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PROCESS FOR PRODUCI NG ALKYLEN GLW@QLACED SHELTS SG FI ELD OF THE
I-NVENTI ON The presented BYERBHAD: a%le@t._g_s,_ 1;,93&(5 ss for
produci ng an al kyl ene gl ycol gpﬁ@ s ky Yh4s08 .8X1 Alkyliene glycols,
especially ethylene glycol, a m“nq? %% Lting for resins and
used i n nonfreezing sol uti on 5 5 Hé;ﬁns al |y inportant
compounds. v _‘EﬁtUN %?1 ' The

t echni que of hydrating aIker I glycols is

known. In particular, d#”%#BRUé& *ﬁoé%g Of‘he hydrati on
C arge scale

of ethylene oxide is belng condu wever, in
conventional techniques, undesirable by-products such as dlalkylene
glycols and trial kyl ene glycols are produced besides al kylene glycols. In

order to inhibit the ge”eratiO”FQELEEQE_QEﬁ_lﬁgEgEﬂZEto t her eby hei ghten
selectivity for alkylene glycols, water shou e used in an anount as
large as from 10 tehdd grddmnt Halverit iidit mildtanec®Xd dsbocdse fdrsuch a
| arge anobunt of water is undesirable fromthe standpoint of water renoval
at a purifi paiodutivicfan dEkydfensarglowsol catan Ve salloylengroxidg. sel ectivity
has been investigated as
Alkylene glycols, especially ethylene glycol, are used as
starting materials for resins and used in nonfreezing
solutions, etc,, and thus Are industrially important

compounds .

KGR HE INVENTION

The technique of hydrating alkylene oxides to produce
alkylene glycols is known. In particular, the production of
ethylene glycol by the hydration of ethylene oxide is being
conducted at a large scale. However, in conventional
techniques, undesirable by-products such as dialkylene
glycols and trialkylene glycols are produced besides alkylene
glycols. 1In order to inhibit the generation of such by-
products to thereby heighten selectivity for alkylene
glycols, water should be used ih an amount as large as from
10 to 20 times that of the alkylene oxides. Use of such a
large amount of water is undesirable from the standpoint of
water removal at a purification step. Use of various
catalysts for improving selectivity has been investigated as
a means for eliminating the above problem, and manf reports

have been made thereon.
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a means for elimnating the above problem and many reports have been nade

t-her eon. . 2 Al though it is
known to use an acid or base alone as’ a catalyst, this technique is
insufficient in selectivity inprovement. JP- A-51- 127010 di scl oses

the use of a conbination of an organic base and carbon di oxi de as a
catalyst. (The term "JP-A" as used herein means an "unexam ned published
Japanese patent application”.) As the organic base is used a tertiary

glmkglei JrFl)a:Bi de 03 ", %ﬁﬂ Sﬂ% 431tdld%d§ﬁ%%§‘attbe ¥ ?c%%{ e i;&s)rm’l '}?g%é)rhﬂ;ne 6%1
term"JP-B"
publi cati o fac)satuas_&%the ?B%r%%rhj%% 3‘ sg'} 0ses J}%ﬁe of a m)T'yY)dl c acid

salt as a %ﬂ§yaggq? . JP- B-60- 45611 di scl oses the use of a tungstic
acid salt a ca éﬁyst However, these conventional catalysts

have a drawback thgl allsay 19799@ W8 dd1deers HARChisd df d WenBdheicn hefice
difficult to recover therefrom Several reports have hence been nade on a

Egtcglmygfg fa@ gt Hasaadnd/ @ drittrediivtidafas wakatahpent | o(Phe term
*JP-A" as used herein means an "unexamined published Japanese
patent application".) As the organic base is used a tertiary
anine.

JP-B-49-24448 discloses the use of a combination of
an alkali halide or ammonium halide and carbon dioxide as a
catalyst. (The term “"JP-B" as used herein means an "examined
Japanese patent publication®.)

JP-B-60-45610 discloses the use of a molybdic acid
salt as a catalyst.

JP-B-60-45611 discloses the use of a tungstic acid
salt as a catalyst.

However, these conventional catalysts have a drawback
that they dissolve in the reaction mixture and are hence
difficult to recover therefrom. Several reports have hence
been made on a technique for fixing the active ingredients of
such conventional catalysts.

JP-B-60-56141 discloses the use of a combination of
an anion-exchange resin which has undergone exchange for
halogen anions and carbon dioxide as a catalyst.

JP-B-5-47528 discloses the use of a solid sﬁpport, as

a catalyst, which has an anion-exchanging ability and has
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JP- B-60-56141 di scl oses the use of a conbination of an ani on-exchange
resi n whi ch has undergone exchange for hal ogen ani ons and carbon di oxi de
as. a catal yst. JP-B-5-47528 di scl oses the use of a solid support,
as a catalyst, which has an ani on-exchanging ability and has

3 under gone exchange for netal oxide anions such as nol ybdate ions,
tungstate ions or vanadate ions. As the solid support 1is used an

ani on- exchange resin. EP- A- 741, 683 di scl oses the use of a solid, as

a catalys | | Qf)- I 0g. abili n S
exchange f té’r“%}ﬁc%b%ﬁe}acﬁ%o% %%Wy%%%nésﬁ* Il‘%eg?%ﬁs?s?gg %?g?e
lons or t h%.clriéﬁe't\ﬁ%é{@ce S diS iRl abRH; exEHapge £6814. support

However, ani on-exc ge resins generally have ow heat resistance, and the

conventiongls Gafed Y3l SarfiRsrl- aaRthgd) redimni on-exchange resin do not
necessarily have a sufficient catalytic life. SUMVARY

OF THE I NVENTION  Ep-a-74ACE0Hidigdlosts Adlieaisefot he sobbdntas rwention is
to provide a catalyst which has a prolonged catalytic life and is capable

of yiel di ngaalgidey) aneid W aM tahidrdiatchasgheg i ability and ha€x her
objects and effects of the present invention
undergone exchange for hydrogencarbonate ions,
hydrogensulfite ions, carboxylate ions or the like. Aas the
solid is used an anion-exchange resin.

However, anion-exchange resins generally have low
heat resistance, and the conventional catalysts each based on
an anion-exchange resin do not necessarily have a sufficient
catalytic life.

THE VE N

Accordingly, an object of the present invention is to
provide a catalyst which has a prolonged catalytic life and
is capable of yielding an alkylene glycol with a high
selectivity. |

Other objects and effects of the present invention
will become apparent from the following description.

The above objectives of the present invention have
been achieved by providing:

a process for producing an alkylene glycol which
comprises a step of reacting an alkylene oxide with water in
the presence of a catalyst,

wherein the catalyst comprises an anion-exéhange

resin comprising:
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wi || becone apparent fromthe follow ng description. The above
oebj ectives of the present invention have been achieved by providing:

a process for producing an al kyl ene glycol which conprises a step of
reacting an al kyl ene oxide with water in the presence of a catalyst,
wherein the catal yst conprises an ani on-exchange resin conprising:

4 a polyner of a vinylaromatic conpound as a substrate; and
quat ernary anmoni um groups each bonded to the respective aromatic groups

of the pol ynmer suQ%B§5i§hg}aof.?fg?ﬁgfgkgﬂagggugo gghﬂg 3gC Fa%qu%EQEQ;Of

three or nore ato use o he "above cata

productior]a al kyl ene glycol can be conducted with high select|V|ty over
a |ong period of tine _ - DETAI LED DESCRI PTI ON OF THE

I NVENTI ON sfgném&e{f&h' Pohpsdgachi BeHaka €8t @hk bel ow.

In the present |nJ%nt|on ah ani on-exchangé resin having a structure

conpri si Ngr&s poLy {RPé QfoﬁaﬂiBYQﬁéﬁﬁEth the polymer substrate via a
connecting group having & chain length of three or more
atoms.

By the use of the above catalyst, the production of
alkylene glycol can be conducted with high selectivity over a

long period of time.

ETAILED DE TION THE INVENTI

The present invention is described in detail below.

In the present invention, an anion-exchange resin
having a structure comprising a polymer of a vinylaromatic
compound as a substrate and a gquaternary ammonium group
bonded to each of aromatic groups of the polymer via a
connecting group having a chain length of three or more atoms
is used as a catalyst.

The substrate basically has the structure of a
polymer of a monovinylaromatic compound, e.g., styrene,
vinyltoluene, ethylvinylbeﬁzene or vinylnaphthalene. It
preferably has the structure of a crosslinked copolymer
formed from such a monovinyl compound and & small proportion
of a polyvinyl compound used as a crosslinking agent, e.qg.,
divinylbenzene, divinyltoluene, divinylnaphthalene or

ethylene glycol dimethacrylate. In particular, the structure
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conpound as a substrate and a quaternary ammoni um group bonded to each of
aromati c groups of the polyner via a connecting group having a chain

| ength of three or nore atons is used as a catal yst. The substrate
basically has the structure of a polyner of a nonovinylaromatic conpound,
e.g., styrene, vinyltoluene, ethylvinyl benzene or vinylnaphthal ene. It
preferably has the structure of a crosslinked copolyner formed fromsuch a
nonovi nyl conpound and a snal | proportion of a polyvinyl conpound used as

gi Srﬁifkégﬁkﬂ% g%‘sg%;iﬁgg-ﬁ[&fgg%‘ii ycol é ﬁgjgﬁ tﬁ%nllée% artlc all t he

structure f a crossllnked
d e is refé} ed>
copol yrer P&P 5t%P8nP§ty%g%gygﬁgngeghaﬁ proportion of divinylbenzene is

preferred. TﬁEecSHBQEEEhgg QBQgpwﬁﬁbﬁthQBQSaa ARleSmay amoni um
group to the substrate should g hai n | ength of hree or "nore atons.

The skel et gpmehithegealpeeb kel sAHE tra®ee shloull dC Miaves ed c@i‘aﬁarm@ai @B or
a conbination of a “carbon atom and an oxygen atom The

ani on- exchgngeer 6% floktavat@msUCh Thesskedetton oFN thee cummittrthgd\yroup
~copol ynerizing a nonovi nyl aromati c conpound such as those enunerated
above, whi genegalpr esmpbeeadbyft barbbnl atwinsg oge e cambioatilon @i ld, with a
nonovi nyl aromati c

carbon atom and an oxygen atom.

The anion-exchange resin having such a structure can
be produced by copolymerizing a monovinylaromatic compound
such as those enumerated above, which is represented by the
following general formula (III), with a monovinylaromatic
compound having a substituent which contains at the terminal
thereof an labile member, such as a halogen atom (e.g.,
chlorine, bromine or iodine) or a tosyl group, and with a

polyvinyl compound such as those enumerated above, and then

reacting the resultant copolymer with a tertiary amine.

C=C

v-p (III)

In the above formula (III), Y is a bivalent gfoup
having a chain length of three or more atoms; P represents a
labile member present at the terminal of Y; and the benzene
ring may have one or more substituents and may be é condensed

aromat ic rlng
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conpound havi ng a substituent which contains at the termnal thereof an
l‘abi | e menber, such as a hal ogen atom (e.g., chlorine, brom ne or iodine)
or a tosyl group, and with a polyvinyl conmpound such as those enunerated
above, and then reacting the resultant copolyner with a tertiary ani ne.
[err] In the above formula (I1l), Y is a bivalent group having a
chain length of three or nore atons; P represents a |abile nenber present
at the termnal of Y, and the benzene ring may have one or nore

substituents and may bhe n sed r tJ,C. rjng. .

A preferred exanplexb%rfﬁg&gﬁgg%?%Qgﬂghgggﬁwﬁléégkn-exﬁﬂ539%1ﬁ%ﬂf%ﬂ%ﬁ%nt
I nvention h a .St nuct |ty l.ow.ng gener al
formila (1) o€’ in ehe g’;‘ﬁse% inved (R IR & d¥edcturdt AH5Y R

represents @pun®3@d by the following general formula (I):

Rl
R-—N+<R2 X" )

In the above formula (I), R represents an alkylene
group having from 3 to 10, preferably from 3 to 6 carbon
atoms, which group may contain a cyclic hydrocarbon group
anywhere in the alkylene chain and may have one or more alkyl
groups as substituents; R! to R® each represents an alkyl or
alkanol group having from 1 to 4 carbon atoms; and X-
represents an anion; provided that the benzene ring may be
substituted with one or more substituents selected from alkyl
groups (e.g., those having 1 to 4 carbon atoms) and halogen
atoms and may be a condensed aromatic ring (e.g., a
naphthalene or anthracene ring).

Typical examples of the alkylene group represented by
R include n-propylene, l-alkyl-n-propylene groups, 2-alkyl-n-
propylene groups, 3-alkyl-n-propylene groups, n-butylene, 1-
alkyl-n-butylene groups, 2-alkyl-n-butylene groups, 3-alkyl-
n-butylene groups, 4-alkyl-n-butylene groups, n-pentylene, 1-
alkyl-n-pentylene groups, 2-alkyl-n-pentylene groups, 3-
alkyl-n-pentyléne groups, 4-alkyl-n-pentylene groups, 5-
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groﬁp having from3 to 10, preferably from3 to 6 carbon atons, which

group may contain a cyclic hydrocarbon group anywhere in the alkylene
chain and may have one or nore al kyl groups as substituents; Rerr] to
R3 each represents an al kyl or al kanol group having from1 to 4 carbon
atons; and X err] represents an anion; provided that the benzene ring
may be substituted with one or nore substituents selected from al kyl
groups (e.g., those having 1 to 4 carbon atons) and hal ogen atons and
may be a cq S d p | N ene
ring). r}‘q%ri % aeneexg%%é)(ss o%t e a]1 enhfehagir r?ep% ented by

o, RS S s, O

groups, kén g kil ‘Qﬁ; S, 6

4- al kyl - n buM ne grou § Pe;ﬂ;r gent fszngd l-kyl E ynérgé]eeqﬁf ne’ groups,
2-al kyl - @Tﬂﬁﬂiﬁnhéﬂymﬁﬁé oups,aHQQ'dld%ﬁ?ﬁddﬂﬁéﬁﬂflgﬁb groups, 2,4-
4- al kyl - n- pentfyl ene groups, b5- 7

al kyl - n- petiyy 196a -Gi-0éixss1 dhe R0uRs, zlyﬂaldﬁsallkym@ﬁeamerw cgm%s, and

2- al kyl - n- hexyl ene groups, 3-al kyl-n-hexyl ene groups, 4-alkyl exyl ene
groups, 5- 8, lsHdialkypiHeihexylenss grivupsal Kyin rieheeabores, gihmipserm “n-
2, 4-di al kyl - n-pentyl ene groups, 2,4- dialkyl-n-hexyl ene groups,

2, 5-di al kylalkylend "emeagrso@pd.inmad chain having a free univalent atom
at each ends thereof, and the term "alkyl" means methyl or
ethyl.

Typical examples of the alkyl or alkanol group
represented by R! to R® include methyl, ethyl, n-propyl,
isopropyl, n-butyl, s-butyl, t-butyl, isobutyl, 2-
hydroxyethyl, 3-hydroxypropyl and 4-hydroxybutyl.

Examples of the anion represented by X~ include a
hydroxyl ion, fluorine ion, chlorine ion, bromine ion, iodine
ion, molybdate ion, tungstate ion, metavanadate ion,
pyrovanadate ion, hydrogenpyrovanadate ion, hydrogensulfite
ion, carboxylate ion and hydrogencarbonate ion. Of these, a
molybdate ion, a tungstate ion, a metavanadate ion, a
pyrovanadate ion, a hydrogenpyrovanadate ion, a carboxylate
ion and a hydrogencarbonate ion are preferred. Two or more
kinds of anions may be present. The anions can be easily
exchanged by a commonly employed ion-exchange technique. It
is also possible to conduct anion exchange during ?he
reaction by using, as one of the reactants, water containing

a desired anion. The anion-exchange resin having structural
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3, 5-di al kyl - n- hexyl ene groups. In the above, the term"n- al kyl ene" neans
a linear chain having a free univalent atom at each ends thereof, and the

term"al kyl" means nethyl or ethyl. Typi cal exanpl es of the al kyl
or al kanol group represented by Rerr] to R err] include nethyl, ethyl,
n-propyl, isopropyl, n-butyl, s-butyl, t-butyl, isobutyl, 2-

hydr oxyet hyl , 3-hydroxypropyl and 4-hydroxybutyl. Exanpl es of the

ani on represented by X- include a hydroxyl ion, fluorine ion, chlorine

on. brom gg. i gne obpdLBRxolOBy HRHYBLR! Bckally ol 1B9LAE Koo AN ©

I on, pyrovana I On yrovanada ogen i on

car boxyl at gxhfip18Y aQéfQi'agﬁgCi‘BanﬁEEthndegc 3%%&6111 Jm.ﬁb%tgwlon a

tungstate 1 on, tavana e 1 on rovanadate 1 on

hydrOge”pyfova”adaiﬁotﬂér ﬁréféPQé&'ékSmplQ”oi“@h@ EMQBQQ%&EBBB%@aE%shQU
are preferred. Two or nore kinds of anions nmay be present. The  anions can

be easily ggxchgaged bMeapeeSERE! YnoBRLYBAIhASNaC¥EraREABACkRigUe. It s
al so possible to conduct anion exchange during the reaction by using, as

one of theréppesentéd bRt €theCEOLBOWiNG géndealr €drmnilan.(Ithe ani on- exchange
resin having structural 8

units represented by general forrmula (1) can be produced, for

exanpl e, according to ne described in JP-A-4-349941.

+ -
ba{ésfzz - X (11)
/0\ / 3
A B R

In the above formula (II), A represents an alkylene
group having from 1 to 4 carbon atoms, which group may have
one or more alkyl groups as substituents; B represents an
alkylene group having from 1 to 8, preferably from 4 to 8
carbon atoms, which group may have one or more alkyl groups
as substituents; and R'! to R® and X~ have the same meanings as
those in general formula (I); provided that the benzene ring
may be substituted with one or more substituents selected
from alkyl groups (e.g., those having from 1 to 4 carbon
atoms) and halogen atoms and may be a condensed aromatic ring
(e.g., a naphthalene or anthracene ring).

Examples of the alkylene group represented by A and B
in general formula (II) include methylene, ethylene, and the
same alkylene groups as those enumerated hereinabove as
examples of R in general formula (I). The anion-exchange

resin having structural units represented by formula (II) can
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Anot her preferred exanpl e of the anion-exchange resin for use in the

present invention has a structural unit represented by the follow ng
general formula (I1): [err] In the above formula (I1),
A represents an al kyl ene group having from1l to 4 carbon atons, which
group may have one or nore al kyl groups as substituents; B represents
an al kyl ene group having from1 to 8, preferably from4 to 8

carbon atons, which group may have one or nore al kyl groups as
substituengs; an rrl to er and X- .have the s i .
those in gBﬁePﬁ?g?g$ﬁnl§9f|?£i$P£%rdéﬁc?ﬁ %nﬁhEgb§n9§g§°gfﬁgsg%§b%§a§"be
substituted vt nore substituents sel ected from al kyl groups
(e.qg., thoggm%aengg??%h1l to 4 carbon atons) and hal ogen at ons and

may be a condensedr gt oHBtbFo 4400 tnventEofl afl RERPLEALCBR:HE 38t acene

ring). es of the a ehe group represented by A and B

in genera'régéeaaawith)wse&LUEﬁ EHéhﬁkéQéncsthleas,aﬁaentaachangesa”e

al kyl ene groups as those enuner at ed ‘her ei nabove as ~exanples of Rin
general forfuia §bscriBb8 aP6GE; ewRDERJIGomprisksShnviaylagomattyet ural units

represented by formula (I11) can 9
compound polymer as a substrate and quaternary ammonium
groups each bonded thereto via a connecting group having a
chain length of three or more atoms, to yield an alkylene
glycol.

Examples of the alkylene oxide include aliphatic
alkylene oxides such as ethylene oxide and propylene oxide
and aromatic-alkylene oxides such as styrene oxide.
Especially preferred of these are ethylene oxide and
propylene oxide.

The reaction can also be conducted in the presence of
carbon dioxide or an inert gas. The presence of carbon
dioxide is preferred especially when the anion is a hydroxyl,
chlorine, bromine or iodine ion. 1In the case of a hydroxyl
ion, the presence of carbon dioxide can be considered as to
be substantially equal to the use of an anion-exchange resin
of the hydrogencarbonate ion type. Nitrogen, argon, helium,
or the like can be used as the inert gas.

The reaction may be carried out batchwise, semi-

_ batchwise, or continuously.
The molar ratio of water to an alkylene oxide, used

as starting materials, is generally from 1/1 to 10/1,

T
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be produced, for exanple, according to a nethod described in

JP- A-7-289921. In the present invention, an al kylene oxide is
reacted with water in the presence of the anion-exchange resin described
above, which conprises a vinylaromatic conpound polynmer as a substrate and
guat ernary anmoni um groups each bonded thereto via a-connecting group
having a chain length of three or nore atons, to yield an al kyl ene

gl ycol . Exanples of the aIkerne oxide include aliphatic alkylene
oxi des such as_et ng oxid and ronat c | ene
oxi des suctPERfex eg %fﬂdﬁfgcqo}g ?r%’ﬁ"%‘?r?ﬁ% e® r‘@ag?%yf'ﬁne

ne pr csend B %ﬁeaﬁqﬁ%e&a%tbrb%ﬁ‘e‘i%ﬁaC‘ S g FLEDIEeA7 N
dioxide i s piplelf Al ARRRe! é’oi’!‘%&é&%@é"f&ﬁﬁ PrdYEEQUY amolGRLOT ' N°:

brom ne or case drox resencé of
car bon di oxl_ldse{1 g('gel&%sﬁ _.@nallél t¥r Q{:'aiallfgi?léﬁé use
of an anlon exc resin ogen onate ion ype trogen,

argon, |n$ co]pr tdie ﬂH&%tﬂ'ﬁi}: t}?ad@eq\ré@ef f}?ré?tg ¥ i 8RS - exceeding THRe

reaction be carried out batchw se, sem - hwi se, or continuously.
The mol ar rgddy ofig Gird Qrifesidab ROG O 4iSPrgds péactongisnterials,

is generallyfrom1/1 to 10/1,
necessitated and the removal of water from the reaction
product in a purification system requires a large quantity of

energy.

The reaction temperature is generally from 50 to
200°C, preferably from 60 to 160°C. The reaction pressure is
generally from 0.1 to 5 MPa, preferably from 0.2 to 2 MPa.

The present invention will be described in detail
with reference to the following Examples, but the invention
should not be construed as being limited thereto.

In the Examples, the conversion and selectivity were

calculated using the following equations.

Conversion of propylene oxide (%) = {(the number of moles

of propylene oxide consumed)/(the number of moles of
propylene oxide fed)} x 100

electivity for propylene c %) = {(the number of
moles of propylene glycol yielded)/(the number of moles of

propylene oxide consumed)} x 100

Selectivity for dipropylene glycol (%) = {(the number of
moles of dipropylene glycol yielded)/(the number of moles of

propylene oxide consumed)} x 200

This Sheet Has Been - 10 -
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10 preferably from1.2/1 to 6/1. If the proportion of water is below the
lcower |imt, by-products such as dial kyl ene glycols and trialkyl ene
glycols generate in an increased anount, resulting in a reduced
selectivity for the target alkylene glycol. On the other hand, water
proportions exceeding the wupper limt are undesirable in that a |arger
reactor is necessitated and the renoval of water fromthe reaction
product in a purification systemrequires a |large quantity of energy.

The reaction t:gl- ature is.generally from 50 g 209

from 60 to 160(EFHE : ene Flé;{&%%rﬁ‘t“ﬁﬁgg:éf
Ser The 1O 97 B et rRL 0] IS huABYECDE o b, o2
I n

descri bed i é#léésééaelrmez%leycf%
. . : limted th _
i nvention gﬁ&*ﬁﬂ@%ﬁ%&%&gﬁs@ %c’tpie%/ imted thereto

t he Exanpl €5, e conversion an Ity were calculated using the

follow ng equatgfifersion &Prlé‘tﬂ{ﬂé’z‘ile %x%@%*%”g P(\EH@ hidfiber { 6 ho DegrDer
of noles of propylene oxTde consune € nunber of noles of propyl ene
oxide fed) o dHylene 0iES Idondumdd/ PERPYh@mSes! ¥EOhol88 of {éthplanaber
of noles of propylene glycol yielded)/(the nunber of noles of propylene

oxi de conswigidd fedy)0 x 100 Sel ectivity for di propylene glycol (% = {(the
nunber of noles of dipropylene glycol yielded)/(the nunber of noles of

Selectivity for ethylene glycol (%) = {(the number of

moles of ethylene glycol yielded)/(the number of moles of
ethylene oxide consumed)} x 100

Selectivity for diethylene glycol (%) = {(the number of
moles of diethylene glycol yielded)/(the number of moles of
ethylene oxide consumed)} x 200

Selectivity for triethvlene glycol (%) = {(the number of
moles of triethylene glycol yielded)/(the number of moles of
ethylene oxide consumed)} x 300

The following anion-exchange resins were used as
catalysts.
Catalyst A:

An anion-exchange resin having a structural unit
represented by the following formula (IV) (exchange capacity
in Cl1 form, 1.27 meq/ml; water content, 45.7%) produced by
suspension-polymerizing styrene having a 4-bromobutyl group
with divinylbenzene in an agueous medium to obtain a
crosslinked copolymer, reacting the thus obtained copolymer
with trimethylamine to obtain an anion-exchange reéin in

quaternary ammonium form, and then treating the resin with an
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propyl ene oxi de consuned)} x 200 11 Sel ectivity
for tripropylene glycol (%9 {(the nunber of noles of tripropylene glycol
yi el ded)/ (t he nunmber of noles of propyl ene oxide consunmed)} x 300
Conversion of ethylene oxide (% = {(the nunber of noles of ethylene oxide
consuned)/ (the nunber of noles of ethylene oxide fed)} x 100

Selectivity for ethylene glycol (%9 = {(the nunber of noples of ethylene

gl ycol vyielded)/(the nunber of noles of ethylene oxide consunmed)} x 100

L et AR oL £, SRl L o

consuned)} Xx 0 Sel ecti.vit triethylene glycol (%9 = {(the nunber
of noles ooé%ﬁ%ﬂq%ﬁﬁﬂﬁ§Qﬁ%ﬁpqn %ﬂ 7(the nunber of noles of ethylene
oxi de consuned)) x 300 The foll owi ng ani on-exchange resins were
used as catal ysts. t t A An ani on- exchange resin having a

structural unit repr nt e&™ by the follomﬁn&é%ornula (I'V) (exchange
capacity in ClL form 1127 neq/m; waterég?1 8, 45.7% produced by

suspensi on- pol yneri zi yr e(ue Ili’j‘i’i,rlg-ﬁ” - b&olngu.t ﬂ Cgégmp (IV)
CH,

Catalyst B:

An anion-exchange resin having a structural unit
represented by the following formula (V) (exchange capacity
in C1 form, 1.10 meq/ml; water content, 52.7%) produced by
suspension-polymerizing styrene having a 3-bromopropyl group
with divinylbenzene in an agqueous medium to obtain a
crosslinked copolymer and subjecting the thus obtained
copolymer to the same treatments as in the production of

Catalyst A.

CHs
(CH2)3 _N+<CH3 -HCOg- (V)
CH;

Catalyst C:

An anion-exchange resin having a structural unit
represented by the following formula (VI) (exchange capacity
in C1 form, 1.21 meq/ml; water content, 46.6%) produced by

suspension-polymerizing styrene having a 4-bromobutoxymethyl

asBeenReilaced ' - 12 -~
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wi t h divinyl benzene in an aqueous nmediumto obtain a crosslinked
copol yner, reacting the thus obtained copolyner wth trinmethylamne to
ohtai n an ani on-exchange resin in quaternary amoniumform and then

treating the resin with an 12 aqueous sodi um

hydr ogencar bonat e sol ution to convert the sane to the hydrogencarbonate
form [err] Cat al yst B: . An ani on-exchange resin
having a structural unit represented by the following forrmula (V)

(exchange Wmth Qi1 fnel £ dF UdlleoyRRba 3R B0 lobBRir 4

produced b suspensi on-pol ymeri zing styr V|ng a 3-bronopropyl
group \iKed Q;%giﬂ | 4tHB 1@t Ea fned
crosslinke cosgfyner an @%}ectlng t he thdgﬁgbtalned copol ymer to the
sane treat @RI yier td M i Whtdlents &t e Aproduction of
Catalyst A.
C Hg
+ -
CHZ-O-(CH2)4-—-N<CH3 -HCO; (VI)
CHg
Catalyst D:

An anion-exchange resin produced by subjecting DIAION
SA10A to ion exchange with an aqueous sodium
hydrogencarbonate solution. (The DIAION, a trademafk of
Mitsubishi Chemical Corp., is manufactured by Mitsubishi
Chemical Corp., which has a structure composed of a
styrene/divinylbenzene copolymer skeleton and
trimethylaminomethyl groups bonded thereto, and has an
exchange capacity in Cl form of 1.26 meq/ml and a water
content of 45%.)

Catalyst E:

An anion-exchange resin produced by subjecting
LEWATIT M511WS to ion exchange with -an aqueous sodium
hydrogencarbonate solution. (The LEWATIT is manufactured by
Bayer Ltd., which has an exchange capacity of 1.4 eqg/liter

and a water content of from 43 to 49%.)

This Sheet Has B
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[err] Catal yst C An ani on-exchange resin having a structural
unit represented by the followng formula (VI) (exchange capacity

ind form 1.21 nmeg/m; water content, 46.6% produced by
suspensi on- pol yreri zi ng styrene having a 4-bronobut oxynet hyl

13 group wi th divinyl benzene in an aqueous nmediumto obtain a
crosslinked copol yner and subjecting the thus obtained copol yner to
the sane treatnments as in the production of Cat al yst A [err]

Cat al yst D t Fs An ani on-exchange resin produced by subjecting
Dl Al ON gL%ﬁ%%ErT%‘ion exchange with an aqueous sodi um

hydrogencar bonat ¢ sh Ubh 5n—4TbRaRA! b1 hiaTRGRaKsEuctural bhatbi S

Chem cal Corp., is manufactur Chem cal Corp., which
has a structdg fegélﬂ@@&eé;{%hé followﬁﬁ[ﬁ eoehdidi pyhgnpesaueepobyer
skel et on and trimet hyl am nonmet hyl groups bonded thereto, and has an
‘exchange cogasiéyting Glhé oanioh-dxZRangg/ tésdndobtadhed in the course of
the production of Catalyst A to ion exchange with an aqueous

sodium molybdate solution.

CH;
(CH2)4—N+<CH3 - 1./2Mo 05
C Hj

(VII)

atalyst G:

An anion-exchange resin having structural units
represented by the following formula (VIII) produced by
subjecting the anion-exchange resin obtained in the course of
the production of Catalyst B to ion exchange with an aqueous

sodium molybdate solution.

CH,
(CHz)s—N+<CH3 -1/2Mo0? (VIII)
C H

Catalyst H:

An anion-exchange resin having structural units
represented by the following formula (IX) produced by
subjecting tﬂe anion-exchange resin obtained in the course of

This Sheet Has Been Re li - 14 -
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content of 45%) Catal yst E An ani on-exchange resin
produced by subjecting LEWATI T Mb11WS to ion exchange with an aqueous
sodi um hydr ogencar bonat e sol ution. (The LEWATIT i s nmanufactured by
Bayer Ltd., which has an exchange capacity of 1.4 eq/liter and a

wat er content of from43 to 49%) 14
Catal yst F: An ani on-exchange resin having a structural unit
represented by the followi ng formla (VII) produced by subjecting the

A'1o i on oxCHEndE Qe St ”Eﬂe At FT o AR FLHE e 20880

Catal yst G reS|n haV|ng structural units
represent ed sooyd]t%me n}dgqu OW Nng ﬁr mila (VII1) produced by subjecting the
ani on-exchange resin obtained in the course of the production of Catalyst
B to ion exch e v )h an aqueous

CH,
+ -
C Hq (1X)

ata t I

An anion-exchange resin produced by subjecting DIAION

SA10A to ion exchange with an aqueous sodium molybdate

solution.
Catalyst J:

An anion-exchange resin produced by subjecting DOWEX
MSA-1 to ion exchange with an agueous sodium molybdate
solution. (The DOWEX is manufactured by Dow Chemical
Limited, which has an exchange capacity of 1.2 eqg/liter and a

water content of from 57 to 63%.)

EXAMPLE 1
Into an SUS.autoclave having a capacity of 30 ml were
introduced 2 g of the respective catalyst in a wet state, 5.4
g of water, and 8.7 g of propylene oxide. The autoclave was.
immersed in a 150°C oil bath to react the reactants for 1.5
hours with stirring. The reaction temperature was 140°C.
The resultant reaction mixture was analyzed by ga§

chfomatograph}. The results obtained are shown in Table 1.

T o




sddfun1nnlybdate sol ution. [err] Catalyst H: An
ani on- exchange resin having structural units represented by the foll ow ng
farmula (1 X) produced by subjecting the anion-exchange resin obtained in

t he course of 15 the production of Catalyst Cto ion
exchange with an aqueous sodi um nol ybdat e sol uti on. [err]

Catal yst |: An ani on-exchange resin produced by subjecting

DI Al ON SA10A to ion exchange with an aqueous sodi um nol ybdat e

sol uti on. Cat al yst J: An ani on-exchange resin produced by
subj ecti ng DOVNEX MBA-1 to ion exchange with an aqueous sodi um nol ybdat e
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sol uti on. (The DOVEX i s manufactured by Dow Chem cal

an exchange capacity of 1.2 eq/liter and a wat er content of from57 to
63% ) EXAMPLE 1 Into an SUS

aut ocl ave having a capacity of 30 M were i ntroduced 2 g of the
respective catalyst in a wet state, 5.4 g of water, and 8.7 g of

propyl ene oxi de.
react the reactants for
tenperature was 140[err] C.

The aut ocl ave was i mrersed in a 150[err] C oi
1.5 hour | s{irring. The reaction
The ré%###égwireaction m xture was anal yzed

% 9as chr omat QAR enl e d iy 6 W& "G BkmsTOWM) wdrd APhENdd
with water and then used to carry out the same reaction as in
Example 1 under the same conditions. This procedure was
repe;tedly conducted three times in total (the catalysts were
washed each time before use). The results of the third
reaction are shown in Table 2.

Table 2
Catalyst A B c D E
Conversion of :
propylene oxide (%) 100 100 100 100 99.9
Selectivity for
propylene glycol (%) 88.8 88.4 89.1 83.8 | 82.9
Selectivity for
dipropylene glycol 10.5 11.1 10.3 15.5 16.4
(%)
Selectivity for
tripropylene glycol 0.7 0.4 0.6 1.2 0.7
%
XAMPIE
Into an SUS autoclave having a capacity of 30 ml were
introduced 2 g of a catalyst in a wet state, 5.4 g of water,
and 8.7 g of propylene oxide. The autoclave was immersed in
a 150°C oil bath to react the reactants for 1.5 hours with
stirring. Thereafter, the autoclave was kept being immersed
in the 150°C oil bath for 48 hours. |
. - 17 -
T
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[err] . 17

EXAVPLE 2 Sonme of the catal ysts used in Exanple 1 were washed
with water and then used to carry out the sanme reaction as in Exanple 1
under the sanme conditions. This procedure was repeatedly conducted three
times in total (the catal ysts were washed each tine before use). The
results of the third reaction are shown in Table 2.

Table 2

Corver§ipn o; proﬁ?ﬁeﬁg%%g&?gtfaf fggaratfgofroniége r?ﬂﬁﬁgon mié%%ﬁ?%)
Sel coti vi 1 J2plpd HigRYuBRERd HHEL cheh We £o”Ephanct phe, Shing nfieion,
8%7 Sel eCSa' V'J}ly Efxgﬂuplter 'lp[h?l%l et&%ﬁ%ﬁé&% cgndLQ;Jms Othe rdbfits 12

obtained are shown in Table 3.
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Into an SUS autocl ave having a capacity of 30 ml were introduced 2 g of a
catalyst in a wet state, 5.4 g of water, and 8.7 g of propyl ene oxide. The
aut ocl ave was imersed in a 150[err]C oil bath to react the reactants for
1.5 hours with stirring. Thereafter, the autoclave was kept being inmersed
in the 150[err]C oil bath for 48 hours.

18 The catal yst was separated fromthe reaction m xture, washed
with water, and then used to conduct the same reaction as in Exanple 1
under the same conditions. The results obtained are shown in Table 3.
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[err] 20 | EXAMPLE 4 Into an
SUS aut ocl ave having a capacity of 1500 n

EXAMPLE 4

Into an SUS autoclave having a capacity of 1500 ml
were introduced 40 ml of the respective catalyst in a wet
state, 270 g of water and 132 g of ethylene oxide. Catalyst
A and D were respectively used as the catalyst. The
autoclave was heated so as to maintain the reaction
temperature at 120°C and the reactants were reacted for 2
hours with stirring. The resultant reaction mixture was
analyzed by gas chromatography. The results obtained are

shown in Table 4.

Table 4

-
—

Catalyst A D "

II

Conversion of ethylene

oxide (%) 100 100
Selectivity for

ethylene glycol (%) 87.3 87.0
Selectivity for

diethylene glycol (%) 12.0 12.3
Selectivity for

triethylene glycol (%) | 0.6 0.7

As is apparent from the foregoing results, the anion-
exchange resin fpr use in the present invention, which
comprises a substrate and quaternary ammonium groups each
bonded thereto via a connecting group having a chain length

of three or more atoms,_y;elds an alkylene glycol with a high

- 20 -
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were introduced 40 m of the respective catalyst in a wet state, 270 g
of water and 132 g of ethyl ene oxide. Catalyst A and D were
respectively used as the catal yst. The aut ocl ave was heated so as to
mai ntain the reaction tenperature at 120[err]C and the reactants were
reacted for 2 hours with stirring. The resultant reaction m xture was
anal yzed by gas chromat ography. The results obtained are shown in Tabl e

D ConfEASCSI AR AT xRy d @ high temsSl{iR overy
ngIrecti V|d|t o&&r gﬁgi@%% %(ri@aeql ycol (9%87.3 87.0 Selectivity

12.0 12.3 Selectivity for

triethyl ene glycol y4% ¢ th%‘gnventi%mﬁhas been descf%béé?fﬂ”ﬁ?fﬁﬁlfidﬁnthe
foregoing results, € "ani on- exchange resin tor use in the present

VNt on, it hefer QP> She 13RS ditinfp 1K) (HILSSNAT . APTIPNIBEN OF OUPS

each bonded thereto via a“connecting group having a chain |length of

three or ML aFeHE toY oPed$K3N 1K Wire thed|atqOlt Wit Rrae {8 changes andl
selectivity éven after exposed to a high tenperature over a |ong period of

time. modifications can be made therein without departing from the

spirit and scope thereof.
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Vhife the i nvention has—been described in detail and wth reference to

specific it wll be apparent to one skilled in the art
t hat vari H[ﬂ]F ﬁmﬂ wa nodi fications can be nmade therein wthout
Ll M

departing #raom and scope thereof.

22 VWHAT IS CLAI MED | S: 1. A process for producing an al kyl ene
gl ycol which conprises a step of reacting an al kylene oxide with water in
the presence of a,cat e wherein said catal yst conprises an
anion-excmﬂﬁﬂ? fheé%ﬁiﬁ§§¢ﬁ§sing: a polyner of a vinylaromatic

IR e bk B RS S L
oot SR g O ek B B R @AOMater 1n,
has a strugiyjy aﬂré@ﬁcée@feé%ﬁ@éilfé’t,t he foll owi ng general formula (1):
wherein said catalyst comprises an anion-exchange
resin comprising:
a polymer of a vinylaromatic compound as a substrate;
and
quaternary ammonium groups each bonded to the
respective aromatic groups of said polymer substrate via a
connecting group having a chain length of three or more
atoms.
2. The process according to claim 1, wherein said

anion-exchange resin has a structural unit represented by the

following general formula (I):

R-N*<R2 C X" (1)

wherein R represents an alkylene group having from 3 to 10
carbon atoms, which group may contain a cyclic hydrocarbon
group anywhere in the alkylene chain and may be substituted
with an alkyl group; R! to R® each represents an alkyl oxr

| alkanol group having from 1 to 4 carbon atoms; and X°
represents an ‘anion, provided that the benzene ring in the

This Sheet Has Been RTlaoed - 22 -
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[err] e r sents an al kyl ene group having from3 to 10 carbon
at ons, tﬂ " i ontarn a cyclic hydrocarbon group anywhere in the
aIkern e substituted wth an alkyl group; Rerr] to

Rl err] each represents an al kyl or al kanol group having from1l to 4 carbon
atons; and X- represents an anion, provided that the benzene ring in the

23 formula (1) may be substituted mrth one or nDre substituents
selected froma kyI rou and and ma onden
aronatic r# 8 ge ?HE EF%EE? BrapﬁgO o”@F&.ﬁPPS said

ani on- exch§g9§c£§§ graﬁsai‘kﬁ EhUpE' oHA hai BBLRORALRA Bhel Sy be fol | owi ng

general fornu n A represent Kyl ene

group havi HEAd LPoflatic £RRRON atoms, which group nmay be substrtuted
with an al y? gr oup; E represénts an aIkerne group having from1l to 8

carbon atons, which, groye ﬁfdc@é*ssb!@éék&!hgdtw tEhadh 2l Kitherein95848;
Rlerr] to Rerr] each represents an al kyl or al kanol group
anion-exchange resin has a structural unit represented by the

following general formula (II):

(II)

R!
N+<R2 C X"
0
INd \B/ R?

wherein A represents an alkylene group'having from 1 to 4
carbon atoms, which group may be substituted with an alkyl
group; B represents an alkylene group having from 1 to 8
carbon atoms, which group may be substituted with an alkyl

~ group; R! to R® each represents an alkyl or alkanol group
having from i to 4 carbon atoms; and X~ represents an anion,
provided that the benzene ring in the formula (II) may be
substituted with one or more substituents selected from alkyl
groups and halogen atoms and may be a condensed aromatic
ring.

4. The process according to claim 1, wherein said

polymer substrate of the anion-exchange resin is a

crosslinked copolymer of vinylaromatic compounds.

This Sheet H; - 23 -
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havfng—fronri to 4 carbomatons; and X- represents an anion, provi ded
t hat th t he fornula (1) may be substituted wth one
or _m)re rﬂ[mﬂm‘lﬂﬂ H"}ct ed from al kyl groups and hal ogen at ons and

be a €ondenseed asona ng. 4. The process according
to cIa|n11, wherein said polyner substrate of the ani on-exchange resin
Is a crosslinked copol yner of vinylaronatic conmpounds.

cubstrate is a orodb | e ERgse At s Bel M 3 b Salw
6. The pr 0;:%3.}&%0%%% dtd %?é“&oﬂi%ﬂé@%#ol&@'@f‘es O¥tdfe | $nd

et hyl ene o propyl ene oxi ocess according to
claim 2, WA 13RIk eri-On is a hydroxyl ion, a chlorine ion, a brom ne
ion, an iodine“ion, a nolybdate ion, a tungstate ion, a netavanadate I on,

a pyrovanadate iong a W@&%@ysmé@mﬂﬁ@lg% cﬂamdr OGansd in teaidn, a

carboxyl ate i on or a hydrogencarbonate ion. . The process
accordi ng adk§l1din® bxiMRErG Rt éneEidd o P @ é®idea tungstate

ion, a netavanadate ion, a pyrovanadate ion, a hydrogenpyrovanadate ion, a
car boxyl ate ion or 73 hm@@mslsomnmg to claim 2, wherein said
anion is a hydroxyl ion, a chlorine ion, a bromine ion, an
iodine ion, a molybdate ion, a tungstate ion, a metavanadate
ion, a pyrovanadate ion, a hydrogenpyrovanadate ion, a
hydrogensulfite ion, a carboxylate ion or a hydrogencarbonate
ion.

8. The process according to claim 7, wherein said
anion is a molybdate ion, a tungstate ion, a metavanadate
ion, a pyrovanadate ion, a hydrogenpyrovanadate ion, a
carboxylate ion or a hydrogencarbonate ion.

9. The process according to claim 3, wherein said
anion is a hydroxyl ion, a chlorine ion, a bromine ion, an
iodine ion, a molybdate ion, a tungstate ion, a metavanadate
ion, a pyrovanadate ion, a hydrogenpyrovanadate ion, a
hydrogensulfite ion, a carboxylate ion or a hydrogencarbonate
ion.

10. The process according to claim 9, wherein said
anion is a molybdate ion, a tungstate ion, a metavanadate
ion, a pyrovanadate ion, a hydrogenpyrovanadate ion, a

carboxylate ion or a hydrogencarbonate ion.

- 24 -
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9. The pro process accordi-ng to claim3, wherein said anion is a hydroxyl ion,

a chI’ mne ion, an iodine ion, a nolybdate ion, a tungstate
ion gm”ﬂwm.ﬂm)gm on, a pyrovanadate ion, a hydrogenpyrovanadate ion, a
hydr ogensu a carboxylate ion or a hydr ogencarbonate ion.

10. The process according to claim9, wherein said anionis a rml ybdat e

ion, a tungstate ion, a rret avanadate ion, a pyrovanadate i on,
hydrogenpyrovanadate ion, car boxyl ate,jon or dr gen i on.
25 - 11. Thelbr ocBig %‘E‘?ﬁﬁstﬁ r%ccf%r%’rré‘? e, %%‘Pe h Y g?ﬁa&ﬁl onis
conducted at } enper at ur ] 2 b
process ac’é%?"ﬂ?h%ntbs c‘l"%ﬁ1 cl‘,:e%m%{ne %‘E%gggée‘g‘%:%lgﬁ F]s:o%oﬁguggj %ogt ea
pressure of from Oj ] tapp, '\ﬂ:‘]?dcess according to claim 1, wherein the

reaction is conducted at a pressure of from 0.1 to 5 MPa.

mmiﬁi‘iiffﬁff uﬂi”“ .



