﬂggﬁﬁgt%§EBWO¥FWﬁEIEw¥?I?%gﬂ%@'the
respective catal ysWaThes ri@puMBsand eLEWANIT ad 100 Tabl €hdsd antbrbgld; showi ng
that the addition of IRC-50 to the AVMBERIET 9200/ citrate catal yst had no
significant effect on the catalytic performance in ternms of EO conversion
and MEG sel ectivity under the process 20 conditions. 4 June 2003 - 25
Table 5.1 - Exanple 32 Run hour (h)EO conversion (nol $)Selectivity towards
VEG ( nol

~) 7399. 598. 9- 90799. 798. 567799. 598. 779999. 398. 6101399. 898. 7129798. 797. 713469
9. 197. B191699. 297, g158999. 697. 7185299. 597. 8197298. 698. 1218999. 097. 1235798. 9
97.1252599. 397. 1280896. 796. 7314497.797.3 4 June 2003 - 26 Table 5.2 -
Exanpl e 33 Run hour (h)EO conversion (nmol ~)Selectivity towards MEG



(nol

$)9099. 998. 392599. 998. 767099. 898. 675099. 998. 6100099. 798. 6123899. 998. 2140699
. 797.8162299. 7g7. 8174599. 697. 8189599. 697. 0199499. 697. 3206099. 996. 9235099. 39
7.1251798.997.2 4 June 2003 - 2z TS 0687 PCT RE V I S E4Fuer0P30 F C L
Al MS 1. A process for the preparatioq_qg an al kyl ene glycol by reacting
an al kyl ene oxide Wth mater in the presence of a solid catalytic
conposition xhieh includes a strongly basic ion exchange resin co-ordinated
with one 5 or natidianiioms exigihehdesreRdsenafe onva heelgroum off fetral ates,

car boxyl ates, bjcarhonate and bisul phate ngd a stgbilising additive which
is an acidic ioH"é?gﬁéﬁ%E“YeéPﬁ% 5% ggﬁr8825€°5%to ’hd”?é’éﬁ&iﬁ%l?orm
characterised iof tdras sk¥driye yaeicdidéci easéxchangsed esi nehes gefaridheea-eakl y

acidio nmethacrylate type. 3. A_process according to claiml or .2,

char acteri sed i?F?tﬁﬁeqﬁﬁg §ff§ﬁg\§%§§§iEafﬁhn%xgﬂéW§étF§§Wﬁ F§1§Fcthe
qguat er nay ai mosingnd ypextulks 4f Ahprecessgagcacidig icn exahangeOke?in
characterised in that the strongly ba'ic ion exchange resin is of the

quat ernary phosbhortu t yie&™ BnOASALEcESEMabRor R FFRHRBSRS ShecPhi ms 1

to 4, characterjsechd pridiicti B tir@aHb reha@XeRgNgEo £aPasidatt@a120 equi val ent
of active sites) the relative anpunt of agidic i on, exchange resin, is from

19
10 to 200k based orfh HEdes 2OVAREAER §Eof NENBEERPDIYIGF S §uRdA B&Ehange
resin. 6. A procesthac iydineghaliaiagy a0Rglehecbai d® Whidch MmayClhhar agteri sed in
that the carboxylate is fqormats. 25 7. A process accordi to_any one of
claims %o 5, RERFHE: gté’(? e Fﬁéegﬁr b%x@Y%’f%lesseC{;q;ﬁoIaﬁgé?{BB?(yl ic
aci d derivativeghpyvIng dlbditts wilthi B Iekbeeul eebaet ovi tprdvwaadzoxyke gr oups
and one or nore_carbaxyl.ata gr. s, the individual carboxyl and/or
car boxyl at e groﬁ%%oiékﬁ%f ig %ggdted fromoath other in the chain nolecul e
by a separating group coier $to pgcofimatakeaer opehatmon af~ t8&BSTI TUTE
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HPLC pump with an LHSV of 1 1/1.h over the catalyst bed at
150 °C and a pressure of 1000 kPa during 48 or 168 hours.
Then the catalyst sample was removed from the reactor. The

15 strongly basic capacity (quaternary ammonium groups), the
weakly basic capacity (tertiary amine groups) and the
total anion capacity (the sum of the two previous
capacities) in the fresh and used catalyst were
determined by titration and the % difference (change

20 during use) noted.

The results are summarised in Table 2.
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8110% ! & ()-3 dVrofxemple) 2§-24c Y 20Y5IS & () -3

8110% ! & 3; GSG a1 80% ! " & 38'100/| -3

8!10%!‘&'8 3htﬂw‘ﬁﬁ%§x2— %b()&'() gsulocw() Q 3 8110%! & ()-3
8110% ! & ()-3 8! 10098”'555‘7(’3? é 1#683" 4Pirasbara e} 1+ &85 58hhhhhhhpTs,
8!10% ! " &H()-3 8@ﬂ%¥%%bl&nkh 3atio) catalyst was used in this test,

wherein process parameters were varied (water:E0O molar

ratio between 7.5 and 20.6; LHSV between 0.92-2.82 and

maximum bed temperature between 94-124 °C).
The reactor was a 9 mm internal diameter stainless

15 steel tube, with a hot o0il heating jacket, and was lcaded
with 23 ml of catalyst. The EO/water feed was pumped
upflow through the catalyst bed. Ligquid EO was pumped to
the reactor by a plunger pump (BHS-Labotron LDP-5).
Before entering the catalyst bed this EO was mixed in

20 line with water, pumped by an HPLC pump. Reaction
temperature was controlled by the oil temperature. In the
centre of the catalyst bed a thermowell was placed with a
thermocouple to measure bed temperatures. Reactor
effluent was cooled and collected in a product vessel,

25 from which samples were taken at time intervals for GLC
analysis.

The results are summarised in Table 3.1.
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305 8.0 0.93 101 99.7 897.1

354 8.0 0.93 105 99.9 96.3

201 8.0 | 0.92 105 59.9 96.5

173 7.8 | 0.92 103 99.8 96.9

520 7.7 | 0.92 100 99.9 6.7

041 7.8 0.92 100 99.9 96.8
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*: EO conversion (mol %) = 100 x (MEG + 2DEG + 3TEG)/(EO

+ MEG + 2DEG + 3TEG)

* ok =

: Selectivity towards MEG {(mol %) 100 x MEG/{(MEG +

2DEG + 3TEG)

Comparative Example 29

For comparison the results of a similar test using
AMBERJET 4200/bicarbonate catalyst (thus without the IRC-
50 stabiliser)

is presented in Table 3.2. Note that in

this experiment a fixed water/EO mol ratio (7.5) is used.
10 Comparison with the results in Table 3.1 at this mol

ratio shows that the addition of IRC-50 has no
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752 98.6 98.7

848 98.1 98.8

1750 95.6 98.4

2019 86.9 96.4

2424 97.6 96.1

2874 896.4 98.4

3194 96.1 98.1

3352 96.2 87.0

3769 96.4 96.9

4007 96.2 98.3

Table 4.3 -~ Comparative Example 31
Run hour EO MEG
(h) conversion selectivity
(mol%) (mol%)
198 89.6 S8.6

295 89.7 98.6
494 99.9 88.6
740 99.9 98.0
7 8
8 1
7 B8

833 99. 97.
1750 99. 96.
2015 98. 96.
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U10%s S&'() IK; VExample 32 and Comparative Example 33 respectively) in

5 long-time experiments under the same conditions as in
Examples 30 and 31.
In each Example the reaction was run until cut-off
when catalyst swelling resulted in a volume increase of
55 vol%. This volume increase was reached by the 2645th

10 run-hour in Comparative Example 33, but only by the
3246th run-hour in Example 32 which is according to the
present invention.

The EO conversion and selectivity towards MEG were
followed in each Example until the cut-off at 55 vol%

15 swelling of the respective catalyst. The results are
compiled in Table 5.1 and 5.2, showing that the addition
of IRC-50 to the AMBERJET 4200/citrate catalyst had no
significant effect on the catalytic performance in terms
of EO conversion and MEG selectivity under the process

20 conditions.
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25 7. A process according to any one of claims 1 to 5,
characterised in that the carboxylate is a polycarboxylic
acid derivative having in its chain molecule one or more
carboxyl groups and one or more carboxylate groups, the
individual carboxyl and/or carboxylate groups being
30 separated from each other in the chain molecule by a
separating group consisting of at least ona atom.
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