-2- 7 Aﬁﬁ ..Among conpounds formed by the reacti ono-¢ ?Egd
t ke nost commercially val uabl e conpound is usual | ythet >

t erm nal - adduct (3). However, when the above honogg
catal yst is enployed, there is a drawback that an
| east 2 nol of an al kyl ene oxi de added, as sheowr=by=thed
is likely to form Further, it is generally difficult to renove the
honbgeneous catalyst fromthe systemin the purification process.

I n
a case where an asymetrical al kyl ene oxide gych : - ‘Pwlﬁflﬁb ' S
enpl oyed, there is a problem such that It i§ﬁ§if lcult to confoﬁpfhe

posi tional selectivity of therigack | Piig apdvE@rpoRf erentially obtain

t he desired term nal adduct™(3). Further, the internal adduct
(4) which is a position MeprTHOPOFOR FRODUCING B CcavcoddwrwesR3), to be
formed by the above reaction, mght possibly showtoxicity, and its
separation and renoval w || bSBACKGROUND, OF0 THEQINVIENTION yield of the
term nal adduct tends to be |low, and the nunber of process steps

i ncreases, ssuUcBIBBDNQFUREEBSINYBNEIORO from the econom cal vi ewpoint.

To sol ve such probl ens, sone nethods have been proposed for producing
gl ycol ethers by ufhgegpseseatbiswention zelaies| ot & method forFor exanpl e,

Japanese PCT Publication JP-A-5-503946 N
producing a glycol ether. Particularly, the present

vut

invention relates to a method for producing a glycol
ether, which comprises reacting an alkylene oxide with an
10 alcohol in the-presence of a catalyst.

DISCUSSION OF BACKGROUND

Glycol ethers are ﬁéeful és solvents for paints or
inks, as components to be incorporated into brake fluids
or as intermediates for producing glycol ether acetates.

15 They are produced usually by reacting alkylene oxides
with alcohols in the presence of homogeneous base
catalysts such as alkali-metal hydroxides or amines (see

the following reaction schemes (i)} and (ii)).

0 R -CH(OH)-CHOR®  (3)
,,Cé:CHZ + R-0H ——
) + R -CH(OR")-CHOH (4)
(1) (2) -
______ (i) This Sheet Has Been Replaced
U
(1) + (4) — K —CH(OR‘)-CQZOCHZ—CHZ(OH)R'

(5)



25 discloses a nethod for produci ng glycol ethers, wherein an anionic

~daubl e hydroxide is used as a catal yst. Furt her, Japanese

“Unexam ned Patent Publication JP-A-

- 3- © 61-204142 discloses a method for producing glycol ethers,
wherein an ani on exchange resin containing a primary, secondary or
tertiary amno group or a secondary or = 2 —tertiary amno group having a
substituent, is used as the 5 catalyst. In an Exanple of this
publication, it is Among dbmpbasad Ebamedhby phepykaseionsde¢ijndndt hangl,
wer e reacted gl ycol ether was fornmed at a conversion of 85%

However, such ammenmesthammmeresanxygeabuablg tampaund ispusbakhyi bhéhe
life of the catalysts, since their heat 10 stability is |ow as conpared
with cation excbharménaksadduct (3)andHoweverduvhén!| the abevecbhomdgegegus

poor . The present inventors have conducted extensive studi es
t aki ng t he abovba%%s©at@bﬂsteiat%ﬂpbﬁYedntbhere igoasdrevbacknthat as a
resul t, have found that by 15 | oyi ng an ani on exchange resin having a
certain spRduck Rayirg e %%aﬁﬁezc%?hl9§tann%¥k$%?9etﬂ§15?o%¢@ﬁ¢'

" f‘srﬁiﬁifhl o 2% Thotaey ohid Formnia o5 T I8 LRRPE vo, folr ) Shicbberypo”
structure at high ; 20,0L gt} Y1 Y AN 96 €5 Lehdve eHD nBhSEgERLOLEVENI ON

has
catalyst from the system in the purification process. 1In

a case where an asymmetrical alkylene oxide such as
10 propylene oxide is employed, there is a problem such that
it is difficult to control the positional selectivity of
the reaction and to preferentially obtain the desired
terminal adduct (3).
Further, the internal adduct (4) which is a position
15 isomer of the terminal adduct (3), to be formed by the
above reaction, might possibly show toxicity, and its
separation and removal will be fequired, so that the
yield of the terminal adduct tends to be low, and the
number of process steps increases, such being undesirable
20- from the economical viewpoint.

To solve such problems, some methods have been
proposed for producing glycol ethers by using solid bases
as catalysts.

For example, Japaneee PCT Publication JP-A-5-503946

25 discloses a method for producing glycol ethers, wherein
an anionic double hydroxide is used as a catalyst.

Further,eJapanese Unexamined Patent Publication JP-A-



been ‘acconpl i shed on the basis of this discovery.

SUVMMARY OF THE | NVENTI ON Thus, the present invention provides a
met hod for produci ng a glycol ether, which conprises reacting an 25
al kyl ene oxide with an alcohol in the presence of a catal yst, wherein
the catal yst is an anion exchange resin whi ch conprises, as the
substrate, a polyner of a vinyl -9

aromati ¢ conmpound and which has a structure such that a guat er nary
ammoni um gr oup 6-24id2l disd¢heses carate thod adigr produdimag dliydohgetdrens,
having a chain length of at |east 3. DETAI LED DESCRI PTI ON OF THE
PREFERRED ENMBOBIHENIIR: ars anion Newghange neesiod egntdionimgesemprinazynd i on

w il be described in detail . . In the present invention, an
ani on exchange seegndary ontient bfipramine GEOUMOL B HTNdary p yner of a
vi nyl aromati c, conpound and which has a structure such that_a 10

quat er nary anmorR iUt &6 AR RO FFRIR having PRttt upthy 18 used fs, the

l'i nki havi hai n | t h t_| t 3, .. d ed as th

catal yor O The Atk onatd o | B Of Cihabhieakidhe thith exchange
' , f ' | L0l 8th [ b

orvinyt 15 (RO hat b MR xR R piihay ee Penzene

quaternary amuiiuRdH O $&bT O Wd et & 4 Nonversion of 85s.

However, such anion exchange resins generally had a

-4-

problem in the life of the catalysts, since their heat
10 stability is low as compared with cation exchange resins,
and their durability was accordingly poor.

The present inventors have conducted extensive
studies taking the above described related art into
consideration and as a result, have found that by

15 employing an anion exchange resin ha#ing a certain
specific structure as the catalyst, not only the problem
with respect to the durability of the catalyst can be
solved, but also it is possible to produce glycol ethers
having a terminal-adduct type structure at high

20 | reactivity and selectivity. The present invention has
been accomplished on the basis of this discovery.

SUMMARY OF THE INVENTION

Thus, the present invention provides a method for
producing a glycol ether, which comprises reacting an
25 alkylene oxide with an alcohol in the presence of a
catalyst, wherein the catalyst is an anion exchange resin

which comprises, as the substrate, a polymer of a vinyl



substrate is not particularly linited so long as its chain length is

at least 3, and it may, for exanple, be an al kyl ene group or an

~al kyl eneoxyal kyl ene group. 20 Here, the chain length is neant for the
- nunber of atons of the linking noiety of the group for linking the
guat ernary anmoni um group to the aromatic group. For exanple, in the
case of straight chain al kyl ene group (a~ = pol ynet hyl ene group), its
carbon nunber represents the 25 chain |ength. The resin having a
l'i nki ng group vdrddmatidhaidmpatd land whidh hds ¥ aestrystired rsddte thatahkd lity.
as a catal yst, since - 5-

degradati on of duestemsry camnowiumsegmdum 18 PJondeparatthee aromatiisc group
substantial. Likew se, a resin having a |inking group with a chain

length of 1 doesianét Jormkdnde group faviorg |3 chain Hiefgtdomieratl dreasit ah.
al kyl ene oxide, and its durablllt 5 as a catal st is al so inadequate.
An ani on exchange rldizanl laiih s Salz1 10 WO ‘ B Y NI a
vinyl aromatic conpound (herelnaf§ referred to as pr ecur.sor

nononer) ha®ing a N°W'c & rfbfs?nﬁ&{ﬁ%e%t}ﬁ%?%wl‘lﬂlrot??abl e

group 10 such, as or a hal ogen atom such as chl ori ne,
brom ne or |od|qﬁes ’ilfb giﬁ%t]oget her wi th other nmononer, and then

introducing a quat A e m&ﬁ@ﬂ&éﬁion, an anion exchange resin

which comprises, as the substrate, a polymer of a vinyl

aromatic compound and which has a structure such that a

10 Qquaternary ammonium group is bonded to the aromatic group
via a linking group having a chain length of at least 3,
is used as the catalyst. The monomer constituting the
substrate of the anion exchange resin may, for example,
be styrene, vinyl toluene, ethylvinyl benzene or vinyl

15 naphthalene. The linking group which links the
quaternary ammonium group to the aromatic group of the .
substrate is not particularly limited so long as its
chain length is at least 3, and it may, for example, be
an alkylene group or an alkyleneoxyalkylene group.

20 . Here, the chain length is meant for the number of
atoms of the linking moiety of the group for linking the
quaternary ammonium group to the aromatic group. For
example, in the case of straight chain alkylene group (a
polymethylene group), its carbon number represents the

25 chain length.

The resin having a linking group with a chain length

of 2 is very poor in the durability as a catalyst, since



to the substitution-able group position. As an exanple of a _
sdgi tabl e ani on exchange resin to 15 be used in the present invention, an

- ani on exchange resin having a. structural unit having a quaternary
anmoni um group, represented by the following formula (1) may be

ment i oned: [err] where R is an al kyl ene group having a chain

| engt h of from3 to 10, said al kylené group may have a cyclic 25

hydr ocarbon group in its chain, or nay have an al kyl group as a

substituent, egebrfiafioh ol Ehélrésin SiLIAY @b&YAt a highovemperachker’]
al kanol group, err] is an anion, and the

- 6- benzggesibhsCamByabe SuDSéwise £dabyedin ahkyingr QURifkiAg group
hal ogen atom and may be condensed with other aromatic ring.

The chai n | engéitiofat fiea th kydwgieh goHup doesw nde pbovide & offiithefit)lyi s
from3 to 10, preferably from3 to 6. ' Such an al kyl ene group may
contain a cyclhighyconeardbon of ang@bkplémeioxiddai andoitangubability
substituted by an al kyl group. Speci fic exanpl es of such an
al kyl ene gsoupas a catalyst is also inadequate.
An anion exchange resin can be prepared usually by
polymerizing a vinyl aromatic compound (hereinafter
referred to as a precursor monomer) having a
corresponding structure with a substitution-able group
10 such as a tosyi group or a halogen atom such as chlorine,
bromine or iodine, if necessary together with other
monomer, and then intrdaucing a quaternary ammonium group
to the substitution-able group position.
As an example of a suitable anion exchange resin to
15 be used in the present invention, an anion exchange resin

having a structural unit having a quaternary ammonium

group, represented by the following formula (I) may be

mentioned:4L¢//$\
Q

* | Rx
| NiRZ
RN

where R is an alkylene group having a chain length of

(I)

from 3 to 10, said alkylene group may have a cyclic
25 hydrocarbon group in its chain, or may have an alkyl
group as a substituent, each of R to R?® is a C,_, alkyl

group or a C,_, alkanol group, X~ is an anion, and the



10 (hereinafter "n-al kyl ene group" means a strai ght chain al kyl ene

gtoup (a pol ynet hyl ene group) having a free val ence at each end, and
an al kyl group represents a met hyl group or an ethyl group) include a
n- propyl ene group, a |-al kyl-n-propyl ene group, a 2-al kyl -n-propyl ene

' 15 group, a 3-al kyl -n-propyl ene group, a n-butylene group, a

| -al kyl -n-butyl ene group, a 2-al kyl -n- bu‘tﬁ €he group, a
3-al kyl -n-butyl ene group, a 4-al kyl -n-butyl ene group, a - n-pentyl ene
group, a |-al kpenzepentingnmayr depd substituted diykwnn alkelt greowp groap, a
3-al kyl - n-pentyl ene group, a 20 4-al kyl -n-pentyl ene group, a
5- al kyl - n- pent hadpgegr akpm,aand may bex gondengeduwith btahkyh;nmhanxylene
group, a 2-al kyl - n- hexyl ene group, a 3-al kyl -n-hexyl ene group, a
4- al kyl - mingxyl ene group, a 5-al kyl - n- hexylene group, a 6- al kyl -

n- hexyl ene group, a. 2, 4-dial kyl-n-pentyl ene Qup,
di al kyl - n- hexyl ene &emﬁsla‘é‘ denghhy9f) |t h?—ﬁé‘g‘;i’l r&k’fé’ R in they apove

2|Eyﬁlglgﬁl n- ?exéPgPrﬂ 1s from 3 to E%, pre Blk %%oﬁ[gr L7I% a (err]

o E?F"'gr8L8?’pa8§;@§?'sfs'y%1§¥§§§' CHrotP By SRR 3 sxsr i bl Bag,
51 bt cratete: iy SN B
group.
Specific examples of such an élkylene group

10 (hereinafter "n-—-alkylene group" means a straight chain
alkylene group (a polymethylene group) having a free
valence at each end, and an alkyl group represents a
methyl group or an ethyl group) include a n-propylene
group, a l-alkyl-n-propylene group, a 2-alky1—n—propylene

15 droup, a 3-alkyl-n~propylene group, a n-—butylene group, a
l-alkyl-n~-butylene group, a 2-alkyl-n-butylene group, a
3-alkyl-n-butylene group, a 4-alkyl-n-butylene group, a
n-pentylene group, a l-alkyl—-n-pentylene group, a 2-
alkyl-n-pentylene group, a 3-alkyl—-n-pentylene group, a

20 ' 4-alkyl-n-pentylene group, a 5-alkyl-n-pentylene group, a
n-hexylene group, a l-alkyl-n—-henxylene group, a 2-alkyl-
n-hexylene group, a 3-alkyl-n-hexylene group, a 4-alkyl-
n-hexylene group, a 5-alkyl-n-hexylene group, a 6-alkyl-
n-hexylene group, a 2,4;dialky1-n-pentylene group, a 2,4-

25 dialkyl-n-hexylene group, a 2,5-dialkyl-n-hexylene group,
and a 3,5-dialkyl-n-hexylene group.

Each of R! to R} is a C;_, alkyl group or a C,_,



X- tepresents an anion. Specific exanples include a hydr oxyl ion and a
hal ogen i on such as a chlorine ion, a brom ne ion or an iodine ion.
Further, the benzene ring may be substituted by a CJerr] al kyl group
or a halogen 10 atom Further, it may be condensed with other aromatic
ring to forma condensed aromatic ring such as a napht hal ene ring or
an ant hracene ring. As anot her- greferred exanpl e of an anion
exchange resin, an anion exchange resin having a structural unit 15

havi ng a quat a um i€ d inclu8el |
formul a (II),S%&ghéé-ﬁgﬁgponeg?gegflb E&?E??%g th&rb&ﬁeﬁgfnuA?igogfE%err]

al kyl ene groupetBylSqobbSr &h akkylegeoup, agheppopgldgeacb,otnAiand B may
have an al kyl group as a substituent, each of R4 to R6 is a (Jerr]

al kyl group oprapy25grohg,rh aFbatgl group, X[ erbhitydpgesepysaat-butyd, and
t he benzene ring may be substituted by an al kyl group or a
hal ogen at om gpdupry ahe iebntgds gdoupt,haoRhbydargyathyl group, a 3-
& ;w ngkdroxypropyl group, and a 4-hydroxybutyl group.
X~ represents an anion. Specific examples include a
hydroxyl ion and a halogen ion such as a chlorine ion, a
bromine ion or an iodine ion. Further, the benzene ring
may be substituted by a C,;_, alkyl group or a halogen
10 atom. Further, it may be condenéed with other aromatic
ring to form a condensed aromatic ring such as a
naphthalene ring or an anthracene ring.
As another preferred example of an anion exchange
resin, an anion exchange resin having a structural unit

15 having a quaternary ammonium group, represented by the

following formula (II), may be-mentioned.

| vl (11)
_N—RS
® 208 k6

wherein A is a C;_, alkylene group, B is a C;_.g alkylene
group, and each of A and B may have an alkyl group as a
substituent, each of R? to RS is a C,.4 alkyl group or a
25 Cj.4 alkanol group, ¥~ represents an anion, and the
benzene ring may be substituted by an alkyl group or a

halogen atom and may be condensed with other aromatic



In the above formula (11), Ais a Cerr] alkylene group and Bis a
GJerr], preferably (Jerr], alkylene group. Each of such al kyl ene
groups may be substituted by an al kyl 5 group. Specific exanples of such
al kyl ene groups may be the sane as exenplified for the al kyl ene group
Rin the above formula (1) in addition to a nethyl ene group and an

et hyl ene group. Each of R4 to R6 is a C[‘ersr]‘ al kyl group or a (Jerr]
al kanol group, and specific exanples thereof nay 10 be the sane as
exenplified foringe groups RL to R3 in the above formula (1). Further,
anion Y[err] may be the sanme as exenplified for X err]. Likew se, the
benzene ring may bé&n the a@b@ﬁVﬁ@K@@lby(éﬁ)almyﬁsgﬁoﬁh prahkykem@emrgmpn1
and may be condensed with other aronatic rlng The

above- ment i one@nénPohsercRange P%%ﬁ?F#h&Nr@xAQv al Yé?ﬁ&cgﬁpép-unﬁﬁchaﬁﬁng a
guat er nary anmoni u roup is preferably a ¢ross-|inked polyner. Such a
cross-1inked sucnpé&ﬁﬂ&?“@aﬁrﬁépﬁr@BXr@8 Syb§6ﬁ6F§ﬁérP¥|ﬁ§ é1§Y t he above-

ment i oned precursor

nsat ur at e oca
ar oup- cont J ni AGoGPossFPARAERE ABABRAFS PP Such Ackylbhr,92pugs: Ma¥ ket n
other monomer gl | gyed 0Y oy enon  BSEATHEL9r8 SRLSERR" ¥ ATECR) U, SERUP

As such an unsatuara ydroca on group- con slink

oo O e 1Yo ShiSESpn, 5, KpPHARRE LS e 2
them divinyl ethy1BRBZgP8upS pESEﬁrBQdR‘ to R® is a C,_, alkyl group or
a C;_, alkanol group, and specific examples thereof may

10 Dbe the same as exemplified for the groups R! to R3 in the
above formula (I). Further, anion ¥~ may be the séme as
exemplified for X~. Likewise, the benzene ring may be

'substituted by an alkyl group or a halogen atom and may
be condensed with other aromatic ring.

15 The above-mentioned anion exchange resin having a
structuial unit having a quaternary ammonium group is
preferably a cross-linked polymer. Such a cross-linked
polymer can be prepared by copolymerizing e.g. the above-—
mentioned precursor monomer with an unsaturated

20 ' hydrocarbon group-containing crosslinkable monomer, if
necessary, together with other monomer, followed by
introducing a quaternary ammonium group.

As such an unsaturated hydrocarbon group-—containing
crosslinkable monomer, divinyl benzene, divinyl toluene,

25 divinyl naphthalene or ethylene glycol dimethacrylate
may, for example, be mentioned. Among them, divinyl

benzene is preferred.



-9-- Japanese Unexam ned Patent Publication JP-A-5-49949

di scl oses that the specific anion exchange resin containing a
structural unit having a quaternary anmoni um group, corresponding to

t he above formula (I) and a 5 structural unit derived froman unsaturated
‘hydr ocar bon gr oup- cont ai ni ng crosslinkabl e nononmer, has excel |l ent

heat resistance as an ani on exchanger u3Sefur for a process for
produci ng extra pure water. The present inventors have found that
such an anion 10 ggpshés@cunesamnihed PatehtehPubpiopeione3Pshch-dBad9when
It Is used as a catalyst for a reaction of an al kyl ene oxi de wth
an al cohol to discloses ghytothetspecificsémivwnnexchange onggivxcel | ent heat
resi stance but also high catalytic activities and position selectivity
when asynmetricentaising| kysenecoxrak wrigshaving a quaternapg ABRARHUBT

t he present invention, by enploying t he ani gn exchange resin having
the above specd¥o@m, corresperdihng ytankoni aPeye ofprmukaa(thtanys?, an

al kyl ene oxi de and_an al coho| are_reacted to orma gﬁ ol etger. 20
The al kyl efie o&#ﬁ@cE%ya%eu%htag?bhﬁf C?B?%y?%n%n%§{ﬂﬁa ed iﬁﬁﬂcﬁg Bfhyl ene
o e T B oDl A Okt Sng e AR et ¢ R ET B SEHERDES | o1
o eyari o ai AL SERFELEhGERYs AR oEIGTLFonbRgel cbipntrer 2°
process for producing extra pure water.
The present inventors have found that such an anion
10 exchange resin has excellent properties such that when it
is used as a catalyst for a reaction of an alkylene oxide
with an alcohol to produce a glycol ether, it shows not
only excellent heat resistance but also high catalytic
activities and position selectivity when asymmetrical
15 alkylene oxide is used.

In the method of the present invention, by employing
the anion exchange resin having the above specified
quaternary ammonium group, as a catalyst, an alkylene
oxide and an alcohol are reacted to form a glycol ether.

20. The alkylene oxide may be an aliphatic alkylene oxide
such as ethylene oxide or propylene oxide, or an aromatic
alkylene oxide such as styrene oxide. Particularly
preferred is ethylene oxide or propylene oxide.

The alcohol may, for example, be an aliphatic

25 monohydric alcohol such as methanol, ethanol or propanol,
an aliphatic dihydric alcohol such as ethylene glycol or

propylene glycol, or a phenol such as phenol or



an aliphatic dihydric al cohol such as ethylene glycol or propyl ene

gl ycol, or a phenol such as phenol or

- 10 - nmet hyl phenol . Particularly preferred is a (Jerr] aliphatic
nonohydri ¢ al cohol . The reaction systemmay be a batch system a
- sem batch systemor a continuous system In any system 5it is inportant
to sufficiently contact the reaction - 1l0sobstrate with the catal yst. For
~this purpose, it is i mportant to select, for exanple, a suitable

agitating me'By1henbl Ne At idtI8Mpréfer red tiadle d,|_gvalapratic

t he continuous system 10 The nmolar ratio of the alcohol to the

al kyl ene oxi de monohydr iid@aldahidli.ng material is usually within a range of
from2/1 to 10/1, preferably from3/1 to 7/1. If the proportion of the
al cohol is |ess thdhe hieaataiye,system seedie \8 thatfah systemadduct of the
al cohol and the 15 al kylene oxide tends to be |ow, or heat renoval from

t he r eact is@mibahichmsyaten r e atintfinigus systens otle@ny systemy, f
t he proportion of the al cohol exceeds the above range, a | arge anmount

of energy t®nddY dshdmpayhiandd tomsufficiantdiaqantadte i ARACTLDBn t he

product 1n the Sybseayent,, 20 MUIILCAUAN SWER: this purpolls (HR3Y O7
important to select, for example, a suitable agitating
method in the batch system, or a suitable flow rate in
the continuous system.

10 The molar ratio of the alcohol to the alkylené oxide
in the starting material is usually within a range of
from 2/1 to 10/1, preferably from 3/1 to 7/1. If the
proportion of the alcohol is less than this range,
selectivity for a 1l:1 adduct of the alcohol and the

15 alkylene oxide tends to be low, or heat removal from the
reaction system tends to be difficult. On the othef
hand, if the proportion of the alcohol exceeds the above
range, a large amount of energy tends to be required for
separating the alcohél_from the product in the subsequent

20 . purification step.

The reaction temperature is usually from 50 to 200°C,
preferably from 60 to 120°C. The reaction pressure is
usually from 1 to 50 kgf/cm?, preferably from 2 to 20
kgf/cm?. -

25 Now, practical eﬁbodiments'of the present invention
will be specificaily described with reference to

Examples. However, it should be understood that the



preferably from60 to 120[err]C. The reaction pressure is usual ly from
1 to 50 kgf/cnferr], preferably from2 to 20 kgf/cnferr]. 25

Now, practical enbodi nents of the present invention will be
specifically described with reference to Exanpl es. However, it should

- be understood that the present invention is by no neans
“restricted by such speci fic Exanplesyy Further in the Tables, "E ",
"C3" -or the like represent "Exanple 1", "Conparative Exanple 3"

or the I|ike, resgective E{? n, ani on, exchange

ly. ..5 LE 1 '
resin (hereinaPf FEPEféP¥88t1°n g§¥5n°RFE§TS)rgﬁhgiagﬁagbﬁ SEFBct ur al
it havi . t ' : d,hy.th | [ owi
formi'a (6) anGPEcittBcEUPRPLGRTt BUFLDSE $RohEnTangebs B lrated” oF"
hydr ocar bon gr gyp- g?ﬁ&ak@ﬁ?gsghﬂs5%&9%@?&61" "CBREQP%E&.V@SEQaﬁ?ial yst,
propyl ene oxi de and net hanol "were réact &d to produce propyfene glycol

mononet hyl ethgk. ¢the 11Eggtgggpegggvgﬁgperties of RIE-1 are shown in Table
1. 15 '

5 EXAMPLE 1

Using an anion exchange resin (hereinafter referred
to as "RIE-1") comprising a structural unit having a
quaternary ammonium group, represented by the following
formula (6) and a structural unit derived from an

10 unsaturated hydrocarbon group-containing crosslinkable

monomer, as a catalyst, propylene oxide and methanol were
reacted to produce propylene glycol monomethyl ether.

Further, the properties of RIE-1 are shown in Table 1.

15
Me |
s
* Mo OH (6)
“o(cH,) N te
Me
20 100 cc of RIE-1 was packed in a tubular packed bed

reactor, and a mixed solution of methanol and propylene
oxide (molar ratio: 5/1) was passed therethrough under.a
pressure of 3.0 kgf/cm? at a temperature of 82°C so that
the residence time (sﬁperficial velocity base) at the

25 catalyst layer would be one hﬁur. The effluent was
analyzed by gas chromatography, whereby the conversion of

propylene oxide was 99%, and the proportion of the 1:1



[err]. 20 100 cc of RIE-1 was packed in a tubul ar packed bed

teactor, and a m xed solution of nethanol and propyl ene - oxi de (ol ar
ratio: 5/1) was passed therethrough under a pressure of 3.0 kgf/cnR at
a tenperature of 82[err]C so that the residence tinme (superficial
velocity base) at the 25 catalyst |ayer would be one hour. The effl uent
was anal yzed by gas chromat ogr aphy,1hereby the conversion of

propyl ene oxi de was 99% and the proportion of the 1:1

- 12 - a o] | | Bnt
9896(95@6thergggﬁéﬁséfE@E?ggﬁ#%ggggggggﬁ&?ggéoé¥ggfngy?ﬁepbgggggfgggﬁol).

Upon expiratigg%o 999erHBRESE &EE eRbat¥titnal adBLEPeLlgS1WRe@hoxy-
mai nt ai ned, and there was no substanti al 5 change in the conversion and

sel ectivity. Ehﬁr6ﬂ3h8159?|n?pn ex?iyaﬁieﬁ bheonbf hoabh,uphe expalgtien of
one day and upon expiration of one month are shown in Table 2-1, and
the water conheppeaeshwerenmaxabangedcapadi theoé whe no subskantéathange
resin (RIE-1) upon expiration of one nmonth 10 are also shown in Table 1.
EXAVPLE 25 changeTha thactbomerasonaandededectimiey.t hBheampalytical
conditions as in Exanple 1 except that the catal yst was
values of the effluent upon expiration of one day and
upon expiration of one month are shown in Table 2-1, and
the water content and the ion exchange capacity of the
anion exchange resin (RIE-1) upon expiration of one month
10 are also shown in Table 1.
EXAMPLE 2
The reaction was carried out under the same
conditions as in Example 1 ekcept that the catalyst was
changed to an anion exchange resin (hereinafter referred
15 to as "RIE-2") comprising a structural unit having a
quaternary ammonium group, represented by the following
formula (7) and a structural unit derived from an

unsaturated hydrocarbon group-containing crosslinkable

monomer. The properties of RIE-2 are shown in Table 1.

20
\
ﬁe : . (7)
{0
~N-He

By the gas chromatography analysis of the effluent

immediately after initiation of the reaction, the



changed to an ani on exchange resin (hereinafter referred 15 to as

"RIE-2") conprising a structural unit having a quat ernary anmmoni um
group, represented by the foll ow ng formula (7) and a structural unit
derived from an unsat ur at ed hydrocarbon group-contai ni ng crosslinkable
nononer. The properties of RIE-2 are shown in Table 1. 20 . [err]

- By the gas chromat ography anal ysis of thd3ff| uent I edi ately after

~initiation of the reaction, the - 13 -
conversi on of £1\5n () t or 1:1
adduct of net h%\rgfyand p(ch()fpSﬁ%ne %%%eo?{\@? h‘{;ags &P pér%&trj%ttlev\p/ago 8%/1%%8“5%

thereof was 1-dettiaVr 2 PEODIO!dEf methandPOAhE P SFYidHe BxDde ®NEKe the
catal ytic properties 5 were nmaintained, and no substantial change was

observed prddude wHNVEZ i pgsamhéxeé@@twa/s t Y-mdtieoapad Vi SpdndE) Les
of the effluent upon expiration of one day and upon expiration of one

nmont h are showpom ebghi mat’idn aficbridanonth, tied eratcalyteid prwbdétieieon
exchange capacity of the ion
5 were maintained, and no substantial change was observed
in the conversion and selectivity. The analytical values
of the effluent upon expiration of one day and upon
expiration of one month are shown in Table 2-1, and the
water content and the ion exchange capacity of the ion
10 exchange resin (RIE-2) upon expiration of one month are
shown in Table 1.
EXAMPLE 3
The reaction was carried out under the same
conditions as in Example 1 except that the catalyst was
15 changed to an anion exchange resin (RIE-3) comprising a
structural unit having a quaternary ammonium group,
represented by the following formula (8) and a structural
unit derived from an unsaturated hydrocarbon group-

containing crosslinkable monomer. The properties of RIE-

20 3 are shown in Table 1.

,Me

00yt TOH
25 cH,” T (cH) TN Me
Me

(8)



10 exchange resin (R E-2) upon expiration of one nonth are shown in
Tabl e 1. EXAMPLE 3 The reaction was carried out under the
same . conditions as in Exanple 1 except that the catalyst was 15
changed to an ani on exchange resin (RIE-3) conprising a structural
unit having a quaternary ammoni um group, represented by the foll ow ng
formula (8) and a structural unit detfved from an unsat urat ed

hydr ocar bon group- cont ai ni ng crosslinkabl e nononmer. The properties of
RIE- 20 3 are shaynthe Gakl ehtomatography [a@allysis of the effluent

- 14 - By the gas chromat ography anal ysis of the effluent

i medi ately af immednatedyi afitetr tihétie&dononf the reactdonvekbieon of

propyl ene oxide was 97% and the proportion of the 1:1 adduct of

met hanol and pcgpyeeﬁeooxpéepmpwﬁéne sxpdedwes A% 98%i( $b% prepestiaas

1- met hoxy- 2- proganol pon expiration of one nonth, the catalytic
properties wehe ﬁﬁﬂnﬁéﬂﬁé& °§nﬂeﬁba§GBs?&ﬁtPﬁPPEﬁ8ﬁ§e°%é§905§e¥9§d

5 product was 98% (95% thereof was l-methoxy-2-propanol).
Upon expiration of one month, the catalytic properties
were maintained, and no substantial change was observed
in the conversion and selectivity. The analytical values
of the effluent upon expiration of one day and upon

10 expiration of one month are shown in Table 2-1, and the
water content and the ion exchange capacity of the ion
exchange resin (RIE-3) upon expiration of one month are
shown in Table 1.

EXAMPLE 4

15 Using the same anion exchange resin RIE-1 as used in
Example 1, as a catalyst, ethylene oxide and butanol were
reacted to obtain ethylene glycol monobutyl ether.

100 cc of RIE-1l was packed in a tubular packed bed
reactor, and a mixed liquid of butanol and ethylene oxide

20 ' (molar ratio: 2.6/1) was passed therethrough under a
pressure of 15.0 kgf/cm2 at a temperature of 80°C so that
the residence time (superficial velocity baée) at the
catalyst layer would be 30 minutes. The effluent was
analyzed by gas chromatbgraphy, whereby the conversion of

25 ethylene oxide was 99%, and the proportion of the 1l:l
.adduct of butanol and ethylene oxide in the effluent was

72%. Upon expiration of one month, the catalytic



in the conversion and selectivity. The anal ytical val ues of the
ef.fl uent upon expiration of one day and upon 10 expiration of one nonth

are shown in Table 2-1, and the wat er content and the ion exchange
capacity of the ion exchange resin (RIE-3) upon expiration of one

nonth are shown in Table 1. EXAMPLE 4 15 Usi ng the sane
ani on .exchange resin RIE-1 as used in - 15Exanple 1, as a catalyst,

et hyl ene oxi de and butanol were reacted to obtain ethylene glycol

nonobut'yl et heg i maiftathEal ¥Ra RBCKEBstAntikibEhahgBagked
bed reactgf?perglgsnrégg I?au?g of but anol ang gth?léne oxidg 20

(molar ratio: @p8kivedasnPenscdohbeESLiBROHAA YHHEEeRectiviByessyhe Of 15.0
kgf/cnm2 at a tenperature of 80[err]C so that t he residence tine

(superficial vghatytych@sehalaestBE the effilabyst upoyecexphvhdiba 36 ohautes.
The effluent was anal yzed by gas chromat ogr aphy, whereby the
conversi on of dap amdhypencerpidation 89%nanmohhk arepshowoniof Tabéel: 1
-adduct of butanol and ethylene oxide in the effluent was 72% Upon
expirationsof 2n2,nandhthehwataratgontent and the ion exchange capacity

- 15 - properties were naintained, and no substantial change was
observed in thefcbhgetononxghangferselBcRiBriyupgneexpirafpanyPfcaneval ues

of the effl uent qun expiration of one_
month are also shown in Table 1.

COMPARATIVE EXAMPLE 1
The reaction was carried out under the the same

10 conditions as in Example 1 except that the catalyst was
changed to a commercially available anion exchange resin
(Diaion SA-10A, tradenéme, manufactured by Mitsubishi
Chemical Corporation). The above "SA-10A" is an anion
exchange resin having a structural unit having a

15 Gquaternary ammonium group, represented by the following

formula (9).

| ) Je (9)
20 | N-he OH
CH, ﬁ%e
The difference in the structure between "SA-10A" and
the ion exchange resin (RIE-1) used in Example 1 was that
the chain length (carbon number) of the alkylene group
25 bgtween the benzene ring and the nitrogen atom, is 4 in

RIE-1, whereas the chain length is 1 in "SA-10A".

General properties of "SA-10A" are shown in Table 1.



day and upon expiration of one nonth are shown in Table 5 2-2, and the

wat er content and the ion exchange capacity of the ion exchange resin
RI E-1 upon expiration of one nonth are al so shown in Table 1.
COMPARATI VE EXAMPLE 1 The reaction was carried out under the the
same 10 conditions as in Exanple 1 except that the catal yst was

changed to a commercially avail abl e ani on I&change resin (Diai on

SA-| 0OA, tradenanme, manufactured by M tsubi shi Chem cal Corporation).

The above "SA-10A" B§ 8Heaga8Nchromat¥gbappg &4R8S1PsbavopgtRestEBTuEnal unit
having a 15 quaternary anmoni um group, represented by the foll ow ng
formula (9). immediatelylafter inifhstilohfef ctite reattibost rtieéure between
"SA-1 0A" and the ion exchange resin (RIE-1) used in Exanple 1 was that
“the chai n | engt¢todversbon nefitproppiendeconidg|eas 95dupan@sthdcpreport hen
benzene ring and the nitrogen atom is 4 in RI E-1, whereas the chain
length is 1 in oSahea:1l adduckret anephaneltaed propwlen®/oxide Lmothein

Tabl e 1.
5 product was 98% (94% thereof was l-methoxy-2-propanol).

Upon expiration of two weeks after initiation of the
reaction, the conversion decreased to 60%.
The analytical values of the effluent upon expiration
of one day and upon expiration of two weeks are shown in
10 Table 2-1, and the water content and the ion exchange
capacity‘of the anion exchange resin (SA-10A) upon
expiration of two weeks are shown in Table 1.
COMPARATIVE EXAMPLE 2
The reaction was carried out under the the same
15 conditions as in Example 1 except that the catalyst was
changed to a commercially available anion exchange resin
(Diaion WA-10, tradename, manufactured by Mitsubishi
Chemical Corporation). The above "WA-10" is an anion
exchange resin having a structural unit having a tertiary
20. amino group i.e. not a quaternary ammonium group. The
general properties of "WA-10" are shown in Table 1.

By the gas chromatography analysis of the effluent
immediately after initiation of the reaction, the
conversion of propylene oxide was 90%, and the proportion

25 ©of the 1:1 adduct of methanol and propylene oxide in the
‘product was 95% (94% thereof was l-methoxy-2-propanol).

Upon expiration of two weeks after initiation of the



- 16 - By the gas chromat ography anal ysis of the effl uent

| mredi ately after initiation of the reaction, the conver si on of

propyl ene oxi de was 95% and the proportion of the 1:1 adduct of

met hanol and propylene oxide in the 5 product was 98% (94% t her eof was
1- met hoxy- 2- pr opanol ). Upon expiration_of two weeks after . initiation
of the reaction, the conversion decTehded to 60% The

anal ytical values of the effluent upon expiration of one day and upon
expiration of tweackdbn,atheskonvrersiohldetzkehsed- to §04.t he water content
and the ion exchange capacity of the anion exchange resin (SA-10A)
upon expi rati ofhef anad wdead wadusisowf itheTaififduent uponCeMpARATL¢H
EXAMPLE 2 The reaction was carried out under the the same 15
condi tions as i AEERBApARay1asdcupent BxPirAsieat afyswowsseks arghghgea 68 a
commercially avai] abl e ani on exchange resin (Di ai on WA- 10,  tradenane,
manuf act ured byTRPL€uBIdmi and thEh@ﬁF§§ICGBFBBFaFPQnFheTHQnaBBFBaﬂﬂﬁ 10" is
an ani on exchan uctural ynit _Xogg a tertlary 20

anmino group 3 . ecaﬁﬁFggY ztépﬁagbqgﬁnﬁﬁF ArgRoGESINTHHEA RBr al

properties of " gas

chr omat ogr aphy %@EF% §°ﬁ gghggngFgg%tgre Shoﬂﬁe&PaF8¥§Ea fer initiation
of the reactlon C oR of propyl ene oxide was 90% and the
proportion CO??ﬁﬁAT{V% Egéﬁg?bo? met hanol and propyl ene oxide in the

product was 9596(94%%%“?@%%%1@%5wés”%h&@&&dzbﬂEOEﬁ“Qhk the sakgon
expiration of two weeks after initiation of th
conditions as in Example 1 except that the catalyst was
10 changed to a sodium hydroxide. The concentration of the
catalyst was 100 ppm, and the reaction temperature was |
lo00°cC. )
By the gas chromatography analysis of the effluent
immediately after initiation of the reaction, the
15 conversion of propylene oxide was 99%, and the proportion
of the 1l:1 adduct of methanol and propylene oxide in the
product was 93% (91% thereof was l-methoxy-2-propanol).
The analytical values of the effluent at the initial
stage are shown in Table 2-1.
20' COMPARATIVE EXAMPLE 4
The reaction of ethylene oxide with butanol was
carried out under the same reaction conditions-as in
Example 4 except that the catalyst was changed to the
same commercially available ion exchange resin (Diaion
25 SA-10A, tradename, manufactured by Mitsubishi Chemical

Corporation) as used in Comparative Example 1.

By the gas chromatography analysis of the effluent



- 17 - reaction, the conversion decreased to 59% The

anal ytical values of the effluent upon expiration of one day and upon
expiration of two weeks are shown in Tabl e 2-1;, and the water content
and the ion exchange 5 capacity of the anion exchange resin (WA-10) upon
expiration of two weeks are shown in Table 1. COMPARATI VE EXAMPLE 3
The reaction was carried out in the the 3~ conditions as in Exanple
1 except that the catalyst was 10 changed to a sodi um hydroxi de. The
concentration Dimédtately afbénl ynltiatidflofphheanedachioneatheon
tenperature was 100[err] C. By the gas chromat ography

anal ysis of theomvérsibon of ethyhenei axifle wasecP6%ni &andttha propapgtion
reaction, the 15 conversion of propyl ene oxide was 99% and the
progortion of othehk:1: addugticef opukanphnandafhpiepg| exddexyag 7hdt he

"~ product was 93% (91% t hereof was 1-nethoxy-2-propanol),. .. _Th al ytical
val ues of the @PPRueKPigatipar Phj Ehiee weZkgtgag éréniﬁbﬁﬁl?ﬂ ?gbggezyl.

20 COVPARATI VE EXAMPLE 4

20, (SONPATATI VL SOMELE e comuersTHS S5AEeR8R Focb N, ST BrgrL s, (1
Exanpl e 4 excegﬁaigeicéfevgfﬁggyak YR ggﬁfgggttQPBHeexpiration of one
day and upon expiration of three weeks are shown in Table
2-2, and the water content and the ion exchange capacity
of the ion exchange resin SA-10A uponsexpiration of three
10 weeks are shown in Table 1.
COMPARATIVE EXAMPLE 5
The reaction in Example 4 was carried out by changing
the catalyst to sodium hydroxide. The concentration of
the catalyst was 100 ppm, and the reaction temperature
15 was 100°C, and other conditions were the same as in
Example 4. l
By the gas chromatography analysis of the effluent
immediately after initiation of the reaction, the
conversion of ethylene oxide was 99%, and the proportion
20 . of the 1:1 adduct of butanol and ethylene oxide in the
effluent was 61%. The analytical values of the initial
components are shown in Table 2-2.
A summary of these test results is shown in Taﬁle 3.
As is apparent from this table, when the method of the
.25 present invention is used, the durability of the catalyst
will be improved, and it is pbssible to produce a glycol

ether having a terminal adduct structure having a high



same commercially avail abl e i on exchange resin (Diaion 25 SA-10A,
tradenanme, manufactured by M tsubishi Chem cal Corporation) as used in
Conpar ati ve Exanple 1. By the gas chronmat ography anal ysis of the
ef fl uent - 18 - i mredi ately
after initiation of the reaction, the conversion of ethyl ene oxide
was 96% and the proportion of the 191 -adduct of butanol and et hyl ene
oxi de was 71% Upon expiration of three weeks after initiation of the
S reaction, them@MIidIoNAd@ eased g stl%ctifaty and andntHigH val ues of
the effluent upon expiration of one day and upon expiration of three
weeks are showgatall®t activitiesl, FuttHexr Wdoamatdurerdf ae thye- i on
exchange capacity of the ion exchange resin SA-10A upon expiration of
three 10 weekpradacthdwihe rinksirinall adduct) CAWARAEuUEDHEsEdd E whereby

The reaction in Exanple 4 was carried out by changing the catalyst to
sodi um hydr oxi @@.St'r;%rcmwé;ﬁmm off the pnofmatatcan fe wedueddppm and
the reaction tenperature 15 was 100[err]C, and other conditions were the
same as in Exampl e 4. By the gas chromat ography anal ysis of
the effl uent i mredi ately after initiation of the reaction, the
conversion of ethylene oxide was 99% and the proportion



20 of the 1:1 adduct of butanol and et hyl ene oxide in the ef fl uent

was 61% The analytical values of the initial conponents are shown in
Tabl e 2-2. A summary of these test results is shown in Table 3.
As is apparent fromthis table, when the nethod of the 25 present

I nvention is used, the durability of the catalyst will be inproved,
and it is possible to produce a glycol = 20 —ether having a term nal adduct
structure having a high - 19 -

comrerci al value at high selectivity and with high catalyst activities.
Further, formation of tdmeby- propducies(bhdohnixehade aekhmct) can be

suppr e{SEUWTETEDy— COSE T Or pugrttTartgm o The proguct camn be Teducea.
- 20 - Ta%le 1 Prope¥tipdés off i on eE&emmnge resir
Initial Afterf use  {pirticle PRTTT T
Resi n |R¥ekt | Teehal fhaiphyBivsdral | sigze |WaLker | IE | E water | IE
|E No| No.Nb.No. |Peggth| netuee ¥ it- | Supeegi |- apaci-
: Np. < e} (mm)S| {EontenCIFRPEHL| HapResi | pFap
conten] capagi - (%) ty |Jof days] ., ty
' (eq/e) (eq/€)
RIE-1 | El 8 Petiee | 0.4-0.8 | s1.1 | 1.26 | 30 | s3.8 | 1.09
RIE-2 | E2 3 |oaidres | 0.4-0.8 | s0.3 | 131 | 30 [ s2.1 | 1.10
RIE-3 | E3 6 |pareities '] 0-4-1.0 | so.9 | 1.02 [ 30 | s52.9 | 0.74
Pale yellow
RIE-1 | E4 ¢ Partiiies ] 0.4-0.8 | 511 | 1.2 30 54.5 | 1.04
Pale yellow
sa-10a| c1 1 |oareisies | 0-4-0.6 | 46.8 | 1.32 | 14 50.3 | 0.91
WA~10
o | c2 - el 0.3<0.6 | 65.5 | 1.24 | 14 | 67.7 | o0.82
type)
sa-10a| c4 1 foertiitee | 0.4-0.6 | 46.8 | 1.32 | 21 | so.s | o.99

Notes: IE capacity: Equivalent of ion exchangeable per unit volume of ion-
exchange resin



of days

E3

ty (9 ty _
(eqg/[err]) (eqg/f[err]) RIE-1 El 4 particles
0.4-0.8 51.1 1.26 30 53.8 1.09 Rl E- 2 E2 3
particleés 0.4-0.8 50. 3 1.31 30 52.1 1.10 Rl E- 3
6 Pale yellow 0.4-1.0 50.9 1. 02. 30 52.9 0.74
Rl E-3 E3 6 particles R E-1 E4- 21 -4 Pale yellow 0.4-0.8
51.1 1.26 30 54.5 1.04 particles
SA-10A d 1 Pal e yebbiaw2-1 Reaét (orbresul4b. 8 1.32 14
0.91 | partrcres  WA-10  (AmM Nno CZ Pat
yell ow |0.3-9.6 69. Qumberl]24 compositdon of effluént (w82 |grqup | Sedegcti-
particl ¢gest o0 adpd |5 na = 1 94 typel conby-lOALY foF
1 Pal ¢ wel Qﬂhalnsté 0.£6¢ 46. 8 1 ) 50. 5 siod. qgerminal
particl ¢s Nofes: | H eanach]yaoEfarem Eﬁf“"&‘r o] ﬁ”’ S ddf\‘@‘ gbl g per| @hfget
vol ume ¢f i op- ekcHetigel rEe1H (sadit¥on (%)
- 21 - rapre_2z-1 Reagt i on rjesurts
Nurber Conposi fi on of  ¢f PP upMeoK ju of™ MIP A DPMod) ecti- | Test
-of days| e1 | rie-gOfjveri Vitg.of peo.INp. 37GAt pl ysb o8 99 93
sion ferm pal ddduct adduct
additi oh (K//’ (% 30 0.2 |59.2| 37.8 2.0 PD 0.8QH 99 PY 93
2MLP = Rl E-1 .2 59. 1 37. 9 4.0
0.8 é);) RIE=D d3 y 0.4 {sd.3| 373 3b 24 0 20.355_ 598 31 g 93
2.0 0.8 99 30 ABs |seE2 ]| 3RE-P 2.0 |lo.s 094 |59.88
37.5 2.p . 8 98 93 30 0.5
59.2  B7E3 | RIE"3, 1 o|&@-7 |59dg 37-1 |9%.0 [E30-8 pESF 93
0.7 5p.4 37.1 #0 | o7 PsSa| 3787 | 2.0 P30.s 97 93
Cl | sa-loa 1 1.3 | 59.6 | 36.0 2.2 0.8 95 92
14 10.6 | 64.8 | 22.4 1.4 0.8 60 92
cz | wa-lo 1 2.6 | 60.6 33.0 2.0 1.8 90 89
14 10.9 [ 65.2 | 20.7 1.3 2.0 59 89
c3 NaOH 1 0.2 | 59.4] 34.4 3.3 2.7 99 85
Notes: AQ: Alkylene oxide, PO: Propylene oxide, MeOH: Methanol, PM: l-Methoxy-

2-propanol, 2M1P: 2-Methoxy-l-propanol, DPM: Dipropylene glycol

monomethyl ether

50. 3
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89 c3 NaOH
85 Notes: AC

e%rJQLs PM 1- Met hoxy-

O Propyl e t
Q51 1 Naggﬁm

2- pr Opc nn\ll ang gl yhf\l L
rmnorret hyl ¢t her Selecti®
Table 3-2 React iJoMlupkesy | s Composition of effluﬁf't tad CoPPosf ¢itgness
ef f 1 uerf "t ata1yst of days Sel (Tct -] Test _ o1 daySomVer~ baurwesal
vity ¥ No. CathF.ys o W %"OH 1 mol 2 mol 3 mol sion adduct
term ndl reaction |EAEFEROR| A roladdit fonfeBditio|additiceilon'®)  |ddunt
addi ti g it dei-ti-on4—(9% £9 jEO
BuOH | EB DHB ‘EBo |BE#E| ®BE-] opEB 1| TEB 0)2 57.F 30.9
9.8 2.0 g9 72 ' 30 0.2 57. 30.5
9.8 BioJoRIE-1 d9 |72 |58 dR:A04 %8 1 2007 %%Bs.p 729.4
9.9 2.9 96 30 701.2 57.4 | 30.5 9.821} 2.03. ¢ §&2. 724. Q
8.6 1.6 q0 05} NaOH -1 0. 59. 24. 4
10. 4 €5 psa-loadg 1 NGBelks| A9-3 AllkyPethe bxid€, [EO 9&t hyl eidb
oxi de, {BuOH} Butandl, EB: I[thyl ¢ gl ygol npnabut yl erf,
D et hyllene ¢l ycol rnno%ut yﬁE %%&h'r@?.z 24'.0 'EB% %’ bt ﬁ"y:éen %@ DI;E;
nonobuflyks e] hawmor 1 0.2 | 59.8] 24.4 10.4 5.2 99 61
Notes: AO: Alkylene oxide, EO: Ethylene oxide, BuOH: Butanol, EB: Ethylene

giycol moncbutyl ether,

TEB: Triethylene glycol

DEB: Diethylene glycol monobutyl ether,

monobutyl ether



- 23 - Table 3 Summary of test results

Catal yst durability : Initial activities (%
(Remaining ratio, % Test Cat al yst Chai n No. Cat al yst | engt h

Selectivity AO for AO
| E conversion t erm nal conver si on
capacity =23 - adduct El
R E-1 4 99 93 100 87 E2
R E-2 3 08 Table 3 @8mmary of tes (Q@sults 84 E3
Rl E-3 o 9/ 95 100 13 B4
R E-1 4 99 72 100 3 .
SA- 10A 1 95 1g2ial activitig8 (s) &a:::fn%gg"‘faa:;&%
WA- 10 -- 90 89 66 66 C3
-NaOH Test Chain 85 - S 4
SA- 10A . catal"%g length | 71 SelectBity 75 5
NaCH _ 99 61lpo* Cat Al st durlabi lgat y: |Dat ggupof]
expiratiop of tige/initia dat ax.&g(,gzgsigg egbiMnkY f|REndettidd|aladdLry:
Selectivijy for 1} nol adai tion if adduct
Exanpl e 4 parative Fxanpl gs 4
and 5 El RIE-1 4 99 93 100 87

E2 RIE-2 3 98 93 100 84

E3 RIE-3 6 97 93 - 100 73

E4 | RIE-1 4 99 72 100 83

c1 SA-10A 1 95 92 63 69

c2 WA-10 - 90 - 89 66 66

c3 NaOH - 99 85 ——— e

c4 SA-10A 1 96 71 83 75

cs NaOH - 99 61 -— —-—-

* Catalyst durability:Data upon expiration of time/initial dataX100(%)

Selectivity for terminal adduct: Selectivity for 1 mol addition in
Example 4 and Comparative Examples 4
and 5



WHAT |'S CLAI MED I S: 1. A method for producing a glycol ether, which
conpri ses reacting an al kyl ene oxide with an al cohol in t he presence
of a catalyst, wherein the catalyst is an 5 ani on exchaﬁgé‘?@§TﬁTN37§T

conpri ses, as the substrate, a pol ymer of a vinyl | ‘ F
and which has a structure such that a quaternary- a‘miml‘ﬂmmnﬂm

' bonded to the aromatic group via & RRdnking group having & chaih *
|l ength of at least 3. 10 2. The nethod for producing a glycol ether

according to Caim1l, whereiggiper&addidpgp if5AN ani on exchange resin
having a structural unit having m group,

represented by the hldhed T YrBdrillg 'a glykdl ether [ &Hich 20 wherein R
i s an al kyl ene group having a chain | ength o from3 to 10, said

al kyl ene gr oupomy igeRt iedct iG)ClainC alkylehtdioXq@ed et @UP dliedHdl dhei n and
may have an al ky group as a substituent, each of Rerr] to R3is a

Cerr] alkyl the pgesencer of G eathlylskanehegedwp thé datadysaniien.amnd the
25 benzene ring may have an al kyl group or a hal ogen atom as a
substituend andioay erehangeeresd nwwhicht lcomparicest,i @as the substrate, a
polymer of a vinyl aromatic compound and which has a
structure such that a quaternary ammonium group is bonded
to the aromatic group via a linking group having a chain
length of at least 3.
10 2. The method for producing a Qlycol ether according to
Claim 1, wherein the catalyst is an anion exchange resin

having a structural unit having a quaternary ammonium

group, represented by the following formula (I):
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20 wherein R is an alkylene group having a chain length of
from 3 to 10, said alkylene group may contain a cyclic
hydrocarbon group in its chain and may have an alkyl
group as a substituent, each of R! to R3 is a C;_, alkyl
group or a C,_, alkanol group, X~ is an anion, and the

25 benzene ring may have an.alkyl group or a halogen atom as
a substituent and may be condensed with other aromatic

ring.



ringf - 25- 3. The nethod for

produci ng a gl ycol ether according to Claiml, wherein the catal yst
i's an anion exchange resin having a structural unit having a

quat ernary anmoni um group, represented by the (rn):
5 wherein A is an al kyl ene group haﬂlﬂ"ﬂmmmﬂﬂ th of
_fron11 to 4, Bis an al kylene group havikng@sa-chain | engtch t rom1lto
8, each of A and B may have an al kyl group 15 as a substltuent each of R4
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ani on, and the benzene é% ave an group or n atom
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20 4. The method for produci ng a glycol” ether according to Claim1,

wherein the cahalwisly iaS stitvturalexalian¢avieR] i quaternary ammonium

group, represented by the following formula (IX):
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wherein A is an alkyleﬂe group having a chain length of
from 1 to 4, B is an alkylene group having a chain length
of from 1 to 8, each of A and B may have an alkyl group

15 as a substituent, each of R? to R® is a C;_, alkyl group
or a C;_, alkanol group, ¥~ is an anion, and the benzene
ring may have an alkyl group or a halogen atom as a
substituent and may be condensed with other aromatic

. ring.

20 4. The method for producing a glycol ether according to
Claim 1, wherein the'catalyst is an anion exchange resin
having a structural unit having a quaternary ammonium
group and a structural unit derived from an unsaturated
hydrocarbon group-containing crosslinkable monomer.

25 5. The method for producing a glycol ether according to
Claim 1, wherein the alkylene oxide is ethylene oxide or

propylene oxide.



havihg a structural unit having a quaternary ammoni um ___group—and—a

structural unit derived froman unsaturated hydr ocar bon

gr oup- cont ai ni ng crosslinkable nmonomer. 25 5. The HM\Q“\H\!“M“\ ng a
gl ycol ‘ether according to Claim1, wherein the allk SRy sl S«

et hyl ene oxi de or propyl ene oxi de. ,

- 26 - 6. The nethod for producing‘azélycol et her according to
Claim 1, wherein the alcohol is a (Jerr] aliphatic nonohydri ¢ al cohol .
7. The net hod §.0r THednetined af ot yprddwd iy aogbycbhoetiter taddaudidg to
wherein the nolar ratio of the al cohol to the al kyl ene oxide is within
a range of fro@l¥imtlo Miereirmehe alkaaixil drs taerfhegaaliiphasitrom 50 to
200[err] C, and the reaction pressure is from1l to 50 kgf/cnferr].

monohydric alcochol.

7. The method for producing a glycol ether according to
5 Claim 1, wherein the molar ratio of the alcohol to the

alkylene oxide is within a range of from 2/1 to 10/1, the

reaction temperature is from 50 to 200°C, and the

reaction pressure is from 1 to 50 kgf/cmZ.



