: Sof/
TS.0097 SIN PROCESS FOR THE PREPARATI ON OF zQﬁEEQQL¥@$LS H
ghe invention relates to a process for the preparation of alkylene egcngaP\f
by reaction of an.al kylene oxide with water in the presence of a catal yst.
Al kyl ene glycols, in particular nnnoalkyle&e glycols, are of established
comrercial interest. For exanple, nonoal Kytene glycols are being used in
anti-freeze conpositions, as solvents and as base material 9 d9d® SIN
producti on of polyethylene terephthalates e.g. for fibres or- bottles.
The production of al kylene glycols by hydrolysis of al kylene oxides is
known, both by |i quPROPRaSeFORATHE PREPARATEQNeOF ALKYBENE GhYSOLEXCeSS
anount of water, e.g. of 20 to 25 noles of water per nole of alkylene
oxi de, or by hydratlon in a heterogeneous system The reaction is deened to
be a nucl eophilic 3@%slﬂvﬁntbﬂnréﬁg@t©ﬁ taharesgcepenfay &hethe al kyl ene
oxi de ring Occﬁfépafﬁtc%nan' | Bgxgschbe myebﬁepﬁyl PeabRepHSErlbg Primarily

formed nonoal Kyl €ne g ew se s~ as- a nucl eoph ., as arule a
m xture of nnn%hkk%?%ﬁe°§¥9€owlthlHPR?FehE §F9CBFe§ﬁﬂcﬁleﬁeP sekalyss .

glycols is formed. Aimypéﬂ@rglpcbngr eﬁﬁepébﬁléﬁ!lgﬁtithlelebhé gageailyl ene
glycol, it is neces ar§ suggress t he second g g &fchlon bet en t he

pri mary productt@n?*a 9?@%%5 AAEoMRRFERALorPERESS Ofh&% ﬁ?@ §rysi s of

al kyl ene OX|ckmonoalkybenéfgtycaésnaaesbémngsupadesnlagtuhéreezendary
reaction is tog I r b ol Bt

reaction n1xtur%ﬁ§é§f§§°£% %% gé ?H& Q%hﬂggg mBEg?gglﬁeaﬁbﬁgﬁ kyl ene
gl ycol is thusPFoghaelien gfppgby@hhyéeaee§e§§phﬁhahatesOe Ohe fodc &ildnEsof .
the nonoal kyl epe WbyePtsfromthe reaction mxture |arge

The production of alkylene glycols by hydrolysis of
alkylene oxides is known, both by liquid phase hydration
of alkylene oxides with an excess amount of water, e.g.
of 20 to 25 moles of water per mole of alkylene oxide, or
by hydration in a heterogeneous system. The reaction. is
deemed to be a nucleophilic substitution reaction,
whereby opening of the alkylene oxide ring occurs, water
acting as the nucleophile. Because the primarily formed
monoalkylene glycol likewise acts as a nucleophile, as a
rule a mixture of monoalkylene glycol, dialkylene glycol
and higher alkylene glycols is formed. In order to
increase the selectivity to the monoalkylene glycol, it
is necessary to suppress the secondary reaction between
the primary product and alkylene oxide, which competes
with the hydrolysis of.aikylene oxide.

One effective means for suppressing the secondary
reaction is to increase the relative. amount of water
present in the reactién'mixture. Although the selectivity
with respect to the monoalkylene glycol is thus improved,
a problem is created in that for the recovery of the
monoalkylene glycol from the reaction mixture large
amounts of water have to be removed. This is usually done



gmounts of water have to be removed. This is usual Iy done
= 2- by evaporation, which is followed by distillation of the desired

product fromthe evaporation residue. It will be understood that the
separation of |arge anmounts of water from the product involves |arge energy
expenditure and is economically unattracfi e Consi derabl e efforts have

been nade_tﬁ fﬁﬁdeﬁéb?fagibM?SwBQFEiﬂ@rQQSFBQthbyS?E%%Pﬂ%h&id@ff&the
process with respect .to the oa ene col . without having t.q.use a
e excess oiShntes Beadbrty Loohe LCoPAPPEaNATE FooISHE o & it MeBkuri on
of nore activeuhgyidratood thaal yhessepdrahbdéon afelomge pmbuntast iodhwatier
which results i ] ri e C t r i 0 .

Bot h acid and g?éal?ﬁg ﬁ%éag¥?o%gg§%g¥§s?gghgvghggéﬁ'%ﬁggggﬁégﬁgh§3@%éf%by
it woul d appeaecohamnichdélysunattasictiivetal ysts enhances the reaction rate

W thout signifi Ca”&éﬁxsi‘ééfﬁ ;LQgeE?Sf’.EE' ﬁﬁﬁz'té‘éio%n %{Qtaéte% gy nsi ng al kal i ne

catal ysts generally lower selectivities w respect to the nonoal kyl ene
gl ycol are obtalkegnativepnfox aAngrssgipgsthepsgdessivdiyt ®E W@ ation of

al kyl ene oxi degrbgedgsnlthedeupaEebyoushel MoRBHE k9l eh@l Gl3ldod, without
am ne-neutralized, sul phonic acid resins as catal ysts, for xang:e Anber | yst
XN-1010 neut r aPR¥LRIt 6P BB, &i LATOPI BKRFFEnPhe WaARThoUGH A ¥ e ysts

al |l ow | ow wat eeffibkybsehevexifdeusatli oa, theeseleaitiahl efcanvrer actisear e

unsati sfactory ' . aho % Hi [._conversion ctisyities
and a IOM/mate?¥§#§§f§§eg%§%g¥SFﬁtngcgﬁgﬁs gg?a#%ég %PP%g%%éﬁgﬁgkeééf

di scl osed i n BFhich56e3udtsAcbbadnad wathhiverdouvsntypest bé lopdiedivigdiss of

al kyl ene oxi degyrbsq¢aribgdqout in the presence of a selectivity-enhancing
met al at e ani on-cont al hi ng mater.i al referably a solid having

el ectropositive coﬁ%?%x?ﬁgdsﬁﬁgsaﬁk@Eh@eahyﬁﬁPFyoﬂoFaFﬁéYSts have been

investigated, whereby it would appear that the use of
acid catalysts enhances the reaction rate without
significantly affecting the.sélectivity, whereas by using
alkaline catalysts generally lower selectivities with
respect to the monoalkylene glycol are obtained.

In US-A-4,393,254 a process for the hydration of
alkylene oxides is desCribed'whereby use is made of
partially amine-neutralized sulphonic acid resins as

~catalysts, for example Amberlyst XN-1010 neutralized for
50% with triethylamine. Although these cétalysts allow
low water/alkylene oxide ratios, the obtainable '
conversions are unsatisfactory, viz. about 70%.

Higher conversions,.good selectivities and a low
water/alkylene oxide ratio can be obtained with the
process, disclosed in EP-A-156.449. According to this
document, the hydrolysis of alkylene oxides is carried
out in the presence of a éelectivity—enhancing metalate
anion-containing materiai, preferably a solid having
electropositive complexing sites having affinity for the
metalate anions. The said solid is.preferably an anion
exchange resin, the metalate anions are specified as



metal ate anions. The said solid is preferably an ani on exchange resin, the

fmetal ate anions are specified as - 3- nol ybdat e, tungstate,
nmet avanadat e, hydrogenpyrovanadat e and pyrovanadate anions. A
conplication of this process is that the_al kyl ene gl ycol - cont ai ni ng

product stream also conprises a subst aft Ba anount of metal ate ani ons,

di spl aced fromhepehest r eAgkthye, CRERhIXLAMaEL! eﬁy&iogehb?r%@‘ah@dﬁ%"ea' ate

ani oncont ai ni ng eri af n or reduce t he amount  of metal ate
anions in the %m@ypﬁﬁévang¢§§élaBF@EﬁetASFP@BHFCPEFQnsPFeghﬂﬁspEBﬁFééted

wWth a soli dlélavhae @hé%lﬁg@éhél zﬁy@amabeﬁtagnsntgepraasmu atedam Wi th
ani ons which ar Eﬁﬁceable t- has

e sa
been proposed ® Sgl PrySeRed pFBEﬁEFn%é639899ung BFOF@gGigtﬁyaﬁ§°W5
wat er -i nsol ubl @igphadetiefass theybleteroposiktise blomp\lex,ln\gl sl telseof

t al at |
oLl ot anton g Lo o AL DB RELAELLH:hooBaie SN BEBLLY e
met hod f or prepadqu thhybmpent Oglmebalahe/enlpnépyheﬁéegﬁ}@mlqaﬁ
hydrating the gly§§§g§95pﬁstag%§hsme eriide ki cbliciar esaReRtal wital al yiic

conbi nati on of I C acl a sal car hoxylic acid, both
of which may béoihéédh?lﬁlaﬁ eleértﬁpppallyl&@nﬁpﬁ%%ﬁnwﬁéﬁsa@ﬁ@%at ed

conbi nations apeth ahfoft! Whieh avRi Qégﬁakéébuaebfy $aRAKALIMO eftaQatehe
reacti on product necessary. 57- 139026 di scl oses a nethod for

reacting al RBPLERE-oxide with water in the presence of a hal ogen type
ani on exchange resit hadg beehhpropepedsenceinblifycahkoprodmctdeecovery

RU C 2001901 poiglaqgut, bl chhs [AHERLidkaslaiu Ganaci®s Ui doiddkaniaoe

of the formatiBR®6F hé reaction mxtu
difficult to sepétaLeHoweWE@mlWhéhgtyeébsm@ﬁad@@@uﬁﬂl@ﬂ ﬁﬁétélégéhess of

their obtained selectivities are significantly lower than with
the water-soluble metalates.

EP-A-226799 discloses a method for preparing ethylene
glycol and/or propylene glycol by hydrating the
respective alkylene oxide in the presence of a catalytic
combination of a carboxylic acid and a salt of a |
carboxylic acid, both of which may be used in an
arbitrary combination. These acid/salt combinations are
in solution; which makes their separation from the
reaction product necessary.

JP-A-57-139026 discloses a method for reactlng )
alkylene oxide with water in the presence of a halogen
type anion exchange resin and in the co-presence of
carbon dioxide. :

RU-C-2001901 points out that the former disclosure
has the disadvantage of the formation of carbonates in
the reaction mixture, which are difficult to separate
from the glycols on account of the closeness of their
boiling points. This patent publication discloses as its
invention the performance of the alkylene oxide hydrating
reaction in one or in a sequence of 'extrusion



boi li ng points. This patent publication discloses as its I nvention the
performance of the al kyl ene oxi de hydrati ng reaction in one or in a
sequence of 'extrusion _ -4- reactor(s)'
(continuous reaction), in the presence of 'anionite' (anion exchange resin
of the quaternary anmmoniumtype) in bi carb8nate form and carbon di oxi de.

The essential gidéeseer W ébntiRubas nBéactdpangsen pRéeprepehbicalfi on
appears to be fhe, use o{ ?he,bicarbonate for ' exchanger
0

m of _t ani o
instead of the 3RiCRENE} of AN1PR, 83FRADGY FEE1N AL EﬁgsgﬁﬁeﬁﬁP8ﬁ¥ does not
di spense with iromriieh t t gpepf inabboardonatdefoomt hrdf eadbon dibkikdes now

been found th t he preparation-0 Yy C oc Lbh hi gh
conversi ons an %e?%%??€+??e§l?Se%ﬁgéﬁnﬁggﬁkghéngbgpggbl§sg%$@%%fforning
the reaction wwatenbepubliioathospappearsctoabgstheonpespfi shewhich is
substantla!lyeﬁ{ggrg n?@éak?£ﬁ 8f Eﬁéogﬁ?oﬁnéﬁEﬁanger ThgtRL@S8%t thavention
may be defined as relating to a process tor the préparation of alkylene

gl ycol s by redealegennferrythaseok; dndi yatwatbe RuSEhanppatente dgess

catal yst conpoghti@DsSeABEI RitH fh&OohhdifRmbAr b&l chavbigdeBride ®er €he
el ectropositive sites, which are coordinated with one or nore anions ot her

than netal ate B?eﬂalogen anions, with the proviso that when the solid
material is an ani Dbikaexabanpgeehesoundf that that prepayaddvonidm type and

the anion is bjgcarbonate.the,pr i 0f. 0 ' t | a
absence of car%%ﬁyg?%§i3£¥c°lg ﬁ%éééﬁgélgggﬁoégggs?eﬂgegsgéggt%@F;ng
material in theepectévitbést he theemohoalkidenet pdvcodsny Bit PEFICIHERY ng,

| € conpoundsiaviBgcei¥hChith BREISLACBEXY) spERURiLN chbalsED] ccul es.
n particular gg&égsigigaewgic lggesgégggitggllgef%ggeg%lmL BT%E% or
halogen anions.

The present invention may be defined as relating to a
process for the preparation of alkylene glycols by
reacting an alkylene oxide with water in the presence of
a catalyst composition comprising a solid material having
one Or more electropositive sites, which are coordinated
with one or more anions other than metalate or halogen
anions, with the proviso that when the solid material is
an anionic exchange resin of the quaternary ammonium type
and the anion is bicarbonate the process is performed in
the substantial absence of carbon dioxide.

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

In particular suitable are alkylene oxides of the
general formula '

R1-cR2-cR3-R4, wherein Rl to R4 independently
\ / :
o

represent a hydrogen atom or an, optionally substituted,
alkyl group having from 1 to 6 carbon atoms. Any alkyl



Rlerr]-[err]-CRlerr]-Rerr], wherein Rl to R4 independently represent a
Hydrogen atom or an, optlonally substituted, alkyl group having froml to 6
carbon atons. Any aIkyI -5- group,
represented by Rl, R2, R3 and/or R4, preferably has from1l to 3 carbon
atons. As’ substltuents I nactive nnletles stiich as hydroxy groups may be

present. Prefegabhy Ra rB%en%aa RéprR§§3nh3h}§ﬁﬁ¢@Qant,0@5lre®ed~aMy
represents a non SUt)StIP

uted _(err err]-alkyl y mre
preferably, RiDagIrRB Andord gRFP P&C%€§@ﬁt ﬁ?d?B&éﬁ EPGHgSI 1nﬁ§&%ﬁﬁ es of
iwz table gl fyl ﬁBQeﬁXéQ?SShbﬁr QEOhgdrbﬁh(U@Qo&bhyhaﬁrenél geespntpyl eneoxi-de,
epoxybut an

ta and glbyci dal . Ethy e d ropyl ene
oxi de are of ng?%EEFEEYc g? g?tgﬁggesent hggﬁg |o%egﬁgbgvgp
i s advant ageouR4t pepeetenimst henbyxdsubymu:tudﬁedt e -&hkplldyd giokss ang,t hout

usi ng excessiv tena | got hg3pracesd o, RReNt
i nventi on, annﬁﬁ?gnggg%ggép Fh ?hé ?ahgg of %% ? %gq r% S%%ejﬁidy
al kyl ene OX|dea§oquuite suitabl e, anmounts in the range of 1to 6 on the

same basis being pﬁﬁéﬁ%ieg oE”sh@%aB'i@C%&%IygEnbh%x'lEl\é%mth%@eff‘o&'é

selectivities with respect .to the nonoal ky ﬁ%|y00| are often al ready
achi eved, wheniBfijide gthylgpeexige,wRrepyenersidest akaﬂ&%?hﬁ% W rar e
suppl i ed. Svetébb&ymluaﬁenahar lgalys:llm@w ng:tmae@re werieleclatet r oposi tive
sites include |nor§&n|c mat,

and zeolites, BAGP Sﬁﬁlgxﬁgke%Fglé sH@ﬁ%&§u98%az§@ﬁ§ﬁ§é%9e§i dyﬁﬁnégfwﬁ
particul ar ani on eAshmegemaednabove, Attt isc aidventegeious Pt@\/@elﬁ@madiheeved

o pe? ¢ M BBl yea0 Al BEiy12n BRI D ARG Uk RYTTON U
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 eelectivities 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.

Suitable solid materials having one or more
electropositive sites include inorganic materials such as
silicas, silica-aluminas, clays and zeolites, and organic
materials such as ion-exchange resins, in particular
anion exchange resins. _

Attractive results have been achieved with solid
materials containing tertiary amine or quaternary
ammonium groups.

These groups are connected with the matrix of the
solid material and, uhder-the reaction conditions,
provide electropositive sites.

Suitable tertiary amine groups are, in particular,
lower alkylamines, linked to the matrix of the solid
material via a benzylgroup. |



These-groups are connected with the matrix of the solid material and, under

fhe reaction conditions, provide electropositive sites. Sui tabl e
tertiary am ne groups are, in particular, |ower alkylanm nes, |inked to the
matrix of the solid material via a benzyl group. |

- 6- Quat er nary ammoni um groups are pFeﬁeFred, In particular the

trinet hyl benzyl a”@@@téﬂhﬂfguemmoniﬁﬁi gbb@pexabanpecresirag, sunt abl e for use
in the present process are known y t hese are comercially

1 per se. of
avai | abl e and H%?tb%uéﬂ§aﬁPﬁgE6&§F§hﬁigﬁn?NTtﬁ@mﬁpbB@sgrBPprhe i nvention.
Sui t abl e exanpl es mhieniaeerchbhhyeayasliabl sureaplealforanselénatthe M 500 WS

(Lewatit is a trade rk), Duolite A 368 (Dualitg_is t r and
Anberlite | RA BBBS ?g?9r65§§5 SﬁengﬁgpyP%ﬁesFésﬁﬁgy %Foégggﬁg%e with
di vi nyl benzeneyommdrBal lgx a%dslabisedndnmaypbkyedrahppagiedusd w eisied in
cross-1linked w L.\ benz ) « : hough . hi.C n wi sh to
rely on a speg%%?cg?ég§¥%oﬁgngg%a%PgﬁPt@#hﬂs ggﬁ?ﬁ%&%e%§%®f§%§|ghihat t he
coordi nati on beomsencihdlyokveikabdei matendadfe aggolemadiitny SO &FSd wil |

lead to the presgpgeief 18 soerduBahgdkyychasnhicki a aBURDUMIIER Gan o eact
with the al kyl ene oxide to forma readil

_ _ rea hydr%lyzggle cggg%ex. Whi | st
nothing is knoﬁﬁaﬁﬁoﬂﬁrkheaégt@HP9641580&39n§plon( i R§SEe SPeact i on at an
el ectropositi vgosykeyebnkheesohis) eRbesalinkietd wdthr diating leaizems) srch
coordi nation ig nghateg ho(éhe B@ture_o% tge_c %§%E%§ %p %ﬁ%Bound and/ or
the group consRPEELPHg*ERe (BREEFr SFodi PRI VYS! §i tabie ‘coor di nati ng
conpounds for asesbnliih&epr wddehs dafinlydbemzene)on are derived fromneutra
or weakly acidic Cﬂ.ﬂﬁﬁ{lgﬁ %pgﬁg%ﬂgedb“%% i GhneR- FRY3l Il @ apbcific
non- hal ogen ani ons 'suc S arbonate, bisultfite and phOsphate, and
organi ¢ ani onsreackigs mechanism, it is considered possible that the
coordination between the solid material and the
coordinating compound will lead to the presence of a
coordinated nucleophilic group, which can react with the
alkylene oxide to form a readily hydrolyzable complex.
Whilst nothing is known about the extent of coordination
during the reaction at an electropositive site of the
solid material, it is probable that any such coordination
is related to the nature of the coordinating compound
and/or the éroup constituting the electropositive site.
Suitable coordinating compounds for use in the
process of the invention are derived from neutral or
weakly acidic compounds and include inorganic
non-metallate and non-halogen anions such as bicarbonate,
bisulfite and phosphate, and organic anions such as
carboxylates having 1-20 carbon atoms, more in particular
formate, acetate and propionate. The preferred anions are
bicarbonate, bisulfite and formate. More than one
coordinating compound can be used on a given solid
material.
The catalyst composition according to the invention
can be prepared by aqd;pg'an aqueous solution of the



car boxyl ates having 1-20 carbon atons, nore in particular formate, acetate
.and propionate. The preferred anions are bicarbonate, bisulfite and
formate. More than one coordi nati ng conpound can be used on a given solid
jaterial . The catal yst conposition according to the invention can be
‘prepared by addi ng an aqueous sol uti on of the

7 coordinatj n%m%mﬁ@.é&@p&ﬁid G dred 16 | 91 1 AthSte Y1 OrwiiByh Nedy ber
adapted in a foregO|ng?pre aratory step. For, exanpl e wgen t he sol L.d
material is aRAIEhRY %f%ﬁ)‘?ﬁ T Ght Fﬁ%%ﬁiﬁe@’% e ?€§Ph g?nﬁ t he
coor di _nat: ng ?ua;lgpméé:dgwm{ Ibﬂw:]:eolidlan&@éﬁiacstiﬁcmp@sa' térmanyyalmeopiapar ed
in a single ste . I n 0 the resin an aqueous, .sol Ut on. al kal
metal bi car borRARF R S I DT %ﬁﬁ%@%d&%@f’%@%?ﬁ‘ggm th

vv?t er b o'][_al-taﬁjrtﬁiiJ\/@Ikyi¢éndamaa'eéysth@ocmm1wbmmo$)btp®@ptaaﬁdben t wo
steps by first_caqonverti he. | N t yif L.t ho a,hydroxi de
such as aqueoff%%%f%%%gaé o%ré(gj?é a%%%uﬁe%%%%ﬁ%yé%dgﬁ%g%%r oﬁﬂéi oxi de
gas, followed dyuewmshiswlukionvwaf ean alkali metal deiperkepate auphi Agipl e

to perform the 1B bifa L e SEOLEoRLd o § AhabN g CRIBRSHELER whbeh |5

formed in situ. For exanp e process may be carried out in the presence

of the solid raktterrativrlvithe ceatehutt FOTRFESIPRIARY PR BFPR2E§allli ng
carbon di oxi dech® d#6ps B¢t FPPsH dénvert Doy enanpéeinhes the hopdrdxyateri al

oo b LTRSS, S U 0 SR 02, SETERNE a3 oAb okt
advant age. Hoven@rsubibequétiel poaddingt eathdni diaxfidat ganar foddnwruby
bi car bonate or SN T e FRESFBund that the process acbording. (o ¢ he
i nvention shoul d pFefis ablso heopeiipbe nbe PrirerohestacResforRythe
process in the presence of a catalyst composition which
is formed in situ. For example, the process may be
carried out in the presence of the solid material and of
bicarbonate moieties formed in situ by adding carbon
dioxide to the reaction mixture. For example when the
solid material is a tertiary amine and/or the
coordinating compound is bisulfite, the addition of
carbon dioxide to the reaction mixture was found to be of
advantage. However, when the solid material is a
quaternary ammonium containing anion exchange resin and
the coordinating compound is bicarbonate or formate, it
was found that the prdcess according to the invention
should preferably be performed in the absence of any
substantial amounts, i.e. less than 0.1 wt% and
preferably less than 0.01 wt%, of carbon dioxide in the
reaction mixture. . '
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.



substantial anounts, i.e. less than 0.1 W% and preferably | ess than 0.01
W% of carbon dioxide in the reaction m xture. The process of the

i nvention may be carried out in batch operation. However, in particular for
| arge scal e embodiments it is preferred to_operate the process

‘conti nuously. _ In order to obfarn adequate tine-yield val ues,
it is recommended 1,0 PRIEL B LHSLRLQCESSqUAEET + 8hevRieUdt eaRAESR] Uie aBd

pressure conditions. Sui tabl e reacti on tenperatyres are -generally in
t he range frcnﬁ%ﬁpwmﬁﬁﬁﬁﬂ[E@r?ﬁfgﬂﬁ%r RS ?EﬂﬁggﬁtHPagriﬁgﬁﬁég?gnge from 90

to 150 [err] C wemppratf ere egnd Theessacki conpiessnse is usually selected in
the range of 200 t

3000. preferably, 200 to, 20 . h;op tions
of the process, t ug%#éi?eﬁe?géi??oﬁ$$?%§§EPaggsgggvg§$é5§§E§|§Bo§ %ined
by pressurizi ngamge hfromi 8@rtog260 S0chwherebyr bgeperatudesi iadthei xt ures
of gases may bPaH§§d§r£ﬁr9§X€8p 90'°€r2¥gdb985é9£ehbeTﬁéP?Ehb@ﬁan'”d'catEd
her ei nbefore -~ a xture of carbon dioxide and nitrogen is in certain
i nstances advapregswue.is usypblyosedarkgdekdnphesrange Pl g90r &ce 30Q8,

i nventi on. EX%%@%feéabgyeﬁaoa£602096 gohal st paEBASbpkeRsicakabYsthd
Lewatit M 500 ex- Ba

er, chloride form exchange capacit .5 nmeqglm),
a strongly basPEo¢e®sSexthangelreted SPaFﬁéOHUBF@FﬁgFﬁ &%nﬁﬂwﬁﬁiﬁyﬁgP%%aé
treated as folbioreihedobgepressexchangewibhn ehl onede gasonsGeh asr]) for
bi car bonate ( ch

err]): = 150 m, (69.12 of. wet resi S, Slurri in a
ot or O E | TRREEPRRA  TpeatROrEY, BExRfirdl O WEbeLrRe] BE it 1 2
m of methanolexampleh+ providhHsy: £8r5khe exceptions indicated
hereinbefore - a mixture of carbon dioxide and nitrogen
is in certain instances advantageous.

The following examples will illustrate the invention.

Example 1, preparation of catalyst compositions
Catalyst A '
Lewatit M 500 WS ( ex-Bayer, chloride form, exchange

capacity 1.5 meq/ml), a strongly basic ion exchange resin

of the quaternary ammonium type, was treated as follows

in order to exchange the chloride anion (Cl~) for
bicarbonate (HCO37):

- 150 ml1 (69.12 g) of wet resin was slurried in a water
filled glass tube (60 x 2.5 cm) ’

- the resin was washed with 375 ml of methanol for 1 hr
(LHSV: 2.5)

- the resin was dried with a stream of nitrogen for 1.5
hrs .

- chloride was exchanged for bicarbonate by flushing
the resin bed with an_aqueous sodium bicarbonate
solution (192 g of NaHCO3 in 2500 g of water; 10
molar excess) for appr. 5 hrs (LHSV: 4) '

- the exchanged resin was washed with 1200 ml of water
for 2 h (LHSV: 4)



- the resin was dried with a streamof nitrogen for 1.5 hrs -

chl ori de was exchanged for bicarbonate by flushing the resin bed with
an aqueous sodi um bi carbonat e solution (192 g of NaHCO3 in 2500 g of
water; 10 nol ar- excess) for appr. 5 bra (LHSV: 4) - t he exchanged

Tesin was washed with 1200 nml of water for 2 h (LHSV: 4)

In this procedure B9. i §o9fotbuedl 99| de gnbenshueerlsephacadibis were
bi car bonat e: e cont ent OL?untreated dried resin: 12.35 wt%

gQIorld L

chlori de cont rfPHACER RANGEEeHPPRA P esi n: -0. 007 wt % . Catal yst B The
chl ori de anion of ¢lhborbiatcdéndénrdOoiNunbsedtedt dekedangsiint oL2hg8r axgl

(OH err]) in a way escrj or A . USi .t Re ushing
sol ution an aqueodggg%éh§%%#é%#%é?d%£§%§%¥$%%e?98¥bg§fP%ﬁgﬂ’iﬁ’gégoag%Of
wat er; 10 nol £Laexkt¥ss:B2.5 h and an LHSV of 4). In this procedure 87%
of the chloride anyo0s : BEP r . Oz d ot of
untreated dried rggﬁﬁ:c%gﬁg%ééaéffgﬁ %ﬁlgggdgéﬁéﬁ%gﬁ¥ g?beﬁﬁhgﬁgegig?Fed
resin: 1.63 wekchangq@dcfoushydragytesPR™ | niRyar ¥aY| afodasrEsbsdbEeguent | y

converted intocidbgl PsEaRPopRt €singnabytwashiasniAg 568318ivht BnCehAEblis
saturated water_ an C§£§rr%,gas E' LH%g' 4) ?ng mgshlngsﬁbth ter (2 h;
LHSV: 4). Cat af9dtume hydrexide sofvhlonn (gl f of nlapEuniR 580°%8 was
exchanged for watetfile nHEAB[ excédst n2a5vwayand drstHEVedff @) .Cat al yst ?,
by using as the fl 1.0g..sol ution an uepu odi um bi.sul § i solution (234
g of NaHSO err] in 2%9% %’f‘%\%‘?%?? ﬁggnﬁfaﬁhéx%égg;naééﬂhéﬁa gﬁE%HSV of
4) . I n thiseplaceduby 89d08x93 of the chloride anions were . '
chloride content of untreated dried resin: 12.35 wt$%

chloride content of exchanged dried resin: 1.63 wt$.
The resulting resin in hydroxyl form was subsequently
converted into the bicarbonate form by washing the resin
with COo, saturated water and COs; gas (2 h; LHSV: 4) and
washing with water (2 h; LHSV: 4). '
Catalyst C
' The chloride anion of the Lewatit M 500 WS was
exchanged for bisulfite (HSO3™) in a way as described for

Catalyst A, by using as the flushing solution an aqueous
_sodium bisulfite solution (234 g of NaHSO3 in 1500 g of
water; 10 molar excess; 2.5 h and an LHSV of 4).

In this procedure 99.98 % of the chloride anions were
replaced by bisulfite:.

- chloride content of untreated dried resin: 12.35 wt$%

chloride content of exchanged dried resin: 0.0028
wt%.

Catalyst D . )

The chloride anion of the Lewatit M 500 WS was
exchanged for formate (HCOO™) as described for Catalyst
A, by using as the flushing solution an aqueous sodium
formate solution (153 g of HCOONa in 1500 g of water; 10
molar excess).




repl aced by bisulfite: chloride content of untreated dried resin: 12.35
Wit % chl oride content of exchanged dried resin: 0.0028 wt% Catalyst D
The chloride anion of the Lewatit M 500 W5 was exchanged for formate

(HCOO err]) as described for Catalyst A by using as the flushing solution
an aqueous sodium formate solution (1537 "HCOONa in 1500 g of water; 10

nol ar excess). In this procedure 99.97 % of thelBhloridknahhibhspwegedure
99.97 % of the ch orlge ani.ons ﬁe[e replaced by fornate: chl ori de
content of unt¥eB{agedrPEJTPELRRS 12 35 wt % chl ori de content of
exchanged dried reshbord@0domténtCafalipskekted Arhed| reeid@012(.8%5 RAtm &

Haas, C f h ity 1.4 / . gl y Abasi i

exonange resin of TRECELATcPRArpRErabnrtiieyges GksSghhpgal ol WY

bi carbonat e asCébhlysk: E- 40 m (18.45 g) of wet resin was slurried in-a
t filled 5} | oph d f

vat er e gig@%iﬂ{?s 668, * (x2r5llh & HaBU) OEhSCL¥RR, CXGRARAGE for

bi carbonate by fl ushi W th an aqueous sodi um
bi carbonate ~caBafitVoh-fomeg/Bl) NapOCSErPRIGYOPGSAE ABden) exchapge

exchanged resifewes weSHRE WuhBedRabl ehméAien. tGpbd! Wek ChargeRualitte A
368 (ex- Duolite In%erngtlona%Pigpéaca weakly basic ani on exchange resin of

the tertiary aﬂ?ﬁﬁf opatewas by washing with CJerr]-saturated
water and CJ err] gasmilufiag43. §) ho§ wetiSYesdh, whsl bdvedikd pur a watter:
during 2 hrs (LHSV; the solid

conponent s (Catalyg%giigFgéﬁ%gt%ggﬁag%é?$1ggsféﬁ t!?saﬁd%buolite resins)
were used in wet, dhipnidefwam endhpngddcfor bicarbonate by flushing
the resin bed with an aqueous sodium bicarbonate
solution (24 g 6@ NaHCO4 in 600 g of water)
- The exchanged resin was washed with 42 ml of water.
Catalyst F
Duolite A 368 (ex- Duolite International Co.), a
weakly basic anion exchange resin of the tertiary amine
type, was treated by washing with COs-saturated water and
COs gas during 2.5 hts (LHSV: 4), followed by pure water
during 2 hrs (LHSV: 4).
In the following Examples 2-4, the solid components
(Catalysts A-F and the unmodified Lewatit and Duolite
resins) were used in wet, drained form and product

samples were analysed by gas Chrbmatography to determine
feed (EO and Proleene Oxide respectively) conversion and
selectivity to ﬁonoethylene glycol (MEG) and
monopropylene glycol (MPG) respectively.
Example 2, hydration of ethylene glycol in batch
operation _

A 550 ml autoclave was filled with the catalyst (35
g), water (90 g; 5 mol) and EO (44 g; 1 mol) and heated
over 1 hour to 120 °C at 1100 pKa gas pressure. The gas
added was pure nitrogen, pure carbon dioxide (resulting
in 4.9 %wt CO» on water and EO intake in the autoclave)




sanpl es were anal ysed by gas chromat-ogr aphy to deternine feed (EO and
.Propyl ene Oxi de respectively) conversion and selectivity to nonoethyl ene

gl ycol

filled with the catal yst (35 g),
and heated over & Imgs tcoz’l/&ﬂz [ﬁxﬁ&@t(ﬁéﬁmm@ggﬂs ®! ESBWE €CO h@ngas

| n 4. CJerr]
@Efrérr]/N[ err]
m xture (resutixtmne) wasl maitniaireed ]umdemvactmttmmbﬁﬁ) sitlink:eng nfohe2

on vt or and B84SR A (5 (T

aut ocl ave).
for 2 hours a{h%fg%a%eﬁr
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(MEG and nonopropyl ene gl ycol
hydration of ethylene glycol

(MPQ
i n batch oper,
wat er (9

agiﬁr bon &bom
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respectively. Exanple 2,
A 550 nml autocl ave was
8 g; 5 nmol) and EO (44 g; 1 nol)

Table 1 Batch conversion of EO  Exp. Solid.
Gas cap EO MEG No.  papr@mponent Conver si on
selectivity %%ml ) 2.1 none
N err] . 100 67Bgtghaconversdgn pf EO N err] 99.9
53.4 2.3 Lewat it N err]/CJerr] 100 76.4 2.4 Cat A
099 dEmo o |Solidy A [Gas éée[e ] Eo At
2.7 Cat |Bio. INcoiponent 99 Conversiordp. s7e]2ec8:1v1ty dat B
ngr r]/ cq er ] g 99. 7 _91. 2- 2 9 (%%;[oﬁ %gﬁr |

2.1 none N> 100 67.6

2.3 Lewatit N» 89.9 53.4

2.3 Lewatit No/C02o 100 76.4

2.4 Cat A No 99.7 89.7

2.5 Cat A No/CO» 99.9  88.5

2.6 Cat A COo 99.9 81.2

2.7 Cat B No 99.9 92.7

2.8 Cat B No/COo 99.7 91.2

2.9 Cat B CO» 100 79.9

2.10 Cat C No 100 65.7

2.11 Cat C CO» 100 70.4

2.12 Cat D No 99.9 84.8

2.13 Cat D CO» 100 81.3

2.14 Cat F N> 98.3 40.0

2.15 Cat F CO» 99.9 82.1

2.16 Doulite |N»s 99.8 37.8

2.17 Doulite |CO, 99.9 86.4

These data show that CO, was detrimental to the
selectivity of the bicarbonate catalysts A and B and the
formate catalyst D. By contrast, COz was beneficial to

the unmodified ion exchangers Lewatit and Duolite, for



2.10 - Cat C Nerr] . 100 65.7 2.11 Cat C

.LJerr] 100 70.4 2.12 Cat D N err]

99.9 84.8 2.13 ‘Cat D CJerr] 100 81.3
2.14 Cat F . Nerr] ?g 3 40.0 2.15 Cat F
TJerr] - -.99.9 82.1 2.I6+“ ~ Doulite N[ err]

99. 8 3 tn %ﬂszllfltélBHJﬂeﬂvatltCQﬁaﬂlyst C and %b® the CO, 8fré-

" These dat a showthat grr! d]tt“ ntal to the selectivity of t he
bi car bonat e c&ESAFE% mat e catal yst D. By contrast,

CJerr] was bmfmpmeab ! ydreativmwd f iethylene xgpharglker in Levwt i tuons
Duolite, for . . C -12- the

bi sul fite-on- = the CJerr] pre- treated Duolite
Cat al yst F. Bdardpl eEf{edtydﬁétGQm agldexl 0 cthe gfged| streamnt i nuous operation

with Catalyst A 3 ﬁth qeeqq@l[mpe 1%%tn§d r Séd 6N 1600 A

wat er/ EO f eed (m) - 1) was essure and L| qui d

Hourly Space \}@aome;ssm@\endz Iam;1¢1rﬁqwme$me( oekty CfLESYbd2 bed

pi pe reactor Qyedl 4H SUHrdFHAY ?ébmC)Offﬂ@éd@é&'ﬂfﬁepreactor-r@fstudy the
effect of CJerr] in the feed theﬁfed wat er was, saturated with CJ err] and

kept under a Mo antadinidng 124k R et ¢RIt et eed vessel, resulting
in 0.45 %u of CO[ard]suuuy hehd eefferett a3 £ d?agdmrtmu@édsam@lﬁeed/ere t aken

periodically. The ults .ar n 1T I

hapi o2 | wRlted SRS 'Se R NENINETEAS A et under 2 409 kpp Cp2

CJerr] in theresairexantle 3ydjer feed vessel, resulting in 0.45 %wt
of CO» in the feed water. Reactor outlet samples were

taken periodically. The results are presented in Table

2.
‘Table 2
Continuous EO conversion;
effect of COy in the feed (Example 3.1)
Run Sample | CO, | LHSV EO MEG
time in conversion selec-
(h) feed 1 (3mol) tivity
($mol)

0 1 no 0.5 100 97
27 2 yes - 0.5 74 93
30 3 yes 0.5 68 92
72 4 yes 1 ' 45 ¢ 95
96 5 yes 0.5 71 _ 92
198 "6 no 2 - 81 94
213 7 no 2 | 87 96
238 8 no 2 91 97
260 9 no 0.5 100 97
267 10 no 1 99 96



Run Sample CQerr] LHSV =  EO MEG ti ne

-n conver si on sel ec- (h) feed (%ol )
tivity . : (%ol ) 0

& no 0.5 100 . _ 3 - 97 27 2 yes
0.5 74 93" 30 3 yes 0.5

82 c 92 Thtse results sho®Sthat the Jpresence of480; in the 95
no z‘.eélfsis detrjg&em?éls for tl'ggl eg%%t of Catqf%st ]lgﬁla .6
2 &oth EO convéfsio3dhd selecBivity toMEG. When tRe

g% 267 %éﬁff§§% hﬁﬁ)beéh in coﬁfﬁct with Cogééontaininglgged,

13 ~  These rzsldtivelpvlongt " régeneratinr” ot inge)] b rieededhbof seturs

detri nment al fcﬁﬁéégaééﬁgft?é%iGE% | ystes0n both EO conversion and

selectivity to
contai ni ng feetk2

e catal yst has been in contact with CJ err]

en t
: L regeneration"” tine is needed to return to

Oritgi nal acti vidt Y_Ttlféfeé?ne % Oeﬁ%éh'cgétll ?/sé?s&Ap was Tﬂseaamnxwﬁtémenth al :
Selt-up was used w wat eJ , ana S s.In e . ou

cerr] in théQ eae%<§1 aq:ﬁit%:[JYﬂﬁgAaa§ ot EXdTR Y 03 n%w‘gfé’a&pﬂ n582 h?ﬁlmﬁéﬁi od
process paranefesd awd edwringda (totAl bef Weg20 lhou#d, Dutringttbabater: EO

bet veen 3 - 1Q,c LERPELLULE: BELIGED: 60 waPe [GLEL). (FlyPERMIELnSYr eam vas

sanpl ed perio

process con I ons wer as 1n

Exanple 3.1 (LH5V 101 notiatwatent kO Beptweernper al Or eteBDeraEnye) . The
results are prssg&d 66 Jadhe°d). The product stream was sampled

periodically when the process conditions were
"standard" as in Example 3.1 (LHSV 2; mol ratio
water:EO 5, temperature: 80 °C). The results are
presented in Table 3.

Table 3
Continuous EQO conversion;
Stability test (Example 3.2)

Run-time | Sample | EO conversion MEG

(h) | (%mol) Selectivity
' ' ($mol)

330 1 98 97
352 2 98 . 98
906 3 97 | 97
1048 4 97 98
1711 5 926 97
1820 6 -98 97

These results show that the catalyst did not
deteriorate with regard to activity or selectivity during
the long-run experiment.



Tabl e 3 Cont i nuous EO conversi on; : Stability

Lest (Exanple 3.2) Run-tine . Sanple EO conversi on MEG

(h) (%ol ) selectivity

(%ol ) 330 1 98 97 352 2
98 . 98 906 3 ~14- 97 97

1048 4 Example 4P hydration of pBSpylene éfﬁéol in batch 96
97 1820 0; These results show

that the-cat a|QR$r¢#¥pmnWltﬂé¢_%ﬂ5:L¥iE_§”h regard to activity or
selectrvrty(ﬂgxamplée4lpng run experrnent

-14- Exanple 4, hy. on Iene | ycol P&,

Catal yst E Exanplégiaq l %t%ﬁ%? gugo%%?éé ?%% § %%arged
with 0.8 nole @f8pmmbgl@ﬁepxopglemedxndé534o2 males aﬁdwazeniand ¢Ztmlyst E
was used. aVv surized with nitrogen (1100 kPa). The
reaction tenpergﬁ%$gé§g igo errf%@and the duration 3.6 hours. Anal ysi s

of the product shoWesl awtechave wasrPDesseripedpyl Ehebitbraeonnd (haen
converted and gpay, Sﬂé%éatﬁyoﬁowiﬁﬁ@@é@ﬁyéeﬁggl ygo! °vasn85th& and for
dlpropyleneglycol 3,9% Exanple 4.2

duration 3.6 hours.

Analysis of the product showed that more than 99% of
propyleneoxide had been converted and that selectivity to
monopropyleneglycol was 95.5% and for dipfopyleneglycol'
3.9%.

Example 4.2

An experiment was carried out, substantially as
described in Example 4.1, but whereby the amounts of
propyleneoxide, water and catalyst composition were
0.4 mole, 2.1 mole and 40 ml, respectively and the
reaction time was 2 hours.

' Analysis of the product showed that more than 99% of
propyleneoxide had been converted and that selectivity to
monopropyleneglycol was 97.8% and for dipropyleneglycol
1.2%.

Example 4.3. (for comparison)

An ‘experiment was carried out similar to Example 4.1,
but without catalyst and at a temperature of 160 °C, the
amounts of propyleneoxide and water being 1 mole and
5 moles respectively and the reaction time 3 hours.

Analysis of the product showed that more than 99% of
propyleheoxide had been converted and that selectivity to
monopropyleneglycol was 81.5% and for diﬁropyleneglycol
17.8%.



An experinment was carried out, substantially as described in Exanple 4.1,
but mheLeby_Lng_gﬂggg%g_gf propyl eneoxi de, water and catal yst conposition
wer e nole and 40 m, respectively and the reaction tine was 2
hours. H" @sﬂu mte pr oduct showed t hat nore than 99% of '
propylenQOXk onverted and thatf%é1ect|V|ty to

nonopr opyl enegl ycol was 97.8% and for di propyl enegl ycol 1.2%s pomwls. 3 -
(for conparison) An experinment was carried out simlar 0 EXanpre 4.1
but w thout catalyst and at a tenperature of 160 [err]C, the anounts of
propyl eneoxi de and water being 1 nol ecanda5inml 8s respectively and the
reaction tinme 3 hours. Anal ysi s of the product showed that nore than
99% of propyl eneoxi de had been converted and that selectivity to
nnnopropyleneglyCQA pesc8ds Sfoanthé oprepaprapyidenefl stbyléde8gdycols by -
15 -

CLAI MS reacting a%r%%% %e 5 Ofﬁgepwéﬁgrg Fgﬁ %? tﬁE pg%éegkycofs by
reacting an aI&ytebelmﬁtdQOmPOﬂlﬁaoarCpmprhélpgegeﬁ@éldfma eriglc hayipst

conposi tion COSRé'éfnﬂo?esgiéétggbsghﬁhv@a¥hE€s, whiBH€a?k BBbedinated
el ectropositive_ sites, which are coordi nated e ani ons

ot her than netHlﬁheoﬁﬁdoﬁamﬁﬁénanlonsaﬁFBﬁ§ tRFthFEQTBFSVP§9 g%ipgﬁﬁen t he

solid material ah$ons, w@ﬁhaaheanoexsbaagetr@nen ehet Belgdamateatiyladsoni um

type and the anion is bjcarbonate t ocess.is_perfar t he
subst ant i al ab§@n€ﬁ18?18a?58ha898xFﬁgln 6F Bhe°GhdrenREY’ ShABAILA type

and the anion is bicarbonate the process is performed in
the substantial absence of carbon dioxide.

2. A process according_to'claim 1, characterized in that
the alkylene oxide is chosen from the group of ethylene
oxide and propylene oxide.

3. A process according to claim 1 or 2, characterized in
that the solid material is an anionic ion-exchange resin.
4. A process according to claim 3, characterized in that
the anionic ion-exchange resin is of the quaternary |
ammonium type. '
5. A process according to any one of claims 1-4,
characterized in that the anion is bisulfite.
6. A process according to any one of claims 1-4,
characterized in that the anion is a carboxylate having
from 1-20 carbon atoms.
7. A process according to claim 6, characterized in that
the carboxylate is formate.
8. A process according to claim 7, characterized in that
it is performed in the substantial absence of carbon
dioxide. |
9. A process according to any one of claims 1-4,

- characterized in that the anion is bicarbonate.
10. A process according to any one of claims 1-9,
characterized in that the molar ratio between water and



2. 'K'pro “m\“m claim1l1, characterized in that t he al kyl ene
oxide is ammﬂm“ oup of ethyl ene oxi de and propyl ene oxi de.
3. A process accordi“ngsto claiml1 or 2, characterized in that the
solid material is an anionic ion-exchange resin. 4. A process
according to claim3, characterized in that® - t he ani onic ion-exchange -
resin is of the e NGkdde is AR URALYOCf 1:1 o 1H:PjOERES according
to any one of clains 1-4, characterized in that tgﬁ ﬁé" 28 g

bisulfite.  Feartlon TRMRIr3LUR? ¢t figlh otBRyrdnee oP L cPli 0§ "C and
characteri zed tite tgheds$inee aih Othé Srangar bpxgdat eohagoogkpa. from 1-20
carbon at ons. 7. A process according to claim6, characterized in that
the carboxylate is formate. 8. A process according to claim?7,
characterized in that it is performed in the substantial absence of
car bon di oxi de. 9. A process according to any one of clainms 1-4,
characterized in that the anion is bicarbonate. 10. A process
according to any one of clainms 1-9, characterized in that the nolar
rati o between water and : -16- al kyl ene
oxide is in the range of 1:1 to 15:1, the reaction tenperature is in the
range of 80 to 200 [err]C and the pressure in the range of 200 to 3000 kPa.
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ABSTRACT

PROCESS FOR THE PREPARATION OF ALKYLENE GLYCOLS

A process for the preparation of alkylene glycols by
reacting an alkylene oxide with water in the presénce of
a catalyst composition comprising a solid material having
one or more electropositive sites, which are coordinated
with one or more anions other than metalate and halogen
anions, with the proviso that when the solid material is
an anionic exchange resin of the quaternary ammonium type
and the anion is bicarbonate the process is performed in
the substantial- absence of carbon dioxide.
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