SPECI FI CATION Title of the Invention Process for Preparing Bi sphenol A

Fi el d of Technol ogy “This invention relates to a process for preparing
2, 2-bi s(4 hydroxyphenyl ) propane (hereinafter referred to as bi sphenol A).
Background Technol ogy In recent years, there is an increasing demand for

bi sphenol A as a principal raw material for engineering plastics such as
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1 acidic catalyst. Cation exchange resins are most common for such catalyst and thos
containing sulfonic acid groups are normally used. Of cation exchange resins
containing sulfonic acid groups, sulfonated styrene-divinylbenzene copolymers are put

to practical use most widely.

Sulfonated styrene-divinylbenzene copolymers are resins obtained by
copolymerizing styrene and divinylbenzene in the presence of a polymerization
initiator and introducing sulfonic acid groups to the aromatic rings of the styrene and
divinylbenzene in the resulting copolymers with the aid of sulfuric acid and the like.
The copolymers in question are considered to have a complex three-dimensional
network in which divinylbenzene bridges polystyrene chains to form an irregularly
intertwined structure. An increase in the amount of divinylbenzene leads to increased
branching of the polystyrene chain and a denser netWork. Conversely, a decrease in
the amount of divinylbenzene leads to decreased branching and a coarser network.
The divinylbenzene here plays the role of a knot in the network and is referred to as
crosslinking agent. The ratio of the amount of crosslinking agent added to the amount

of total monomers used is generally designated as degree of crosslinking.

The aforementioned copolymers ranging widely in the degree of crosslinking have



been used as a catalyst for the preparation of bisphenol A and the

exi stence.of a significant correl ation has been reported between the degree
of crosslinking and the catalyst |ife. For exanple, Japan Kokai Tokkyo
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bisphenol A over a long period of time, resist elastic deformation and possess high

strength without decreasing the number of sulfonic acid groups per unit volume of

catalyst.

An object of this invention is to provide cation exchange resin catalysts which show
high productivity per unit volume of catalyst, have a long life, maintain high
productivity of bisphenol A over a long period of time, resist elastic deformation and
possess high strength. Another object of this invention is to provide an efficient

process for preparing bisphenol A.

Discloure of the Invention

The present inventors have conducted intensive studies to accomplish the
aforementioned objective, found that divinylbiphenyl is appropriate for use as

crosslinking agent for cation exchange resin catalysts and arrived at this invention.

Accordingly, this invention relates to a process for preparing 2,2-bis(4-



2 hydr oxyphenyl ) pr opane by the condensation of phenol w th acetone
I n the presence of a cation exchange resin catal yst obtained by sul fonating
copol ymers of ponovinyl nononers mainly conprising of styrenes and divinyl
nononers as crosslinking agent which conprises using divinyl nononers
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acid groups to the aromatic rings of the styrenes and divinyl monomers.

Styrenes include monovinyl derivatives of aromatic compounds such as styrene,
vinyltoluene, o -methylstyrene, vinylxylene, vinylethylbenzene, vinylbiphenyl,
methylvinylbiphenyl. Monovinyl monomers other than styrenes include aliphatic
olefins. Monovinyl monomers here mainly consist of styrenes, that is, they consist of

- 50 mol% or more, preferably 80 mol% or more. of styrenes.

Divinyl monomers may be 100% divinylbiphenyl or a mixture of divinylbiphenyl
with other divinyl monomers if the latter are less than 20 mol%. Such other divinyl
monomers include divinylbenzene and divinyltoluené, divinylbenzene being
preferable. Divinylbiphenyl accounts for 20 mol% or more, preferably 50 mol% or
more, of divinyl monomers. Moreover, divinyl monomers mainly consist of
divinylbiphenyl and divinylbenzene and the two together desirably account for 50

mol% or more, preferably 80 mol% or more, of divinyl monomers.

Of several isomers of divinylbiphenyl, 4,4'-divinylbiphenyl or a mixture of isomers

mainly consisting of 4,4"-divinylbiphenyl is preferable. Depending on the procedure



'O several isoners of divinylbiphenyl, 4,4'-divinylbiphenyl or a m xture of
I soners nmai-nly consisting of 4,4'-divinyl biphenyl is preferable. Depending
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nononer si,4dévingibengeng isqreferablgt it is 0.1-20 wt.% preferably 1-15 wt. %
nmore preferably 2-8 wt.% in consideration of the catalyst life,
productivity of bisphenol A and catal yst strength. The degree of
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divinylbiphenyl to divinylbenzene is 10/0-8/2, preferably 10/0-5/5.

The degree of crosslinking, as designated by the weight ratio of divinyl monomers
as crosslinking agent to a mixture of all monomers, is not restricted, but it is 0.1-20
wt.%, preferably 1-15 wt.%, more préferably 2-8 wt.%, in consideration of the catalyst
life, productivity of bisphenol A and catalyst strength. The degree of crosslinking as
designated by the molar ratio of divinyl monomers to the total monomers is 2-50 mol%,
preferably 2-40 mol%, more preferably 3-10 mol%. A decrease in this degree of

crosslinking lowers the catalyst strength and performance.

A known procedure can be adopted for the copolymerization of monovinyl
monomers mainly consisting of styrenes and divinyl monomers. Normally, the
copolymerization is carried out at 50-90 °C for 3-30 hours in accordance with a
procedure, for example, of introducing water and a dispersant in specified amounts to
the polymerization reactor, adding a mixture of monomers in which a polymerization
initiator has been dissolved to the water with stirring to form an oil-in-water
suspension, and carrying out the polymerization at a specified temperature in a

nitrogen atmosphere.



A known procedure can be adopted for the copolynerization of nonovinyl
nononmers mai nly consisting of styrenes and divinyl nononmers. Normally, the
copol ynmerization is carried out at 50-90 C for 3-30 hours in accordance
with a procedure, for exanple, of introducing water and a dispersant in
specified amounts to the polynerization reactor, adding a m xture of
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are transparent and gel-like in structure and they are called gel type resins. The

copolymers in question form a two-dimensional network in which bifunctional divinyl
monomers bridge polystyrene chains to form an irregularly intertwined structure and

the interstices in the network are called micropores.

On the other hand, copolymers may be prepared in another way by copolymerizing
a solution of monovinyl monomers mainly consisting of styrenes and divinyl monomers
as crosslinking agent in an organic solvent which is a good solvent of these monovinyl
and divinyl monomers and insoluble in water (for example, toluene, ethylbenzene and
n-hexane) and stripping the organic solvent. A large space nearly free of
intertwinement is created inside the resulting copolymers or the copolymers are
porous. Such copolymers are generally called macroporous resins and the large space

is called macropore.

Gel type or macroporous copolymers prepared in the aforementioned manner
normally occur as crack-free spherical beads with a particle diameter in the range 100-
1,000 z m. The beads are sulfonated by a given sulfonating agent in the presence of a

swelling agent to yield cation exchange resin catalysts.



a solution of nmonovinyl nmonomers nainly consisting of styrenes and divinyl
nononers as crosslinking agent in an organic solvent which is a good
sol vent of these nmonovinyl and divinyl nonomers and insoluble in water
(for exanple, toluene, ethylbenzene and n-hexane) and stripping the organic
solvent. A large space nearly free of intertwinenent is created inside the
resul ting copolyners or the copolymers are porous. Such copolymers are

general | IIed macr oporous resins and the |arge space .is called
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cation exchange resin catalysts.

5 the copolym®rsedrea aldightarasis. swel ling agent is an organic sol vent that

swells the aforenenti oned copolyners well and is inert to the sulfonating
agent; for exanple, dichloronethane and nitrobenzene. Such a solvent is
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as catalyst in this invention.
The sulfonated styrene-divinyl monomer copolymers, that is, cation exchange
resins, obtained in the aforementioned manner are used as catalyst in this invention.
This cation exchange resin catalyst is generally used in a fixed-bed reactor, but it may

be used in a fluidized-bed reactor.

For the preparation of bisphenol A, a known procedure involving the use of cation
exchange resin as catalyst may be adopted. The raw materials for the reaction are
usually acetone and excess phenol and, if necessary, a reaction accelerator may be
additionally used. As for the raw material acetone, a commercially available material
is used as it is here but the acetone remaining unreacted in the reaction mixture may

be recovered by such means as distillation and used.

As for the raw material phenol, phenol of industrial grade available on the market |
is used as it is or the mother liquor obtained by crystallizing the adduct of bisphenol A
with phenol from the reaction mixture and separating the crystals by filtration may be
used. Useful as reaction accelerator are thiols such as methylmercaptan,

ethylmercaptan, mercaptoethanol and mercaptopropionic acid.

In case the aforementioned cation exchange resin is used as catalyst in a fixed-bed

reactor according to the process of this invention, the liquid hourly space velocity



This cation exchange resin catalyst is generally used in a fixed-bed
reactor, but it may be used in a fluidized-bed reactor. For the
preparation of bisphenol A a known procedure involving the use of cation
exchange resin as catal yst may be adopted. The raw materials for the
reaction are usually acetone and excess phenol and, if necessary, a
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as filtration, and remove the phenol from the adduct.

Preferred Embodiments of the Invention
Example 1

Into a 500 ml three-necked separable flask fitted with a stirrer and a condenser
was introduced 0.1 g of polyvinyl alcohol, then was introduced a mixture of 44.1 g of
styrene, 5.9 g of crosslinking agents containing 52% of divinylbiphenyl (mainly
consisting of the 4,4"isomer; % by weight here and hereafter), 30% of
vinylethylbiphenyl and 18% of vinylbiphenyl and 0.1 g of benzoyl peroxide, and the
mixture was allowed to polymerize with stirring at 80 °C for 10 hours while passing

nitrogen through the system.

Particles of the copolymers were recovered from the mixture after polymerization,
.30 g of the air-dried particles was placed in a 300-ml four-necked flask fitted with a
stirrer and a condenser, 60 g of water and 150 g of nitrobenzene were added, and the
resulting mixture was stirred at 70°C for 2 hours to swell the copolymers. The swollen

copolymers were recovered and air-dried, placed in whole in a 300-ml four-necked



separate | owboiling substances such as acetone, water, and reaction
accelerator from the reaction m xture by such neans as distillation,
crystallize the.adduct of bisphenol A with phenol, separate the crystalline
adduct fromthe nother |iquor by such nmeans as filtration, and renove the
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The cation exchange resin containing sultonic acld groups o

malnner zahmétlﬁlgsa thetrebctéorc fozrthe prepaaition offthisplidhoBo# 48 Eurriddeohas follo®s.
val ue was
Phenol was allowed to react with acetone in the presence of ethylmercaptan as a

reaction aécelerator to yield a mixture containing bisphenol A, low-boiling substances
such as acetone, water and ethylmercaptan were distilled off from the mixture, the
adduct of bisphenol A with phenol was crystallized out and filtered off to give the
mother liquor (composed of 85% of phenol, 8% of bisphenol A, 5% of 2,4-isomer, and 2%
of other impurities), 1,000 parts by weight of which was mixed with 30 parts by weight
of acetone and 2 parts by weight of ethylmercaptan and fed continuously at a rate of
50 ml/hr at 70 °C to a ﬂow reactor that is made of stainless steel, 1 cm in inside
diameter and filled with 50 ml of the aforementioned cation exchange resin. Table 1
shows the change in conversion of acetone with time in terms of conversion of acetone
vs. number of days of feeding to the flow reactor and also the pressure loss in the

reactor after 150 days of feeding.

Example 2

The procedure of Example 1 was followed to prepare cation exchange resin
containing sulfonic acid groups except using a feedstock containing 44.6 g of styrene,
4.7 g of crosslinking agents composed of 52% of divinylbiphenyl, 80% of
vinylethylbiphenyl and 18% of vinylbiphenyl and 0.7 g of crosslinking agents



g/particle as a result of the crushing test conducted on 100 resin
particles with a dianmeter of 600 [err] m Usi ng the aforenentioned
cation exchange resin containing sulfonic acid groups as a catal yst, the
reaction for the preparation of bisphenol A was carried out as follows.
Phenol was allowed to react with acetone in the presence of ethyl nmercaptan

as a rSﬁﬁ L&Yy E'F%ql%ef)ﬁtdwm%mgisﬁeq{ed?ﬁ‘d M3% W eviﬁgf%y?ﬂg%%ng | RPRgNQtep for

| ow boi g substances suc acetone, water mer capt an were
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crystallized out and filtered off to give the nother |iquor (conposed of
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impurities), 1,000 parts, by i ght of ich was m xed with 30 parts by
vei ght °87lU0ckesBhraciis Wﬁgﬁ‘i}gﬁ‘gt?ﬁ&%&d{gﬂ&fmet hyl mer capt an and fed
continuously at a rate of 50 m/hr at 70 [err]C to a flow reactor that is
made of stainless steel, 1 cmin inside dianeter and filled with 50 m of
t he af &*ammleidoned cation exchange resin. Table 1 shows the change in

conver Si of "acefone with tine in ter of .conversi on, of acetone vs.
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crosslinking agents conposed of 52% of divinyl bi phenyl, 30% of
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on 100 resin particles with a diameter of 600 x m.

Example 4

The procedure of Example 1 was followed to prepare cation exchange resin
containing sulfonic acid groups except using a feedstock containing 45.9 g of styrene,
1.3 g of crosslinking agents composed of 52% of divinylbiphenyl, 30% of
vinylethylbiphenyl and 18% of vinylbiphenyl and 2.8 g of crosslinking agents
composed of 57% of divinylbenzene and 43% of vinylethylbenzene in the step for
preparing the copolymers. The resin showed a total exchange capacity of 1.27 meq/ml-
R and also a chatillon value of 440 g/particle as a result of the crushing test conducted
on 100 resin particles with a diameter of 600 u m.

Comparative Example 1

The procedure of Example 1 was followed to prepare cation exchange resin
containing sulfonic acid groups except using a feedstock containing 46.2 g of styrene,
0.6 g of crosslinking agents composed of 52% of divinylbiphenyl, 30% of
vinylethylbiphenyl and 18% of vinylbiphenyl and 3.2 g of crosslinking agents



Exampl e 3

The procedure of Exanple 1 was followed to prepare cation

exchange resin containing sulfonic acid groups except using a feedstock

containing 45.5 g of styrene,
of di vi nyl bi phenyl ,

30% of vi nyl et hyl bi phenyl

2.4 g of crosslinking agents conposed of 52%
and 18% of vi nyl bi phenyl

and

2.1 g of crosslinking agents conposed of 57% of divinyl benzene and 43% of
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of styeedgp resis parbicles ol kidikimatprad 880s«enposed of 52% of

di vi nyl bi phenyl, 30% of vinyl et hyl bi phenyl and 18% of vi nyl bi phenyl and 2.8
g of crosslinking agents conposed of 57% of divinyl benzene and 43% of

vi nyl eCoyipaeatieaExamplé8 step for preparing the copolynmers. The resin
showed a t ot al exchan%e capacity of 1.27 meq/m R and also a chatillon

val ue of Theo pypisdure teEzample dswas &illowed 69 (yeparg cabien cexshargedesin 100
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result of the crushing test conducted on 100 resin particles with a diameter of 600 1 m.

The cation exchange resins containing sulfonic acid groups obtained in Examples 2
to 4 and Comparative Examples 1 and 2 were respectively used as catalyst in the

reaction in the manner described in Example 1.

Table 1 shows the molar ratio of divinylbiphenyl to divinylbenzene (DVBP/DVB),
chatillon value, total exchange capacity per 1 ml of swollen resin of the cation
exchange resins and the reaction results in the aforementioned Examples and

Comparative Examples .

Table 1 o
DVRP/DVE| Chatillon Total Conversion of acetone Pressure
Molar | value exchax}ge % loss
ratio | g/particle ;227::{_ 51'1 Oday | 30days | 150 days| kg/em®
Example 1 10/0 440 1.31 93.1 02.2 88.5 4.5
Example 2 8/2 430 1.29 92.4 90.1 81.4 4.6
Example 3 4/6 420 1.28 91.1 86.3 66.5 4.8
Example 4 2/8 400 1.27 90.5 84.3 59.1 5.0
Comparative
1| 1/9 | 390 | 1.25 | 90.1 | 83.4 | 556 | 5.5
Comparative
ez | 0710 | 380 | 1.24 | 89.7 | 82.0 | 524 | 5.6

10



‘preparing the copolyners. The resin showed a total exchange capacity of
1.25 neq/m - R and al so- a chatillon value of 390 g/particle as a result of
the crushing test conducted on 100 resin particles with a diameter of 600
[err] m Conpar ati ve Exanple 2 The procedure of Exanple 1 was

fol |l owed o RBRAE LK Hi exchange resin containing sulfonic acid groups
except usrng—a‘gééggr%%kﬂg%ntaining 46.5 g of styrene and 3.5 g of
crosslinking agents conposed of 57% of divinyl benzene and 43% of

vi nyl et hyl bepzepe,in t S fOr _preparin e L : : '
showed a tot%r;afzta Yé&%ﬁﬁ%ﬁ@’biﬁé&?ﬁ‘ﬁn gf(g}%rﬁ ng}c#n?o?%&gllﬁﬁ?g%mg%h%?ﬁl{bgn
val ue of 380.1G0RARY ithlsSindenton ERSW! nbt Bhly Aforfe Tt ABad ERdsednRddohaghtion 100
resin partléfes wtlh a diameter of 600 [err] m The cati on exchange
resins coekeldrigagresing oontaimiag dsidfonipacitbgasupsd denivdsk dromh ethe2conventionald
Conparative Exanples 1 and 2 were respectively used as catal yst in_the
reaction iStVane'dﬁHnﬁ]@ﬁn@m@cﬂODW@qfﬁbEEalﬁﬁl3e1‘ uced presyurs losg vdRgpsed iR anp) ar

tio of gjvinylbiphenyl to divinyl VEP/ DVB e ,
Lot al exchamGPAERsAng pepare SARAoTpt Gy e tntaich s Progheiy st BhoYBhitt.

resins andg the reaction results in the aforenenti oned Exanpl es and

Conpar ati vé Exanpl es. Table 1 DvBP/ DVB Chatillon Total
Conver si on of acetone Pressure Mol ar val ue exchange
% | oss ratio g/particle capacity 0 day
30 days 150 days kg/cnjerr] meg/ ml-R

Example 1 10/ 0 440 1.31 93.1 92.2 88.5 4.5
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' Exampl e 2 8/ 2 430 1.29 92. 4 90.1 81.4 4.6 Exanpl e

3/ 4/ 6 - 420 1.28 91.1 86. 3 66. 5 4.8 Exanmpl e 4
s a0 155 ood saia oI IR OM
exanpl e 2Whabisldlaimed3i30 1.24 89.7 +82.0t ®524* 5.6

10 I ndustrial Applicability Cat al ysts based on the cation

exchange resins containing sulfonic acid groups devel oped by this invention
show not onfly Aaprasasgeforifrepatihg 2,3 biséehpdrosypley paopane ek theacnpsleneations
containing sulfonic acid groups derived fromthe conventional styrene

di vi nyl bé}%z%@mgowbyﬁ@—tgnmzl thes presengg i cetinme sxehange oresInypbiainge Y n a

fl ow react th r able. of inproving.further.the prod lvity of
bi phenol “endBfl BBy §iefs 7R Gingl BBt Bebiply oGl B SRAMECS dd Y, D
2, 2- bi s AziGi QOHINEDES )R QBSIRKRYg hESnICRRRENS M Prdfes WinPIRARYIbWHAAyRELT One
i n the presence of cation exchange resin obtained by sulfonating copol yners
of nonovidiyinylhipbemyls aml rdiyinythenzese nmaofly stagr earls dimthylli iongmeponamedr s as
crosslinking agent. whi ch conprises using divinylbiphenyl or

controlling the molar ratio of divinylbiphenyl to divinylbenzene at 10/0-2/8.

(2) Catalysts for preparing 2,2-bis(4-hydroxyphenylpropane which are composed
of cation exchange resins useful for the condensation of phenol with acetone to yield
2,2-bis(4-hydroxyphenylDpropane and are prepared by sulfonating copolymers of
monovinyl monomers mainly comprising of styrenes and divinyl monomers as
crosslinking agent while wusing divinylbiphenyl or divinylbiphenyl and
divinylbenzene mainly as said divinyl monomers and controlling the molar ratio of

divinylbiphenyl to divinylbenzene at 10/0-2/8.
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di vi nyl bi phenyl and di vi nyl benzene mainly as said divinyl nononers and
controlling the nolar ratio of divinylbiphenyl to divinylbenzene at

1010- 2/ 8. (2) Catalysts for preparing 2,2-bis(4 hydroxyphenyl)propane
whi ch are conposed of cation exchange resins useful for the condensation of
phenol w tAbsaegitone to yield 2, 2-bi s(4-hydroxyphenyl) propane and are
prepared by sul fonating copol ynmers of nonovinyl nononers mainly conprising
of styrenes and divinyl nononers as crosslinking agent while using

di vi nyl bi ph&hid insentiow relutdsitplacgprptesarfor piieparing bésphenel Aby thy condesaation

di vinyl monopers and controlling the nolar ratio of divinyLbiqpenyl to

di vi nyl betfz BRenalt witly @cetoge in the presence of cation exchange résin obtained by

12 sulfonating copolymers of monovinyl monomers mainly consisting of styrenes and

divinyl monomers as crosslinking agent while using divinylbiphenyl and
divinylbenzene mainly as said divinyl monomers and controlling the molar ratio of
divinylbiphenyl to divinylbenzene at 10/0-2/8. The cation exchange resin to be used
as catalyst in the condensation reaction shows a long life, maintains the production
of bisphenol A over a long period of time, possesses high strength and is useful for

economical and advantageous production of bisphenol A.
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