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SF-1337 1 DESCRI PTI ON Process for Produci ng Bi spheno
? S) 55 NI CAL FI ELD The present invention relates to a
gt& t conprising a cation-exchange resin with a
pol ystyrene pol yner skel eton. ' The present invention
also relates to a process for produci ng bi sphenol A.
More specifically, the invention 10 relates to a
process for produci ng bisphenol A by reacting acetone
wi'th phenol in the presence of a cation-exchange
resin catalyst. BACKGRORBSARIFISOBi sphenol A
[ 2, 2- bi s(4-hydroxyphenyl) propane] is usually produced
by reacting phenol with acetone in the presence of a
honobgeneous acid or a solid acid catalyst. The
reaction m xt gieckBs| Bdespupagached pagghensl Hnreact ed
phenol , water and ot her by-products forned by the
reaction, 20 in addition to bisphenol. A The nain
conmponent of the by- products is

CREPUPER EFRERLY ol o (o ol ovp BPA) . and i

addition, it incJudes trisphenol, a polypheno

conpdﬂﬁ%3p%¢%%?5n%mv%%ﬁﬁﬁh HeE L 6Por k8 ?n%%?@%Y%% EHeprising
the |ike. SF-1337 Exanples of a honogeneous acid to be
asedtignaexehpapgsresincvibe AyBPIGHI wﬁﬁ@eaépaymer skeleton.
sul furic acid and the

The present invention alsoc relates to a process for

producing bisphenol A. More specifically, the invention -
relates to a process for producing bisphencl A by reacting
acetone with phenol in the presencé of a cation-exchange

resin catalyst.

BACKGROUND ART

Bisphenol A [2,2-bis (4-hydroxyphenyl)propane] is
usually produced by reacting phénol with ace£one in the
presence of a homogeneous acid or a solid acid catalyst.
The reaction mixture includes unreacted acetone; unreacted
phenol, water and other by-products formed by the reaction,
in addition to bisphencl A. The main component of the by-
products 1is 2—(2—hydroxyphenyl)—2;(4~hydroxyphenyl)propane
(hereinafter, referred to as o,p'-BPRA), and in addition, it
includes trisphenol, a polyphenol compound, a chroman

compound, colored impurities and the like.
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like. In the case where the honogeneous acid is used,
since it is possible to proceed the reaction while
gilecipit ati ng crystals of an adduct of phenol with

bi sphenol A by reacting them & | ower tenperatures,

bi sphenol A can be produced with a high conversion of
acetone and a high selectivity by decreasing the
amount of the by-produced o, p'-BPA as an isoner

t hereof . However, 10 the catal yst of the honbgeneous
aci d spehpasshydr achbpbyenecagkdategutbebeanpeacessaf or
renmoving the catalyst froma reaction mxture or for

neptIaldzi nt c_tllih%ecgnty%ir%%lhlo%rl% tLhysy, %%qmr@gaifcqt@hgnd the

beconmes conpli cat ed.” Honobgeneous di ssol ution

ci.d in_the.reaction.solution.further causes

sl i SRt sy aPan e O PREa P Ced o dfe Useds
reaction. . Therefore, the reactjon apparatus shaquld
u%lélc'é%(plénéisv@oéﬁ&bléhttio- EFACESY ENRatrERACHIOD tHhdd e
bei ng uneconom cal. As a solid acid catal yst, a
Prgomidaading cype tedts @f aaxeldlaivgd odsipdreng lysdahl y
used. The reaction for producing 20 bisphenol A

dsispidaralll B pyoceadsion yhent lataid caeird teat@ nastirelsyt
if such a solid acid catalyst is used, the process in.

Wiisgheaeat aneadi bugpes diiem Wensur hags ebnikesion of

catalyst particles to an active site on the catal yst

éﬂgﬁg %%ﬁ’E_%%%;t%%ie%@%vﬁ%ﬁé%hﬁ@e%?%%s?% Qe zﬁﬂﬁat oL

[
there-1s a S gener al use I mprovin
t.he

he. SRLabyLe Aot WUkednd Lhe SEhect ALY Hovever,
the catalyst of the homogenecus acid such as hydrochloric
acid'requires a process for'removing the catalyst from a
feaction mixture or for neutralizing the catalyst, and thus
the operation becomes complicated. Homogeneous dissolution
of the acid in the reaction solution further causes
corrosion of an apparatus ér the like used in the reacfion.
Therefore, the reaction apparatus should use expensive and

anti-corrosive materials, thus being uneconomical.

BLs a solid acid catalyst, a sulfonic acid-type cation—

exchange resin is usually used. The reaction for producing

bisphenol A essentially proceeds only with an acid catalyst,
but if such a sclid acid catalyst is used, the process in
which aceﬁone diffuses from the surface of the catalyst
parficles to an active site on the catalyst is involved,

and thus the reaction rate is low. Thus, there.is a
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mercapto group to coexist in the reaction system (For
exanpl e, JP-B Nos. 45-10337, 46-19953, etc.). 5
BdriAér, it is proposed in JP-A No. 62-17B532 to use a
sul fonic acid-type cation-excBange resin in a fine
particle .or a fine powder having an effective

di anet er of 0.3 mor less for obtaining a sufficient

~reaction conversion. Various inprovenents on the

structure of a resin 10 product, which is the base
pahetrkal methadsukéanter atmprdypRgCcaht oOBaeXxTHaNgeactivity
resin, have been made. The sulfonic acid- type

gﬁhl@Heeéeﬁ@egﬁvi§§lﬂyl§1fo&§ﬁgnaoégﬁp8@ﬁdbaontalnlng a
onatlng a styrene- d|V|nbeenzene copol ynmer whi ch

@grgggkgl dubycpadical Ly fﬁpg%xngagétfgnsgyg@gﬁ R

I'ny ene dirvirnyllbénze

rlzatlon does _n 'y styrene
Eﬁé EEPYOH?GPS§8FVIﬁa f&3 ﬂ 68 gﬁgggso? ent: but the
content. thereof is also an |nportant factor in
cont rBRFHAGE t het sty PIsPEqsbrie JEwh Not He SiAd Bt & use a
gel mcropore within-the sulfonic aci d- type 20
catifoniexehadgeypeesanidorerdhbygeapt sin ngn aa pblme partlcle
solvent, or the nechanical strength of the sulfonic
aei d- FYpe perBESNhEXCHQANGE &EL8eBtite QlAREtaOres, 0a3 mm or
sul fonic acid-type cation-exchange resin with a | ow
gaaLerbObpthyhiyhbenzene; bpsnd BLgbe B ldodfefsion,
catalytic activity due to a l[arge ge m cropore, but

t he .
Various improvements on the structure of a resin

product, which is the base material of a sulfonic acid-type
éafion—exchange resin, have been made. The sulfonic acid-

type cation-exchange resin is a resin obtalned by

" sulfonating a styrene—divinylbeniene copolymer which is

obtained by radically copolymerizing styrene and
divinylbenzene. The divinylbenéene in polymerization does
not only prevent a polystyrene chain from dissolving in an
organic sclvent, but the content thereof is élso an
important'factor in controlling the size of a.pore,'i.e.,
the size of a gel micropore within the sulfonic acid-type
catioﬁ-exchange,resin formed'by capturing a polar solvent,
or the mechanical strength of the sulfonic acid*tYpe
cation-exchange resin,

In other wo;ds, a sulfonic acid-type cation-exchange

resin with a low content of divinyvlbenzene has a high
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mechani cal strength is low In addition, in the case
where the content thereof is high, the nmechanica
SErepgth increases, but the gel mcropore size
decreases, which 5 causes dect¥eased activity. JP-A

Nos. 5-97741 and 6-320009 describe a nethod which

conpl enents the respective defects by sinmultaneous
filling a sulfonic acid-type cation- exchange resin
having a | ow content of divinyl benzene and a sulfonic
astdiyype sativbtexdhange a esirghaye hguachomre, Iut the

~content of divinylbenzene into a reactor. Further, it

hSchhfPOLT eg: £ 8n YD, 004 00454 thata @i £ 1Bk PVEE e Wde where
reaction conversSion, which suggests a sulfonic
i d- i on- _ex r esi i 0Q.

Bt spsr Rt bhhReaE forbah oL Mo AL AL e lg e
divinylbipggngl 'nstgfd of divinylbenzgne. 15 Th
SOFFBRTES acPdtt TP Cat ibrRMange Fesf =T T T s
met hods descri bed above conprises as a base nmaterja
aeases cdper9as9denatiihi bh | SP bt Red>bs  F4Hiand | §- 320009
copol yreri zing styrene and a pol yvinyl aronmatic
despoilnd asmebhad dhidhytdenzementsi hce réspetticte c(defects
pol ystyrene is 20 an anor phous resin w thout -having a
shagpniet ih8guUPOFNL1iny € meteh bt | ychdat bl @tion-

i on-exchange resin conprising the atactic polystyrene
ggxhgﬂ 2 sUL{ANE.90KP, | N oslbicedh + ther gl Py hasn FO0M and a

or |n%rovenent I'n heat resistance and is thus known
to.generate.an_effl uent wh ' LS -
S RERRE S F1 8 s Bh CRoo D Blgtdngt r SR EY ML

ng ¢ i on of S,
causes

content of divinylbenzene into a reactor. Further, it is

e . .
ewhl ch

reported in WO 00/00454 that an improvement on a reaction
conversion, which suggésts a sulfonic acid-type cation-
exchange resin having large gel micropofés by using large
moleculeé such as divinylbiphenyl instead of divinylbenzene.
The sulfonic acithype cation-exchange resin in these

methods described above comprises as a base material,

~atactic polystyrene which is obtained by radically

copolymerizing styrene and a pdlyvinyl aromatic cdmpound
such as divihylbenzene. Since the atactic polystyrene is
aﬁ amorphous resin without having a sharp melting point, a
commeréially évéilable ion-exchange resin comprising the
atactic polystyrene having a sulfone group introduced
thereinﬁo has room for improvement in heat resistance and

is thus known to generate an effluent when it is used under
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probl ens such as deterioration in nmechanical strength,
decrease in the activity due to cloggi ng of ge

mPEropdres, and deterioration over a prol onged

period, and thereby 5 there is5 an obstacle in using

t hereof at higher tenperatures. In order to overcone

such problens, a nethod has been wused which increases

t he degree of crosslinking and inproves heat

resi stance in an atacti.c polyner chain. 10 Since the

dih& Usé oNing tdbmi i thiond O epChange Hiegdy parthesd £stiis causes
extrenely | owered as the degree of crosslinking IS

A w ey o,
BRI 008 SRR S AR 8t

i'on-exchange resin haV|n thls macr opor ous adsorbs a
i@ Ut & HERA gt Vet é?ITqJ;Pn%@ch fPedsl At etiid g-hereby
crosslinked structure tends to inhibit the bul ge of
pererel e amwEtanla Her sweing idengnatevelrahest | y
col | apses when it can no | onger endure the 20

stetpe refturdeer ef ore, the devel opnent of a

heat-resi stant.. ion-exchange resin, which can be

treaIQQ.WkﬁﬁraﬂoaGﬂQQ@%mES@h&ﬁn rob§eﬂ§”aﬁdﬁ@thbﬁ his been
described in U S Pat. No. 3,342,755 t hat hal ogen is

qgggil it qgﬁ r I
SF- 13§%Hi§g acent to e é%zenéhff%EQB ?ﬁ%ﬂgff¥%%e

noi et n.or
1mpra%e hea re81stance in an atactic polymer chain.

Since the diffusion within the ion-exchange resin particles
1s extremely lowered as the degree of crosslinking is
increased, a large hole referred to as a "macfoporous" is
formed within the particles by é.physical treatﬁent in
order to improve the diffusion within the particles.
However, in the case where an ion—exchangé resin
having this macfoporous adsorbs a molecule having high

polarity, such as water, a crosslinked structure tends to

<inhibit the bulge oflparticles caused by the swelling,

which eventually collapses when it can no longer endure the
swelling. Therefore, the development of a heat-resistant =~
iqn—exchange resin, which can be treaﬁed with an acgueous
solvent, is demanded. o

It is described in U.S. Pat. No. 3,342,755‘that

halogen is substituted for hydrogen on the tertiary carbon
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crystallize elie

to overcone the above descri bed problem However, the
substitution of hal ogen for hydrogen | eads to elution
eff—1a¢Bi7ori ne fromthe resin, and thus a new probl em
occurs of 5 incorporating hal ggen into a reaction-

m xture. Further, as a highly heat-resistant

i on-exchange resin, a perfluorosulfonic acid-based
resin such as nafion is known, in which the maxi num
amount of acid is about 1.0 mlliequivalent/g. Since

- s RAly Rl tekebehonniks i aped @ BYyrene moiety in order

copol yneri zation of tetrafl doroethyl ene and a
rifluorovin al I rivatiyv pntr Lon

5 e e oo B3R A S B BroBleh o RRYEVERE oS

derivative is problematic in terns of _the ,

FUPFreFAPPoR T PELARBRoGPEs BYRIPBRPBEASS figr STptign of

i npossible to increase 15 the anmount of acid.

- Fhipménge ifroms theseesbad pRdt RAUsespBEY| PECPAPBr 8CeHrs of

Pol ymer Preprints, Vol. 34, p. 852 (1993),

Vacoaporetihes halvgken 2nfopa 2&Actisf@dhnixPulygner
International, Vol. 50, p.. 421 (2001) or the like, a
processchef, syBt hepighhg Red@-ek¥skakhtneopokyMBAnge resin,
contai ning -a sul fone group, in which a sulfone group

yS EQE&%Q%%%@IF?E?ES%EQBQ%2§%BCr@QHMSEMEEnQS n8kdohhen

d that 1t I's necessary to
emar kably suppress the.amount of  acidic.functign
Fohhs " do” BELPR, £BA, ha%: AR Bhelher SECREL LTS 5808k, 1 0
SF-1337 7 sulfogated syndi ot acti c egl st&rene | ater.
mﬁéﬁé@gpéyaﬂﬁnt g. Since this po; er skeleton 1s formed
by copolymerization of tetrafluoroethylene and a

trifluorovinyl alcohol derivative, an introduction

exceeding a given amount of the trifluocrovinyl alcohol

derivative is problematic in terms of the polymerization

technologies, which means that it is impossible to increase
the amount of acid.

Further, it .is described in the respeciive papers of
Polymer Preprints, Vol. 34, p. 852 (1993), Macromolecules,
Vol. 27, p. 287 (1994), Polymer International, Vol. 50, p.
421 (2001) or the like, a process for synthesizing'a
crystalline polymer containing a sulfone group, in which a
sulfone group is introduced into syndiotactic pélystyrene,
and then crystallized. It 1s believed that it is necessary

to remarkably suppress the amount of acidic functional

groups to be introduced, in order to crystallize the
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this exanple, the maxi num anpunt of acid is only 1.0
mlli equivalent/ g, thus being inadequate for a
ptadti3dall catal yst use. 5 As such, any ion-exchange

“resin product which has heat 7resistance and a high

anmount of acid, and can be used as a catalyst has not
been exenplified. If an ion-exchange resin having heat

resi stance and a hi gh amount of acid can be
devel oped, the ion-exchange resin can be used as a
sellifdnat@dcatyalisitsatria bbghstemperatwier.n therefore, in
reacti on using a conventional ion-exchange resin at a
oWt @RSk @1 matehiif amBLAS Ble 3¢kt 8% dnly 1.0
catal yst, "for exanple, the hydration of isobuténe and

r. I t;he . synt i_s, of _ bi, nol fram_phenal .
B S v 426G, o p 8 op 1 ERNE S dTar PEAg L oal
from.aniline and formal dehyde, and the like, thus it
éitRg Y8 &%€renely useful catalyst in the industry.
[ Patent Docunent 1] U.S. Patent No. 3342755 [ Patent
Docun®ft SRFh g papy Non2e9dh 5365 291N NesofaeEnvhich has heat
Docunent 1] Polymer Preprints, Vol. 34, p. 852 (1993)
JeNdstBaentnBoeuimdgh Aholhtr offokeddl, esndValan Bé, uped as a
287 (1994) [ Non-Patent Docunent 3] Pol ymer

lgat-anRati easl noVolbechFetdnp150@icA. 42F¥ GA0Qbh-exchange
resin having heat resistance and a hiéh amount of acid can
be developed, the ion-exchange resin can be used as a solid
catalyst at a high temperature in the reaction using a
convéntional ion-exchange resin at a low temperature or
using a mineral acid as a catalyst, for example, the

hydration of isobutene and propylene, the synthesis of

bisphenol A from phencl and acetcne, the synthesis of

methylenediaﬁiline from aniline and formaldehyde, and the

like, thus it being an extremely useful catalyst in the

“industry.

[Patent Décument 1] U.S. Patent No. 3342755
[Patent Document 2] JP-A No. 2004-55165
[Non-Patent Document 1] Polymer Preprints, Vol. 34, p.
8§52 (1993) |
'[ﬁon—Patent Document 2] Macromolecules, Vol. 27, p.
287 (1994)

[Non—Patent Document 3] Polymer International, Vol.
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DI SCLOSURE OF THE | NVENTI ON (Probl ens to be Sol ved by
the I nvention) 5 The present invention provides a
GHt-1d-7exchange resin. catalyst conprising a
pol ystyrene cation-exchange r@&sin, which has
excel | ent heat resistance and a sufficient anmount of
acid. Further, the invention provides a process for
produci ng bi sphenol. A by reacting phenol w th acetone,
10 wherein a high heat resistance cation-exchange
rsi i gousedpgs)a catalyst in order to solve the
aboveé described problens, reaction is perfornmed at
hi gher tenperatures while maintaining high
selectivity, and as a result, high productivity is

15 ( ving the Probl ens) The
Eﬁ%gggﬁ%$ﬁ gﬁtgﬁg ﬁ§§g&g§§gucted extensive studies to
sol ve the problens, and as a result, they have found
t(Ropmgsitagba Satvef- BxchRfgdWesiAoRhich can be
obtained 20 by introducing an acidic functional group
i nt o &heryse¢adhinenpohyhen psouidasahysitienreachapge resin
can be perforned at higher tenperatures wthout
defteilivertatbngri béngaeat peiltytvsehecthviby-andhange resin,
durability, and thereby bisphenol A can be obtained
\Mﬂﬂkﬂmh%@ BkedUeLhY h¥atThuSisthhey BaMesSEut33¢i%nt amount

~conpl eted the invention. In other words, the invention

é%z%c .toFar%ﬁgk9nthe invention provides a process for

producing bisphenol A by reacting phenol with acetone,

wherein a high heat resistance cation-exchange resin is

used as a catalyst in order to soclve the above described

- problems, reaction is performed at higher temperatures

while maintaining high selectivity, and as a result, high

productivity is obtained.

(Means for Solving the Problems)

The present inventors have conducted extensive studies
to solve the problems, and as a result, they have found
that by using a cation-exchange resin which can be cobtained
by introducing an acidic functional group into é
crystalline polymer as a catalyst, é reaction can be
performed at higher temperatures without deteriocrating the
activity, selectivity and durability, and thereby bisphencl

A can be obtained with high productivity. Thus, they have
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exchange resin catalyst as follows: (1) A

cati on-exchange resin catalyst conprising a 5
gatignyexchange resin, wherein a cation-exchange group
is introduced into a syndiotactic polystyrene

pol yner, and the anount of acid is 0.8
mlliequivalent/g or nore. Furthernore, hereinbel ow,
the preferabl e enbodi ments and the production
processes for the cation-exchange resin 10 catal yst
gbnbigcLaventl ofythtiofe described. -(2) The
catton-exchange resin catal yst as described in (1)
above, wherein the crystallinity is_5%.0r nore. .
The clib | OrbEkCHERGY o0t mEurht Y2t SETMERE Theh GALion-
(1) above, wherein the syndiotacticity of the
E8FE)angeefesinscpbpryieE 78 7090 68FShore. (4) The

cati on-exchange resin catalyst as described in (1)
above({lwhkreanitihrecochatystrésinsedtdhyshecomeetdorg of
phenol and acetone to produce bisphenol A (5) A
pe@tessckehapyeduekng, bvhphenal aAchyibeaekchgng@0group is

. phenol w th acetone, wherein the cation-exchange resin.

Qﬁ%ﬁbﬁﬁbeasiﬂ%%céiQ?HdEBtééiiébgﬁﬁyE%Xgéﬁﬂ B81%mer, and the
catalyst. (Effects of the invention) According to the

PO g e anaR o . e

excellent activity, and c ﬁ? gged at

tenpe?%{E?%er¥§rb?%ag%ﬁgﬁ o} e prefgkggfg]embodiments

and the production processes for the cation-exchange resin

catalyst of the invention will be described.

(2) The cation—exchange resin catalyst as descriked in
(1) abové, wheréin the crystallinity is 5% or more.

(3) The cation—exahaﬁge resin catalyst as described in
(1) above, wherein the syndioctacticity of the polystyrene
polymer i1s 70% or more.

{4) Thé cation—exchange resin catalyst as described in
(1) above, wherein the catalyst is used in the reaction of
phenol énd aéetone to produce bisphenol 2.

(5) A process for producing bisphenol A by reacting

phenol with acetone, wherein the cation-exchange resin

catalyst as described in (1) above is used as a catalyst.

{Effects of the invention)'

According to the present invention, a cation-exchange
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According to the process of the invention, bisphenol A
5 can be produced wth high yield and select|V|ty and
BEpPReEol A can be produced with remarkably excellent
in safety, processability andi&cononi c aspects. BEST
MODE FOR CARRYI NG QUT THE | NVENTI ON 10 The
cati on-exchange resin catal yst of the present
i nvention is produced by subjecting the styrene
polymer to chemical treatnment for introduction of an
agidirc chitadtisenakvhigihotps Ehaishyaesenpoloieicidnehddes
a or j3 substituted 15 pol ystyrenes such as
RAlastkhene candiRg/, y(a@ldrr%bhybeswéang)o a m%hp%mslerature,
substltuted polystyrenes such as pol y(p-

ﬁ rgne) Anong these, unsubstituted polystyrene
|s pre erred. For exanple syndlotactlc polystyrene
in whjich the 20 rou |ch are the side-c¢
wth PoepEetng o BnERL afnCeR: A  Gheotmbyhgion, bieEhdnor A
car bon-carbon bond of the polystyrenes obtained by
1998 SepBroABredatildh di9h gigldnped AeREsEAvAltyneabd
t he copol yneri zation of a styrenic nononmer and a
fdlsphienpll Ar oaat be powpoord, watk. rahbekabilel yxketatrt in
SF-1337 11 in the opposite direction, and isotactic -
pelfestyr ereceBsaphilah vt hadpbesybm@roHppeate .l ocated in
the sane direction are preferable fromthe vi ewpoi nt
that they have crystallinity, and syndiotactic
pol ystyrene are nore

BEST MODE FOR CARRYING OUT THE INVENTION
| The cationfexchange resin catalyst of the present
invention is produced by subjecting the styrene polymer to
chemical treatment for introduction of an acidic functional
group. |
The styrene polymer includes o oxr B éubstituted

polystyrenes such as polystyrene and poly(o—methylstyrene),

 and phenyl substituted polystyrenes such as poly{p-

methylstyrene). BAmong these, unsubstituted polystyrene is

- preferred.

For example, syndiotactic polystyrene in which the
phenyl groupswhich are the side—chaiﬁ-Q;fhaféébéct £o fhe
main chain formed by é carbon-carbon bond of the
polystyrenes obtained by the copoclymerization of a styrenic
monomer alcone or the copolymerization of a styrenic monomer

and a polyvinyl aromatic compound, are alternately located
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5 preferable fromthe viewpoint that it rapidly
stallizes. Syndiotactic polystyrene nay be
i ally available .one, or may be a pol yner
obt ai ned by pol ynerization oflla styrenic nononer
al one or a polynmer obtained by copolynerization of a
styreni ¢ nononer and a polyvinyl 10 aromatic nononer.
The pol ynerization nethod is not particularly

. limted, but in either cases of using a polyner

dbt dhredpippstihe pakygneibnat bod akodastyrepod ysimymemer in
al one or of using a polyner obtained by the
GARQhY FRld Zakingn gﬁ:oapgt ¥reniiecapeaneh and aapel ¥Mieykion

15 aromati ¢ nononer, a pol ynmer having high
t b d t hod
SR ﬁaﬂhsxifﬁ%%@' SR (AT

141 8 14 729 P- A No. 8-134122,
0T TiAN, 00 Moy 103120, 9B 0,08, So100 02,
or the like.. 20 The tacticity indicating the
Qr&tesrbds SEomy the vighBréhkcthatpdlysapieny cawspallizes.

‘measured by a.13C-NMR nethod and can be represented

by th8vedistentecrpelpstvfeng paylhe atompesetativeavailable
constitutional units, for exanple, a dyad in the case

‘eheyheire nlayo beoaspol yheanabtufntd byi pblyaeBEz233dnldf a

triad in the case of where three constitutional units
%@yﬁénlcﬁ%@n@m@@nbﬁgnbnokhs §@§9m@i &BE&@nEHV%y

constltutlonal units exist, and in the racem c dyad,
rgfe é%lzgggbﬁfSEagl¥t§9%%18rmgﬂ5ﬁeraggdngrEolyvznyl
aromatic monomer. The polymerization method is not

particularly limited, but in either cases of using a

polymer obtained by the polymerization of a styrenic

monomer alone or of using a polymer obtained by the

copolymerization of a styrenic moncmer and a polyvinyl
aromatic monomef, a polymer having high stereofegularity
can be obtained by using the methcd as disclosed in, for
example, JP-A No. 8-1514%2, JP-A No. 8—151414, JP-A No. 8-
143729, JP-A No. 8-134122, JP-B No. 7-77790, JP-B No. 7-
57767, JP-B No. 7-55994, or the like.

.The tacticity indicating the stereoreqgularity of
syndiotactic pol&st&rene can be measured by a 13C-NMR
method and can be represented by the existenée ratios of
‘fhé plural cbnsecutive constitutional units, for example, &

dyad in the case of where two constitutional units exist, a
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‘5 O her ones with stereostructures such as isotatic

ol yners may be m xed with the syndiotactic
g i §yrene as long as they do not adversely affect

‘the scope of the. invention.l2The pol ymer used in the

i nvention may have a 10 crosslinked structure. The
crosslinked structure nmeans the structure such that

the main chain or side chain of a polyner nolecule is
linked with the main chain or side chain of another
poligdeinnbhecobeesvof wheresshinki ngnssituciomel bynits exist,
nmeans of any kind of nethods for introducing 15 the

6hass! pekeddsthUehdr €as&ob Fexpapkerivé Séyseteubavhal units
one vinyl group and divinyl benzene which is polyvinyl

% ?E@t'ﬁﬁdaiﬁ £RROLYIER] Z6dyat, ”Eh@ chein of %P@ferably 70%

yner can be gener at ed, as wel as a crosslinked

b I
R HEL ety ADLISREEY. 7 “rép%r epé’rﬁg‘;’{. nked

- later_by the nethod as di scl osed in J

2002-3E3Y ©NGH c?d’s?ef%ﬂs%%‘ﬁi%e%o‘f%ra%ﬂt%ﬂt}ﬁe“alc

by the copolynerization of a styrenic nononmer_and a
polymeng| nazmr berainisedombiler thensvadgpbechic polystyrene as
crosslinking, -which is SF-1337 13 represented by, for
éxaophe, theei dhtnot pdvyvsayly atdeati the scope of the.
monorer )/ (wei ght of total nononers), is from0.01%to
20%n€ipelusive), preferably fromO0.1%to 15%
(inclusive), and particularly preferably fromO0.1%to

1096(Tﬂ@|§5ﬂ9ﬁ3r used in the invention may have a
crosslinked struéture., The crosslinked structuie means the
structure such that the main chain or side chain of a
polymer molecule is linked with the main chain or side

chain of another polymer molecule via a crosslinking

structure by means of any kind of methods for introducing

the crosslinked strﬁcture. For example,-if styrene‘haviﬁg
one vinyl group and divinylbenzene which is polyvinyl

aromatics are copeolymerized, a main chain of the polymer

" ¢an be generated, as well as a crosslinked structure can be

introduced. Further, a polymer having no crossltinked

structure may be crosslinked later by the method as

disclosed in JP-A No. 2002-363116.

In the case of using a polymer obtained by the
copolymerization of a styrenic monomer and a polyvinyl

aromatic monomer, the degree of crosslinking, which is
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5 Elution of the thus obtained ion-exchange resin is
supEressed and its physical strength is enhanced

g3/ mai ntaining the diffusibility of the material
in the ion- exchange resin. Assa result, it is
possible to maintain its catalytic activity over a
prol onged period. 10 The styrenic nononer used
i ncl udes styrene and substituted styrene such as
a- met hyl styrene, vinyltoluene, vinylxylene,
gehyksenykBehyenéorvenghpapht fakégbt oﬁ|pyﬂbvphemyaromatlc
nmet hyl vi nyl bi phenyl and the |ike, and preferred is
sbybaae) /1heThatpokyvboyl AcABRELE) NOABNEEFomNOL DdeSto 20%
for exanple,. divinylbenzene, divinyltol uene,

ghﬁbﬁﬁgﬁgéﬁrOﬁfgfgggblydEEEEYQhﬁbak@t§5° {inclusive), and
I vi nyl napht hal ene, di Vi nyl xyl ene di vi nyl et hyl

Vv n [ a .
B By bREhar e nea 20  af ofngr brphenyLd 3.%?359%)-
t er ph vin en Inethane di vi n

(it DhoEpt A E el TR 1SRG L aety et el angs Tesin is

di vi nyl benzene. . The styreni.c nonomer and the
pEPYPYRAFEdar 8Rdt &S Rbrieher ! cahrpeItibedsi aAnhayced while
conbi nation, but in order to SF-1337 14 sufficiently
peihboaimine thesdifflksngilityisfi bpermahtrisal iadihstion-
the reactivity of polynerization reactions with a

e@bhknati pasoh.t hBsVENYEsEIRUPSLt 85 bBsSiNMIENEoamdintain

di vi nyl benzene. -

its catalytic activity over a prolonged period.
The styrenic monomer used includes styrene and
substituted styrene such as a-methylstyrene, vinyltoluene, -

vinyixylene, ethylvinylbenzene, vinylnaphthalene,

" vinylbiphenyl, methylvinylbiphenyl and the like, and

preferred 1s styrene.. .

The polyvinyl aromatic monomer includes, for example,

divinylbenzene, divinyltoluene, divinylchiorobenzene,

diallyphthalate, divinylnaphthaléne, divinylxylene,
divinylethyl benzene, trivinylnaphthalens,
polyvinyianthracene, divinylphenanthrene,
divinylbiphenyldivinyl terphenyl, divinyl diphenylmethane,
divinyl diphenylmethane and fhe like, and preferred is
divinylbenzene. |

The styrenic moﬁomer and the.polyvinyl aromatic

monomer can be used in any combination, but in order to
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5 The invention is characterized in that the pol yner
is first crystallized by heat treatnent or other
tAddd, and an acidic functional group is later
i ntroduced thereto from the lekterior surface of the

~polyner particle. Wth this nethod, the acidic

functional group can be introduced in 10 any

‘proportion wthout adversely affecting the

crystallinity of the whole particle. In other words,
isfhiftfheiepel gt berfibsmstthki ereptlynkpryf odred sdimppgthhe to
crystallization- -process, a polynmer having high

d)é%fs%l khBi E¥a€€'ﬂv§%yo%tfaFeﬁ%ne?Pga’éﬁbﬂ 2eb2t3bhBl fith a
easy operation, "a polyner having | ow

t.al linity.c b tai Furth an
l% unct¥gngﬁ g%&%&liggﬁgFde%%egﬁln?g%% %hgﬂd

t he amount of acidic functional group to
ﬁéV1ﬁHF§885889can be control |l ed by sel ection of the
reaction condition and 20 the kind_of electroghlllc .
reagefits. ingenytpn ipecheryctarized tin akatnehanpehymer is
of acidic functional group can have any val ue. The net
dd stocrgsysialikiedi by &epdl $meatmsnhobr paheircmedhpds, and
limted and enpl oys a well-known nethod, but a SF-1337

15 eetibed Foncpebhenngrgupeat Laeatneatrotiuvd@ed thereto from
crystall|ne pol ymer i.s_convenient, which is

Q%% ?Qk?orFQﬁr%g%eh%%tthErEQEQEQE pABRL IR, "aW1@E this
maade Oor,

or exanple, a nmethod of heating a polyner
2 Ekﬁ,n%hglleagbn%u%Etzoghfrg§ggptggﬂ be introduced in

any proportion without adversely affecting the
crystallinity of the whole particle.

In other words, 1f the operation is sufficiently

"performed during the crystallization.process, a polymer

having high crystallinity can be obtained, and with a

simple and easy operation, a polymer having low -

-crystallinify can be obtained. Further, évén when an

acidic functional group is introduced into these polymers,
the amount of acidic functional group to be introduced can
be controlled by selection of the reaction condition and
the kind of electropﬁilic reagents. As such, the
crystallinity and the amount of acidic functional group can
have any vaiue?

The method for crystaliizing a polymer is not

particularly limited and employs a well-known method, but a
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5 cooling the polyner, a nethod of heating a polyner
toits nelting point or |ower, naintaining the
pAyinei/ at that tenperature and then cooling the

pol ymer, a nethod of dissolvihg or dispersing a

pol yner in a solvent, heating the polyner, and then
cooling the polyner, and the |like, 10 and any such

net hod maybe used. In order to enhance the heat

resi stance of the obtained ion-exchange resin, the
Gt | fai tpeaoRenes MeRed et AF Br @668% alS ine
preferably from5%to 5096(inc|usive) and nore

REAP! s 56 ﬁygﬁktow%Q%ﬁﬁ %ﬁbl.The rr%%e heat
ocess for etern1n|ng yst I|n|ty 0
|s a neraII ro and de crlbed
R u.r%% éjéjkffla RO U0 g S0 a8 afe o dthod of
Pol yner 11, 13, Kyoritsuy Shuppan (1984) ",

Jd’r?ngatR?ltSﬁ%erl P RS0 e YHe B ARt Pﬁnéltllg&%] 327(91 then
groups to be introduced into the polyner include a
thyr gl yrers ulef oeitdostiaf greadirand phé viteke to its
anong which the sulfonic acid group is preferable due
tree 1shifrfg giceintt - et rlemgtrh as iataiciichocdihal potlymeasyt that
I ntroduction by an el ectrophilic reaction, or the

ldefhe rBituld3 Ankb thevekbokReMN t1Rt hed ek, bg Heed ool £

|ntroduct|on of a sulfonlc aC|d group, and the met hod

pre etgr:imngI %ﬁ%%@rgl gﬂmﬁgﬁgeb g?lgﬁpFﬂrpgatlng
%%éjp5¥§§§£,%#kf% E% %85 lng T he poﬂb&%&tcand the like,
and any such method may be used. In ordef to enhance the
heat resistance of the obtained'ion~excﬁange resin, the
érystallinity as determined by an X-ray process 1is
preferablj from 5% to 50% (inclusive), and more preferably
from 10% to 50% {inclusive). The X-ray process for
determining the cfystallinity of a polymer is a generally
known process, and described in "Kobunshi Jikkeﬁgaku, Vol.
17, Solid Structure of Polymer II, p. 313, Kyoritsu Shuppan
{1984)", etc.

According to the invention, the acidic functional
groups to be introduced into the polymer include a carboxyl
group, a sulfonic acid group and the like, among which the
sﬁlfonic acid group is preferable due to sufficient

strength as an acld catalyst, easy introduction by an

electrophilic reaction, or the like.
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5 acid and chlorosul furic acid is added for

sul fonation in the liquid phase in the presence of a
spel $tng agent or a solvent, a nethod wherein a

sul fonating agent such as sulgfur trioxide is
contacted wwth a polymer in the gas phase for

sul fonation, and the like. Fromthe viewoint of 10
the sulfonation rate, a nethod for sulfonation in the
liquid phase is preferred. The solvent or swelling

- agent, eeldl—-i]&qtvﬂle RO e 'Lfbécbefc%f 19 JNRRSE drS of a-

not particularly I'imted as long as | oes not react

with a sul fonating reagent,, but. those 15 having too
ﬁ}l@’ﬁogwuﬂ'rﬂ@t@r@ﬁoa %lgﬁ?yﬁ%r%%%h% %%?u?ﬁ%mgor sxample,
adversely affect the crystallinity of the_polynmer. In
adufthod, whtreait he RFedeFeynineR #ReupBl 95ty rEsraent such
polymer is too |low, sulfonation nay not proceed .

suf futfenttyacThe aseeylisigl figeht acithefwwivenzuksipric

be suitably chosen in 20 consideration of these

Rei At snabuh1bRotherease &fidsingadpelysbyrenbfématide in
pol ystyrene polyner, it is preferable to use a high
EHE%&%&&&;&P{&Q& wcméﬁgf‘éééﬂ@@%ﬁng, swOl Bch@l agert i 6 a
aci d, 1,4-dioxane and petroleumether, because

sul f onati on cee h f = 1,333
A R e e S BRie S il St
function as a_catalyst, the appunt of_acid of the
FEALERCRENGE. FBsth 4P ERCTTR POBACE ] BALEFS hnl AckdF cI2°
functional group is preferably . ,
phase for sulfonation, and thé like. From the viewpoint of

the sulfonation rate, a methbd for sulfonation.in the
liquid phase is preferréd.

The solvent or swelling‘agent ﬁsed in the sulfonation
in the ligquid phase is not particularly limited as long as
it does not react with a sulfonating reagent, but tThose

having too high solubility in a'polystyrene polymer might

'“adversely affect the crYstallinity of the polymer. In

addition, when the affinity with the polystyrene polymer is
too low, sulfonation may not proceed sufficiently. The
swelling agent or the solvent can be suitably chosen in
consideration of these points, but in the case of using
polystyfeﬁé.for the polystyrene polymer, it is preferable

to use a high polarity solvent such as nitrcbenzene,

‘glacial acetic acid, 1,4-dioxane and petroleum ether,

because sulfonation proceeds from the surface of the_
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5 0.8 mlliequivalent/g or nore, and nore preferably
1.1 mlliequivalent/g or nore. Further, the anount of
&ei-d36%7 the ion-exchange resin can be determ ned by
stirring 0..2 g of a protonliype dry resin in 100 mni
of a 10% aqueous NaCl  solution for one hour and
back-titrating the whole anmount 10 of the filtrate
with a 0.05 N aqueous NaCOH solution. As the

i on- exchange resin obtained in the invention, an

ngyﬁéghgggglég§gn whi ch generates a | ower anount of
el uate, as conpared with a conventional one in

t he g.c t akned

For gian% er'Q% ?%i%oaggg f%%?g?ta§%n§€ 89 QE 3 catalyst,
n- exchagge reS|g are irred t 130C for 18fgou S,

elmaErbn°bf 2che aLi § EoﬁﬁﬁngﬁF anght bewatef i

preferably 1.5%or less, and nore preferably 1 1% or

La¢sodyRblebred of 3HEHLF0AVBRERARGE FESVR a?epaéﬁ?ﬁélaly

in 20 the stages of polystyrene obtained in

Polymelilzatiional ént/ gt her nawedsandfmohe predesably 1.1

functional group is introduced as the powder obtained

A 1pekyIevhZeht 0§, o8Nmbea- exshatyerf esha amotthe powdeid of

“formcan be obtained. On the other hand, in the stages

%EeDQBﬁSEXEEQEgeargéiﬁ'@Eﬁ BE §e§@§ﬁln§5.ﬂ§3§t1§rﬂﬁM 0.2 g

f or med y a well known nethod or a fibrous form nay ,
obt ai r n f cl di
Pun@tpoﬁg %pd?g QQ ?gdﬁgeg ? m?heff%r%g dduct NaCl

%%é%gagg; %e%%g;g?gggﬁégnbacﬁhgggra{fg&n ﬂE'Q ginlnﬂount
of the filtrate with a 0.03 N aqueous NaOH solution.

As the ion-exchange resin obtained in the invention,
an ion-exchange resin which generates a lower amount of the
eluate, as compared with a conventional one in the usé of
the heating condition,rcan be obtained. For example, when
50 g of water énd 2 g bf the'ion—eXChange.resin are'stirred
at 130°C for 18 hours, the elution of the acid components
into water is preferably 1.5% or less, and more preferably.
1.1% or less.

The forms of such ion-exchange resin are defined in
the stages of polystyrene obtained in polymerization. In
other words, if the acidic functiﬁnal group is introduced
as the powder obtained in polymerization, an ican-exchange
reéin in the powder form.één be obtained. On the other

hand, in the stages of polystyrene, a particle or a sheet
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5 can be obtai ned. For the form of polystyrene, a

| arge powder or particle formhaving a | arge specific
Stirtasé area is preferred fromthe points of easy

i ntroduction of the acidic fisnctional .group and
excellent catalytic activity. 10 The reaction for
produci ng Bi sphenol A essentially proceeds with an
acid catalyst only, but typically a nethod for
improving the catalytic activity and the selectivity

Ry yabbovbhgea PRI ap: D1 gk COAEROAI BF £0FPEBAEs form may

‘coexist therewmth as a cocatal yst, can be adopted.

é%sgbtéfnégea%§efnéﬁfﬂﬁf@g 'én&slfrgﬂeéépﬁfcfPﬁnctlonal

| owm ng a ner capt ar oup contal ni ng compound

coexi st. d clu ere

Ghehe t5r THERRTRERR of e i EuRed HFR u%‘én%%u%dr%c%ajﬂemal
as al kyl nmercaptan is.mxed with a m xture of pheno
aRdlaRzesRBANAE cRe gt el ratRiRal the aflgeRe ¢hepolystyrene
resultant m xture is used, a nethod wherein a nercapto
gaoubecohtainedg cbepoume ferboohdoebyanyaendi ca large
functional group of a cation-exchange resin, and the
bokeéerand paytislehforeh Hoslyimy belasgd. sghel fiee capt Dace

gr oup-cont ai ni ng conpound to be m xed SF-1337 19 with

abgaﬂiétyfsfgfr@@eﬁ@émame Ase1Pe b5 89ty PRitts@hafiyn of
[imted in the structure, as long as it contains a

écgﬁi&cgf&ﬂ@% aﬁ PRLecl§. o ﬁQlién&”&ét‘Qfs?tléor

nmerca groups suc
C{g@f%gpﬁthyl group, a 2-

The reaction for producing Bisphenol A essentially
proceeds with an acid catalyst only, but typically a method

for improving the catalytic activity and the selectivity by

allowing a mercapto group-containing compound coexist

therewith as a cocatalyst, can be adopted. Also, in the

invention, it is preferable for allowing a mercapto group-

' containing_compound to coéxist, Such methods include a

method wherein a small amount of a mercapto group-
céntaiﬁing compound such as alkyl mercaptan is mixed with a
mixture of phenol and acetone which are raw materiais,-and-
the resultant mixture is used, a method wherein a mercapto
group-containing compound is bound to an acidic functibnal
group of a cation-exchange resin, and the like, and any
such method may be used.

The mercapto group-containing compound to be mixed
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5 mercaptoet hyl group and a 3-nercapto-n-propyl group,
alicyclic hydrocarbon groups such as a -
&mrizapt ocycl ohexyl  group and a 4- nercapt onet hyl
cycl ohexyl group, nercapto aroenatic groups such as a
p- mer capt ophenyl group and a p- nercaptonet hyl phenyl
group, and the like. Further, these 10 aromati c,

al i phatic or alicyclic hydrocarbon groups nay be

hydr ocar bon groups having a substituent such as a

Qﬁg@QQQFaﬁﬁ%@uf@Td¥ 5ﬂ§¥o§rgﬂﬂ’d%éﬁéﬂéfﬂH9Hﬁ ad+8 cularly
hydr oxy

group, 1in addition to the nmercapto group

he .amount of this rcapt o _group- cont.ai ni ng _conpaund
CoTHE G0 T CHE TR ekt GPe o Bptenal . A taito e g CaDto
preferably in the range of. 100 wtppmto 5 wm % B{ :
AP i 1S Sp FEdliesiid er 0 2B8Rhithi £ HeAG et PEeTEf Fact
to a maxi mumextent with a snmall anmount of a
codarEg s el kKiHe grenpapsochr egpac owdtrdasiimgpeddygogadure a 2-

‘be bound to 20 a part of the acidic functional group

afe ridie teattihyl- gexclipangd beskmersandic-pardropyllakiryup,
limted, but the conpound may be any one which forns
an 1icqii16 P eRGINYdaRvbhe gaelidisC stiehCtdsonal4 -aHeaRpehb ke ohexyl
cati on-exchange resin. This conpound includes nercapto

Lam 01 37 t | am
g o L FAn ne g oot AeRRapto
N, N-di.net hyl - 3- mer capt opr opyl am ne, r capt oal kyl o
SIS LSRR SHCH: far et BREEAVIC T nd o0 and a p

3-nercaptoet hyl pyridine and 4- nercaptoet

-ﬁ@ﬁﬂ@@ﬁ@@ﬁﬁﬁﬁgf@ﬁpdﬂn€§O§HChaﬁg the 1like. %%gther, These

aromatic, aliphatic or alicyclic hydrocarbon groups may be
hydrocarbon groups having a substituent such as a halogen
atom, an alkoxy group, a nitro group and a hydroxyl group,
in addition to the mercapto group. The amount of this
mer¢apto group-containing compound to be added to the

mixture of phenol and acetone is preferably in the range of

100 wtppm to 5 wt%. By this, it is possible to exhibit the

cocatalyst effect to a maximum extent with a small amount
of a cocatalyst.

The mercapto group-containing compound to be-bound to
a part of the acidic functioﬁal group of the cation-
exchange resin is not particularly limited, but the
éompound may be any one which forms an ionic bond with the

acidic functional group of the cation-exchange resin. This

compound includes mercapto alkylamines such as 2-
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5 thiazolidine, 2, 2-dinethylthiazolidine, 2-nethyl-2-
phenyl t hi azol i di ne and 3-net hylthiazolidine, and the

- 1$kel33The ratio for the acidic functional group to be

bound to the nercapto group-g0ntaining conpound is 2

to 50% and preferably 5 to 30%of the total sulfonic

acid groups of 10 the sulfonic acid-type

cation-exchange resin. By this, it is possible to

exhi bit the cocatalyst effect to a maxi num extent

whd hedpt causilngitke degitease rd) t e meetdagtop s/ tamine and
the decrease in an anount of acid. For the nethod
Vﬁ‘,%ﬁdi%@cl{]mr-%&%%c%rﬁ%ml@ﬂn@ GRRANG 415 POWI i dines

to a catio 15 exchange résin, there may be used a

F R T R S e

I nvent i on, 3}

to be used as a raw_ materj.al faor prodycing bisphenol

AN YeAETAaRF Ok la s g %stﬁlﬁlﬁzogﬁégd&e%a%&gb as

used. The industrial. phenol 20 includes one prepared

byh e 2alrishHd eme 2h @ d idra il idrie. a zodiiddticon dreraiduy 1 ¢

the |i ke, any of which may be used. Generally, pheno
hehvemgl hipacltiyliofe @886 G-rmanhy lithiacomiericiegl land the like.
avai |l abl e. Such the industrial phenol may be used as

ithd Srdtli d R s thichesd ist e atincan odfa ibigsphenalo Ae Mdund to
SF- 1337 21 preferably phenol which is prelimnarily

t ted w o .01 L.ON-:EXG LS|
e o L R T e

r5¥g:éfg%f¥ Sat%r%ﬁ%gﬁﬂg the total sulfonic acid groups of

the sulfonic acid-type caﬁion-exchange resin. By this, it
is possible to exhibit the cocatalyst effect to a maximum
eﬁfent without causing the decrease in the activity due to
the decrease in an amount of acid. For the method wherein
a mercapto  group-containing compound is bound to a cation-
exchange resin, there may be used a conventionally known
method as disclosed in JP-B No. 46-19953, or the like.

In the invention, for phenol to be used as a raw
material er producing bisphenol"A, a generally available
industrial phenol can be used. The industrial phenol
includes oné prepared by a cumene method, a toluene

oxidation method, or the like, any of which may be used.

‘Generally, phenol having a purity of 98% or more is

commercially available. Such the industrial phenol may be

used as it is in the synthesis reaction of bisphenol A, but
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tenperature of 50 to 120C during a contact tinme of 55
m nutes to 10 hours, is used. Even nore preferably,

- 6Rel138Bt ai ned by the process wherein the industria

phenol is brought into contaxt with a strong
acid-type cation- exchange resin as descri bed above
and is then subjected to a distillation treatnent
under the condition of a normal 10 pressure to a
reduced pressure of 10 mrHg, at a tenperature of 70

bRe2006h1spusadl ABetRNesusediknihheilpvenbhoadi §i8Rt &
particularly limted, but 1t nay be a commercially

b |
E?Ph@ 58559??@‘92?%@@0Sﬁ?%?%gg‘iﬁg%%‘ha% Sfr2PPapqus ox
ﬁ@&%ﬁﬁ-&?&?f GrEry Bho pat ot BPacHEPn 2B ePCutnent

artlcularly imt e nmolar ratio of

-55@56F¢5€éﬁoﬁé P8 F@cbﬁﬁ%ﬁd@@rbpeférsenyapﬁ theerafige -

of 0.1 to 100, and 20 nore preferably in the range of
mi@thSSDo.1thphesfah@unsedof Biienohors poefsnably,ione
is difficult to acconplish a high conversion of
abebbnedabyathawppratess avhetré&ihhehamatstofa phgheholsis
too large, the reactor beconmes unreasonably | arger

B@@@%ﬁ@ Phepokohsateefli 88 4 NgrhbAPerc aiDEtRbe tHAR] on-
SF- 1337 22 required, and noreover, mnassive circulation

g%ﬁggggglrég a%%?%%g&%gégg aﬁX@Q LH?ugﬁeghQ#ggubjected to
eféig£e?iagggguggégpmgggngédgg the condition of a normal
pressure to a reduced pressure of 10 mmHg, at a temperature
of 70 to 200°C, is used.

Acetone used inrthe inveption is not particularly
limited, but it'may'be a commefcially available industrial
acetone. Generally, acetone having a purity of 99% or more
is available.

The amounts (qhantitative ratios) of phenol and
acetone, used as raw materials, to be used, are not
particularly limited, but the molar ratio of phenol/acetone
is recommended preferably in the range of 0.1 to 100, and
nore preferably in the range of 0.5 to. 50.. If the amount

cf phenol is too small, it is difficult to accomplish a

high conversion of acetone as a raw material, if the amount

- of phenol is too large, the reactor becomes unreasonably

larger because phenol is used as the higher amount than’
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acconplished. 5 In the invention, the reaction
tenperature is not particularly limted, but it is
mefeably in the range of 0 to 300C, and nore
preferably in the range of 30220 200C. If the

reaction tenperature is extrenely low, the reaction

rate decreases and thus the productivity of a reaction
10 product al so decreases.: On the other hand, if the
reaction tenperature is extrenely high, an _
uf@cgﬂlreé&l &Rl IR FRARN Oha s N @il kA Qﬁ‘?%g)htetf%ﬁ_ is
| eading to the 1 ncrease in the ampunt of by-products,

and to the decrease in stability.of henal _an
bR B L chthy ey e gIE pgefone can
as a product, and the reaction selectivity. Therefore,
iRe jaCGBP ldEf6h caltusyhe ffd sdendn Readusd 13t rGaedasue
under any of a reduced pressure, an applied pressure
artnmidrabeld .pr essure. From the vi ewpoint of the
reaction efficiency (reaction 20 efficiency per unit

vol umgh, the taveatiphef éhableattiocar tgmpeuttite is not
reacti on under too | ow of pressure. Usually, the
HLasHA frafy qamitHdy ot tike ikkeeldreirdrs origf a@blknge of
in the range of 0.1 to 200 atm "and nore preferably

!dq Ed“%idoar&?e andf rr|(c):irr~5:ﬁ ?D@:&%%%g?}?si%ff}%urﬁ%&et & 30 to 200°C.

I nvention I's not 0 Su pressure

BN Sl S0 2L LY O DS LIVERY Sl son
praarttei %Lclelc?:relayses and thu's the productivity of a reaction
product also decreases: On the -other hand, if the reaction
temperature is extremely high, an undesirable side reaction,
or the like proceeds, thus leading to the increase in the
amount of by—products, and to the decrease in sﬁability of
phencol andé acetone as a raw material and further bisphenol
A as a product, and the reaction selectivity. Therefore,

it is not economical.

The reaction can be carried out under any of a reduced

' pressure, an applied pressure and a normal pressure. From

20

the viewpoint of the reaction efficiency (reaction
efficiency per unit volume)r, it is not preferable to carry
oﬁt the reactioﬁ under too low of pressure. Usually, the
pressure fﬁr'carrying out the reactiﬁn is preferably in the
range of 0.1 to 200 atm, and more preferably in the range

of 0.5 te 100 atm. Of course, the invention is not limited
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limted, but for exanple, when carrying out the
reaction in 5 a batch node, it is recormended to carry
Giit-1t3yy invention such that the anpunt of the
catalyst is preferably in thezzrange of- 0.001 to 200%
by wei ght, and nore preferably in the range of 0.1 to
50% by wei ght with respect to phenol as a raw’
material. 10 When carrying out the invention, it is
possible to add a solvent or gas which is inert to a

1%§{@ﬁ%%ﬁ%rer§ tjs@n reagent in the reaction

systen1 can iSéd in the diluted state.

Speci f.i cal al i ph c h drocarbogs such_as rrethanEle

orhand!™ BgbkiEn PUEShecaheaRE BHE FBScoRraRbighe, &

and an inert gas such as nitrogen, argon and  helium
éﬁﬁﬂﬂﬂiﬁé%é%@ﬁﬁ?taﬁyéﬁoé@nh@hh“ﬁ%iG@b@ﬂgspéraﬂpﬁéﬁﬁly

When carrying out the invention, the nethod can be

dainriite bt foangxefipd ehatdien semiryiagchusr the reaction in
continuous flow system It can be carried out in any .

of wvadduwiolslO ighase reacg®reltas &0 aagay- buquitthemixadntion
phase. Preferably, fromthe viewpoint of the reaction

ehfdrf HenRY trd a&n%un&e%mréd%ttﬂ%tt he- b%@‘fb'r@%l‘ys in the
carried out in the liquid phase. "For a way f

%%%r?gﬁ 9% &b %t al %Sbgo‘i%ff szed bgl&l m\é@é p%%{%%fﬁ:fl‘if in
§ﬁ§£§§3ﬁ%h?§ﬁ a dtge §e f%ﬁg. r?gﬁgg% %% phencl as
(retention tine or catalytlc contact
a raw material.

When carrying out the invention,‘it ig possible tc add
a solvent or gas which is inert to a catalyst and a
reaction reagent in the reaction system, which can be used
in the diluted state. Specifically, aliphatic hydrocarbons
such as methane, ethane, propane, butane, hexane and
cyclohexane, and an inert gas such as nitrogen,largon and
helium, and if necessary, hydrogen can be used as a diluent,

"When carrying out the invention, the method can be
carriedJOut ;n any of a batch, Semi—batCh or continuous
flow system. It can be carried out in any of a liquid
phase, a gas phase, a gas-liquid mixed phase. Preferably,
‘frém'the viewpoint of the reaction efficiency, it is
recommended that the reaction is carried out in the ligquid

phase. For a way for charging a catalyst} various kinds of

ways using, for example, a fixed bed, a fluidized bed, a
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time in the flow systen) is not particularly |imted,
but 5 it is usually 0..1 second to 30 hours, and
preféBably 0.5 second to 15 hours. After the reaction,
the reaction product can be Xkparated and recovered

fromthe catal ysts,' or the like, by a separation
met hod such as filtration, extraction and
distilling-off. Bisphenol A as a target 10 product can

be separated, purified and obtained fromthe reaction
Ehébéﬁ§e§eﬁéaahﬁg énﬁléﬁéoﬁﬁk@a Bédp%éBObﬁleﬁpﬂoyed any of
sequential treatnent of solvent extraction,

%hﬁgb_égﬁlgg hkall treatnent, acid treatnment and

& oran ordlnary separatlon and purification

t ho tably 15 nbi th I dditi
ﬁr ea %g"l eraa?‘?ﬁ e‘?flg? sI %%F]eq‘?)%l?erécafg? Zﬁr a %lg?‘]e%%? gfntact

into the reaction systemfor use. In the case
Eam@hlneab@|BhOWtﬁﬁséamé|9§tnaﬁ|Eﬁrt§CUéé5éVa%é@léﬁar but
recovered fromthe reaction product after the

néacti vapatay Belusedond to B9, honrpar tindl pyederahndy| §. 5
20 reproduced to be repeatedly used for the reaction.

kBcbhe teass nbuesLryhfigeouththeeneadbnonthe achtxedn
bed or a fluidized bed flow system if the catalyst

b§08ﬁ8¥'9§ﬁ b8 stperateackh@nrapdvbhenelyord PAEtcQEalysts, -
of the catalysts is inactivated or is

Qﬁtﬁﬁ'oifkgde%g g §%£5¥£¢¥e EFﬁo§F @%ﬁ §5f£§9gé£98n,

's n errupt er éa é ca can
(sPLodueed and Lien piouided:t o bhe feachign. . o esant
product can be separated, purified and obtained from the
reaction mixture separated and reccvered by performing a
sequential treatment of solvent extraction, distillation,
alkali treatment, acid treatment and the like or an
ordinary separation and purification method suitably
combining them. In addition, unreacted raw materials can.
be recovered and recycled into the reéttion'syétem for use.

In the case of a batch reaction, the catalyst which is

" separated and recovered from the reaction product after the

reaction, can be used as it 1is, or partially or wholly

reproduced to be repeatedly used for the reaction. In the

case of carrying out the reaction in a fixed bed or a

fluidized bed. flow system, 1if the catalyst is provided to
the reaction and thereby a part or all of the catalysts is

inactivated or is deteriorated in the activity,_the
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continuously or intermttently and reproduced, and
then 5 recycled to the reactor for re-use. Further, a
f3kegi¥3icat al yst can be intermttently supplied to the
reactor. \When carrying out th® reaction in a
novi ng- bed fl ow system the catal yst can be _
separated, recovered and, if necessary, reproduced,
as in the batch reaction. 10 EXAMPLES Herei nbel ow,
the present invention will be described in nore..

detaidi onn ikefiereree e X anpl eherdawever tHh@atalyst can be
invention.is not intended to be limted to Exanpl es.

I ' i.c.+RPal 180
BRI ol (HLrSYLIANE 9 ShUr Sl oy
t hyl al, [ [ t ol |yt i d 3.6 nl _of
T g oL gy b S B Ll
solution were 20 charged and _reacted at.50C for 2

NYRYER Ya O RGGERiirbspHerad TRErOSCEd, BRe then

recover ed pol ymer was washed and dried. By 13C NWR

neaydlenetit chet heaohva ded petyser, Futrbhas,cenffresbd
that this polynmer was syndiotactic polystyrene.

Fartahest peakdeofinterfidmyehallyi zapbponkdcad dhSF+E33%or.
26 be found at 222C by DSC neasurenent of 5 ng of this

BRlYITRL rat; i HGCHIEN the?)-cHedt oAl eat HeRbvehgSkrueR1 6w system,

Pol yner

the catalyst can be separated, recovered and, if hecessary,

reproduced, as in the batch reaction.

 EXAMPLES

Hereinbelow, the present invention will be described

“in more detail in reference to Examples. However, the

invention is not intended to be limited to Examples.
(Example 1)
(1} Synthesis of Styrenic Polymer

180 ml of toluene, 45 ml of styrene, 24 ml of-a 10%

'”methyl aluminoxane/toluene solution, and 3.6 ml of a 0.5%

cyclopentadienyltitanium trichloride/toluene solution were

charged and reacted at 50°C for 2 hours under a nitrogen

atmosphere. Thereafter, the recovered polymer waé washed

and dried. By ’C-NMR measurement of the obtained polymer,

it was confirmed that this polymer was syndiotactic

. polystyrene. Further, peaks of Tc (crystallization) could
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The sufficiently dried styrenic polyner. was mai ntai ned
5 at 200C for 4 hours under a nitrogen atnosphere and
tShien 3351 oW y cool ed under a nitrogen atnosphere. (3)
Sul fonation of Styrenic Polynmes 130 g of nitrobenzene,
10 g of styrenic polynmer which had been heat-treated
in (-2), and 50 g of sulfuric acid .. 10 were charged
and reacted at 80C for 3 hours. After the reaction,
the resin fraction was separated by filtration,

S T iRty esked Wokh heRsexChange Jwakenqaned this
further dried undef reduced pressure at 808 for 24
ho&rs t.o qpt@o% gncation-exchange resin 1. The anount
R (e B ﬂhe {g obt ai ned cati on-exchange resin 1 was

1.1 mlliequival ents/g. Further eaks were found at
26 lofieg b7 Trpptpent3 08~ ghyr €Do C4 F5y YRRD, measur enent  of

"this cation-exchange resin 1 wth a CuKa-ray. The

cryst Zhei sffiaaenRlvodrpod (Ekunphec2polipiey ¢is maintained
ni trobenzene, 10 g of styrenic polyner which had been
keat-O0eatfed 4nhpRysotinExanpl eitrogrd 28mgsphere and then
sul furic acid were charged and reacted at 80C for 6

Rawiay Afdied tihgeteachi eRogkhe atasisphki-act i on was
separated by SF-1337 27 filtration, sufficiently

h%%r@ﬁﬂ%ﬂ-%%—%fCBe ge t er d. further dried

gﬁger_re uce& pressurg a?%goc %%% 54 hours to obtain

a catigp-exchange resin 2. Thg amppnt, of acid of 1\or which
had been heat-treated in (2), and 50 g of.sulfuric acid ..

were charged and reacted at 80°C for 3 hours. After the

reaction, the resin fraction was separated by filtration,

'sufficiently washed with lon-exchange water and further

“dried under reduced pressure at 80°C for 24 hours to obtain

a cation-exchange resin 1. The amount of acid of the

obtained cation-exchange resin 1 was 1.1 milliequivalents/g.

Further, peaks were found at 26 of 6.7, 11.7, 13.5 and

20.4° by XRD measurement of this cation-exchange resin 1

with a CuKo-ray. The crystallinity was 21%.

{Example 2)
130 g of nitrobenzene, 10 ¢ of styrenic polymer which
had been heaf-treated in (2) of Example 1, and 50 g of

sulfuric acid were charged and reacted at 80°C for 6 hours.

After the reaction, the resin fraction was separated by
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t he obtai ned cation-exchange resin 2 was 1.7, 5
mlliequivalents/g. Further, peaks were found at 28 of
Gr513301. 7, 13.5 and 20.4 by XRD neasurenent of this
cation- exchange resin 2 wthya CuKa-ray. The
crystallinity was 14.9% 10 (Exanple 3) The procedure
was performed under the sane conditions as in Exanple
1, except that a conmbination of 45 ml of styrene and

‘0.7 m of 80% divinyl benzene was used i nstead of 45

%1%8%‘?”%%%‘1 c‘l%%acilng %r%h'h%'ér EHERANgH e%(%h%r%rel g%éter and

measur enent e styrenic po yner

t at it was confirned that, ti ol r
B R BB o S Ren ot St rer L ks ToE 74 Hours
(crystallization) were found at 217C by DSC

rasiengne stisnmgxshange sepdénice pdhpmemapritoeft gcid of
heat treatnment at 20 10C/ mi n. The anount of acid of

tthes cattiadmegx changa-resiangd wesid. 2 was 1.7

mlliequival ents/g. Further, peaks were found at 28

afi 8. iaqulikalentd/g.andu2@hé rhy pXRRsmpaser amitid eft i £ 6.7,
cation-exchange resin 3 with a CuKa-ray. The

- qry st alils nj tygwas k6. %t¢ B0 1334128 meERnRar atiike catlon—

Exan'pl e 1) (1) Sulfona ion of Styrenic PoI yrrer 130. ¢
S araean A (1o Eilkﬁpﬁs%'y‘i IS 5 vt L £V e

| suI fglérl C

(Example 3)

The procedure was performed under the same conditions
as in Example 1,:except that a combination of 45 ml of
styrene and 0.7 ml of 80% diﬁinylbenzene was used instead
éf 45 ml of styrene, to obtain cation-exchange resin 3. By’
L3C_NMR measurement of the styrenic polymer pfior to heat

treatmenf, it was confirmed that this polymer was

" syndiotactic polystyrene. Further, peaks of Tc

(crystalliization) were found at 217°C by DSC measurement of
5 mg oflthe styrenic polymer prior to heat treatment at
10°C/min. The amount of acid of the catioﬁ—exchange resin
3 was 3.7 milliequivalents/g. Further, péaks were.found at
28 of 6.7, 11.7, 13.5 and 20.4° by XRD measufement of -this
cationnexchange resin 3 with a CuKa—ray.- The

crystallinity was 10.5%.
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acid were charged and reacted at 80C for 3 hours.

After the reaction, the resin fraction was separated
by-1Bishit rati on, sufficiently washed with ion-exchange
water and further dried undergreduced pressure at 80C
for 24 hours 10 to obtain a cation-exchange resin 4.
The amount of acid as neasured was 1.1

mlliequivalents/g. (2) Heat Treatnent of

Cat i on- Exchange Resin 4 The sufficiently dried
cation-exchange resin 4 was naintai ned at 200C for 4
hours under a nitrogen at nosphere 15 and then slowy
goled u%der a.n E% EE at nrosphere. No clear peak was
obSBPFEG LaSEn XABP rement of. this heat- treated
cation-exchange resin 4 with a CuKa-ray. (Conparative
E%énﬁpéfQ?aElenkﬁgtSFweﬁpﬁﬁnPoﬁdgeEerforned in the
sane manner as. in (2) of Exanple 1, except that
Anber 1§8tg3df Mhtb@bﬂaﬁemeenlos®f¢fC$ENW¢®a®wE¢@mmedethh
dried, was used instead of the styrenic polynmer. No
@b@abe@ﬁabbwain@bsehvem)ubﬁnEXBBplﬁea$uaaﬂeEU ttherfesfilfuric
with a CuKa-ray. SF-1337 29 (Exanple 4) Into a 70 n

BE%%S%%%er%§b§5@Htah@aQEQ&teéOaﬁ ghecdisti Bl pduwat er after
2 gof th e cation-exchange resin 1 5 produced in

@ﬁ%m%' ki Qaegg% %EQcEESﬁSHEEZSQ geal bogen
er n&

gas un gauge pressure
f?% E%Elo%?d t ?cggg%$9 &EE e Bngo%te%gggﬁggrwaﬁer and

further dried under redUCed pressure at 80°C for 24 hours
to obtain a_cation—exchange resin 4. The amount of;ecid:as
measured was 1.1 milliequivalents/g.
f2) Heat Treatment of Cation~Exchange Resin 4

The sufficiently dried cation-exchange resin 4 was
maintained at 200°C for 4 hours under a nitrogen atmosphere

and then slowly cooled under a nitrogen atmosphere. No

 clear peak was observed upon XRD measurement of this heat-

" treated cation-exchange resin 4 with a CuKd—ray.

(Comparative Example 2)

Heat treatment was performed in the same manner as in
(2} of Example 1, excepf that Amberlyst 31,‘which had been
sufficiently washed and dried, ﬁas used instead of the

styrenic polymer. No clear peak was observed upon XRD

measurement thereof with a CuKa-ray.
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hours. Thereafter, the resultant was cooled to room
tenperature. After the pressure discharge, all the 10
genients were taken out, and separated by filtration
wth a nenbrane filter having a pore dianeter of 0.1
pm Then, the anpbunt of acids of the filtrate and the
resi due were neasured, respectively. As a result,
about 1.1% of the anmpunt of acid to be put was
detected in the filtrate, and 15 the remai ni ng anounts
were detected in the residue. (Exanple 5) The sane
procedure as in Exanple 4 was perforned,' except

that. the cation-exchange resin 2 produced in Exanple
2HXoMRAE ﬂied i nstead of the cation-exchange resin 1.
As a result, about 1.0% of the amount of acid to be

put WeBLO det et PReSHEriTeThile@ntantea e emt il RS
amounts were detected in the residue. SF-1337 10 30
gExanpled6yaThe,same pr gceflutkeasathoBxanphendewassin 1
performed, except that the cation-exchange resin 3
predueed iA. ckxapRkel FewascHsedetpstaddpetstheized with
cation-exchange resin 1. As a result, about 0.7% of

FEEngBHn&agfuﬁ&Eg %OkB?cﬁunafwg‘%55%@9§§E%éﬁkér¥hside the
I'trate, "and the remai'ning ambunts were detected in

the tesidue, (GomparatLye, FAMLe 2hng at 130°C for 18
hours. Thereafter, the resultant was cooled to room ‘
temperature. After the pressure discharge, all the
contents wefe taken out, and separated by filtration with a
membrane filter having a pore diameter of 0.1 pm. Then,

the amount of acids of the filtrate and the residué were

measured, respectively. As a result, about 1.1% of the

amount of acid to be put was detected in the filtrate, and

the remaining amounts were detected in the residue.

(Example 5)
The same procedure as in Example 4 was performed,

except that the cation-exchange resin 2 produced in Example

2 was used instead of the cation-exchange resin 1. As a

result, about 1.0% of the amount Qf acid to be put was
detected in the filtrate, and the remaining amounts were

detected in the residue.




The sane procedure as in Exanple 4 was perforned,
.except that the cation-exchange resin 4 produced in
Comes st | ve Exanple 1 was used instead of the cation
exchange resin 1. As a resultzgabout 3.0% of the _
anmount of ‘acid to be put was detected in the filtrate,
and the 15 remaining anounts were detected in the

resi due. (Conparative Exanple 4) The sanme procedure as-

- in Exanple 4 was perforned, except that Amberlyst 31,

10

15

290

‘Mﬁéﬁh ad peen sufficiently 20 washed and dried, was

used I'nstead of the cation-exchange resin 1. As a

resulé about 2.00 8f t he annugt of .aci,d to befgut d

was det'€ctaiti REPHERT Pt Par &7 ARA"PRE FelBPnPRyToTmed
anounts were detected in the residue. SF-1337 31

(BRI At 5@ CRddOroRXsthadsty ditsefc Famfe WESh 1 Fxample
of the cation-exchange resin 3 obtained in Exanple 3
vasiali speEd g steat@ infthef dagri-caxcivaigadsatr@simnid aRs a
5 arbitrary anmount of a 0.85% aqueous sol ution of

ara Noet haneiut a. 7ty drfodhleordmdeainias faddsd drops Fe1twivds

~stirring for 1 hour. Thereafter, the resultant was

ddtd@dkd aln aHOFNHARY, atdH e iRy 2nRaWihg aRGbUINEN were
the resin fraction was separated by filtration, '

%@{Iéﬁéﬂnﬂyéﬁﬁ§g%%i&5 W th ion-exchange water -and
under

further drie reduiced pressure at 80C for 24
hours to obtain a nodified cation-

(Comparative Example 3)

The same procedure as in Example 4 was performed,
_except that the cation-exchange resin 4 produced in
Comparative Example 1 was used instead‘of the cation-
exchange resin 1. As a result, about 3.0% of the amount of
acid to be put was detected in the filtrate, and ﬁhe

remaining amounts were detected in the residue.

(Comparative Example 4)

The same procedure as in Example 4 was performed,
excepi that Amberlyst 31, which had beern sufficiently
Washed and dried, was used instead of the cation-exchange
resin 1. Aé a result, about 2.0% of the amounit of acid to
be put was detected in the filtrate, and the remaining

amounts were detected in the residue.
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exchange resin A (Here, the obtai ned nodified cation-
exchange resin A was a nodified cation-exchange resin
iSF-Iwdi’/ch 35% of the sul fonic acid groups bound to 15
am noet hanethiol.) (Exanple &l1Into a 70 m

pressure-resi stant reactor, 1.59 g of acetone, 28.41

- g of phenol and 0.75 g of the cation 20 exchange resin

A produced in Exanple 7 were charged, and pressurized
with nitrogen gas under 5 kg/cnR of a gauge pressure
| (Edag@1the@)reactor; and then heated with stirring at
75C for 2 hours. After conpletion of the reaction, the

Mb%%%hk%%&oﬂﬂéfCEQEQQnL%xEHQHhEegggﬁﬂtUfe After the
SF--1337 32 pressure discharge, the reaction solution

was akenpulne 20 SubLect ol o aupnt it bl ve, 8Ral Xk anp o

by nean |qU| he resurts are

shown in Table (Exanmpl e 9) .Under the sane

Codrt idaﬁgeage#nlﬁxéﬁﬁl B1goletPBRE*FRAN IS e tafpuAdofn
phenol to be charged was changed to 20.66 g, and t he
egRdtirenyt anpepat efeanls 8ERangudcts §s5¢uttpd ofeacti on

was perfornmed. The results are shown in Table 1. 10
EEi{awpitbat6)hindehytihechameidendiati adseds dropkiarpve th

8, except that the anobunt of phenol to.be charged was
¢hargedqgt @c02219%o8xr. Thereafter, the resultant was stirred
at a room temperature for 5 hours, and then the resin
fraction was separated by filtration, sufficiently washed
with ion-exchange water and further dried under reduced
pressure at 80°C for 24 hours to obtain a modified cation-
exchange resin A. (Here, the obtained modified cation-
exchange resin A was a modified cation—exchange resin in-

which 35% of the sulfonic acid groups bound to

aminoethanethiol.)

(Example 8)

‘Into a 70 ml pressure-resistant reactor, 1.59 g of
acetone, 28.41 g of phenol and 0.75 g of the cation-
exchange resin A produced in Example 7 were charged, and
pressurized with nitrogen gas under 5 kq/cm? of a gauge
pressure inside the reactor; and then heated with stirring

at 75°C for 2 hours. After completion of the reaction, the

‘resultant was cooled to room temperature. After the
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and the reaction tenperature was changed to 100C,

t he.

15 reaction was perforned. The results are shown in

Bhilg3l. Tabl e

.1 Amount of Anpunt

of React i onConver si onsel ecti vi 8y acet one topheno
be char gedbe chargedC)

totenp of acetoneto rature e
A ( (9)(9)(0) Exanplel.5928.417565.292.8 8
Exanpl el. 5920. 668561. 590.9 9 :

Exanpl el. 5912. 9110064. 486. 8 10 (Conparati ve.

(} bi sphenol

Prea}urder st

B%r%@
except that SF-1
A Al e

Al

groups

ARSI,

(Example 9)

RY O EX G

a conmercl a

Exanpl e

e +6@NAHHIANS S 1 tEXAR28 &aken out,
37 33 a nodified Annberlyst 31

5%€%ﬁysknbb§lyst%!c %Cﬂ%quid

ﬂﬁ%%éy

y avai

s used
e resuf%s are s

cat

Under the same conditions as in Example 8,

d%n in Table 1.

except that

the amount of phenol to be charged was changed to 20.66 g,

reaction was performed.

(Example 10)

and the reaction temperatﬁre was changed to 85°C,

Under the same conditions as in Example 8,

the

The results are shown in Table 1.

except that

the amount of phendl to be charged was changed teo 12.91 g,

and the reaction temperature was changed to 100°C, the-

reaction was performed.

The results are shown in Table 1.

Table 1 -
Amount of Amount of . . Selectivity
Reaction Conversion
acetone to phenol to temperature | of acetone to
be charged | be charged o bisphencl A
("c) (%) N
{g) (g} (%)
Exagple 1.59 28.41 75 65.2 92.8
Exagple 1.59 20.66 85 61.5 50.9
Exiﬁ$le 1.59 12.91 100 64.4 86.8

{Comparative Example 5)

Under the same conditicons as in Example 8,

except that
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the reaction was perfornmed. The results are shown in
Table 5 2. (Conparative Exanple 6) Under the sane
sBAUBBI7Tons as in Exanple 9, except that a nodified
Anber | yst 31 obtai ned by ion-®#xchange of 35% of 10
the sulfonic acid groups of a commercially avail abl e
Amber | yst 31 with am noet hanet hi ol was used as a
catalyst, the reaction was perforned. The results are
shown in Table 2. 15 (Conparative Exanple 7) Under the

§aﬂ8d9@ﬂgﬁthﬂﬂér@?stn3ﬁxéﬁﬁbﬁné@ bOXEERLextNBhgd of 35% of
nodi f1 ed Anberl yst 31 obtai ned by ion-exchange of 350

Buai PEbEEn: Rupbifyaro B LPE 2, oBnBBFRERELFi o i igeq
FBRBFLaSG S1chhn FROTABFB-Do R0 13090 3 Tabhe 3 oatalyst)

Anmount of Anount ofReactloannversionSeIectivitK .

abet smectépherdl Potéapeeds ur 86F AeEnbhetdrpeshown in Table
char gedbe. chargedoC {$) bi sphenol A') (g)(9)(9)

gonp. 1.5928. 417562. 891. 4 '

{Compérative Example 6)

AUnder the same conditions as in Example 9, except that
a modified Amberlyst 31 obtained by ilon-exchange of 35% of
the sulfonie acid groups of a-commercially avallable
Amberlyst 31 with aminoethanethiol was used as a catalysﬁ,
the reaction was pefformed; The results aré shown in Table

2.

(Comparative Example 7)

Unde£ the same conditions as in Example 10, except
that a modified Amberlyst 31 obtained by lon-exchange of
35% of the sulfonic acid groups of a commercially available
Amberlyst 31 with aminoethanethiol was used as a catalyst,
the reaction was performed. The results are shown in Table

2.




10 .

15

20

Ex. 5 Conp. 1.5920. 668548.488.4 Ex. 6

Conp. 1.5912.9110061.181.1 Ex. 7 (Exanple 11) The
FbdiiBBed cation-exchange resin A which had been 5
used as a catal yst in Exanpl 840 was taken out by
filtration after the reaction, the raw material was
charged therein again, and the reaction was perforned
under the sane conditions. The results are shown in
Table 3. 10 . (Exanple 12) The nodified

cation-exchange resin A whrgblbad been once reused as
a catalyst in Fx nnlp 11 was taken out by filtration

af t er t{h&p@5ctd an ‘t”ﬁ% Paw materdsah wasomhasged| Selectivity

t herei n 34§ g bp dt t epevasimper boravedonenfer 5°
. henol
the 15 sarréhafgn fLonE;rg’? restids arge shoéiwn m-%l &) A
Spopem = uplc LO) Thernodi-fed—catton-exchange resjm A

whaLcht had beth tiwi &8 -Aéusdd as 2 cat al yst®<irA Expnpl &5- 4

TE@UIZ Was_taken 20 out| by filtrat on TTEr [{he

reactd gn, the raw neteffal was SP-1337] 35%hdrgey  %2-4
t hefel N agal .and eactlon S perfor unfler

t Fe. Same cgh I tidn rlLI'he sultéwgre showm |g bIe81'1
3. Table 3 :

(Example 11)

The modified cation-exchange resin A which had been

.used as a catalyst in Example 10 was taken out by

filtration after the reaction, the raw material was charged
therein again, and the reaction was performed under the

same conditions. The results are shown in Tabkble 3.

(Example 12)

The modified cation—éxchange resin A which had been
once reused as a catalyst in Exaﬁple_ll was taken out by
filtratiQn after the reaction, the raw material was charged
therein agaiﬁ; and the réaction was performed uﬁder the

same conditions.. The rESults are shown in Table 3.

(Example 13)
The modified cation—exchange resin A which had been

twice reused as a catalyst in Examples 11 and 12 was taken

" out by filtration after the reaction, the raw material was




Nurmber of Anount of Anount
of Reacti onConversionSel ectivity tines ofacetone
topheIw! t ot enper at ureof acetoneto reuse of be
char gedbe char gedCC) bi sphenol 34 catal yst(g)(g) (0)
Exanpl el st 1. 5912. 9110063 86 55 11..
Exanpl e2nd1. 5912. 9110065. 087. 2 12 Exanpl erd
31.5912.9110064. 087 0 13. 5 (Conparative Exanple 8)
The nodified Anberlyst 31 which had been used as a
catal ysd ’dl’fér%i"fpaa[ iye aﬁi@r@{ee e aS; 4, 2kels %’%r@rmed under
filtration after e r'eaction, e raw materi
ed 10 th reln agai and_t.he reactlon was
PR OTSH TG C A+ sehfie o Kiobrfe.© TR br gt ke 3-
was repeated three times. The results are shown in
Tabl e 4. (Conparative Exanple 9) 15 The nodified |
Anmberlyst 31 which had been once reused as a catal yst
in Conparative Exanple 8 wakltlakeéh out by filtration ‘

+ A raae r A, it : g! Was Char aod

af 1 orv
et ter RS e aE Ot e TrRNG R Li-al —va e T SeTectivit
t her ei|n-a@aid3, &c{o e, rﬁéggll Em wasaqréet ol Fewberide| € ect;w Y
t he. reuse of | be charged | be charged temperature | of acetone bisphenol A
catalyst (g) (g) te (% (%)
mrAmple | e 1.59 12.91 100 63.5  86.5
Exanple 204 1.59 12.91 100 65.0 87.2
Fxample 3= 1.59 12.91 100 64.0 87.0

(Comparative Example 8)

The modified Amberlyst 31 which had been used as a

catalyst in Comparative Example 7 was taken out by

filtration after the reaction, the raw material was'charged 

10 therein again, and the reaction was performed under the
same conditions. This procedure was repeated three times.

The results are shown in Table 4.

(Comparati?e Example 2)

15 The modified Amberlyst 31 which had been once réused
as a catalyst in Comparative Example 8 was faken out by
filtration after the reaction, the raw material was charged
therein again, and the_reacfion was perfbrmed under the |
same conditions. The results are shownrin Table 4.
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sanme conditions. The results are shown in Table 4. 20
SF--1337 36 (Conparative Exanple 10) The nodified
Arbanlayst 31 which had been twice used as a catal yst
i n Conparative Exanples 8 andz® was taken out by
filtration after the reaction, the raw nateri a
charged 5 therein again, and the reaction was:
performed under the sane conditions. The results are
shomn in Table 4. Table 4 Nunber of Anbunt of Anbunt
ﬁ%%EEQQQQnEQEﬂ Qgsgbﬁctivity ti mes of acet one

t ot enper at ur eo acetoneto reuse of be
charg

catal JEF CBYCE) Lo BT #;ggghgg hbiﬁ%%%% RBEP oEWigH, used 2

2nd1. 5912.9110057. 880. 5
@0ﬁ@t@@aft5g@2CgTP9gggl@¢9Egamples 8 and 9 was taken out by

was

filtration after the reaction, the raw material was charged

therein again, and the reactioh was performed under the

same conditions. The results are shown in Table 4.

Table 4
Number of | Amount of Amount of . . Selectivity
times of | acetone to | phenol to telzneaeitltﬁ:e (;Em;ce:':iziz to
reuse of | be charged | be charged p(ocai- TS bisphencl A
catalyst (g) {g) N (%)
Comp. 15t 1.59 12.51 100 59.5 80.0
Bx. 8
Comp. ond 1.59 12.91 100 57.8 80.5
Ex. 9
Comp. 3td 1.59 12.91 100 55.0 79.5
Ex. 10 _
(Examplie 14)
Into a 70 ml pressure-resistant reactor, 1.59 g of
acetone, 28.41 g of phenol and 0.75 g of the_cation—
exchange resin 3 produced in Example 3 were charged, and 3-

mercaptopropionic acid was further charged thereto to a
concentration of 3000 ppm, and the resﬁltaﬁt Qas |

pressurized with'niffogen gas under 5 kg/cm® of a gauge
pressure inside the reactor, and then heated with stirring.
at 75°C for 2 hours for reaction. Aftér-completion of thé
reaction, the resulfant was cooled to—roommtemperature.

Afterlthe pressure discharge, the reaction soclution was
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Ex. 10 10 (Exanple 14) Into.a 70 ml pressure-resistant
reactor, 1.59 g of acetone, 28.41 g of phenol and
Or7B3x7 of the cation- exchange resin 3 produced in
Exanpl e 3 were charged, and 37 nercaptopropionic acid
was further charged thereto to a 15 concentration of
3000 ppm and the resultant was pressurized with
nitrogen gas under 5 kg/cn2 of a gauge pressure inside
the reactor, and then heated with stirring at 75C for

2o PONT Suf Or o f gagid -t A 1S G0dWPt Bt d O Ofarideysis by means

reaction, the resultant was cooled to room

SEmeratiry A0 ALEpe nrgs s, disohar o e Tabae .

- subjected to quantitative analysis by nmeans of

liquid
chromat ography. The results are shown in Table 5.
(Exanmpl e 15) 5 Under the sane conditions as in Exanple
{BxzamxkeptS) t hat the anount of phenol to be charged
was changed to 20.66 g, and the reaction tenperature
was ahatged:ieo SHE cord tieact ison wmaEAseanriicr fed. eHrept
results are shown in Table 5. 10 Table 5 Anpunt
ohArount ghiReaetd onGonver stonsel egityéd ywasetloneged to
t ophenol totenperatureof acetoneto

20.66 g, and the reaction temperature was changed to 85°C,

the reacﬁion was performed. The results are shown in Table

5
Table 5

Ami?nt if AEounI zf Reaction Conversion Seleii:v1ty

acetone to | phenol to £ e .

be charged | be charged temp(eorca)ture < a(c%e) one bisphenol A

(g) {g) (%)

Brample 1.59 28.41 | 75 81.2 93.9
Eranple 1.59 20.66 85 79.4 90.5

(Comparative Example 11)

Under the same conditions as in Example 14, except

“that a commercially available Amberlyst 31 was used as a

catalyst instead of the cation-exchange resin produced in
Example 1, the reaction was performed. The results are

shown .in Table. 6.

(Comparative Examplie 1iZ2Z)




be chargedbe charged(0c) (% bi sphenol A (g)(9)(%

Exanpl el. 5928. 417581. 293.9 14

Bea3i381. 5920. 668579. 490.5 15 (Conparative Exanple 11)
Under the sanme conditions as 3m Exanple 14, except 15
that a comrercially avail abl e Anberlyst 31 was used as
a catalyst instead of the cation-exchange resin
-produced in Exanple 1, the reaction was perforned.
The results are shown in Table 6. 20 (Conparative

Exanpbﬁdé%) +SE- 4334 38nindesnthessanergondibi psf aschpt
Exanpl e 15, except that a commercially avail able

eﬁgﬁgly%inﬁérW%%l §egv%§lgbl%ahﬁ£%§é¥%Q$%%a%a%fHEQ% as a
i'on- exchandgé résin pro uced

-F@qu ea%tély%n Vi%%gfégrdgokg‘égﬁt Arﬁﬁeaﬁ%tc%a%rg% reséq%m%rloguced in
ofReactloannverS|onSeIect|V|ty acet one topheno

Foramer dvutder recstdnst vaberehdpgagse cRarcg&geplms are

) bi sphenol A (g)(g9) (% Conp.1l.5928.417581.091.5
5 shown in Table 6.

Table 6
Amount of Amount of S o Selectivity
Reaction Conversion
acetone to phenol to temperature | of acetone to
be charged | be charged 3 o bisphenol A
{"C) (%} o
{g9) {g) (%)
Comp . .
Fx. 11 1.55 28.41 75 81.0 . 91.5
comp - 1.59 20.66 85 77.9 87.3

1 Ex. 12
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Ex. 11 Conp. 1l.5920.668577.987.3 Ex. 12 SF-1337 39
CLAIMS 1. A cation-exchange resin catal yst conprising
&F-dasi7on- exchange resin, wherein a cation-exchange
group is introduced into a symdiotactic polystyrene
pol yner, and the anount of - acid is 0.8
mlliequivalent/g or nore. 2. The -cation-exchange
resin catal yst according to claim1l1, wherein the
crystallinity is 5%or nore. 10 3. The cation-exchange
resin catal yst according torpghatm 1, wherein the
syndiotacticity of the polystyrene polyner is 70960r
nmore. 15 4. The cation-exchange resin catal yst
according to claim1l1, wherein the catalyst |s used in
the reaction of, phenol and acefone tao

bi sphénol %A, Caatl%’l RIS d?e%]rrbcﬁﬁtreh]gy F s%ﬂ%ﬂﬁ’rs%?%)ﬁ
reacting 20 phenol with acetone, wherein the
c@tiion-exchange resiim,cahgirgdn écé:@mpﬁgeﬁf@h@rwemgrou@ is
used as a catal yst.

introduced into a syndiotactic polystyrene polymer, and the

amount of acid is 0.8 milliequivalent/g or more.

2. The cation-exchange resin catalyst according to

" claim 1, wherein the crystallinity is 5% or more.

3. The cation-exchange resin catalyst according to
claim 1, wherein the Syndiotacticity of the polystyrene

polymer is 70% or more.

4. ' The cation-exchange resin catalyst according to
claim 1, wherein the catalyst is used  -in the reaction of

phenol and acetone to produce bisphenol A.

5. A process for producing bisphenol A by reacting
phenol with acetone, wherein the cation-eXchange resin

catalyét according to claim 1 is used as a catalyst.




