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ION EXCHANGE RESIN FOR PRODUCING BISPHENOL. AND A METHOD FOR
PRODUCING BISPHENOL USING SAID ION EXCHANGE RESIN

Technical Field

This present invention relates to an ion exchange resin for producing bisphenol, and a
5 method for producing bisphenol using said ion exchange resin, wherein said ion exchange
resin comprising aromatic polymer having sulfonic acid group modified with at least one

promoter selected from compounds shown in the structure (1), (II), (II), (IV) or its amine salt:
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wherein
R represents hydrocarbon unit having 1 to 6 carbon atom selected from alkyl group,
alkenyl group, alkynyl group, phenyl group, or optionally hydrocarbon containing carbonyl
15 group having 1 to 6 carbon atom;

x represents heteroatom;

n is an integer number from 1 to 4.
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Background of the Invention

It is well known that bisphenol, a compound obtained from the condensation between
phenol and ketone, is used primarily in a production of engineering thermoplastic, especially
4,4' isopropylidenediphenol (4,4' BPA) for polycarbonate preparation. Said reaction requires an

acidic compound as a catalyst.

Inorganic acid such as sulfuric acid or hydrochloric acid can be used as the catalyst for
bisphenol preparation. However, the use of inorganic acid requires additional means to
neutralize such acids so as to prevent a corrosion of equipment in the process. Moreover, said
acids cause undesired products, leading to a difficulty in separation and purification of product,

which is the limitation for the production in industrial scale.

There has been reported that the use of ion exchange resin as a catalyst in bisphenol
preparation could overcome aboVe problems. However, said ion exchange resin alWays
provides low activity, reaction rate, and product selectivity. Therefore, the ion exchange resin
with promoter is needed, either as co-feed promoter or immobilization through ionic bond or
cherhical bond. Compared to the co-feed promoter, the immobilization has been widely applied
in industrial scale because of less exposure and contamination of promoter dunng productmn

and no need of further process to separate promoter from obtained product

Untﬂ now there have been widely reported that mercaptan compound is suitable as a
promoter for ion exchange resin. Although there have been widely studied to develop the ‘jon
exchange resin eomprising said promoter, the catalyst results in some'ﬁndeSired properties
such as catalyst shelf life, selectivity to bisphenol especially 4,4‘ isopropylidenediphenol,
activity, and percent conversion.

| USB394089 disclosed the improvement of catalyst for bisphenol preparation using
pamal neutrahzatlon of ion exchange resin by mercaptoamine compound It was found that

said mercaptoamine compound improved percent conversion and catalyst stabﬂlty

US4584416 disclosed the bisphenol preparatlon in the presence of ion exchange resin
1nod1ﬁed with a promoter selected from N—alkylarmnoalkyhnereaptan at 25 to 35 % by mole. It
was found that said modified ion exchange resin provided hlgher percent conversion and

stab1hty, comparmg to general promoter, ethylmercaptan.

EP0676237 disclosed the bisphenol preparation in the presence of ion exchange

resin modified with a promoter having 2 substituted groups, N,N-di-substituted mercapto



10

15

20

25

30

WO 2017/099674 PCT/TH2016/000088

alkylamine. It was found that said promoter gave higher conversion and selectivity to
bisphenol, wherein 4-(dibutylamino)butane-1-thiol gave the highest bisphenol selectivity of
94 %.

US5075511 disclosed the bisphenol preparation in the presence of ion exchange resin
modified with a promoter selected from alkylmercaptoamine containing at least 2
alkylmercaptan branches. It was found that bis-2-(mercaptoethyl)amine gave higher 4.4’
isopropylidenediphenol selectivity when compared to alkylmercaptoamine containing 1

alkylmercaptan branch, namely cysteamine.

US6534686 disclosed the bisphenol preparation in the presence of ion exchénge resin
modified with a promoter selected from mercaptan comprising pyridine and sulfur-protected
group by functional group selected from tertiary alkyl group, ester group, and benzyl group. It
was found that sulfur-protected group could increase 4,4' isopropylidenediphenol selectrvrty

However percent yield of obtained 4,4 1sopropyhdened1phenol was relatively low.

W02004078345 dlsclosed the blsphenol preparation in the presence of 1on exchange
resrn modrﬁed with a promoter containing at least 2 sulfur groups. It was found that the
promoter contammg at least 2 sulfur groups could increase 4,4' 1sopropyhdened1phenol ,

selectrvrty However percent yreld of obtained 4,4' rsopropyhdenedrpheno] was relatlvely Iow.

U86825386 drsclosed an ion exchange resin that can tolerate to methanol for the
blsphenol preparatron The on exchange resin according to sard mventron was modrﬁed by a
promoter cornprrsmg pyrldmealkanethrol, ammoalkanethlol and/or thrazohdme It was found
that said mixed promoter could increase the tolerance of methanol However percent

conversion obtained from ion exchange resin according said invention was relatrvely low.

The present invention aims to prepare the ion exchange resin for prOdueing bisphenol
with high percent conversion and high percent selectivity to bisphenol, especially 4.4
isopropylidenediphenol;

Summary of Invention

This invention relates to an ion exchange resin for producing bisphenol with high
percent conversion and high percent selectivity to bisphenol, especially 4,4'
isopropylidenediphenol, wherein said ion exchange resin comprising aromatic polymer having
sulfonic acid group modified with at least one promoter selected from compounds shown in the

structure (1), (II), (IIT), AV) or its amine salt:
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R represents hydrocarbon unit with 1 to 6 carbon atoms selected from alkyl group,

alkenyl group, alkynyl group, phenyl group, or optionally hydrocarbon containing carbonyl

group having 1 to 6 carbon atoms;

x represents heteroatom;

n is an integer number from 1 to 4.

Detailed Description of the Invention

Definitions

Technical terms or scientific terms used herein have definitions as understood by those

having an ordinary skilled in the art, unless stated otherwise

" Any tools, equipment, methods, or chemicals mentioned here mean tools, equipment,

methods, or chemicals commonly operated or used by those skilled in the art, unless explicated

stated otherwise that they are tools, equipment, methods, or chemicals specific used in this

invention.
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~ Use of singular noun or singular pronoun with “comprising” in the claims or the

3% &g

specification refers to “one” and also “one or more”, “at least one”, and “one or more than

3%

one’.

All compositions and/or methods disclosed and claimed in this invention aim to cover
embodiments from any action, performance, modification, or adjustment without performing
an experiment with significantly different from this invention, to obtain the result as same as
the present embodiment according to person ordinary skilled in the art even not specifically
stated in claims. Therefore, substitutable or similar detail to the present embodiment, including
a slight modification or adjustment that is obvious by a person skilled in the art would be

construed as in the scope and concept of the present invention.

Throughout this application, the term “about” is used to indicate that any value
presented or showed herein may potentially vary or deviate. Such variation or deviation may
result from errors of equipment method including variations or deviations oceurred from
changes in reaction condition of uncontrollable factors such as moisture and temperature

" Heteroatom means non—carbon atoms, including but not limited to mtrogen sulfur and

oxygen

One objectrve of this mventlon is the ion exchange resin comprising aromatic polymer
contammg sulfomc acid group modrﬁed with a new promoter in order to be used as a catalyst

for producmg blsphenol

Another ob;ectlve of ttus mventlon is to use the ion exchange resm accordmg to the
mventlen for producmg blsphenol from phenoi and ketone gmng hlgh percent conversmn and

high selectmty to blsphenol espec1ally 4.4 1sopropyhdened1phenol

The following details descrrbe the specification of the invention, a.nd are not mtended to

hrmt the scope of the invention.

The present mventlon related to the ion exchange resin for producmg brsphenol
wherem sald ion exchange resin comprising aromatic polymer containing sulfonic acid group
modlﬁed with at Ieast one promoter selected from compounds shown mn the structure (I) (II)

(HI) (IV) or its amme salt
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wherein
R represents hydrocarbon unit with 1 to 6 carbon atom selected from alkyl group,
alkenyl group, alkynyl group, phenyl group, or optionally h'jdrocarbon containing carbonyl

group having 1 to 6 carbon atoms;
X represents heteroatom;
n is an integer number from 1 to 4.

Preferably, the ion exchange resin according to the invention comprising aromatic
polymer containing sulfonic acid group modified with at least one promoter selected from
compoupds shown in the structure (V), (VI), (VII), (VII), (IX), (X), or its amlne salt o

, O ;
N SH
H

(V)7
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5 o X).

More preferably, the promoter is compound as shown in the structure (V) or its amine

salt
5 V
N SH
H
/
(V).

In one embodiment, said promoter further comprises aminoalkyl mercaptan which may
10 be selected from cysteamine, 2-amino-1-propanethiol, and 3-mercaptopropylamine or its amine

salt. Preferably, aminoalkyl mercaptan is cysteamine.

Most preferably, the promoter is a mixture of the amine salt of compound according to

the structure (V) and the amine salt of cysteamine.
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Generally, the use of promoter as amine salt form could increase the solubility of
promoter during the modification of sulfonic group in aromatic polymer, wherein the amine
salt may be selected from, but not limited to, hydrochloride salt, hydrobromide salt, acetate
salt, formate salt, nitrate salt, phosphate salt, and perchlorate salt, preferably hydrochloride salt.

In one embodiment, aminoalkyl mercaptan or its amine salt is used in the amount of 10

to 90 % by mole of total promoter, preferably 30 to 70 % by mole of total promoter.

 In one embodiment, the sulfonic acid group modified with promoter is 5 to 30 % of

total sulfonic acid group, preferably 10 to 20 % of total sulfomc acid group.

In one embodlment the sulfonic acid group is modified with promoter through 1ome
bond, which may be formed through nitrogen atom of said promoter and sulfonic acid group of
arometic polymer. |

Generally, said modification may be performed by mixing aromatic polymer containing
sulfom'c acid group and promoter, in which water or aromatic hydroxy oompound is used as e

solvent

4 In one embodxment the aromatic polymer contannng sulfomc a01d group may be
seIected from polystyrene havmg sulfome acid group or styrene—dwmylbenzene copolymer
havmg sulfomc a01d group, preferably styrene~d1vmy1benzene copolymer contammg sulfomo
acrd group ' '

| In one embodxment said styrene dlvmylbenzene oopolymer contammg sulfomc acid
group may have dlvmylbenzene m the amount of 1 to 10 %, preferably hal the amount of
1 to 4 % '

In one embochment said aromatlc polymer containing sulfonic acid’ group has paruele

size ﬁ*om 500 to 1500 micron, preferably from 850 to 1400 micron.

: In one embodrment the compound according to the structure (I) {dmn, (HI) or 1ts amme
sait may be prepared by the following step:
(a) mixing monocarboxylic acid and mercapto compound in a mole ratio of
monocerboXj;lic;acidcto mercapto eompound from i:l to 1:2;and . o
(b) adding carbodiimide and basic solution into the mixture ob‘tained from step (a).
In one embodiment, the monocarboxylic acid in step (a) may be selected from 2-
pyridmecarboxylie; ‘acid, 3-pyridinecarboxylic acid, 4-pyridinecarboxylic ecid, 6-methyl-2-
pyridinecarboxylic acid, 5-methyl-2-pyridinecarboxylic acid, 4-methy”l-; 2—pyridinecarboxyﬁc
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acid, 3-methyl- 2-pyridinecarboxylic acid, 3-ethyl- 2-pyridinecarboxylic acid, propinoic acid,
butanoic acid, pentanoic acid,  levulinic acid, and hexanoic acid, preferably 2-
pyridinecarboxylic acid, 4-pyridinecarboxylic acid, or levulinic acid.

In one embodiment, the mercapto compound in step (a) is mercaptoamine or

mercaptoalcohol.

In one embodiment, the mercaptoamine may be selected from cysteamine
hydrochloride, ~ 2-amino-1-propanethiol,  2-amino-1-propanethiol  hydrochloride,  3-
mercaptopropylamine hydrochloride, 3-amino-2-methyl-1-propanethiol,3-amino-1-butanethiol,
3—amino-2k-butanethiol, 4-amino-2-butanethiol hydrochloride, 3-amino-1—butanéthiol
hydrochloride, 3-amino-2,2-dimethyl-1-propanethiol, 3-amino-1-pentanethiol, 3-amino-1-
pentanethiol hydrochloﬁde 3-amino-3-methyl-1-butanethiol, and 3-amino-3-methyl-1-
butanethlol hydroohlorlde preferably cysteamine hydrochloride. o -

o In one embodlment the mercaptoalcohol may be selected ﬁom mercaptoethanol 3-
mercaptopropanoi 4-mercaptobutanol 2 3- mercaptopropanol Z-mercaptobutanol 3

mercaptobutanol or3 mercapto-Z—butanoL preferably mercaptoethanol

" In one embodlment the carbodnrmde in step (b) may be selected ﬁ‘om N N'
dxcyclohexylcarbodmde N, N' dnsopropyicarbodmmde (3 dunethylarmnopropyl)—N'
ethylcarbodurmde hydrochlorlde N Methyl-N’- tert-butylcarbodnnnde N ethyI—N’ tert-

butylcarbodmmde N—cyclohexyl-N’-tert-butylcarbodurmde and 1 3-b18(2 2- dlmethyl-l 3-
dioxolan-4- ylmethyl)carbodmmde preferably N N'-dxcyclohexylcarbodnmlde

In one embodlment the bas1c solutlon in step (b) may be selected from pyndme 4-
dzmethylaxmnopyndme 2 4, 6 trlmethylpyndme dnsopropylethylannne N methyhnorpholme
tmnethylamme and N N dlmethylamhne preferably 4- dlmethylammopyndlne

In one embodlment the compound according to structure (HI) or 1ts amme sait may be

prepared by thc foﬂowmg step:

- (a) rmxmg chlormatmg agent and alcohol havmg 1 to 4 carbon atoms wherem a

volume ratio of chlorinating agent to alcohol is from 1:5 to 1:20; and

(b) addmg cysteine or its. salt into the mixture obtained from step (a), Wherem a ‘mole

ratlo of chlormatmg agent to cysteine ¢ or its salt is from 5: 1 to 10 1.
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In ohe emhodiment, the chlorinating agent in step (a) may be selected from thionyl
chloride, acetyl chloride, hydrochloric acid, and trimethylsilyl chloride, preferably thionyl
chloride.

In one embodiment, the alcohol in step (a) may be selected from methanol, ethanol,

propanol, or butanol.

In another embodiment, the present invention relates to the method for producing
bisphenol from phenol and ketone using the ion exchange resin according to the invention as a
catalyst.

»In one embodiment, the ketone may be selected from, but not Iﬁnited to acetone,
diethyl ketone, methyl ethyl ketone, ethylmethylkeone, isobutylmethyl ketone, cyclohexanone,

and acetophenone.

In one embodiment, the phenol may be selected from, but not limited to uhsubstituted
phenel, alkylphenol, alkoxyphenol, naphthol, alkylnaphthol, and alkoxynaphthol
o kr,Pfeyferably, the ion exchange resin according to the invention is used‘as,‘a catalyst jnthe
i)rodﬁetion of bisphenol A from unsubstituted phenol and acetone by condensation reaction.
In one embodiment, the reaction condition may be adjusted to be suitable for the
reactlon Normally, the mole ratio of blsphenol to acetone used in the reactlon may be ﬁom 5
to 30 The reactlon temperature may be operated from 40 to 120 °C, preferably from 60 to 80

°C. The reaction is normally operated under an atmospheric pressure.

" In one embodiment, the ion exchange resin according to the invention can be used as a
catalyst in several forms accordmg to reactlon system. It may be used as a slurry in batch

system orasa ﬁxed bed m contmuous system.

In one embodiment, a reaction time may be in a range of 0.5 to 20 hours for in batch
system and continuous system. qumd hourly space velocity (LHSV) may be in a range of 0.5

to 10 hour'i

In one embodxment the product obtained from the reaction wﬂl be separated from the
catalyst and bisphenol may be separated and purified by conventional methods such as

d1st111at10n recrystalhzatlon or solvent washmg

The following examples are presented to ﬁlrther illustrate this invention without any

purpose to limit the scope of the invention.
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Preparation of promeoter for preparing ion exchange resin according to the
invention

Hvdrochloride salt of the compound as shown i the structure (V)

About 5 g of 2-pyridene carboxylic acid and about 5.54 g of cysteamine hydrochloride
were dissolved in about 50 mL of dichloromethane solvent under an argon atmosphere. Then,
the solution mixture of about 16.7 g of N,N'-dicyclohexylcarbodiimide and about 0.99 g of 4-
dimethylaminopyridine were slowly added into about 20 mL of dichloromethane solvent. Said
mixture was stirred at room temperature under an argon atmosphere for about 24 hours. The
obtainedWhite solid was filtered from the obtained mixture. Then, the filtrated }iquid was
evaporated under vacuum. Then, it was crystallized in mixed organic solvent of
diehlorornethane and hexane or purified by silica column. The obtained solid was separated

and dried under vacuum.

o HVdrochloﬁde salt of the compound as shown in the structure (VI)

About 5 g of 2-pyridene carboxylic acid and about 3.43 g of mercaptoethanol were
dissohfed in about 50 mL of dichloromethane solvent under an argon atmosphere Then, the
soluuon mixture of about 16 7 g of N,N'-dicyclohexylcarbodiimide and about 0.99 g of 4-
dunethyiammopyndme were slowly added into about 20 mL of dlchloromethane solvent. Sald
rmxture was stn‘red at room temperature under an a;rgon atmosphere for about 24 hours. The
obtamed whlte sohd was ﬁltered from obtained mixture. Then the filtrated hquld was
evaporated under vacuum and was crystallized in mixed orgamc solvent of dichloromethane

and hexane or purlﬁed by silica column. The obtained solid was separated and dried under
vacuum. Then, about 5 mL of deionized water was added into about 1 g of said obtained solid.
After that about 0.6 mL of about 37 % hydrochloric acid solution was slowly added into said
rmxture and stirred at room temperature for about 30 min. Then, the solvent was evaporated

under vacuum and the solid product was dried under vacuum.

Hvdrochlonde salt of the cornpound as shown in the structure ( VH)

About 2 g of proplomc acrd and about 3.68 g of cystearmne hydrochlorrde ‘were
drssolved m about 15 mL of d1chlorornethane solvent under an argon atmosphere Then, the
solutron rmxture of about 11 4 g of N N' drcyclohexylcarbodumrde and about O 66 g of 4-
dlmethylannnopyndme were slowly added into about 15 mL of drchloromethane solvent. Sard

mlxture was strrred at room temperature under an argon atmosphere for about 24 hours The
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obtained white solid was filtered from obtained mixture. Then, the filtrated liquid was
evaporated under vacuum and was crystallized in mixed organic solvent of dichloromethane
and hexane or purified by silica column. The obtained solid was separated and dried under

vacuum.

Hydrochloride salt of compound as shown in structure (VIII)

About 5 g of levulinic acid and about 5.87 g of cysteamine hydrochloride were
dissolved in about 20 mL of dichloromethane solvent under argon atmosphere. Then, the
solution mixture of about 17.8 g of N,N'-dicyclohexylcarbodiimide and about 1.05 g of 4-
dimethylaminopyridine were slowly added into about 20 mL of dichloromethane solvent. Said
mixture was stirred at room temperature under an argon atmosphere for about 24 hours. The
obtained white solid was filtered from obtained mixture. Then, the filtrated liquid was
evaporated under vacuum and was crystallized in mixed organic solvent of dichloromethane
and hexane ori puriﬁéd by silica column. The obtained solid was separated and dried under

vacuum.

Hydrochloride salt of compound as shown in structure (IX)

About 3 mL of thiohyl chloride was slowly added into about 35 mL of methanol at
temperafure about 0 °C unde: an argon atmosphere. Said mixture was stirred for about 1 hour.
Then, about 1 g of cysteamine hydrochloride was added. Said mixture was stirred for about 3
hours and reﬂﬁxed for about 1 hour. Then, the organic solvent was evaporated under vacuum:
The bbtaméd prodﬁct was cryStéHized in mixed orgahic solvent“ of 'diéhloromethané and
methanol. The obfained solid was separated ahd dried imder vacuum. | |

Hvdrochloride salt of comnound as shown 1in structure (X)

About 1.04 g of compound shown in structure (X) and about 0.48 g of mercapto
propionic acid were dissolved in about 5 mL of N,N-dimethylfonnamidé under an argcri
atmosphere. Then, the solution mixture of about 1.25 g of N,N‘-dicyciohéxyléarbodiimide and
about 0.81 g of | 4-dimethylaminopyridine were slowly added into aboﬁt IO\ ml 'V of
dickﬂordmefhane solvent. Said mixture was stirred at room témperatﬁfe \inder’ an yargdn
atmosphere‘ for abouf 24 hours. The obtained white solid was filtered from obtained rﬁikture.
Then, the filtrated liquid was evaporated under vacuum and was crystallized in mixed organic
solvent of dichloromethane and hexane or purified by silica column. The obtained solid was

separated and dried under vacuum.
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Preparation of ion exchange resin according to the mvention

Styrene-divinylbenzene copolymer type aromatic polymer having sulfonic acid group
Purolite122 (Pul22) with particle size from 850 to 1400 micron from Pulorite Co., Ltd. and
Amberlyst36 (Am36) with particle size from 550 to 700 micron from Rohm and Haas
Chemical Co.,Ltd. were used in the preparation of ion exchange resin according to the

invention.

The aromatic polymer having sulfonic acid group modified with various promoters in

amounts and percentages according to Table 1 were prepared by the following method.

The promoter was dissolved in about 20 mL of deionized water (in the amount as
shown in Table 1). Then, said solution was added in to about 20 g of styrene-divinylbenzene
copolymer suspended in about 40 mL of deionized water. The mixture was stirred at a room
temperature for about 1 hour. Aﬂer stirring, the obtained mixture was packed in the column
and washed with deionized water at a flow rate about 1 mL/min until the pH of Washing liquid
Was about 6.5. The obtained solid was tested for residue sulfonic group by titration method
with sodium hydroxide solution in order to measure sulfonic acid group (SO;H) before and
after aroma:ti'c i)olyrner modification. The percentage of sulfonic acid group modified with
promoter ¢ould be calculated from the following equation. V

gemenﬁage of sulfonic acid gmtip modified with promoter

: . mole of SO3H aftermedification — mole of SO3H %}efere madiﬁcaticﬁ

- : mole of SO3H before modification ‘ x 1§g}"

”Testiyltklg of biéi)heliol prodﬁction
. The ion exchange resin according to the invention was used as a catalyst for testing
bisphenol production performance by the following.method.

Prior to use, the ion exchange resin was dehydrated by contacting about 10 g of ion
exchange resin with about 100 g of phenol at the temperature about 60 to 70 °C for about 15
min. This method was performed in 3 times. About 3 g of obtained ion exchange resin was
added in a 250 mL 3-neck flask equipped with a condenser. Then, about 90 g-of phenol was
added and heated at the temperature of about 70 °C. Then, about 4.27 g of acetone was added.

The reaction was operated until about 1 hour.

The followings are examples for testing of product compositions obtained from the ion
exchange resin according to the invention, wherein testing methods and equipment are general

methods and equipment and not intended to limit the scope of the invention.
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The remaining acetone from the reaction was tested by gas chromatography (Shimadzu
17A-GC) equipped with HP—PLOT/AI203 “S” deactivated capillary column. The column
temperature was set in order to separate compositions. The temperature was set at about 40 °C
for about 10 min at the beginning. Then, the temperature was raised at a linear rate to about

5 195 °C and maintained for about 30 min.

The product compositions were tested by High Performance Liquid Chromatography
(Shimadzu LC-20AD) equipped with Phenomenex Gemini-NX 5u CI8 column. Water and
acetonitrile at 1:1 ratio by volume was used as a mobile phase with a flow rate of I mL/min.

The % acetone conversion and % selectivity of 4,4' isopropyhdenedlphenol 44 BPA)

10 were calculated from the following equations.

mole of acetone reacted

% acetone canversian = e x 100
meie of initial acetone

% seiectwity of 4, 4’ :sopm;}yhdened; phenol

_ ' - moleof4,4" isopropylidenediphenol - UiG{}
"~ mole of 4,4'isopropylidenediphencl + moleof 2,4 isopropylidenediphenol ~
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Table 1 shows % acetone conversion and % selectivity of 4,4' isopropylidenediphenol of ion

exchange resins

Sample Styrene- Promoter % Sulfonic | % acetone | % selectivity
divinylbenzene acid group | conversion of 4,4’
copolymer type modified isopropylidene

with diphenol
promoter
Comparative
Pul22 - - 232 84.7
sample 1
Comparative
Am36 - - 17.7 90.1
sample 2 ~ o
Comparative cysteamine
Pul22 ) 10 36.5 96.2
sample 3 R hydrochloride 0.21 g SEREEREE
hydrochloride salt of
Sample Al Pul22 compound with 10 35.7 97
k structure V)0.40¢g
hydrochloride salt of
’Saytﬁp}eAZ ‘ Am36 compound with 10 27.8 V 973
‘ structure WVy1.02¢g
‘ hydrochloride salt of |
Sample A3 Pul22 compound with 20 32.4 97.1
structure (V) 0.80 g
hydrochloride salt of
Sample B Pul22 compound with 10 20.6 94.2
structure (V1) 0.34 g
hydrochloride salt of ,
Sample C Pul22 compound with 10 23.2 95.3
‘ ‘ structure (VII) 0.31 g
hydrochloride salt of
Sample D Pul22 compound with 10 31.8 93.5
structure (VII) 0.39 g
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Sample E

Pul22

hydrochloride salt of
compound with

structure (IX) 0.32 g

10

284 | 966

Sample F

Pul22

hydrochloride salt of
compound with
structure (X)0.48 g

10

25.2 91.3

Sample G1

Pul22

cysteamine
hydrochloride 0.06 g
+ hydrochloride salt
of compound with
structure (V) 0.28 g

10

42.5 96.9

Sample G2

Pul22

cysteamine
hydrochloride 0.11 g
+hydrochloride salt
of compound with

structure (V) 0.20 g

10

49.0 96.7

Sample G3

Pul22

cysteamine
hydrochloride 0.15 g
+ hydrochloride salt
of compound with

structure (V) 0.12 g

10

48.4 97.4

Sample G4

Pul22

cysteamine
hydrochloride 0.29 g
+ hydrochloride salt
of compound with

structure (V) 0.24 g

10

42.0 97.1

From Table 1, when comparing the comparative samples, and samples Al to A3 and B

to F according to the invention which 1 promoter was used in the preparation, it can be found

that the ion exchange resin according to the invention which has sulfonic acid group modified

by hydrochloride salt of the compound according to the structure (V), (VI), (VII), (VIID), (IX),

and (X) has higher percent acetone conversion and percent selectivity of 4,4

isopropylidenediphenol. The ion exchange resin having sulfonic acid group modified by
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hydrochloride salt of compound according to structure (V) results in the highest percentz
selectivity of 4,4' isopropylidenediphenol. '

Moreover, when comparing the comparative example,‘ sample Al containing 1
promoter and sample G1 to G3 containing hydrochloride salt of compound according to the
structure (V) and cysteamine hydrochloride with the same percent of sulfonic acid group

modified by promoter, it can be found that the use of said 2 promoters yields greatly higher

percent acetone conversion.

From the results above, it can be said that the ion exchange resin according to the
invention gives high conversion and high selectivity to bisphenol, especially 4,4’

isopropylidenediphenol as being stated in the objective of this invention.

Best Mode of the Invention

Best mode of the invention is as provided in the description of the invention.
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Claims

1.  An ion exchange resin for producing bisphenol comprising aromatic polymer

having a sulfonic acid group modified with

a promoter shown in the structure (V) or its amine salt

(V).

2. The ion exchange resin according to claim 1, wherein the promoter further
comprises aminoalkyl mercaptan or its amine salt.

3. The ion exchange resin according to claim 2, wherein aminoalkyl mercaptan is
cysteamine.

4. The ion exchange resin according to claim 2 or 3, wherein aminoalkyl mercaptan

or its amine salt is used in the amount of 10 to 90 % by mole of total promoter.

5. The ion exchange resin according to claim 4, wherein aminoalkyl mercaptan or its

amine salt is used in the amount of 30 to 70 % by mole of total promoter.

6. The ion exchange resin according to claim 1, wherein the sulfonic acid group
modified with promoter is 5 to 30 % of total sulfonic acid group.

7. The ion exchange resin according to claim 6, wherein the sulfonic acid group
modified with promoter is 10 to 20 % of total sulfonic acid group.

8.  The ion exchange resin according to any one of claims 1, 6, or 7, wherein the
sulfonic acid group is modified with promoter through ionic bond.

9. The ion exchange resin according to claim 1, wherein the aromatic polymer
containing sulfonic acid group is selected from polystyrene having sulfonic acid group or
styrene-divinylbenzene copolymer having sulfonic acid group.
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10. The ion exchange resin according to claim 9, wherein the aromatic polymer
containing sulfonic acid group is styrene-divinylbenzene copolymer having sulfonic acid
group.

11. The ion exchange resin according to claim 10, wherein the styrene-
divinylbenzene copolymer having sulfonic acid group has divinylbenzene in the amount of 1 to
10 %.

12. The ion exchange resin according to claim 11, wherein the styrene-
divinylbenzene copolymer having sulfonic acid group has divinylbenzene in the amount of 1 to
4 %.

13. The ion exchange resin according to any one of claims 1, 9, or 10, wherein the

aromatic polymer containing sulfonic acid group has particle size from 500 to 1500 micron.

14. The ion exchange resin according to claim 13, wherein the aromatic polymer
having sulfonic acid group has particle size from 850 to 1400 micron.
15. A method for producing bisphenol from phenol and ketone using the ion

exchange resin according to any one of claims 1 to 14 as a catalyst.

16. The method according to claim 15, wherein the phenol is unsubstituted phenol,

the ketone is acetone, and the bisphenol is bisphenol A.



