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I nvention  relates to a nethod of producing bi sphenol A ly,
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which, in the production of bisphenol A [2, 2-bis (4- hydroxyphegylJ,

propane] from phenol and acetone with the use of a cation exchange resin-
as a catalyst and a free nercaptan as a pronoter, the degree of conversion
of phenol is inproved by controlling the superficial vel OCI “mwﬂ ”"mmmmlm
material within a reaction colu e%%ctél lh bi sphenol Ais e

produced. BACKGROUND OF THE | NVENTI I sphenol A has been knowa~as: an

I mportant conpound for raw material for engineering plastics, such as
pol ycar bonat e resins Hib B/I ate resins, etc, or for epoxy resins, and

the demand for it te EPRODUINGRISEEENQLént | y. Bi sphenol A is
produce%mmmtlon of an excess of phenol and acetone in the
presenc | yst and optionally a pronoter, such as a sulfur
conpound, etc. T}fép&é@n%qhde&ﬁéﬁlrgﬁéteé % al iethdBaf piSucihy DigiHenbol A, ner al
acids, such as sulfuric acid, hydrochloric acid, etc. were conventlonally

used. HaMieverspecifizallgn thaquaget umgentmmaehtesectera Inye thiotlr aft peadwdingnt i on
@B P .. 842209 49565 883391 t

i(ndusﬁ ﬁg}tppgbnf@!ed’x i Yhic tHbrtl’f\l’%grR}'O Pf:tlﬂ%soggé‘ﬁpﬁve o Qté)@gsf@r sul fur

COMPOUNGSy SRR oRARIPhSf pREKY! AMREANAAN i b, Yoc Wr'dBbfion

substit her capt an frercapta
t hi ogl yC&lch@ngﬁlr@smeﬁs?a ca@él?stlﬁﬁﬂld freé théxcapedreab aNofomatedtheldeprasd

2,775,620 The nercaptans function to increase the reaction rate and
i mprove ofieonyersioniofinhenokés irpzonsideby gentrolling the superficial velocity of

raw material within a reaction column, 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



1 reaction by-products in the production of bisphenol A,

2- (2- hydroxyphenyl)- 2-(4-hydroxyphenyl) propane (a conbination of o- and
p'- types) is mainly forned, and tris-phenol, polyphenol, etc. are also
formed. Especially, in cases where bisphenol Ais used as raw nmaterial for
pol ycarbonate resins, polyacrylate resins, etc., required is colorless
hi gh purity bisphenol A containing a reduced anount of those by-products.
To this end, nmercaptans are used as a pronoter in order not only to
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With respect to the flow within the reaction column in this way of
reaction, it is taught, for example, that (1) in cases where the direction of
flow is downward, pressure loss is generated at the ion exchange resin bed,
resulting in the reduction in the yield of bisphenol A (Japanese Unexamined
Patent Publication No. 6(1994)-320009), and (2) in order to have the material
mixture liquid flow within the reaction column at a high flow rate, it is
required to feed the material mixture liquid at a pressure extremely high
relative to that of the reaction column, and this tendency is greater in the
case where gel type resins are used as the ion exchange resin (Japanese
Unexamined Patent Publication No. 6(1994)-340563).
As is mentioned above, only the pressure loss in the reaction column
has been recognized as a problem in the conventional art, and it is the fact
that there are heretofore no findings as to what flow rate for the raw
material is adequate in terms of the degree of conversion and the

deterioration of the catalyst.



deterioration of the catalyst. 2 DI SCLOSURE OF THE | NVENTI ON An obj ect of
the present invention is to provide an industrially useful nethod of
produci ng bi sphenol A in which, in the production of bisphenol A from
phenol and acetone with the use of a cation exchange resin as a catal yst
and a nercaptan as a pronoter, the degree of conversion of phenol is

I nproved by controlling the flowrate of the raw material within a reaction
colum, so that bisphenol Ais effectively produced. The inventors of the
pr esent bk.’ IGRn PN e G ArvEREE extensive studies to achieve the
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becomes higher and greater increase in the pressure loss also results as the
superficial velocity of raw material increases, and that in a certain range of
the superficial velocity of raw material high degree of conversion of phenol is
obtained and the pressure loss is not very large. 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 and
a free mercaptan as a promoter, the superficial velocity of raw material
within a reaction column packed with a cation exchange resin is controlled to

be in the range of 1.5m/hr to 6m/hr.

BEST MODE FOR CARRYING OUT THE INVENTION

The method according to the present invention is a method of
producing bisphenol A in which phenol and acetone are condensed with the
use of a cation exchange resin as a catalyst and a free mercaptan as a
promoter. There is no specific limitation with respect to the kind of the
cation exchange resin to be used, and any of those which are conventionally

employed as catalysts for the production of bisphenol A can be used.



prondter. There is no specific [imtation with respect to the kind of the
cation, exchange resin to be used, and any of those which are conventionally
enpl oyed as catal ysts for the production of bisphenol A can be used. 3
However, sulfonic acid type cation exchange resins are preferred especially
in terms of the catalytic activity. There is no specific l[imtation with
respect to the kind of the sulfonic acid type cation exchange resins to be
used i nasnuch as they are strong acidic cation exchange resins having
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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 alkyl
mercaptan 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, etc., 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 promoting action. In addition, these
mercaptans may be used singly or in combination.

The amount of each of these mercaptans is generally selected to be in
the range of 0.1-20 mole %, preferably in the range of 1-10 mole %, relative to
acetone, which is one of the raw materials to be used.

Further, there is no specific limitation with respect to the ratio of the
amount between phenol and acetone, but it is desirable that the amount of
unreacted acetone is as small as possible in terms of the easiness of

purification of the produced bisphenol A and from an economical point of



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.
there is no specific limtation with respect to the ratio of the
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continuously fed to a reaction column packed with the cation exchange resin
as an acid catalyst and are reacted. In this respect, the reaction can be
carried out with one reaction column, but two or more reaction columns may
be used so that they are arranged in series or in parallel. It is industrially
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
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 molar ratio is lower than 1/30, there is a risk that the reaction
rate becomes too low. If the molar ratio is greater than 1/3, more impurities
are generated and the selectivity of bisphenol A tends to be lower.

Meanwhile, the molar ratio of the free mercaptan/acetone is
generally selected to be in the range of 0.1/100 to 20/100, and preferably in
the range of 1/100 to 10/100. If this molar ratio is lower than 0.1/100, there
is a risk that improvements with respect to the reaction rate and the

selectivity of bisphenol A are not sufficiently obtained. If this molar ratio is
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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 lower than 1/30, there is a risk that
the reaction rate becones too low. If the nolar ratio is greater than 1/3,
nore inmpurities are generated and the selectivity of bisphenol A tends to
be |l ower. Meanwhile, the nolar ratio of the free nmercaptan/acetone is
generally selected to be in the range of 0.1/100 to 20/ 100, and preferably
in the range of 1/100 to 10/100. If this nolar ratio is Iovver t han
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degree of conversion of phenol. Specifically, if the superficial velocity of raw

material within the reaction column is less than 1.5m/hr, the degree of
conversion of phenol is lowered. On the other hand, the rate of
deterioration of the cation exchange resin increases and the pressure loss

- rises as the superficial velocity of raw material is increased. Therefore, in
order to achieve high degrees of conversion, the superficial velocity of raw
material should be controlled to be in the range of 1.5m/hr to 6m/hr. If the
superficial velocity of raw material is within the above range, the pressure
loss does not become so high. LHSV (Liquid Hourly Space Velocity) of the
material mixture is generally selected to be in the range of 0.2 hr* to 50 hr*,
and preferably in the range of 0.5 hr to 30 hr.

In addition, in the method according to the present invention, it is
desirable, in terms of the degree of conversion of phenol, that the reaction
column has a ratio of L (height)/D (diameter) of 1 or less,

In the method according to the present invention, the reaction
mixture coming from the reaction column 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



matefrial should be controlled to be in the range of 1.5mhr to 6mhr. If
the superficial velocity of raw material is within the above range, the
pressure |oss does not becone so high. LHSV (Liquid Hourly Space
Velocity) of the material mxture is generally selected to be in the range
of 0.2 hr" to 50 hr"', and preferably in the range of 0.5 hr-'" to 30 hr-".
In addition, in the nethod according to the present invention, it is
desirable, in terms of the degree of conversion of phenol, that the
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phenol from the concentrated residue is generally carried out by means of
the vacuum cooling crystallization method in which cooling is performed
using evaporation latent heat of water under reduced pressure. In the
vacuum cooling crystallization method, water is added to the concentrated
residue in an amount of 3-20 wt.%, and the crystallization treatment is
carried out generally at a temperature of 40-70°C and a pressure of 3-13kPa.
If the amount of water added is less than 3 wt.%, heat removing capability is
insufficient, and if this amount exceeds 20 wt.%, dissolution loss of bisphenol
A becomes large, both of which cases are not desirable. Further, if the
temperature of the crystallization treatment is lower than 40°C, there is a
risk of increase in the viscosity after the crystallization and occurrence of
solidification. If the temperature of the crystallization treatment exceeds
70°C, dissolution loss of bisphenol A becomes large. Both of these cases are
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



vacuum cool i ng crystallization nethod, water is added to the concentrated
residue in an ampunt of 3-20 wt.% and the crystallization treatnment is
carried out generally at a tenperature of 40-709C and a pressure of

3-13kPa. If the anpbunt of water added is less than 3 w.% heat renoving
capability is insufficient, and if this anmount exceeds 20 wt. %
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based on examples. However, the present invention is not limited to such
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Example 1:

A cylindrical vessel having an inner diameter of 10 mm and a length
of 1500 mm was packed with a cation exchange resin (sulfonated styrene-
divinyl benzene copolymer available from Mitsubishi Chemical Corporation;
Product Name: DIAION SK 104) in an amount of 14 milliliters. Then,
phenol at a flow rate of 300 g/hr, acetone at a flow rate of 25 g/hr and ethyl
mercaptan at a flow rate of 1.3 g/hr were continuously fed to this reaction
column, and were allowed to react at 75°C.

In this case, the molar ratio of acetone/phenol was set to be 1/10,
LHSV (Liquid Hourly Space Velocity) was set to be 30 hr!, and the
superficial velocity of raw material was set to be 2 m/hr.

After 48 hours run, the average degree of conversion of phenol was

6 % and the specific activity was 0.6. In this respect, the term, relative
activity as used herein means the degree of conversion of phenol/the initial
degree of conversion of phenol.

Example 2:



exanples in any way. Exanple 1: A cylindrical vessel having an inner
diameter of 10 mmand a length of 1500 nm was packed with a cation
exchange resin (sulfonated styrene- divinyl benzene copol yner avail abl e
from M subi shi Chem cal Corporation; Product Nanme: DI MON SK 104) in an
anount of 14 mlliliters. Then, phenol at a flowrate of 300 g/hr,
acetone at a flowrate of 25 g/hr and ethyl nercaptan at a flow rate of
1.3 g/hr were continuously fed to this reaction colum, and were all owed

to react at 7 ol . rati et one/wh S set
to bo 110, LrireReioh MEERhridl Gl e B¢ sFanfErheRR BuGHRle 177, 7
and the exdeperhatithé suﬁbﬁdih}/v@lﬁ)cit?vdfff&hﬁhig%bri‘éiﬁvéiseéhénké@leto?&%/h&'- After
48 hours run, the average degree of conversion of phenol was 6 % and the

speci fi cwhileithietrgaciaen terpperaturpiwas wapeiained tebe 61y, thelmolargatiaatfi vity as
used herein neans the degree of Versjon ol /the.initial .degree of
conversi%‘f?%]f‘e BH@HB\h‘.’Va ﬂ‘ﬁﬁgmfdc%nkf?]&ﬂr(gé’éﬁ Bﬁﬁgya@dpﬂ@l’b 0 et he sane
manner ago i Ky ExaEPkRis! resiidcdPihé Nahotit GFUBRS ChibR! eX@Aige! Yodth HAY
material was changed to "3.8mhr while the reaction tenperature was
mai nt ai nadjustedso 5@ hake LS Wrmantthmenf to lae 80 bixd/ phenol was mai nt ai ned to

be 1/10, and LHSV was naintained to be O hr 1. In this respect, the
anount of the ABET 48 hous thesRyerage egaee 6t senveysion phphenel wasy

mai nt ai neg ¢,0 0 e Aller 4 rs run, the average degree of
conver si o(rzli %:faxg(ﬁgh:’eo?ﬁ]e\rﬁgc a%ﬁ&)tgﬁxgas[h(z.g. specific activity was 0. 6.

Conparative Exanple 1. The reaction was carried out in the sane nanner as
in Exanple 2 _
Comparative Example 1:

The reaction was carried out in the same manner as in Example 2
except that the superficial velocity of raw material was changed from
3.8m/hr to 0.5m/hr.

After 48 hours run, the average degree of conversion of phenol was
4 % and the specific activity was 0.6.

Comparing Comparative Example 1 with Example 2, it is recognized
that the overall degree of conversion was lowered although the rate of

deterioration was the same.

Comparative Example 2:

The reaction was carried out in the same manner as in Example 2
except that the superficial velocity of raw material was changed from
3.8m/hr to 8m/hr.

After 48 hours run, the average degree of conversion of phenol was
4.5 % and the specific activity was 0.4.

Comparing Comparative Example 2 with Example 2, it is recognized
that the average degree of conversion was lowered due to the increase in the
rate of deterioration although the initial degree of conversion of phenol was

not changed.



except that the superficial velocity of raw material was changed from
3.8mhr to 0.5m hr. After 48 hours run, the average degree of conversion
of phenol was 4 % and the specific activity was 0.6. Conparing Conparative
Exanple 1 with Exanple 2, it is recognized that the overall degree of
conversion was | owered although the rate of deterioration was the sane.
Conparative Exanple 2: The reaction was carried out in the sane nanner as
in Exanple 2 except that the superficial velocity of raw material was

changed f{NPUSTREMN, N APPRIBABII JTYAfter 48 hours run, the average degree of
ConversiUﬂ_UTJ%%EHUT“WES”“ﬂTS_WUHHd the specific activity was 0. 4.

Conpari ng Conpacemtrding tocthngppeesentiihherntiompiretlie préodictionecdbisphenol Ahat t he
aver age Pegree of. conversion was | owered due to the increase in the rate

of det erfremaphenoland.aceiane nath the nge obja gatien exchangeresinmss catabissl was

not changeg. | NDUSTRI AL APPL| CABILLI TY Agcor di to the present ,i.nvention,
" the. oS BB AmETC ARG A 8 PR EEE s Briee A e ouVSE SRR Oh RS e of
cation HRRAA beehindRidy 6Rb duysficial YeRolty oS FB A agithiP tRED! er .

t he degree of coriversion ot phenol 1s inproved by controlling the

super f i cremlctionl cobury, sd thatbisphenolbA can thiei effdchiwely peaticed. col uim, so t hat

bi sphenol A can be effectively produced. 10 CLAIMS 1. A nethod of producing

bi sphenol A, in which, in the production of bisphenol A by condensation of
phenol and acetone with the use of a

10



cati on exchange resin as a catalyst and a free nercaptan as a pronoter,

the superficial velocity of raw material within a reaction colum packed
with a cation exchange resin is controlled to be in the range of 1 .5m hr

o *6mhr. 2. A nmethod of producing bisphenol A according to Caiml1,
wherein the reaction colum has a ratio of L (height)/D (dianmeter) of 1
or less. 3. A nethod of producing bisphenol A according to Claim1l, wherein
the cation exchange resin is a sulfonic acid type cation exchange resin.

4. A nethod of producing bisphenol cpsggggrding to daiml, wherein the free
mercaptan i s an al kyl nercaptan, nercaptocarboxylic acid, am noal kane

thiol or mercaptoal cohol. 5. A method of produm ng bi sphenol A according to

Claim1, vvherelnthe nol_ar oof tone/ is in the range of
1/30-1/ 31 & meﬁb@dhe’é mpdﬁpm pﬁeﬁm \/ cb‘? diheg Predugtignmof,

wh th th f
0.5/ 200- >R A By, Sorklopieafion’ S pRGF BRAC ﬁéeﬁﬁwﬁé g o8 e m 1,
wherein t h@ah@ﬁ"éi&%ﬁﬁﬁgé PBsiNCAS b émaly%t %rdraqxsbeomfer@éptant@éfaqmwtsw n the
range of 40- 150C. 11

the superficial velocity of raw material within a reaction column packed

with a cation exchange resin is controlled to be in the range of 1.5m/hr to
6ém/hr.

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

reaction column has a ratio of L (height)/D (diameter) of 1 or less.

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

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

4. A method of producing bisphenol A according to Claim 1, wherein the free
mercaptan is an alkyl mercaptan, mercaptocarboxylic acid, aminoalkane

thiol or mercaptoalcohol.

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

molar ratio of acetone/phenol is in the range of 1/30-1/3.

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

molar ratio of the free mercaptan/acetone is in the range of 0.1/100-
20/100.

7. 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.

11



