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The present invention relates to a nethod of producing bi sphenol fl #%mﬁ-bis
(4- hydroxyphenyl ) propane]. Mirre specifically, the present inven ig

relates to a method of producing bisphenol A in which, in the production of
bi sphenol A from phenol and acetone with the use of a cation exchange resin
as a catalyst and optionally a free nercaptan as a pronoter, the degree of
conversion of phenol is maintained by changing the reaction conditions with
the deterioration of the catalyst so.tq§t bi sphenol A is effectively
produced. BACKGROUND OF THE | NVENBOR &% Phenol A has been known as an

i nportant conpound for raw nmaterial for engineering plastics, such as

pol ycarbonate resins, polyacrylate resins, etc, or for epoxy resins, and

the demand for it teMBTHODOERRODWCEN GgBISPHFENOE At | y. Bi sphenol A is
produced by the condensati on of an excess of phenol and acetone in the
presencelBEIENIGALABELB yst and optionally a pronoter, such as a sul fur
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used. Oniniveatiehhsslateneo d indthsdbefe pridusingtihiaphesoll Arirs wifich, dwngheunds
used as the pronoter, alkyl nercaptans with or w thout substituting groups,

such as prodnyptionerfdrigphenoled Hyom mdranobtandd aeatongiwishithe usei of agagion are
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1 the degree of conversion of phenol is maintained by changing the reaction
conditions with the deterioration of the catalyst, so that bisphenol A is
effectively produced. |

BACKGROUND OF THE INVENTION

Bisphenol »A has been known as an important compound for raw
material for engineering plastics, such as polycarbonate resins, polyacrylate
resins, etc, or for epoxy resins, and the demand for it tends to be still more
growing recently.

Bisphenol A is produced by the condensation of an excess of phenol
and acetone in the presence of an acid catalyst and optionally a promoter,
such as a sulfur compound, etc.

As the acid catalyst for that reaction, inorganic mineral acids, such
as sulfuric acid, hydrochloric acid, etc. were conventionally used. However,
cation exchange resins have recently attracted attention (GB Patent Nos.
842209, 849565 and 883391), and have come to be industrially used.

On the other hand, it has been known that as for sulfur compounds
used as the promoter, alkyl mercaptans with or without substituting groups,
such as methyl mercaptan, ethyl mercaptan, thioglycolic acid, etc., are useful
(U.S. Patent Nos. 2,359,242 and 2,775,620). The mercaptans function to

increase the reaction rate and improve the selectivity. For example, as

[



7 JUL 2005 reaction by-products in the production of bisphenol A,

2- (2- hydroxyphenyl ) 2-(4-hydroxyphenyl) propane (a conbi nati on of o; mgﬂmg'-
types) is mainly fornmed, and tris-phenol, polyphenol, etc. are als"l)J d.
Especially, in cases where bisphenol Ais used as raw nmaterial for

pol ycarbonate resins, polyacrylate resins, etc., required is colorless high
purity bisphenol A containing a reduced anmount of those by-products. To
this end, nercaptans are used as a pronoter in order not only to increase
the reaction rate but also to suppress the formation of the by-products and
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triest Om(cjete}i)ld m Evrlllicthht6he molar ratio between phenol and a carbonyl compound is

set to be in the range of 10:1 to 30:1 and the reaction temperature is

controlled to be in the range of 40-100°C; Japanese Unexamined Patent

Publication No. 54(1979)-19952 discioses a method in which the molar ratio

between phenol and a carbonyl compound is set to be in the range of 3:1 to

50:1 and the reaction temperature is controlled to be in the range of 30-

120°C; and Japanese Patent Publication No. 63(1988)-52021 discloses a

method in which an excess of phenol is used in an amount of moles four to

ten times more than the mole(s) of acetone and the reaction is carried out at

a temperature in the range of 40-100°C.

‘However, it is the fact that it has not heretofore been practiced to
effectively change the reaction conditions with the deterioration of the cation
exchange resin.

It has been known that the effect of the reaction temperature on the
improvement in the degree of conversion of phenol is small in the reaction
system in which the cation exchange resin is used as a catalyst and the

mercaptan is used as a promoter. In addition, if one tries to deal with the

deterioration of the catalyst through the reaction temperature, an



deterioration of the catalyst through the reaction tenperature, an 2 7 JUL
2005 wundesirable situation results: specifically, rapid increase in the
reaction tenperature is inevitable. In this case, it is consideredat ﬁt
elimnation of sulfonic groups introduced in general cation exchar?g@ rzlg@i ns
is pronoted, which nmay adversely affect the quality of bisphenol A as the
product. Further, the reason why the degree of conversion of phenol is
unlikely to be inproved even if the reaction tenperature is increased is

deened to he.that i.n that systemthe.diffusion, of the raw material or the
product W' F‘Fﬁlﬁaﬁﬁemé‘é?ag?r{%y& es&ecftﬂcéhé'a??glnd ERETARG T & Fnref%c%toﬁle rat e-
determ nﬂe?xg%éﬁ%f’é iOfndvigaieactd ehis’ &R itQls YenSRIdREd nat HENYENA 61N An

obj ect of the present I1nvention is to provide an industrially useful nmethod
of pr odusilfighibi gphesdhtducaliiahgendral hatjpnodtdiange oésihs dphaooilotéd, from
phenol and acetone with the use of a cation_exchange resin as a catal yst

and opt i whidh may adveraplyaaffess the srehidy of brsphengbyrascthef pxosigbr si on of ~ phenol
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above-nenti onéd object, that the degree of conversion of phenol can be

ef fecti védameditotlad tleat andhet ispsteat ithe diffusidnf ofitlce gnoupsatefiabrortthe cati on
exchange resin can be suppressed by increasing the nolar. ratjo of

acet one/ PIRSH6E whﬁbtthmﬁeg strasture 2y the edéon jaxshapes nep@ 1yshemadeati on of
the catalyst, .whergby t above, .obj ect can be achieved. The present

i nventi o%gtr%@l%]é]egnl%r‘fg%e‘;}ﬁtﬁerﬁ%ﬂoflﬁél%%[bove finding. Specifically, the
present invention provides a nethod of producing bisphenol A in which, in
t he production of bisphenol A by condensation of phenol and acetone with

t he use DISGLOHTBE OXAHEGBENVENN'RIQN a catal yst, the degree of conversion

of phenol is i n i n ‘ ncrasi ng the nolar ratio o .
P An object o?t e present mvegtlon 1s to provide an 1no{ustr1a]ly useful

method of producing bisphenol A in which, in the production of bisphenol A
from phenol and acetone with the use of a cation exchange resin as a catalyst
and optionally a mercaptan as a promoter, the degree of conversion of phenol
is maintained by changing the reaction conditions with the deterioration of
the catalyst, so that bisphenol A is effectively produced.

The inventors of the present invention have found, through extensive
studies to achieve the above-mentioned object, that the degree of conversion
of phenol can be effectively maintained and elimination of sulfonic groups
from the cation exchange resin can be suppressed by increasing the molar
ratio of acetone/phenol by not more than 1/20 at one time with the
deterioration of the catalyst, whereby the above object can be achieved. The
present invention has been made based on the above finding.

Specifically, the present invention provides a method of producing
bisphenol A in which, in the production of bisphenol A by condensation of
phenol and acetone with the use of a cation exchange resin as a catalyst, the
degree of conversion of phenol is maintained by increasing the molar ratio of
acetone/phenol by not more than 1/20 at one time with the deterioration of

the catalyst.



acetone/ phenol by not nore than 1/20 at one tinme with the deterioration of
the catalyst. 3 7 JUL 2005 BEST MODE FOR CARRYI NG OQUT THE INVENTIgN [hﬁNB
nmet hod according to the present invention is a nmethod of producin W
bi sphenol A in which phenol and acetone are condensed with the wuse of a
cation exchange resin as a catalyst and optionally a free nercaptan as a
pronoter. There is no specific limtation with respect to the kind of the
cation exchange resin to be used, and any of those which are conventionally
i [ ol A can be used.
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mer capt amplapedl ky|catelycaptfen tlen predadioph et bidplodnolay benebé hesedf a
non-substituted al kyl nmercaptan and a substituted al kyl nercaptan_having at
| east ordowebes istlfohimagidotype cattn axchanesr rroys iage grefpyredespedialygroup, a

hydr oxyl. gﬁ%g%g;ﬂf%héke%?%{a% Vg{y non-substituted nercaptans include nethyl

mer capt &H, _ tyl nercaptan, n-octyl nercaptan, etc.
Cearml e o L et i bt o0l sy el . IR segiogatie |
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acidic cation exchange resins having sulfonic groups. Examples of the
sulfonic acid type cation exchange resin include sulfonated styrene-divinyl
benzene copolymer, sulfonated cross-linked styrene polymer, phenol
formaldehyde-sulfonic acid resin, benzene formaldehyde-sulfonic acid resin,
etc. These may be used singly or in combination.

The free mercaptan as the promoter as used herein means a
compound having a free form of SH group in the molecule. As the free
mercaptan, an alkyl mercaptan can be adopted, which may be either of a
non-substituted alkyl mercaptan and a substituted alkyl mercaptan having
at least one substituting group, such as a carboxylic group, an amino group,

a hydroxyl group, etc. Examples of non-substituted mercaptans include
methyl mercaptan, ethyl mercaptan, n-butyl mercaptan, n-octyl mercaptan,
etc. Examples of the substituted alkyl mercaptan include
mercaptocarboxylic acids such as thioglycolic acid, B -mercaptopropionic
acid, ete., aminoalkane thiols such as 2-amino ethane' thiol, 2,2-dimethyl
thiazolidine, etc., mercaptoalcohols such as mercaptoethanol, etc. Among
these, the non-substituted alkyl mercaptans are especially preferred in

terms of the cocatalytic action. In addition, these mercaptans may be used

singly or in combination.



t hi azol i dine, etc., nercaptoal cohols such as nercaptoet hanol, etc. Anmong

t hese, the non-substituted al kyl nercaptans are especially preferred jn
terms of the cocatalytic action. In addition, these nercaptans nay Belll <88
singly or in conmbination. 4 7 JUL 2005 The anount of each of these
mercaptans is generally selected to be in the range of 0.1-20 nole %
preferably in the range of 1-10 nole % relative to acetone, which is one
of the raw materials to be used. Further, there is no specific limtation

ith respect the ratiq of t armount bet ween phenol an etone, but it
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It is industrially particularly advantageous to
invention does not generally require a reaction solvent except for the cases
where the reaction is carried out at such low temperatures that the viscosity
of the reaction liquid is too high or the reaction liquid solidifies resulting in
difficulty in operation.

The condensation reaction between phenol and acetone in the
present invention can be carried out in either of a batch-wise manner and a
continuous manner. However, in terms of the production efficiency,
preferred is a fixed bed continuous reaction system in which phenol, acetone
and optionally above-explained free mercaptan are continuously fed to a
reaction column packed with a cation exchange resin as an acid catalyst and
are allowed to react. In this respect, the reaction can be carried out with
one reaction column, but two or more reaction columns may be used so that
théy are arranged in series. It is industrally particularly advantageous to
arrange two or more reaction columns each packed with the cation exchange
resin in series and to use a fixed bed multiple stage continuous reaction
system. »

The reaction conditions for the fixed bed continuous reaction system

will hereinbelow be explained.

The molar ratio of acetone/phenol in this reaction is generally



arrange two or nore reaction colums each packed with the cation exchange
resin in series and to use a fixed bed nultiple stage continuous rigﬂfi
system The reaction conditions for the fixed bed continuous reactti ;@gten1
wi | | hereinbel ow be explained. The nolar ratio of acetone/phenol in this
reaction is generally 5 7 JUL 2005 selected to be in the range of 1/30 to
1/3, and preferably in the range of 1/15 to 1/5. If this nolar ratio is

| ower than 1130, there is a risk that the reaction rate beconmes too low. |If
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hr* to 10% tﬂer: free mercaptan used.

The reaction temperature is generally selected to be in the range of
40-150°C, and preferably in the range of 60-110°C. If the reaction
temperature is lower than 40°C, the reaction rate becomes low and the
viscosity of the reaction liquid becomes extremely high which may create a
risk of solidification. If the reaction temperature exceeds 150°C, it becomes
difficult to control the reaction, the selectivity of bisphenol A (a combination
of p- and p’- types) is lowered, and the cation exchange resin as a catalyst
may decompose or deteriorate. In addition, LHSV (Liquid Hourly Space
Velocity) of the material mixture is generally selected to be in the range of
0.2 hr to 30 hr!, and preferably in the range of 0.5 hr* to 10 hr.

In this kind of condensation reaction between phenol and acetone,
the cation exchange resin with which the reaction column is packed
deteriorates with a lapse of a certain time period of operation, and
consequently the degree of conversion of phenol is lowered. In the present
invention, when the degree of conversion of phenol is lowered to some extent
in that way, the molar ratio of acetone/phenol is first increased within the

above-mentioned range by once to several hundred times, and preferably by

once to two hundred times. The degree to which the molar ratio of



In this kind of condensation reaction between phenol and acetone, the
cation exchange resin with which the reaction colum is packed deteriorates
with a |lapse of a certain tine period of operation, and consequent! JUlh#0h
degree of conversion of phenol is |lowered. In the present invention, when

t he degree of conversion of phenol is |lowered to sone extent in that way,
the nolar ratio of acetone/phenol is first increased within the

above-nenti oned range by once to several hundr ed tines and preferably by
once to two hun times. The de re ﬁhlch lar ratio of
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concentration is generally carried out under the conditions in which the
phenol may not be improved to a considerable extent, and elimination of
sulfonic groups from the cation exchange resin may be promoted.

In the method according to the present invention, the reaction
mixture coming from the reaction column or columns is subjected to a post
treatment in a conventional way, whereby bisphenol A is obtained.

Explaining an example of the post treatment, concentration is first
carried out prior to crystallization. Although there is no specific limitation
with respect to the conditions under which the concentration is carried out,
the concentration is generally carried out under the conditions in which the
temperature is in the range of 130°C to 170°C and the pressure is in the
range of 13kPa to 53kPa. If the temperature is lower than 130°C, high
vacuum is requires. If the temperature is higher than 170°C, more
impurities are generated and color development is caused thereby. Further,
it is advantageous that the concentration of bisphenol A in the concentrated
residue ranges from 25 wt.% to 40 wt.%. If this concentration is less than
25 wt.%, the yield of bisphenol Ais low. If this concentration exceed 40 wt.%,
it becomes difficult to carry the slurry after the crystallization.

Crystallization of an addition product composed of bisphenol A and

phenol from the concentrated residue is carried out by means of the vacuum



tenperature is in the range of 130C to 170C and the pressure is in the

range of 13kPa to 53kPa. If the tenperature is |ower than 130C, high vacuum
is requires. If the tenperature is higher than 170'C, nore |npur|t|és|UerEﬂ5
generated and col or devel opnent is caused thereby. Further, it is

advant ageous that the concentration of bisphenol A in the concentrated
residue ranges from25 w.%to 40 wt.% |If this concentration is |l ess than
25 wt.% the yield of bisphenol Ais low If this concentration exceed 40

w.% i ec f| | t carry t u ter t ation.
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not desirable.

Thereafter, the addition product composed of bisphenol A and phenol
as thus obtained by way of the crystallization treatment is separated by a
conventional method, and is then subjected to a washing treatment generally
using phenol. After that, the washed addition product is subjected to a
disassembly processing into bisphenol A and phenol. The temperature at
which the disassembly processing is carried out is generally selected to be in
the range of 130-200°C, and preferably in the range of 150-180°C. The
pressure at which the disassembly processing is carried out is generally
selected to be in the range of 3-20kPa.

High quality bisphenol A can be obtained from the bisphenol A thus
obtained from the disassembly processing through removing the residual
phenol in the latter bisphenol A substantially completely by the steam
striping method, etc.

(Examples)

The present invention will hereinbelow be described in further detail
based on examples. However, the present invention is not limited to such

examples in any way.



whi ch the di sassenbly processing is carried out is generally selected to be
in the range of 130-200C, and preferably in the range of 150-180C. The
pressure at which the di sassembly processing is carried out is gendrHiLl 2805
selected to be in the range of 3-2CkPa. High quality bisphenol A can be

obt ai ned fromthe bi sphenol A thus obtained fromthe disassenbly processing
t hrough renoving the residual phenol in the |latter bisphenol A
substantially conpletely by the steam striping nmethod, etc. (Exanples) The
present invention will hereinbel ow be described in further detail based on
exanpl es. However, the present invention is not limted to such exanples in
any way. 8 7 J,2Bfb1- Exanple 1. Three cylindrical vessels-each having an

i nner dianeter of 10 mm and a length of 1500 mm were each packed with a
cati on exchandéhieesdylindrsed] f vosatlsdeadthy hanmgliaui myler bdianester odpld} ymmr

avai l able from M tsubishi Chem cal Corporation; Product Nanme: DI Al ON SK
104) in anf amemgth gl 1300 myn) were reaeh . pavked, wiheActataan £xchenge aeginof 300

g/ hr, acetgne at, a, flow fate.o 9.3 g/hr;_and et hyl captan, at .a .flow rate
of 0.5 Phiioafta Spmerhbtuly berrent, opyAlS, B BRER B and vere
al | ovned tRemEAAICHED ofPGon | Prddiict NARE: DIRBONPS RN 10BtihPhnRkk QFa/sphenol  was
1/20. After a lapse of 100 hours, the degree of conversion of phenol was
7.2 % atmilhiditets. mlhandhcnel averfoge rdégo800 2/ lopacetomieont afflophemtel ofduri ng

that period was 7.5 % Then, the reaction s_continued in such]wa manner
b T weroire

that thed-p4rRE apfl ethgbmeieaphiaanst a slet B WekasgRENEguslyed: he nol ar
rati o of q t i | mai nt ai ned to be
3 hr-". t&ft®g$ggtn&ar%ggﬂg# C%nﬁg’u?%&?x& g%%gze‘?ﬂﬂgnrgegkpﬁyg e Teaction
conditions, In this case, the molar ratio of acetone/phenol was 1/20.

After a lapse of 100 hours, the degree of conversion of phenol was
7.2 % at that time, and the average degree of conversion of phenol during
that period was 7.5 %.

Then, the reaction was continued in such a manner that the rates of
feeding phenol and acetone were changed so that the molar ratio of
acetone/phenol was set to be 1/15 while LHSV was maintained to be 3 hr.

After a lapse of 100 hours from the change in the reaction conditions,
the degree of conversion of phenol was 10.0 % at that time, and the average

degree of conversion of phenol during that period was 10.5 %.

Comparative Example 1:

Phenol at a flow rate of 300 g/hr, acetone at a flow rate of 18.5 g/hr
and ethyl mercaptan at a flow rate of 1.3 g/hr were continuously fed to the
same set of reaction columns as in Example 1, and were allowed to react at
75C.

In this case, the molar ratio of acetone/phenol was 1/10, and LHSV
was 3 hr™,

After a lapse of 400 hours, the degree of conversion of phenol was

11 % at that time, and the average degree of conversion of phenol during

that period was 12 %.



t he degree of conversion of phenol was 10.0 % at that time, and the average
degree of conversion of phenol during that period was 10.5 % Conparative
Exanpl e 1: Phenol at a flowrate of 300 g/hr, acetone at a flow reytﬂ{l_omPSL&S
g/hr and ethyl nmercaptan at a flowrate of 1.3 g/hr were continuously Ted
to the sane set of reaction colums as in Exanple 1, and were allowed to
react at 75C. In this case, the nolar ratio of acetone/phenol was 1/10, and
LHSV was 3 hr-'. After a | apse of 400 hours, the degree of conversion of
phenol was 11 % at,that t.inme, and t.he average degree o versi on, of
Phenol duri ng Ttk s Hofgad BofinGed 1 RN8 MR P aF AR ERE P s
conti nued fééﬂiﬁgc héndPRRAr abdRdhet BRrE 1ol keegi i tRbenslaangiigcet one were
changed so tha he nolar ratio of acetone/phenol was set to be 1/5 while
LHSV was mmétonaipteshd ovdsese? thrbe 1/5 while LES Vapsenciintdinkdundef3 hnt.t he change
in the reaction_conditions, the degree of conversion of phenol was 8.2 % at
that tinme, and’theadappage S0depsdrom denchangeom the ppastn enndifgnsnat
peri od s 9:5 % I NDUSTRI AL [ARPLI CABI LI, TY, Accor di to t resent
P ovent i ofte fegtehof SBTRE PR Il SRenBI & 2 P Bishar Qe 2LBEMRre wi ¢ h
the use @foReGRCbRPBRXAGNENGReAASIMiRS tRafpéAbI SHas @BA,OPtional |y a free
nmercaptan as a pronoter, the degree of conversion of phenol is maintained
by changing the reaction conditions with the deterioration of the catalyst,
so that hisphenol A can_be effectively produced. 10 7 JUL 2005 CLAIMS 1. A
INBbzlRI Ny A BBREGABIAMIY which, in the production of bisphenol A

According to the present invention, in the production of bisphenol A
from phenol and acetone with the use of a cation exchange resin as a catalyst
and optionally a free mercaptan as a promoter, the degree of conversion of
pheno! 1s maintained by changing the reaction conditions with the

deterioration of the catalyst, so that bisphenol A can be effectively produced.
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by condensation of phenol and acetone with the use of a cation exchange
resin as a catalyst wherein two or nore reaction columms arranged in series
with a fixed bed nmultiple stage continuous reaction system and t hdlln200%r
ratio of acetone/phenol is in the range of 1/30 - 1/3, the degree of
conversion of phenol is maintained by increasing the nolar ratio of

acet one/ phenol by 1/20 or less at one tine with the deterioration of the
cation exchange resin. 2. A nethod GEAPMSduci ng bi sphenol A according to
Claim 1, wherein the cation exchange resin is a sulfonic acid type cation
exchange resin. 3. A nethod of producing bisphenol A according to Caiml,

wher ei n & 4 aeetherept aprdugingsbigpleencd & in phighetiethe arashigtion ©f bisphensleAof t he
cation exghan resin as,a catalyst. 4...A.nethod of producing bisphenol A
cecordi ng. 9 rarigon g plnd eaetlons Wb IR 4 e R SR B8 .
ner capt ocanbextl itcwheeth tvdon 8@&irk 28&:tiohioPhmRs affefi gPinOsr e Waith a Fixed Met hod
of produci ng bi sphenol A according to Caim3, wherein the nolar ratio of

the free mbedaprdtipkec stagee dontinnoysherepetinge Hitem 1andOothe2onalgo. rasio Afet hod

of producing hisphengl. A accordin im1l, wherein the condensation

Ceact s on' i S 8hFBAERY is A REIR0E 001 3B 3] eltre Rl Gyl g SHeRORR
maintained by increasing the molar ratio of acetone/phenol by 1/20 or less at one

time with the deterioration of the cation exchange resin.

2. A method of producing bisphenol A according to Claim 1, wherein the

cation exchange resin is a sulfonic acid type cation exchange resin.

3. A method of producing bisphenol A according to Claim 1, wherein a free
mercaptan is used as a promoter, along with the use of the cation

exchange resin as a catalyst.

4. A method of producing bisphenol A according to Claim 3, wherein the free
mercaptan is an alkyl mercaptan, mercaptocarboxylic acid, aminoalkane

thiol or mercaptoalcohol.

5. A method of producing bisphenol A according to Claim 3, wherein the
molar ratio of the free mercaptan/acetone is in the range of 0.1/100-

20/100.
6. A method of producing bisphenol A according to Claim 1, wherein the

condensation reaction is carried out at a temperature in the range of 40-

150°C.
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