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| DESCRIPTION Process for Producing Bisphenol A 5 TECHNICAL
FIELD The present invention relates to a catalyst comprising a
cation-exchange resin with a polystyreng polymer skeleton. The present
invention also relates to a process for producing bisphenol A. More
specifically, the invention 10 relates to a process for producing bisphenol
A by reacting acetone with phenol in the' presence of a cation-exchange

-resin catalyst. BACKGROUND ART 15 Bisphenol A

[2,2-bis(4-hydroxyphenyl)propane¥ECisEaii¥foduced by reacting phenol
with acetone 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, 20 in addition
to bisphenol A. THERTEHT opbnERCSTHRd BY- prbdnasne p-A
(2-hydroxyphenyl) -2- (4-hydroxyphenyl) propane (hereinafter, referred to
as 0,p'-BPA), and in addition, it includes trisphenol, a polyphenol
compound, a chroman compound, colored impurities and the like. 2

Bttt or & hbRidgeneous acid to be used as a catalyst, include

hydrochloric acid, sulfuric acid and the
The present invention relates to a catalyst comprising

a cation-exchange resin with a polystyrene polymer skeleton.
The present invention alsoc relates to é preocess for
producing bisphenol A. More specifically, the invention:
relates to a proceés for producing bisphencl A by reacting
acetone with phenol in the presence of a cation-exchange

resin catalyst.

BACKGROUND ART

Bisphenol A [2,2-bis(4~hydroxyphenyl}propanel is
usually produced by reacting phenol with aceﬁone 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 bisphenol A. The main component of the by-
products is Z-(2-hydroxyphenyl)-2- (4-hydroxyphenyl}propane
(hereinafter, referred to as o,p'-BPA), and in addition, it
includes trisphenol, a polyphenol compound, a chroman

cenpound, colored impurities and the like.
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like. In the case where the homogeneous acid is used, since it is possible

to proceed the reaction while 5 precipitating crystals of an adduct of
phenol with bisphenol A by reacting th?n at lower temperatures,
bisphenol 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 isomer thereof. However, 10 the catalyst of the homogeneous acid
such as hydrochloric acid requires a process for removing the catalyst
from aEreactibr mixtfire ohtormpetratiringdhe datalystantsthasathes
operation becomes complicated. Homogeneous dissolution of the acid in
thetredgtian sohutidondartherdansksd dbicoreasiah ofsarl gppdratus-drthend the
like used in the reaction. Therefore, the reaction apparatus should use
expensiveland hantzeereo sive: matertal s hibis deirgpurecondmidal. Ased,
solid acid catalyst, a sulfonic acid-type cation- exchange resin is usually
wsed:d hietrebetipn $erifrbducing 020 bispliehblkA esserttiady praddeds
only with an acid catalyst, but if such a solid acid catalyst is used, the
proeesy it athich acetomeadiffuses fsomatdisotfacE obtheredtalysth
particles to an active site on the catalyst is involved, and thus the reaction
rateis ke ITHUS) there 4g-4 Bngehbrah nedthddwsed femimpreving ¢ise
catalytic activity and the selectivity by allowing a compound containing a
bisphencl 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 isomer thereof. However,
the catalyst of the homogeneous acid such as hydrochloric
acid requires a process fo} removing the catalyst from ﬁﬂ
reaction 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 reactiénu
Therefore, the reaction apparatus should use expensive and
anti-corrosive materials, thus being uneconomical.

As 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 solid acid catalyst is used, the process in
which acetone diffuses from the surface of the catalys:
parficles to an active site on the catalyst is involved,

and thus the reacticn rate is low. Thus, there.is a
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mercapto group to coexist in the reaction system (For example, JP-B
Nos. 45-10337, 46-19953, etc.). 5 Further, it is proposed in JP-A No.
62-178532 to use a sulfonic acid-type cation-exchange resin in a fine
particle or a fine powder having an effective diameter of 0.3 mm or less
for obtaining a sufficient reaction conversion. Various improvements on
the structure of a resin 10 product, which is the base material of a sulfonic
acid-type cation-exchange resin, have been made. The sulfonic acid-

tpeccatibnrexchengesedinis A resrebiaingd e suderatingia activity
styrene-divinylbenzene copolymer which is obtained by radically
eapolymeriginpestyrienctand §5 divieywbenzenec dhpsivioylbenzenainng a
polymerization does not only prevent a polystyrene chain from dissolving
ean sgrganigrsakyetobuicte icontant theéreotisaalsd.en inpartant faeter
in controlling the size of a pore, i.e., the size of a gel micropore within the
sulfonit aciditpe 20heatiorbexctrdine, resil f@ared ky-eapturing a polar
solvent, or the mechanical strength of the sulfonic acid-type
cationfaxcharge redin.iln gthepweeds, arsulfbAi atid-tye-178532 to use a
cation-exchange resin with a low content of divinylbenzene has a high 4
safafyticiactizvity duevp @ lkeegde geHmicrbporeebutthin maechanitahsirengtit icle
is low. In addition, in.the case where
or a fine powder having an effective diameter of 0.3 mm or
less for cbhbtaining a sufficient reaction conversion.
Various improvements on the structure of a resin
product; which is the base material of a sulfonic acid-type
cation—exchange resin, have.been made. The sulfonic aciﬁn
type cation-exchange resin is a resin obtained by
sulfonating a styrene-divinylbenzene copolymer which is
obtained by radically copolymerizing styrene and
divinylbenzene. The divinylbenzene in polymerization does
not only prevent a polystyrene chain from dissolving in an
crganic sclvent, but the content thereof is also an
important factor in controlling the size of a pore, i.e.,
the size of a gel micropore within the sulfonic acid-type
cation~exchange resin formed by capturing a polar solvent,
or the mechanical strength of the sulfonic acid-type
cation-exchance resin.

In other words, a sulfonic acid-type cation-exchange

resin with a low content of divinylbenzene has a high
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the content thereof is high, the mechanical strength increases, but the gel
micropore size decreases, which S causes decreased activity. JP-A Nos.
5-97741 and 6-320009 describe a method which complements the

respective defects by simultaneous filling a sulfonic acid-type cation-
exchange resin having a low content of divinylbenzene and a sulfonic
acid-type cation-exchange resin having a high 10 content of

divinylbenzene into a reactor. Further, it is reported in WO 00/00454 that
AR{ADeVeMaRion,a feactian €onyersionywhickisugoestsa selffonie: the
acid-type cation- exchange resin having large gel micropores by using

e gR amoteculessuchas divinvibiphenylrinsterd efidivinylhenzesecide where
The sulfonic acid-type cation-exchange resin in these methods described
aheve carWsises a8 Bebase Mateqal, atacticrpohsiyiene Whiehdsigth
obtained by radically copolymerizing styrene and a polyvinyl aromatic
campaundssughnas divinydbenzene: Sircesthe ptactignotystyeene isr20-an
amorphous resin without having a sharp melting point, a commercially
asaialie ix-exchangeaesinveamprisingAhel agactis-Eolystyreneihavinsg aoc g
sulfone group introduced thereinto has room for improvement in heat
fesistanoe andmisthus knbwrtiocgenel atecantaffluent whepldds iseddefects
under the heating condition of 80C or higher. Thus, this causes problems
Isuch asuleteneratien iniMethanicas sirdragth - deeredse yp theactivity-due

to clogging of gel micropores,

exchange resin having a low content of divinylbenzene and a

sulfonic acid=-type cation-exchange resin having a high
content of divinylbenzene into a reactor. Further, it is
reported in WO 0CG/00454 that an improvement on a reaction
conversion, which suggésts a sulfonic acid-type cation-
exchange resin having largé gel micropofes by using large
moleculeé such as divinylbiphenyl instead of divinylbenzene.
The sulfonic acid-type 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 compound
such as divinylbenzene. Since the atactic polystyrene is
an amorphous resin without having a sharp melting point, a
commeréialiy available ion-exchange resin comprising the
atactic polystyrene having a sulfone group introduced
thereinto has room for improvement in heat resistance and

is thus known to generate an effluent when it is used under
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and deterioration over a prolonged period, and thereby 5 there is an
obstacle in using thereof at higher temperatures. In order to overcome
such problems, a method has been used which increases the degree of
crosslinking and improves heat resistance in an atactic polymer chain. 10
Since the diffusion within the ion-exchange resin particles is extremely
lowered as the degree of crosslinking is increased, a large hole referred
ta-as an'ematneparehisifoimead oitian tie particlegHyra physical treatmentaises
in order to improve the diffusion within the particles. 15 However, in the
casewhere anion-exchaage resirhaving this maecropoie adserbssngth,
molecule having high polarity, such as water, a crosslinked structure
tehesrto-inbibittheibulge-ofi paricleb causeddydbe suelling, whichicropores,
eventually collapses when it can no longer endure the swelling.
Thatefars, dhe cdevelopmentzof aaheateresistant ien=exehangeresith shieky
can 20 be treated with an aqueous solvent, is demanded. It is described
intHeGePat Nm 3,342,203 thatchaledenyistsuhstituted fortysinegen on the
tertiary carbon 6 adjacent to the benzene ring of the styrene moiety in
otdeirta-avercome the above described problem. However, the -
substitution of halogen for hydrogen leads to elution of

In corder to overcome such problems, a method has bheen

used which increases the degree of crosslinking and
improves heat resistance in an atactic polymer chain,.

Since the diffusion within the ion-exchange resin particles

“is extremely lowered as the degree of crosslinking is

increased, a large hole referred toc as a “ macropore” is formed
within the particles by a physical treatment in order to improve

the diffusion within the particles.

However, in the case where an lon-exchange resin having
this macropore adsorbs a melecule having high polarity, such
as water, a crosslinked structure tends to inhibit the bulge of
particles caused by the swelling, which eventually collapses
when it can no longer endure the swelling. Therefore, the
development of a heat-resistant ion-exchange resin, which can

be treated with an agqueous solvent, 1s demanded.

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

halogen 1s substituted for hyvdrogen on the tertiary carbon
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chlorine from the resin, and thus a new problem occurs of 5 incorporating
halogen into a reaction mixture. Further, as a highly heat-resistant
ion-exchange resin, a perfluorosulfonic acid-based resin such as nafion is
known, in which the maximum amount oPacid is about 1.0
milliequivalent/g. Since this polymer skeleton is formed 10 by
copolymerization of tetrafluoroethylene and a trifluorovinyl alcohol
derivative, an introduction exceeding a given amount of the trifluorovinyl

alaghol derivativers problematic in ferms of the polymerizatigns e +y in order

technologies, which means that it is impossible to inCrease 15 the amount

g, itidescribeddn the respgctive, papers of iROWMEr ¢ he
Preprints, Vol. 34, p. 852 (1993), Macromolecules, Vol. 27, p. 287 (1994),

Ralymer #fetnafional Mol oD el (AN gEithe lkey 2 Rocessiofon o

synthesizing a 20 crystalline polymer containing a sulfone group, in which

arsuifena grewpids inredueed info syedietactic polustyrenes 8o theRurs of
crystallized. It is believed that it is necessary to remarkably suppress the

amedrtefacidis Junctiongl:oreupstobe-injrodusadrin.arderto crystallize
the 7 sulfonated syndiotactic polystyrene later. Therefore, in this

example the maxinum ameuntofaeidtis.aniy 140 willieguivalent/gntheiSresin,
being inadequate for a practical

a perfluorcesulfonic acid-based resin such as nafion is
known, in which the maximum amount of acid is about 1.0
milliequivalent/g. Since this polymer'skeleton is formed
by copolymerizaticn of tetraflucroethylene and a
trifluorovinyl alcohol derivative, an introduction
exceeding a given amount of the trifluorovinyl alcohol
derivative is problematic in terms of the polymérization
technologies, which.means that it is impossible to increase
the amount of acido

Further, it is described in the respective papers of

Polymer Preprints, Vol. 34, p. 852 (1993), Macromolecules,

Vol. 27, p. 287 (1994), Polymer International, Vol. 50, p.

421 (2001} oxr the like, a process for synthesizing a
crystalline polymer containing a sulfone group, in which a
sulfone group is introduced into syndiotactic polystyrene,
and then crystallized. It is 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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catalyst use. 5 As such, any ion-exchange resin product which has heat
resistance and a high amount of acid, and can be used as a catalyst has
not been exemplified. If an ion-exchange resin having heat resistance
and a high amount of acid can be develz)ped, the ion-exchange resin can
be used as a solid 10 catalyst at a high temperature in the reaction using
a conventional ion-exchange resin at a low temperature or using a
mineral acid as a catalyst, for example, the hydration of isobutene and

rropylenes the synthesis of bisphena) &frormaphengland acetpe the .

synthesis of 15 methylenedianiline from aniline and formaldehyde, and the

likes $hus:idRsing an gxiremelriiseiuleatalysyr the. dndysiry, [Ratent
Document 1] U.S. Patent No. 3342755 [Patent Document 2] JP-A No.

2004-50465 201Nop;Ratertbocument 1k Ralymer, Preprings, Mol 34,P4 ca1
852 (1993) [Non-Patent Document 2] Macromolecules, Vol. 27, p. 287

@994) {Nen Ratent Document 3] Polymer International, Vol. 8 50, p. 421
(2001) DISCLOSURE OF THE INVENTION (Problems to be Solved by

the Invegtignkh, any ion-exchange resin product which has heat
resistance and a high amount of acid, and can be used as a
cétalyst has not been exemplified. If an ion-exchange
resin having heat resistance and a high 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
conventional 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

bisphencl A from phenol and acetone, 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

[FPatent Document 2] JP-A No. 2004~55165

[Non-Patent Document 1] Polymer ?reprints, Vol. 34, p.
852 {1893) |

[Son~Patent Document 2} Macromolecules, Vol. 27, p.
287 (1994)

[Non-Patent Document 3} Polymer International, Vol,.
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5 The present invention provides a cation-exchange resin catalyst
comprising a polystyrene cation-exchange resin, which has excellent heat
resistance and a sufficient amount of acid. Further, the invention provides
a process for producing bisphenol A by%eacting phenol with acetone, 10
wherein a high heat resistance cation-exchange resin is used as a
catalyst in order to solve the above described problems, reaction is
performed at higher temperatures while maintaining high selectivity, and
asga rgs.ultg High ﬁ@gyctivity is obtained. 15 (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 obtained 20 by introducing an acidic

fopetonalgeup intea: cryaialling pelymer as a catalyst, a reaction can be
performed at higher temperatures without deteriorating the activity,

sedectiyityand-durabilisy, ;andkthgrebyrhisphanal A ¢an be obtained with

high productivity. Thus, they have 9 completed the invention. In other

words, the inuentiondelates ora satig-Axchange resin £atlyst88ange resin
follows: (1) A cation-exchange resin catalyst comprising a

catalyst comprising a polystyrene cationéexchangé resin,

which has excellent hesat resistance and a sufficient amcunt

of acid. Further, the invention provides a process for

producing bisphenol A by reacting phencl with acetone,

wherein a high heat resistance caticon~exchange resin is

used as a catalyst in order to solve the above described

. problems, reaction is performed at higher temperatures

while maintaining high selectivity, and as a result, high

preoductivity is obtained.

{(Means for Solving the Problems)

The present inventors have conducted extensive studies
to_solve the problens, and as a result, they have found
that by using a cation-exchange resin which can be obtained
by intreducing an acidic functional group intc a
crystalline polymer as a catalyst, é reaction can be
performed at higher temperatures without deteriorating the
activity, selectivity and durability, and thereby bisphencl

A can be obtained with high productivity. Thus, they have



cation-exchange resin, wherein a cation-exchange group is introduced
into a syndiotactic polystyrene polymer, and the amount of acid is 0.8
milliequivalent/g or more and the crystallinity is 5% or more. Furthermore,
hereinbelow, the preferable embodiments and the production processes
for the cation-exchange resin catalyst Of the invention will be described.
(2) The cation-exchange resin catalyst as described in (1) above, wherein
the crystallinity is 5% or more. (3) The cation-exchange resin catalyst as
described in (1) above, wherein the syndiotacticity of the polystyrene
cpolyier &s170%corimere1 {4pThe cation-exchange resin catalyst as

descrifed o, () ahoye. wherein the satalystis usedin (e reagtion.of,
phenol and acetone to produce bisphenol .(5} process for producing
episphensl A by keacting: phetiolawitlf adetone,:wherein the

cationsexchange, iesin, calalystasdeseribed in () abayeds UsedRsa g &
catalyst. (Effects of the invention) According to the present invention, a
CaiticiieReliayedE0 Fesin tataly/st 1ehith Basa hightamsahtofacicoande 1s

1 gxcellent agtivity, and can.be used ata h@z@%@&%ep&%g@?dam the

According to the process of the invention, bispheno
amount c¢f acid is 0.8 milliequivalent/g or more and the

crystallinity is 5% or more.

Furthermore, hereinbelow, the preferable embodiments
and the production processes for the cation-exchange resin
catalyst of the invention will be described.

(2} The caticn-exchange resin catalyst as described in
{1) above, wherein the crystailinity is 5% or more.

(3) The cation-exchange resin catalyst as described in
(1) above, wherein the syndiotacticity of the polystyrene
polymer is 70% or more.

(4) The cation-exchange resin catalyst as described in
(1) above, wherein the catalyst is used in the reaction of
phencol and acetone to produce bisphenol A.

(5) A process for producing bisphencl A by reacting
phencl 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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5 can be produced with high, yield and selectivity, and bisphenol A can

be produced with remarkably excelleng i safety, processability and
economic aspects. BEST MODE FOR CARRYING OUT THE INVENTION
10 The cation-exchange 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 a

0 R substitaieds15 palystyrenesssachhassholystyverie arfd acid and
poly(a-methylstyrene), and phenyl substituted polystyrenes such as

Pob(p1 methystyiens) vAmang these hensubstituéed polizstyrerieisperature,
preferred. For example, syndiotactic polystyrene in which the 20 phenyl
Ysoups whitkdare the side-chain with respect to the main chain formed by

a carbon-carbon.bond of the polystyrenes obtained by the polymerization

of a styeenie dihngormer aloaeporcthe gopolymerizatiovefif styrenic sphenol A
monomer and a polyvinyl aromatic compound, are alternately located 11
irthécappasittudicettion tand isptacticepaly sty nean awlich e phangl
groups are located in the same direction are preferable from the
wviesypainbthak theyrhave pnystallieity, ahtdsyndivtactislpoly styrenblaret in
more 5 preferable from the viewpoint that it rapidly crystallizes.

- safety, processability and economic aspects.

BEST MODE FOR CARRYING OUT THE INVENTION

The cationmexchapge 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 or f éubstituted
polystyrénes such as polystyrene and poly(mwmethylstyrene),
and phenyl substituted pelystyrenes such as polyl(p-

methylstyrene) . 2Among these, unsubstituted polystyrene is

" preferred.

For example, syndiotactic polystyrene in which the
phenyl groups which are the side-chain with respect to the

main chain formed by a carbon-carbon bond of the

polystyrenes obtained by the polymerization of a styrenic

monomer alone or the copolymerization of a styrenic moncmer

and a polyvinyl aromatic compound, are alternately located
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Syndiotactic polystyrene may be commercially available one, or may be a
polymer obtained by polymerization of a styrenic monomer alone or a
polymer obtained by copolymerization %)ia styrenic monomer and a
polyvinyl 10 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 monomer and a polyvinyl

Inaromaticmesomerda pelmenhavung highcstareoieganity segirbge in
obtained by using the method as disclosed in, for example, JP-A No.

A DEA9ZhIP ArNay8-151448 s IR e NDo8al43dV 20; JIPHA Neael Wil tion
JP-B No. 7-77790, JP-B No. 7- 57767, JP-B No. 7-55994, or the like. 20

Ehe:tactieity: incdiciadingribe stereoregitadtyof ymaiotaciiepolystgrene can
be measured by a 13C-NMR method and can be represented by the
existenee ratiostef, thenglusairconseadtiviecconslittsionakmwaitss fer exanaple,
a dyad in the case of where two constitutional units exist, a 12 triad in the
casefainghdre threancanstitutionabohiis exist tarid apeniatl iy thecaseldfizes .
where five constitutional units exist, and in the racemic dyad, the ratio is
preferabiyd0%t o nicrepandd sioreqrefarably 78%commere. imother aneslable
with stereostructures such as isotatic
one, or may be a polymer obtained by polymerization of a
styrenic monomer alone or a polymef obtained by
copolymerization of a styrenic monomer and a polyvinyl
arcmatic monomer. The polymerization method is not
particularly limited, but in either cases of using a
polymer obtalned by the peclymerizaticn of a styrenic
monomer alone or of using a pelymer obtained by the
copolymerization of a styrenic monomer and a pelyvinyl
aromatic monomer, a polymer having high stereoregularity
can be obtained by using the method as disclosed in, for
example, JFP-A No. 8-151452, JP-A No. 8-151414, JP-A No. 8=
143729, JP-A No. 8-134122, JP-B No. 7-777%0, JP-B No. 7-
577¢7, JP-B No. 7-55994, or the like.

The tacticity indicating the stereoreguliarity of
syndictactic polyétyrene can be measured by a 13C-NMR
method and can be represented by the existence ratics of

the plural consecutive constitutional units, for example, a

dyad in the case of where two constitutional units exist, a
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polymers may be mixed with the syndiotactic polystyrene as long as they

do not adversely affect the scope of the invention. The polymer used in

the invention may have a 10 crosslinkegstructure. The crosslinked

structure 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 15 the crosslinked structure. For example, if

shyrede havingeona vinyb Grotpeand divinythenzene ivhich ispdlyvinylts exist,
aromatics are copolymerized, a main chain of the polymer can be
gederatedrasavell asteherosslinkedfstuictire canbe dntneduided: Farthér,units
a polymer having no crosslinked 20 structure may be crosslinked later by

thel miethachds idisdbsed #rdRiAk Noy2d02-868116.Udhdhe capeof asimglay 7C%
polymer obtained by the copolymerization of a styrenic monomer and a
polyvinyt arematicomengmerf, ¢lneldégreesdf crasstinking, which is 13

~ represented by, for example, (weight of polyvinyl aromatic

monomeh&weight of watbhmonenssys); IS frami0:01 ¥toh? @G% @ﬁ@lt@h@);
preferably from 0.1% to 15% (inclusive), and particularly preferably from
101%me 1% éinclosivie). x5 &|wtibhhof the thigrabtainedtidn-exchasdey resie  as
is
long as they do not adversely affect the scope of the
invention.

The polymer used in the invention may have a
crosslinked structure. The crosslinked structure 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 structure. For example, if styrene having
one vinyl group and divinylbenzene which is polyvinyl

aromatics are copolymerized, a main chain of the polymer

" can be generated, as well as & crosslinked structure can be

introduced. Further, a polymer having no crosslinked
structure may Be crosslinked later by the method as
disclosed in JP-A No. 2002-363116.

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

aromatic monomer, the degree of crosslinking, which is
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suppressed, and its physical strength is enhanced while maintaining the
diffusibility of the material in the ion- exchange resin. As a result, it is
possible to maintain its catalytic activity pver a prolonged period. 10 The
styrenic monomer used includes styrene and substituted styrene such as
a-methylstyrene, vinyltoluene, vinylxylene, ethylvinylbenzene,
vinylnaphthalene, vinylbiphenyl, methylvinylbiphenyl and the like, and
preferred is styrene. 15 The polyvinyl aromatic monomer includes, for

examplendivihylbenzéne, divinyhiolaenddivigylchlofoherizenenyl aromatic
diallyphthalate, divinylnaphthalene, divinylxylene, divinylethyl benzene,

triviroyhsap httiekeheh pobyvinydanthracenendiviny jphesantsene,. 208 to 203%
divinylbiphenyldivinyl terphenyl, divinyl diphenylmethane, divinyl
diphebybisthane mnd fhe dike yarfit preférrad ist divirsgbenzeneadbee) , and
styrenic monomer and the polyvinyl aromatic monomer can be used in

hay tombimation, butinearalet to $4 osufficieatlytperfaren thenerbsslinkéng, it

is important to adjust the reactivity of polymerization reactions with a
combiBatidn ohthe Virylgrahpsy askinstyrede and -civinlyhenzeness Thes
invention is characterized in that the polymer is

suppressed, and its physical strength is enhanced while

maintaining the diffusibility of the material in the ion-
exchange resin. As a result, it is possiblie to maintain
its catalytic activity over a prolonged period.

The styrenic monomef used includes styrene and
substituted styrene such as c-methylstyrene, vinyltoluene,
vinylxylene, ethylvinylbenzene, vinylnaphthalene,
vinylbiphenyl, methylvinylbiphenyl and the like, and
preferred is styrene.

The polyvinyl aromatic monomer includes, for example,
divinylbenzene, divinyltoluene, divinylchlorobenzene,
diallyphthalate, divinylnaphthalene, divinylxylene,
divinylethyl benzene, trivinylnaphthalene,
peolyvinylanthracene, divinylphenanthrene,
divinylbiphenyldivinyl terphenyl, divinyl diphenylmethane,
divinyl diphenylmethane and ﬁhe 1ike, 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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first crystallized by heat treatment or other methods, and an acidic
functional group is later introduced thereto from the exterior surface of the
polymer particle. With this method, the_acidic functional group can be
introduced in 10 any proportion Without]a4dversely affecting the

crystallinity of the whole particle. In other words, if the operation is
sufficiently performed during the crystallization..process, a polymer
having high crystallinity can be obtained, and with a 15 simple and easy

Qperatien -2 polymerhaying low. crystallinity, gan be obtained. fptharane +o

even when an acidic functional group is introduced into these polymers,

the-ameunt.Qf acidic fyncfippabgroypitohe-introduced can, bescgiroliedy

by selection of the reaction condition and 20 the kind of electrophilic

[EAEE Nt ASBUCY the, Crystalinityand the amoupk obagidie funglipnal
group can have any value. The method for crystallizing a polymer is not
particulatly dimitad.and employs a well-known method, but a 15 method
for performing heat treatment of a crystalline polymer is convenient,

which isqureisrable: Fontheshealtraatment; mentian Mmayibe MRdeafiQl: 15
example, a method of heating a polymer to its melting point or higher and
thendr cealing thelpalwnes @ Method-efheatinga pelymehiitaethods, and
an acidic functional group is later introduced thereto from
the exterior surfaée of the polymer particle. With this
method, the acidic functional group can 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, evén when an
acidic functional group is introduced into these polymers,
the amount of acidic functional group to be introduced can
be contrelled by selection of the reaction condition and
the kind of electrophilic reagents. As such, the
crystailinity and the amount of acidic functional group can
have any value! o
The method for crystallizing a polymer is not

particularly limited and employs a well—-known method, but a
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melting point or lower, maintaining the polymer at that temperature and
then cooling the polymer, a method of dissolving or dispersing a polymer
in a solvent, heating the polymer, and tign cooling the polymer, and the
like, 10 and any such method may be used. In order to enhance the heat
resistance of the obtained ion-exchange resin, the crystallinity as
determined by an X-ray process is preferably from 5% to 50% (inclusive),
and more preferably from 10% to 50% (inclusive). The X-ray process for

ta-detenmining the-erystallinityf a-palyperis- generally knawn, process.
and described in "Kobunshi Jikkengaku, Vol. 17, Solid Structure of

RelymeeH, Rs3k3rtoyariten Shupnan 1984 atee ASBAing tatherhe heat

invention, the acidic functional 20 groups to be introduced into the polymer

ineluge megarhoxdngroup, RasHifonicacid group and-thelike, agong whichod of

the sulfonic acid group is preferable due to sufficient strength as an acid

cedalystgasy punogustiondyians electiophilicgeastion, oriheliks: I6h4 then

well-known method can be used for introduction of a sulfonic acid group,

ancbthengethod ipeludes - for example; da srethed whegell ol ymer to its
predetermined amount of a reagent such as sulfuric acid, acetyl sulfuric

agid fuming stlitie? acivard chiaresulfuticracid is-agdadjassulfenation:
Igemperature and then coocling the polymer, a method of
dissolving oz dispersing a polymer in a solvent, heating
the polymer, and then cooling the polymer, and the like,
and any such method may be used. In order to enhance the
heat resistance of the obtained ion-exchange resin, the

crystallinity as determined by an X-ray process is

preferably from 5% toc 50% (inclusive), and more preferably

from 10% to 50% (inclusive). The X~ray process for

det@rmining the crystallinity of a polymer is a generally
known process, and described in "Kcbunshi 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 acid catalyst, easy introduction by an

electrophilic reacticn, or the iike,
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the liquid phase in the presence of a swelling agent or a solvent, a

method wherein a sulfonating agent such as sulfur trioxide is contacted

with a polymer in the gas phase for sulfonation, and the like. From the
viewpoint of 10 the sulfonation rate, a fthod for sulfonation in the liquid
phase is preferred. The solvent or swelling agent used in the sulfonation

in the liquid phase is not particularly limited as long as it does not react

with a sulfonating reagent, but those 15 having too high solubility in a
polystyrene nomer. it adveragly affect lie Lrustplinity S iR 10 o a
polymer."fn ad |ﬁlon, when the affinity with the polystyrene polymeris too
's%v}{’f%%lf%?gr?%%%“agvg%%t rogged g%fé'c'rﬁé‘ﬁ -oﬁ?eiéﬁﬁ%@@s?g%wé%mple,

solven Suit losen in consideration of. these points, but In

ﬁ}é@%@%’éﬁ yLens Ralymer. it E?e%rﬁfeerigb'guch

the.case. 81 Using Aol siviene o
O use aohlghj polarity solvent such as nitrobenzene, gIaC|a acetic acl

%é-gi?f?gg]ig@ld;%eﬂﬂeg@eeégir’s%el%&l%ﬁ Sulfonationroceeds from, the.

surface o polymer particles. In order to obtain a sufficient function

as acaiglysty e, amaynl ofiacid of hesign-exghange tesin alighat son in
introduction of an acidic functional group Is preferably 5 0.8
Pﬂ@eﬂEBE%H“§H£§BO%haﬂﬁé“ﬁ%%%@%%@bgén% swelling agent or a
solvent, a method wherein a sulfonating agent such as
sulfur trioxide is contacted with a polymer in the gas
phase for sulfonation, and the like. From the viewpoint of
the sulfonation rate, a methbd for sulfonation in the
liguid phase is preferred.

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 those

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 sufficientliy. The
swelling agent or the solvent can be suitably chosen in
consideration of these points, but in the case of using
polystyrene for the polystyrene polymer, it is preferable

to use a high polarity solvent such as nitrobenzene,

glacial acetic acid, 1,4-dicoxane and petroleum ether,

because sulfonation proceeds from the surface of the
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milliequivalent/g or more. Further, the amount of acid of the ion-exchange
resin can be determined by stirring 0.2 g of a proton type dry resin in 100
ml of a 10% aqueous NaCl solution for one hour and back-titrating the
whole amount 10 of the filtrate with a 0105 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 use of the heating condition, can be obtained. For
example, when, 15 50 g of water and 2 g of the ion-exchange resin are
?tﬁre}f?l eaif 1%?)]6tflo?]'sl(28%ours, the elution of the acid components into

water.is pref rablg 1.5‘@ or less, and mare.preferably 1.1% or less. Th%
Inforé?r Q % tain & su lfiﬁft gB%E ipn "as & catalyst,
forms of such'ion-exchange resin are défined in e stages of

polystyrens obtained in polymerization, In. oerwords, fihe agidlc
tnctional group’is htroduced as the powéier Ghtdined in polymerization,

aglngr”ci §¥§%@%@9§ Jgsinin éh%ei%%"ééd‘?cru@@f&[ﬂalie %%%i £ 9’317%39%%@% v

e stages of polystyrene, a particle or a sheet 18 ma orme

*é&yﬁ gi‘f’%ﬁ"i'h'i'l%‘%ﬂf%%ﬂaﬂ gé: fibroys, torm Pl he bt Q%%%@%%ﬁ@”'iif‘%

an aci oup is introduced to the formed product as a

MTH@&%&%&&%{}?@%C@P”&%@” mAlRiang the, shape. ot ROKHYVIENE; ¢
5 can be obtained. For the form of polystyrene, a large

the ion-exchange resin can be determined by stirring 0.2 ¢
of a proton type dry resin in 100 ml.of a 10% agquecus NaCl
solution for one hour and backmtitrating the whole amount
of the filtrate with a 0.05 N agueous NaOH sclution.

As the ion-exchange resin obtained in the invention,
an lon-exchange resin which generates a lower amount of the
eluate, as compared with a conventional one in the use of
the heating condition,'can be obtained. For example, when
50 g of water and 2 g bf the ionweXChangelresin are stirred
at 136°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 aclidic functional group 1s introduced
as the powder obtained in polymerization, an ion-exchange
reéin in the powder form één be cbtained. On the other

hand, in the stages of polystyrene, a particle or a sheet
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powder or particle form having a large specific surface area is preferred

from the points of easy introduction of the acidic functional group and

excellent catalytic activity. 10 The reaction for producing Bisphenol A

essentially proceeds with an acid cata:iﬁt 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 15 invention, it is preferable for allowing a mercapto

SEQRCORLAIRng GamBoYRd o Gagst U MEtIAS Inplyde , nelbg .y

wherein a small amount of a mercapto group- containing compound suc

s Al mergaplan s mixed i, iy of phengl and ceigne pich

are raw matéﬁagfangn Z%St e resultant m(%xt;bre is u§e , a r%e%g%%%v%gr%ﬁll
Bieaplo group-aeniaining sompaundis oynd a.ap acidic fyngonal .y,

%f?ué);‘% céiqﬂ{on-exchange resin, and t e%i e#anéﬁgny such mlgtéfmdﬂr%%f/arial

be used. geggggﬁgg%g&%pfa%qrz{e@mgﬁognmndsfﬁang% ”a%e%é?yvmrene

the mixtu enol and acetone is not particularly limited in t

SHHCRIE A% 1001g.a5, It CRRIAINS,A MeIeaptg 9tolp o its,mglecule, and i,
includes, for example, mercapto alkyl groups such as“a mercaptomethyl
SEOMR 2 2 P 1pErcapLaethyl groun apd:a,3-mercapto-ayton QoW £ 4 ce
area 1s preferred from the points of easy introducticn of
the acidic functional group and excelient catalytic
activity.

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. Alsc, in the

invention, it is preferable for allowing a mercapto group-

' containing compound to coexist. Such methods include a

method wherein a small amount of a mercaptc group-
containing compound such as alkyl mercaptan is mixed with a
mixture of phencl 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 functionsal
group of a cation-exchange resin, and the like, and any
such method may be used.

The mercapto group-containing compound fto be mixed
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alicyclic hydrocarbon groups such as a 4-mercaptocyclohexyl group and
a 4-mercaptomethyl cyclohexyl group, mercapto aromatic groups such as
a p-mercaptophenyl group and a p- mercaptomethylphenyl group, and the
like. Further, these 10 aromatic, aliphaticor 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 mercapto group-containing

t diot ixt f phenol and acetone is . .
T A o S R R,
Qi the Gocatalyst effect to a maximym extent with a SHE%'"%@OQ”%H Of capt

Jto BaYound (oeFcaPto

a cocatalyst. The mercapto grou;S-contalnlng cgmpoun

shanaral e acids lunfional giounof e alire exehiangg Igpin o no

y limited, but'the  compound may be any che whic an

&eammwgg éﬁﬁ%m 'g;ﬁ%gn%@ml gioup %é@%ggﬁt%@gg%gqganggergeé& a 2-

This "compo ercapto alkylamines su

msfeaa%%@ymnsf@@eam@%)a§:~%%ff88&9950~q¥'-%3§§@”%m

N,N-dimethyl-3-mercaptopropylamine, mercaptoalkyl essuch as

%ﬂ@f@@@é“%%'r%hdé%%n?" ﬁ@%tog‘ii‘é’h%' ir};ie t?—r}gg%"c aptocyclohexyl

mercaptoethyl pyridine, thiazolidines such as 5 thiazolidine,

%@%@H“%Bﬂ“ﬁaqﬂﬂgyhéﬁ%@ﬂ@ﬂﬁ?l cyclohexyl group, mercapto
aromatic groups such as a p-mercaptophenyl group and a p-
mercaptomethylphenyl group, and the like. Further, these
aromatic, aliphatic or alicyclic hydrocarbon groups may be
hydrocarbon groups having a substituent such as a halogen
atom, an alkoxyxgroup, a nitro group and a hydroxyl group,
in addition to the mercapto group. The amount of this
mercapto 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 BeAbound to
a part of the acidic functioﬁal group of the cation-
exchange resin is not particularly limited, but the
compound 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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phenylthiazolidine and 3-methylthiazolidine, and the like. The ratio for the
acidic functional group to be bound to the mercapto group-containing
compound is 2 to 50%, and preferably 5 to 30% of the total sulfonic acid
groups of 10 the sulfonic acid-type catiofPexchange resin. By this, it is
possible to exhibit the cocatalyst effect to a maximum extent 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 cac%onl15 exchange resin, ther m%y be used a conventionally
0 6-

Khown mthod As dhadlSset 1 BNE f46-19985 “6rihs TRE O gt ime and
A AT T TG DL Shon ALh T (o E SR RO Tt tnes
T maon e LA GPa ity n Bon EBAgy. Pyridine
R L R R e S o

tsreno) 0Bt 2L Drsteraplyhenel whih preliminarly yeaied yith a

sfrong acid-type cation-exchangéeresin in‘a contintols or ea mode

asiine, GURING okt (yeagtion SLAJIBRTent ISPSIIUE OTAAOHE0T i ke
uring a contact time of 5 5 minutes to 10 hours, Is used. Even more
‘¥ﬁ§”§%Wi8n%or the acidic functional group to be bound to
the mercapto group-containing compound is 2 to 50%, and
preferably 5 to 30% of the total sulfonic acid groups of
the sulfonic acid-type cation-exchange resin. By this, it
is pessible to exhibit the cocatalyst effect to a maximum
extent without causing the decrease in the activity due to

the decrease in an amount ¢f acid. For the method wherein

a mercapto greoup-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 phencl to be used as a raw
material for producing bisphenocl A, & generally available
industrial phenol can be used. The industrial phenol
includes one 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 1t is in the synthesis reaction of bisphenol A, but
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obtained by the process wherein the industrial phenol is brought into
contact with a strong acid-type cation- exchange resin as described above
and is then subjected to a distillation treatment under the condition of a
normal 10 pressure to a reduced pressdre of 10 mmHg, at a temperature
of 70 to 200C, is used. Acetone used in the invention is not particularly
limited, but it may be a commercially available industrial acetone.
Generally, acetone having a purity of 99% or more 15 is available. The

e L P e h 2 B i

aterials, to used, are not partic u € molarratio o

shenglipcsions s eomended preferaly he ange of O (0 400 and o

C
0 more prefera n the range o mOUI’ﬁ 01pp enol is

E’Qt%ﬂapﬁ 551@” 'fg(flél)lééo %%%%r% Irilsh a ighc gnversiogi%fnacae%one % ga tment

% Pu re%c a
raw materia the amount o enol'Is too large, the reactor becomes

g%&%ﬁ?%ﬁ'}‘e‘%&lﬂ&?c@%??6‘98%5%’59% o8 é{;‘%#%@"tf uount thag

uired, and moreover, massive circula enol’is "also

requredseven Hough a-0igh;conyersion ofaeetope ?8”8%% erably. one

accomplished. Thus, efficient production cannot be acc

gﬁ%&iﬁ@&”b§h%Hﬁ“ﬂ?@égg@eﬂﬂggé§ﬂm%he industrial phenol is

brought into contact with a strong acid-type cation-
exchange resin as described above and is then subjected to
a distillation treatment under the condition of a normal
pressure to z reduced pfessure of 10 mmHg, at a temperature
of 70 to 200°C, is used.

Acetone used in‘the inveption is not particularly
limited, but it may be a commercially available industrial
acetone. Generally, acetone having a purity of 99% or more
is available.

The amounts (gquantitative ratios) of prhenol and
acetone, used as raw materials, to be used, are not
particularly limited, but the molar ratic of phencl/acetone
is recommended preferably in the range of 0.1 to 100, and
more preferably in the range of 0.5 to.50.. If the amount
of phehol is too small, it is difficult to accomplish a
high conversion of acetone as a raw material, if the amount
of phencl is too large, the reactor becomes unreasonably

larger because phencl is used as the higher amount than
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particularly limited, but it is preferably in the range of 0 to 300C, and more
preferably in the range of 30 to 200C. If the reaction temperature is
extremely low, the reaction rate decreases and thus the productivity of a
reaction 10 product also decreases: Orzthe 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 stability of phenol and acetone as a raw material and
further bisphenol 15 A as a product, and the reaction selectivity. i
THFBforE S it i§ Ot BEGRANIRAY, TRRSEhERof EATBe ThkiY Gt Wit eyl s
of a reduced pressure, an applied pressure and a normal pressure. From
the eSSt 6ftHe rEX&ioNSIRERNACS (Fek@hof 2B EffcRerity (Ror @fetone can
volume), it is_not preferable to carry . out the reaction under too low of

BrEs&e TREAMN $fe préSitie foF Eafymg ok BRERRAE G HrRAErRORE

in the range of 0.1 to 200 atm, and more preferably in the range of 0.5 to
TIFRIR -OFB6dtse, the invention is not limited 23 to such pressure
ranges. In agdition, when, carrying out the invention, the amount of the

catalysi[fb b %SéHYfﬁmticﬁl ﬁyrl‘ﬁﬁﬁé&_fﬁht fSrEB@hEAfhel POt
g’?é?ég%ﬁ%gﬁ% eﬁre %%%qzlend% ab%agcq@ %dse,ggse%%cro%rggnq__%d Ec%gag%nge of

0 to 300°C, and more preferably in the range of 30 to 200°C.
If the reaction temperature is extremely low; the reaction
rate decreases and.thus the productivity cf a reaction
product also decreases. 0On 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 stability of
phenol and acetone as a raw material and further bisphenocl
A as a product, and the reaction selectivity. Therefore,

it 1s not economical.

The reaction can be carried out under any of a reduced

pressure, an applied pressure and a normal pressure. From

the viewpoint of the reaction efficiency (reaction
efficiency per unit volumef, it is not preferable to carry
ocut the'reaction under too low of pressure. Usually, the
pressure for carrying out the reactién is preferably in the
range of 0.1 to 200 atm, and more preferably in the range

of 0.5 to 100 atm. Of course, the invention is not limitad
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such that the amount of the catalyst is preferably in the range of 0.001 to
200% by weight, and more preferably in the range of 0.1 to 500 by weight
with respect to phenol as a raw material. 10 When carrying out the
invention, it is possible to add a solven&@r gas whichi 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 15 cyclohexane, and an inert gas
such as nitrogen, argon and helium, and if necessary, hydrogen can be
(e dSHER diOERE Wheh®Ta#ifhg out the invention, the method can be
carried out in n¥aof a batﬁgiﬁsemi-batqh or continuous , flow system. It can

be carrigd GA9A BhY b A'ffiitd S8 A58 % GHE phaBe A §ak iybiyr mikea
G och e 1 Fonion hociRed o R ic THaa R rd

T BERP & ATtz Sa bt 4R SCapelibe Bad G Hle Higd bodcRhon 1n
& CRATH Bt e SO S8R Eoma it oty ied it tom
it i usvally Q-1 second to 30 hoyrs, and preferably 0.3 eferably in the

range of 0,001 to 200% by weight, and more preferably in

ts1]

the range of 0.1 to 50% by weight with respect to phencl as
a raw material.

When carrying out the invention,lit is possible to 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 gaé such as nitrogen,rargon and
helium, and if necessary, hydfogen can be used as a diluent.

When carrying out the invention, fthe method can be
carriedhout én any of a batch, semi-bkatch or continuous
flow system. It can be carried out in any of a liguid
phase, a gas phase, a gas-liquid mixed phase. Preferably,
.from the viewpoint of the reaction efficiency, it is
recommended that the reaction is carried out in the liguid
phase. For a way for charging a catalyst, wvarious kinds oﬁ

ways using, for example, a fixed bed, a filuidized bed, a
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second to 15 hours. After the reaction, the reaction product can be
separated and recovered from the catalysts, or the like, by a separation
method such as filtration, extraction and distilling-off. Bisphenol A as a
target 10 product can be separated, pu#fied and obtained from the
reaction mixture separated and recovered by performing a sequential
treatment of solvent extraction, distillation, alkali treatment, acid treatment
and the like or an ordinary separation and purification method suitably 15

combining them._ In_addition, unreacted raw materials can be recovered
SHEF?SE;&C é%d(%ljn?ccf1 e Fga%tig%%égte#lf%?%ﬂég? n aenccrgl:’see ik g%%&%é’ any of
r%%ctﬁgntthe %?tallygte hich is separated and recovered from the reaction

Erocﬁct after the Téac ion, can be used as it is, or partially or wholly 20

reprodﬂggd to bgtr%featgdllﬁl us&d f%g the. reac;Cion. In the case of carry{i:n

out the Teaction in a fixed bed or a Tuidized bed ﬁgwos}ilsfeam, i%“tﬂieic O%taCt

talyst is provi to the reaction and thereby a.part or all of the.
gg%na?yysjtg isg%r?ac ivgt"édsc}zrsiJsc %t?aierﬁ)sr’atréaffn %?e\r/ a%tﬁ/‘i]ty?%?eyZ lr%égt%id istt

knéerfgpé?gu%w Pgﬂ%f?i‘fter the, catalystean be, reproduced agpet%sgly 0.5

provided to the actlon.siﬁgrnatlvely, a part%]ﬁﬁe Catal)%f can'be
sdibdiang Cordnigusly or intgunitently and teediced,and ens on
recycled to the reactor for re-use. Further, a fres
product can be separated and recovered from the catalysts,
or Ehe like, by a separation method such as filtration,
extraction and distilling—-off. Bisphenol A as a target
preduct can 5@ separated, purified and obtained from the
reaction mixture separated and recovered 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 reéétion system for use.
In the case of a batch reaction, the catalyst which is
separated and recovered frpm the reaction product after the
reaction, can be used as it is, or partially or wholly
reprecduced to be repeatedly used for the reaction. In ﬁhe
case of carrying out the reaction in a fixed bed or a
fluidized bed flow system, if the cétalyst is provided to

the reaction and thereby a part cor all of the catalysts is

inactivated or is . deteriorated in the activity, the
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catalyst can be intermittently supplied to the reactor. When carrying out
the reaction in a moving-bed flow system, the catalyst can be separated,
recovered and, if necessary, reproduced, as in the batch reaction. 10
EXAMPLES Hereinbelow, the present ##ention will be described in more
detail in reference to Examples. However, the invention is not intended to
be limited to Examples. 15 (Example 1) (1) Synthesis of Styrenic Polymer
180 ml of toluene, 45 ml of styrene, 24 ml of a 10% methyl
aluminaxane/toluene solutign, and 3.% ml of a 0.5% \

o iy e e SR GHE Soth ot hetb B0 TERgT ing ™™ B
rggcted at5 CEE%rdZ pggrs under a nlgoggn E%t%%here.. Thereatfter, the

roduce 1 provid : orL.
rec vered:po ymer was washed and dried. RIWEF% measurement of

the.obtained palymer, it was copfirmed that this polymer was syndiotactic
B, e e O e s

ystyrene. crystaclﬁzatl col unda

i [ I t.10C/min._ (2 t
P e o Lo PO TAG SISl e e ol hoe™

paintained e At ZP0C JoL 4 hoprsunder.a pittogenaimogphere and.then
catalyst can be intermittently supplied to the reactor.
When carrying out the reaction in a moving-bed flow system,

the catalyst can be separated, recovered and, 1f necessary,

reproduced, as in the batch reaction.

EXAMPLES

Hereinbelow, the present invention will be described
in more detail 1n reference to Examples. However, the
invention is not intended to be limited to Examples.
{Example 1}
{1} Synthesis of Styrenic Polymer

180 m1 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 weras

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

atmosphere. Thereafter, the recovered polymer was washed

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

it was confirmed that this polymer was syndiotactic

. polystyrene. Further, peaks of Tc (crystallizaticn) could
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slowly cooled under a nitrogen atmosphere. (3) Sulfonation of Styrenic

Polymer 130 g of nitrobenzene, 10 g of styrenic polymer 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, tRéresin fraction was separated by

filtration, sufficiently washed with ion-exchange water and further dried

under reduced pressure at 80C for 24 hours to obtain a cation-exchange

resin 1. The amount of acid of the 15 obtained cation-exchange resin 1
as 1.1 milliequi %&1 /g. Eurther, peaks were fou t28 0f6.7,.11.7,

%%.5%:-%%}1 O?A?“ bg ésrr% a&%r’rgm%%%g%l tﬁlesmc.:ea{%ﬁ)n?e%d;c an eorgsi%ql With

a CuKa-ray. The crystallinity was 21%. 20 (Example 2) 130 g of

ﬁi?r%%%ﬁ%enae? 1%09 %?rétlyrrlénic polymer which had been heat-treated in (2)

szl.f_x%@glg anc 5% QtOfoJ%UIthh'}:r%%q wege E%%rgred and reacted at 80C

for 6 hours. After the reaction, the resin fractioh was separated by 27

filtration, sufficiept! % iI}'o - O% n ter furth rgﬁr'e .

Ay sufliciently. yashe (‘)éécé e?(g ﬁj? %‘eﬁ%éé"%%l d fugher diied.+ 2 ineq

|
under reduce, pressure at o rs to obtain a cation-exchange

[gsin 8o bhe %810“%?&&:?? ol Js.0 t@f@f%%%‘%‘%‘%@(%ﬁéé%%” 2% hen

1.7 5 milliequivalents/g. Further, peaks were 7, 11./7,135
and 204 by XRRymeasirement et R.CAlOR: o sphere |

{3) Sulfonation of Styrenic Polymer

130 g of nitrobenzene, 10 g of étyrenic polymer which
had been heatftreated in (2}, and 50 ¢ 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 ilon-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/qg.
Further, peaks were found at 20 of 6.7, 11.7, 13.5 and
20.4° by XQD.measurement of this cation-exchange resin 1

with a CuKa-ray. The crystallinity was 21%,.

(Example 2)

130 g of nitrobenzene, 10 g of styrenic polymer which
had been heat-treated in (2) of Example 1, and 50 g of
sulfuric acid were chafged and reacted at 80°C for 6 hours.

After the reaction, the resin fraction was separated by
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exchange resin 2 with a CuKa-ray. The crystallinity was 14.9%. 10
(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% divinylbenzene was used instead %f 45 ml of styrene, to obtain
cation-exchange resin 3. By 15 13C-NMR measurement of the styrenic
polymer prior to heat treatment, it was confirmed that this polymer was
syndiotactic polystyrene. Further, peaks of To (crystallization) were found

DSC measurement of 5 m the renlc pol er prior to
%telél reaEr%en af E%E}isbﬁjlmlnpi%ewaarﬁgﬁn c‘ffamd of the c%n%nr%(%hgﬁagr and
3 wa |II|e ivalent rther peaksw refound at 2
é‘g nf %rSIand% Ey g(ﬁ%lmea rer?len o%tﬁ% gfgtloan eflxc gzng hours
resin Wlth a Cuk ray The stallinity was 10.5%..28 (Comparative
xam%le f) (1318 a%naflon 0 ggyrgr%czgeoi}r%er 130 g T% % e‘?}l%zené Sld ot

§§ %( Ex‘?é’é’mert"ﬁ’%ﬁh %‘f’%‘g en,Qtaineg Sqd%‘z)folf Example 1, and

ffiific “acid were ch arge nd reacted at or '3 hours. After
EQEf J0¢ L8§I0 fractiop.was separgted by fllratio, sufficieptly g ¢ ¢
washfﬁé\(kmi ion- éex%,gjrfe water ar?grp Be 1% e o T
11.7, 13.5 and 20.4° by XRD measurement of this caticn-

exchange resin 2 with a CuKa-ray. The crystallinity was

14.9%.

(Example 3)

The procedure was performed under the same conditions
as in Example l,.except that a combination of 45 mi of
styrene and 0.7 ml of 80% divinylbenzene was used instead
of 45 ml of styrene, to cbtalin cation-exchange resin 3. By’
13C?NMR measuremeni c¢f the styrenic polymer prior to heat

treatment, it was confirmed that this polymer was

" syndiotactic polystyrene. Further, peaks of Tc

(crystallization) were found at 217°C by DSC measurement of
5 mg of the styrenic polymer.prior to heat treatment at
10°C/min. The amount of acid of the cation-exchange resin
3 was 3.7 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 3 with a CuKa-ray.- The

crystallinity was 10.5%.
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further dried under reduced pressure at 80C for 24 hours 10 to obtain a
cation-exchange resin 4. The amount of acid as measured was 1.1
milliequivalents/g. (2) Heat Treatment of Cation-Exchange Resin 4 The
sufficiently dried cation-exchange resinwas maintained at 200C for 4
hours under a nitrogen atmosphere 15 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

CuKa-ray. (Comparative Example 2) 20 Heat treatment was performed in
the same manner as in (2) of Example 1, except that Amberlyst 31, which
Q%Ic(i) It?le%r% scuffi%ieﬁg wafgeq_ )and dried, was used instead of the styrenic
polynier. Nio clear pealﬁpwas observed upon XRD measurement thereof

ith a CyKa-ray..29 a oar ressure-resistant reactor,

\gg }g%%ug%ﬁﬁlea .Waﬁe(%én%]%%%%%e ggt%é%gchange resinl 5

produced in Ex [ [ ed, ressuti With nifragen.gasy s «n
under g g&eﬁfﬁ%%%ﬂ%%%%ﬁé Il’:l@l% tﬁ?rggggr% an%r}%en eated e

with sfiring ag 130G for 18, hPHS-Jpepe‘%g%f}e?gwelr,esaﬁ@*t%a%gcse;cﬂe@&q furic

room temperature. After the préssure discharge, all the 10 contents were

%?8 %élaéqdcﬁ%%g&edapﬁﬂg@gggwthaa: 80°C for 3 hours. After

the reaction, the resin fraction was separated by
filtration; gufficiently washed with lon-exchange water and
further dried under reduced pressure at 80°C for 24 hours
o obtain a cationmexchange resin 4. The amount of acidias
measured was 1.1 milliequivalents/g.

(2} 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 peax was observed upon XRD measurement of this heat-

- treated cation-exchange resin 4 with a CuKo-ray.

(Comparative Example 2)

Heat treatment was performed in the same manner as in
(2} of Example 1, except that Amberlyst 31, which had been
sufficiently washed and dried, was used instead of the
styrenic polymer. No clear peak was observeq ﬁpon XRD

measurement thereof with a CuKa-ray.
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membrane filter having a pore diameter of 0.1 m. Then, the amount of
acids of the filtrate and the residue were measured, respectively. As a
result, about 1.1% of the amount of acid to be put was detected in the
filtrate, and 15 the remaining amounts &/®re 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 20 2 was
used instead of the cation-exchange resin 1. As a result, about 1.0% of
the amount of acid to be put was detected in the filtrate, and the
remaining amounts were detected in the residue. 30 (Example 6) The
same procedure as in Example 4-was. performed, except that the
-B;«?naéng resin 3 produced in Example 3 was used instead of the

cation-exchang 1. As a 5 result, about 0.7% of th amount of ac
to be ﬁﬂ%s d Peclﬁgd ﬁ?ﬁiﬁgsfﬁ]ﬁcgtergﬁ& ?Ig'e retmalﬁlng 6ulr$?§ ere]!:d

detected in the residue (fb paratl E}tg(am %'3%10 The same proceduni

g4 FFEkaf Ié”ﬁ%\?a]% ce% %‘h TR fithge resin

S ST S L TSP
nitrogen gas under 5 kg/cm® of a gauge pressure inside the
reactor, and then heated with stirring at 130°C for 18
hours. Thereafter, the resultant was cooled to room
temperature. After the pressure discharge, all the
contents were taken oui, and separated by filtration with a
membrane filter having a pore diameter of 0.1 um. Then,
the amount of acids of the filtrate and the residue 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 éame procedure as in Example 4 was performed,
except that the caticon-exchange resin 2 preduced in Example
2 was used instead of the cation—exchange‘resin 1. BAs a
result, about 1.0% of the amount Qf acid to be put was
detected in the fiitrate, and the remaining amounts were

detected in the residue.
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acid to be put was detected in the filtrate, and the 15 remaining amounts
were detected in the residue. (Comparative Example 4) The same
procedure as in Example 4 was performed, except that Amberlyst 31,
which had been sufficiently 20 washed afd dried, was used instead of the
cation-exchange resin 1. As a result, about 2.0% of the amount of acid to
be put was detected in the filtrate, and the remaining amounts were
detected in the residue. 31 (Example 7) Modification of cation-exchange
resin 5 g.of the cation-exchange resin 3 obtained in Example 3 was
Hi&BERR %N b0 ml of ion-exchange water, and an 5 arbitrary amount of a
0.85% agueous solution of aminoethanethiol hydrochloride was added
dropwisd Gith*BGriGISF T Hour 2FherBafi Tt festitdAtwWRE SiEd S a
room temperature for 5 hours, and then the resin fraction was separated '
Wﬁﬁ%ﬁoﬁ}“ﬁﬁﬁ&%ﬁtlf%%ﬂ%a%‘%ﬁiﬁ%ﬁ-é%&%ﬂg% WHEFRRE furtHer 2 xample
dried under reduced pressure at 80C for 24 hours to obtain a modified
CATRE CREAN G ISR, (llerd: e BB OATRASafioh. xchangs® 2
resin A was a madified, cation-exchange resin in which 35%,of the

ST AT Rp it to LB arAThanhia o 5% Pat uas

detected in the filtrate, and the remaining amounts were

detected in the residue.

(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 the

remaining amounts were detected in the residue.

(Comparative Example 4)

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

amounts were detected in the residue.
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(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 20 exchange resin A produced
in Example 7 were charged, and pressurized with nitrogen gas under S
kg/cm?2 of a gauge pressure inside the3rkactor, and then heated with
stirring at 75C for 2 hours. After completion of the reaction, the resultant

~ was cooled to room temperature. After the 32 pressure discharge, the

reaction solution was taken out, and subjected to quantitative analysis by
r&g}ggg of qul.}i)d chromatography. The results are shown in Table 1. 5
(Exam e99) Under the same conditions as in Example 8, except that the

fmgun of phenol fg be charged was chianoed 19 20.66 g, and the
reac%loncfemperature was cnhanged 1o %gé, ﬁ1e réaction was performed.

The results are %l%""% i”z%%%'—ee&c%%éﬁt%%f?%sﬁi%o)éJ”o%%’;é %}%ﬁlggmfn Exanple

conditions a&in xample 8, except t ount of to be

%Eg{lgg‘éﬂ%%ggg’é%edﬁg 1%3L,0 and T&g—eéﬁ%%’%ﬁgéo%gt&%%)’v d an
gedto , the 15 reaction was performed. results are shown
n-Fakle L Tabls AmornL obAmount gl REAGHON Seleeio ¢
aminoethanethicl hydrochloride was added dropwise with
stirring for 1 hour. 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 furth@r 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% cof the sulfonic acid groups bound o

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 S kg/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 rcom temperature. After the



10

15

20

and the reaction temperature was changed to 85°C,

acetone to phenol to Conversion to be charged be charged temperature of
acetone o bisphenol A (g) (g) ¢) (M) (U Example 1.59 28.41 75 65.2 92.8
8 Example 1.59 20.66 85 61.5 90.9 9 Example 1.59 12.91 100 64.4 86.8
10 (Comparative Example 5) 20 Under #de same conditions as in Example
8, except that 33 a modified Amberlyst 31 obtained by ion-exchange of
35% of the sulfonic acid groups of a commercially available Amberlyst 31
with aminoethanethiol was used as a catalyst, the reaction was

%erformed TJ1e rehsults are ségown n 'g%lblg 5520 fg argdtlve q!nplleo@t

n hl] € same COHE%OhS as in Examp e excep that amo

Amgerl tslcggcﬁlr%%d b}ﬁ >Ehcan‘9e of3 :¥ Isl% esulf nlcaﬁ
groupso commercia ava| m er with moet ane

as used as a cgtalyst Itlhe reacﬂti é%rqﬁg TQ‘*{S%‘{Q gre

|gﬁquld

i Y mparat

15 ( omparative xample

(Example 9)

Under the same conditions as in Example 8, excépt that
the amount of phenol to be charged was changed to 20.66 g,
the
reaction was performed. The results are shown in Table 1.
(Example 10}

Under the same conditions as in Example 8, except that
the amount of phendl to be charged was changed to 12.91 g,
and the reaction temperature was changed to 100°C,

the -

reaction was pérformed, The results are shown in Table 1.

Table "1 -
Amount of Amount of : . . Selectivity
Reaction Converslion
acetone to phenol to temperature | of acetone to
be charged | be charged 0 bisphenol A
(e (%)

. {g) (g) (%)
Exampie | 1.59 28.41 75 65.2 92.8
Erempie | 1.59 20.66 85 61.5 90.9
Exampie | 159 12.91 100 64.4 86.8

(Comparative Example 5)

Under the same conditions as in Example 8,

except that
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Under the same conditions as in Example 10, except that a modified
Amberlyst 31 obtained by ion-exchange of 35% of the sulfonic acid
groups of a commercially available Amberlyst 31 with aminoethanethiol
was used as a catalyst, 20 the reaction3was performed. The results are
shown in Table 2. 34 Table 2 Amount of Amount of Reaction Conversion
Selectivity acetone to phenol to temperature of acetone to be charged be
charged (_C) bisphenol A (g) (g) (%) Comp. 1.59 28.41 75 62.8 91.4 Ex.

5 Comp._1.59 20.66 85 48.4 88.4 Ex. 6 Comp. 1.59 12.91.100 61.1 81.1_,
BRI TR R PR BN EHgb TSR KRR had bagh ©F
5.used as a catalyst in,Example 10 was taken out b\é lf_iLItration after the

et tHeThy matstial WiFdhatged tHarsit AGamt ahd IR Festtion

erformed under the same conditi e results a whn in

ﬁggé%§¥ﬁ§iéigﬁﬁﬁ qzﬁmlnoe%gané%ﬁ%gllwas usegaggoa catalyst,
the reaction was performed. The results are shown in Table

Z2.

(Comparative Example 6)

rUnder the same conditions as in Example 9, except that
a modified Amberlyst 31 obtained by ilon-exchange of 35% of
the sulfonié 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.

{Comparative Example 7)

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

2.
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The modified cation-exchange resin A which had been once reused as a
catalyst in Example 11 was taken out by filtration after the reaction, the
raw material was charged therein again, and the reaction was performed
under the 15 same conditions. The restilfs 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 20 out by
filtration after the reaction, the raw material was 35 charged therein again,
and the reaction was performed unq%rbtlhee me conditions. The results
are shown in Table 3. Table 3 of .Amount of Selectivity Number of

Amount Reastion Gdnyefsiorrs tirhe jof geetane 1o phengliotq,, | Selectivity
temperatufE S dtetthe L%elﬁféé’bf chasges:-be.charged §a€)dn) bqiﬁp.nen’b?

A Catalysb(eg)c(‘gfgel‘-fxamp ‘éhgéﬁi. ) 12.90° 200 635 86.5¢Example 2hay,
T &FL2S LE 39129 109 64,0 87[05

(GiemparativelEQa?mple 8) 28.41 73 91.4
g;mp'e 1.59 20.66 85 48.4 88.4
g;“‘p% 1.59 12.91 100 61.1 g1.1
(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 charded
therein again, and the reaction was performed under the

same conditions. The results are shown in Table 3.

(Example 12)

The modified Cationwéxchange resin A which had been
once reused as a catalyst in Example 11 was taken ocut by
filtration after the reaction, the raw material was charged
therein again, and the réaction was performed uhder 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
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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 aﬁain, and the reaction was
performed under the same conditions. The results are shown in Table 4.
(Comparative Example 9) 15 The modified Amberlyst 31 which had been
once reused as a catalyst in Comparative Example 8 was taken out by

fi
ol

tration a

fter the reaction,
and tie (r\‘eai%fieornev%%s%g#(r)rrhe

%E? shownin Ta

bopbts S clas G

ﬁhe

e 4

é%"éé m?ﬁ%:i

alyas-gharged theeir @gaiy under

under the same conditions. The results

36 (emparative Example10)-The maedified 3.

een twice used as a catalyst in Comparative

Examples 8 and 9 was taken out by filtration after the reaction, the raw
material was charged 5 therein again, and the reaction was performed
under the same conditions. The results,aresshown in Table 4. Table 4

Number of Amount of Amount of Selectivity times of acetone to phenal t{) —
Reactigr‘esriversi s reLSe pie afget be-eharged temperature §f e
acetone bighiiehiol A -Eatalyst (o). Crs. (FBRIEmEe | °F 257 | bisphenel A
' catalyst (g) {g) {%)
Example 15t 1.59 12.91 100 £3.5 86.5

11

. _Exaj:;ple pod 1.589 12.01 100 65.0 87.2

Exan;.;)le 5rd 1.590 12.91 100 64,0 87.0

1

(Comparative Example 8]}

The modified Amberlyst 31 which had been used as z

catalyst in Comparative Example 7 was taken out by

filtration after the resaction, the raw material was charged

therein again, and the reaction was performed under the

same conditions.

T™he rezults are shown in Table 4.

(Comparative Example 9)

The modified Amberlyst 31 which had been once reused

as a catalyst in Comparative Example 8 was taken out by

filtration after the reaction,

the raw material was charged

therein again, and the reaction was performed under the

same conditions.

oo

The results are shown in Table 4.
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Comp. 1st 1.59 12.91 100 59.5 80.0 Ex. 2na 1.59 12.91 100 57.8 80.5
EampO 3rd 1.59 12.91 100 55.0 79.5 10 (Example 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 produged in Example 3 were charged,
and 3- mercaptopropionic acid was further charged thereto to a 15
concentration of 3000 ppm, and the resultant was pressurized with
nitrogen gas under 5 kg/cm2 of a gauge pressure inside the reactor, and

tt?nm%eaartg i/\(}té] %tggns%ﬂtaé 715@f0r 2 hours for reaction. After completion
of t ant'w

e reacftion, the e s cooled to room temperature. 20 After

the pregs}:;‘,ur%ggf a%,mrera%}%@ sgwti‘gﬂi\/\é S %Ya&aig%régu%@{l% used as
y.

subjec

ed to quan i

ative analysi

y méans o

iqui

chromatograp

gh%r %Liltss%r.eiSh%QninaTabégx?é @‘ﬁﬁﬁ%%@ﬁa&@% tb\%ga[@ ken out by
conditions as In lt:lxam e {2, except that'the amount of phenol to be

€ reaction was per

d d to, 20,66 h
%ﬁg;%%a "t%%z]gg%’%er 19,20,00.9, angthe

, 1

cy tezﬁl:?c%?% WASs charged
HﬁclgT e results are s?hownsinc arge

orme

Eﬁ@geénlggg$%%5and the reaction was performed undexr the

same conditions.

The results are shown in Table 4.

Teble 4
I\Iu‘mber of | Amount of Amount of Reaction Conversion Selectivity
times of acetone to | phencl to temperature | of acetone to
reuse of | be charged | be charged p(uc) ’ (%) bisphencl A
catalyst (g) (q) ’ (%)
ome. 1%t 1.59 12.91 100 59.5 80.0
comp- 2™ 1.59 12.91 100 57.8 80.5
Ex. 9 _
Comp - ch 1.59 12.91 100 55.0 79.5
Ex. 10
{Example 14)

Into a 70 ml pressure-resistant reactor, 1.59 gﬂof
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 resﬁltant was
pressurized with-nitrogen 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 resultant was ccoled to-room«temperature‘

After the pressure discharge, the reacticon solution was
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Amount of Amount of Reaction conversion Selectivity acetone phenol to
temperature of acetone to be charged ed be charged bisphenol A (g) (9) (
C) () (%) Example 1.59 28.41 75 81.2 93.9 14 Example 1.59 20.66 85
79.4 90.5 15 (Comparative Example 13) Under the same conditions as in
Example 14, except 15 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

6.20 (C i E 8 Und th di
TRERbIE TS, 050t DA CER iy AULIETE RRTbGHVEL 4T one ot

as a catalyst instead of the cation-ex roduceﬁglm Examp#e

9 the- Bt o W e PSHheed he rqtﬂa?'.slﬁlt's]9 uégﬁ%wn i TaBId e Fhpleéote =
6 Amount of Amount of Reaction Selectivity acetone to phenol to
Conversion to be charged be charged temperature of acetone ('C)

PlS}Pa en?
Under the same conditions as in Example 14, except

that the amount of phenol to be charged was changed to

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

the reaction was performed. The results are shown in Table

~5
Table 5
Amﬁ?nt if 222;2; zf ' Reaction Conversion Saleii?VLty
acetornea Q
t .
be charged | be charged tempﬁi;ture of a&g one bisphencl A
(g} {g) (%)

Erampie 1.59 28.41 | 75 81.2 93.9
Brample 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 Example 12)




(9) (@) ($) M comp. 1.59 28.41 75 81.0 91.5 Ex. 11 comp.2 1.59 20.66 85
77.9 Ex. 187.3 39 CLAIMS 1. A cation-exchange resin catalyst
comprising a cation-exchange resin, wherein a cation-exchange group is
introduced into a syndiotactic polystyredé polymer, the amount of acid is
0.8 milliequivalent/g or more, and the crystallinity is 5% or more. 2. The
cation-exchange resin catalyst according to claim 1, wherein the
cation-exchange resin is obtained by crystallizing the syndiotactic
polystyrene polymer, and the cation-exchange. gr is later introduced
thereto Irlcggm%%hgg?(tesr%rﬁ%uﬁ%%g %)gjtﬁlelspo?ysme%%pgglc Ié‘???rr%’ SxCEpt
tion-exchange resin catalyst according fo claim 1, wherein the
K el o phs et R HaE s A Sl sy LRSS EEE
cation-exchange resin cafalyst according to claim 1, wherein th sty |
SSBA1 e FESER0A of PEn| SAT A6ctove 1 Bt oL e g AL EEA, L7
Rrocess for producing pisphenol &by reaging phenol wiltacetang. s are
Wheren the éatlon-exc%ange resin catglyst according to claim 1'is used as

agaalyst. rop1e 6.

Table &
Amount of Amount of Reaction Conversion Selectivity
acetone to | phenol to temperature | of acetone to
be charged | be charged Pe, bisphenol A
("c) (%) o
(g) {g) (%)
Comp - | 91.5
Ex. 11 1.59 28.41 75 81.0
Comp . 5 77.9 g7.3
| Ex. 12 1.5% . 20.66 8 .
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CLAIMS

1. A cation-exchange resin catalyst comprising a cation-exchange resin,
wherein a cation-exchange group is introduced into a syndiotactic polystyrene polymer,

the amount of acid is 0.8 milliequivalent/g or more, and the crystallinity is 5% or more.

2, The cation-exchange resin catalyst according to claim 1, wherein the
cation-exchange resin is obtained by crystallizing the syndiotactic polystyrene polymer,
and the cation-exchange group is later introduced thereto from the exterior surface of

the polymer particle.

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 catalyst according to claim 1 is used as a catalyst.



