
DESCRIPTION  METHOD FOR PRODUCING BISPHENOL-A TECHNICAL FIELD The present
invention relates to a process for producing  bisphenol A in which the life
of the catalyst, acidic  cation-exchange resin used can be prolonged.
Bisphenol A is  useful as a material for polycarbonate resin, epoxy resin,
polyarylate resin, etc. BACKGROUND ART Bisphenol A
[2,2-bis(4-hydroxyphenyl)propane] is known  to be an important compound for
a material for engineering  plastics such as polycarbonate resin and
polyarylate resin or  for epoxy resin, and there is increasing a great
demand for it  these days. It is known that bisphenol A is produced by
condensing  acetone and excess phenol in the presence of an acidic
cation-exchange resin catalyst and optionally a sulfur compound  promoter
such as alkylmercaptan. In the process, the acidic  cation-exchange resin
catalyst degrades with time. A principal  cause of the catalyst degradation
is the heavy material derived  from the starting compounds, and the
catalyst begins to degrade  



first around the inlet port of the reactor. Since its degradation  speed is
high, an excess amount of the catalyst is charged into  the reactor for
long-term continuous operation for bisphenol  A production. Af ter the
catalyst has begun to degrade, the amount 1 of acetone to be fed into the
reactor must be time-dependently  increased for keeping the product yield
(that is, for keeping  the intended degree of phenol conversion) . In that
case, the  non-reacted acetone that goes out of the reactor is recovered
in the distillation column connected to the outlet port of the  reactor.
Therefore, the amount of acetone that may be increased  in the process is
limited by the capacity of the distillation  column. That is, at the limit
of the capacityof the distillation  column, the catalyst in the reactor is
exchanged with a fresh  one. Accordingly, if the reaction condition could
be suitably  controlled so as not to increase the amount of acetone and so
as to use the catalyst as long as possible in the reactor, it  will reduce
the production costs. In this connection, some  patent applications
relating to improvement of the reaction  condition have been laid open to
public inspection, though their  objects differ. For example, Japanese
Patent Laid-Open No.  19952/1979, Japanese Patent No. 2,779,952, Japanese
Patent  Laid-Open No. 246458/1999 and US Patent No. 4,400,555 disclose  a
specific arrangement of reactors connected in series in which  



a carbonyl compound divided into some portions is added  separately to each
reactor. In these, however, there is still  room for improvement for
prolonging the life of the acidic  cation-exchange resin used. The present
invention has been made in consideration of  the above-mentioned matters,
and its object is to provide a 2 process for producing bisphenol Ain which
the I if e of the catalyst,  acidic cation-exchange resin used can be
prolonged.  DISCLOSURE OF THE INVENTION We, the present inventors have
assiduously studied, and,  as a result, have found that, in a process of
producing bisphenol  A by continuously feeding phenol and acetone into a
reactor unit  having at least two reaction zones connected in series, when
an acidic cation-exchange resin that has been specifically  partially
neutralized is used as the catalyst and when acetone  having a specific
methanol concentration is separately fed into  at least two reaction zones
in the reactor unit, then the process  ensures a high degree of phenol
conversion. on the basis of  this finding, we have completed the present
invention. Specifically, the invention provides a process for  producing a
bisphenol A by continuously feeding phenol and  acetone into a reactor unit
having at least two reaction zones  connected in series, which is
characterized in that an acidic  



cation-exchange resin partially neutralized with a  sulfur-containing
nitrogen compound in from 15 to 50 i of the  acid site thereof is used as
the catalyst, and acetone having  a methanol concentration of at most 3,
000 ppm is separately fed  into at least two reaction zones in the reactor
unit. BRIEF DESCRIPTION OF THE DRAWING Fig. 1 shows one example of a
flowchart of reaction steps  of the process of the invention. A indicates
acetone; Bindicates phenol; 1 indicates a f irst reactor; 2 indicates a
second reactor;  and 3 indicates a third reactor. BEST MODES OF CARRYING
OUT THE INVENTION The invention is described in detail hereinunder.  First
described is the outline of the steps of the process  for producing
bisphenol A of the invention. Step (1) (reaction step) Bisphenol A is
produced by reacting acetone with excess  phenol in the presence of an
acidic cation-exchange resin  catalyst and optionally an alkylmercaptan
serving as a promoter.  For the acidic cation-exchange resin catalyst,
generally  preferred is a sulfonic acid-type cation-exchange resin. For
example, it includes sulfonated styrene-divinylbenzene  copolymer,
sulfonated crosslinked styrene polymer,  phenol-formaldehyde-sulfonic acid
resin, and  benzene-formaldehyde-sulfonic acid resin. Singly or as  



combined, one or more of these may be used as the catalyst. In addition to
the product bisphenol A therein, the  reaction mixture contains non-reacted
phenol, non-reacted  acetone, catalyst, by-produced water, alkylmercaptan,
as well  as side products such as organic sulfur compounds and color
substances. Step (2) (step of recovering by-produced water and non-reacted
compounds) Next, the reaction mixture obtained in the step (1) is 4
distilled under reduced pressure, whereby the non-reacted  acetone,
by-produced water and alkylmercaptan are removed  through the top of the
distillation column and a liquid mixture  that contains bisphenol A and
phenol is taken out through the  bottom thereof. The condition for the
reduced-pressure  distillation in this step is as follows: The pressure
falls  between 7 and 80 kPa, and the temperature falls between 70 and
1800C . In that condition, the non-reacted phenol forms an  azeotrope and a
part of it is removed out of the system through  the top of the
distillation column. Step (3) (step of condensing bisphenol A) The bottom
liquid of the reaction mixture from which the  substances as above have
been removed is then distilled under  reduced pressure to remove phenol
from it, and the product  



bisphenol A is thereby condensed. The resulting condensate  residue is
crystallized in the next step. The condensation  condition is not
specifically defined. In general, the  temperature falls between 100 and
170'C, and the pressure falls  between 5 and 67 kPa. If the temperature is
lower than 100'C,  the condensation will require high vacuum; but if higher
than  170'C, the next crystallization step will require an additional
treatment for heat removal. The bisphenol A concentration of  the
condensate residue may fall between 20 and 50 ~i by mass,  but preferably
between 20 and 40 -i- bymass. If the concentration  is lower than 20 .1 by
mass, the bisphenol A recovery will be low; but if higher than 50 '-c by
mass, the slurry transfer after  crystallization will be difficult. Step
(4) (crystallization step)_ The condensate residue obtained in the step (3)
is cooled  to 40 to 70'C to give a crystal of bisphenol A-phenol adduct
(hereinafter this is abbreviated as phenol adduct), and it  becomes slurry.
Cooling the residue may be ef f ected by applying  water to the external
heat exchanger or crystallizer fitted to  the reactor unit for heat removal
from the residue through  vaporization of water. Next, the condensate
residue slurry is  filtered or centrifuged to separate the phenol adduct
from the  crystal-free mother liquid that contains side products. The
mother liquid is directly or partly recycled into the reactor  



unit, or a part or all of it is decomposed with alkali into phenol  and
isopropenylphenol and they are recovered. As the case may  be, a part or
all of the mother liquid may be isomerized and  recycled to
crystallization. Step (5) (step of heating and melting phenol adduct)  The
crystal of 1:1 adduct of bisphenol A and phenol obtained  in the step (4)
is melted under heat at 100 to 160'C into a liquid  mixture. Step (6) (step
of recovering bisphenol A) Through distillation under reduced pressure,
phenol is  removed from the liquid mixture obtained in the step (5), and
bisphenol A is thus recovered. The condition of the 6 reduced-pres sure
distillation is as follows: The pressure  falls between 1 and 14 kPa; and
the temperature falls between  150 and 1900C. Apart from such treatment,
another method of  removing the remaining phenol through steam stripping is
also  known. Step (7) (step of granulating bisphenol A) The bisphenol A
obtained in melt in the step (6) is formed  into liquid drops in a
granulator such as spray drier, then cooled  and solidified. This is the
final product of the invention.  The liquid drops are formed by spraying or
sprinkling the melt  and then cooled by exposing them to nitrogen or air. 



Next, the process of the invention is described in detail.  The process of
the invention is for producing bisphenol  A by continuously f eeding phenol
and acetone into a reactor unit  having at least two reaction zones
connected in series, and is  characterized in that an acidic
cation-exchange resin partially  neutralized with a sul f ur- containing
nitrogen compound in from  15 to 50 of the acid site thereof is used as the
catalyst,  and acetone having a methanol concentration of at most 3,000
ppm is separately fed into at least two reaction zones in the  reactor
unit. Specifically in the process the catalyst to be used is  an acidic
cation-exchange resin partially neutralized with a  sul f ur- containing
nitrogen compound in from 15 to 50 a- of the  acid site thereof. If the
degree of neutralization of the 7 cation-exchange resin used as the
catalyst in the process is  lower than 15 %-, the catalyst will lose the
methanol resistance  of itself and the separate addition of acetone to
different  reactors will be ineffective. If higher than 50 '%, on the other
hand, it is unfavorable since the catalyst activity greatly  lowers.
Preferably, the degree of neutralization of the  catalyst falls between 20
and 30 %. The sul f ur- containing nitrogen compound to be used for  the
catalyst neutralization includes, for example,  



pyridinealkanethiols such as 3-mercaptomethylpyridine,
3-mercaptoethylpyridine, 2-mercaptoethylpyridir.e,
4-mercaptoethylpyridine; pyridylalkanethioacetals to be  obtained from such
pyridinealkanethiols with ketones such as  acetone, methyl ethyl ketone,
methyl iscbutyl ketone,  acetophenone, cyclohexanone; aminoalkanethiols
such as  2-mercaptoethylamine, 3-mercaptobutylamine,  3-n-propyl amino- 1
-propylmercaptan; and thiazolidines such as  thiazolidine,
2,2-dimethylthiazolidine,  cycloalkylthiazolidines. Above all, preferred
are  2,2-dimethylthiazolidine and 2-mercaptoethylamine. In the process, it
is also indispensable that the methanol  doncentration of acetone is at
most 3, 000 ppm. If higher than  3,000 ppm, it is unfavorable since the
influence of methanol  on the process is too great. Preferably, the
methanol  concentration is at most 2,000 ppm. 8 The reaction temperature
preferably falls between 60 and  100C. If lower than 60C, it is unfavorable
since the phenol  phase will solidify; but if higher than 100C, it is also
unfavorable since the ion-exchange resin used will be too much  degraded.
More preferably, the reaction temperature falls  between 65 ad 95C.
Alsopreferably, the ratio (bymol) of phenol/total acetone  



falls between 6 and 13. If smaller than 6, it is unfavorable  since the
color of the product, bisphenol A will be unstable;  but if higher than 13,
it is also unfavorable since the reaction  speed will be low and the amount
of phenol to be recovered will  increase. More preferably, the ratio falls
between 8 and 12. The amount of acetone to be fed into each reactor is not
specifically defined. For example, from 30 to 50 % of all acetone  to be
fed into the reactor unit may be fed into the first reactor,  and the
remaining acetone is divided into equal parts and equally  fed into the
second and later reactors. Fig. 1 is a flowchart  showing one example of
the invention that uses a three-stage  reactor unit. Preferably, the liquid
hourly space velocity (LHSV) in  each reactor falls between 0. 2 and 30
hr-1, more preferably between  0.5 and 6 hr-1. The invention is described
more concretely with reference  to the following Examples, which, however,
are not intended to  restrict the scope of the invention. 9 [Example 1) 69
cc of an acidic cation-exchange resin neutralized with
2,2-dimethylthiazolidine in 20 ~~ of the acid site thereof  (Mitsubishi
Chemical's Diaion SK104) was, after swollen with  water, charged into each
of three stainless columns. 277 cc/hr  



of phenol and 8 cc/hr of acetone were fed into the reactor unit  through
the inlet port of each reactor column. The reaction  temperature in the
unit was kept at 75'C. The ratio (by mol)  of phenol/all acetone was 10.
The methanol concentration of  the acetone was 1,000 ppm. In the initial
stage of reaction,  the phenol conversion at the outlet port of the third
reactor  column was 14.0 %, and after 500 hours, it was 12.8 [Comparative
Example 1) In the same reactor unit as in Example 1, all acetone was  fed
into the first reactor column at a flow rate of 24 cc/hr,  and reacted with
phenol in the same manner as in Example 1. In  the initial stage of
reaction, the phenol conversion at the outlet  port of the third reactor
column was 14 . 0 0--, but af ter 500 hours,  it was 12.0 ~U. There is a
significant difference between the  data, 12.8 ~5 in Example 1 and 12.0 %'
in Comparative Example 1.  [Comparative Example 2) In the same reactor unit
as in Example 1, an ion-exchange  resin having a degree of neutralization
of 10 .'0 was used and  acetone and phenol were reacted in the same manner
as in Example  1. In the initial stage of reaction, the phenol conversion
at 10 the outlet port of the third reactor column was 14. 0 %, but after
500 hours, it was 11.2 [Comparative Example 3] 



In the same reactor unit as in Example 1, acetone having  a methanol
concentration of 5, 000 ppm was reacted with phenol  in the same manner as
in Example 1. In the initial stage of  reaction, the phenol conversion at
the outlet port of the third  reactor column was 14.0 but after 500 hours,
it was 11.8  INDUSTRIAL APPLICABILITY In the process of the present
invention for producing a  bisphenol A by continuously feeding phenol and
acetone into a  reactor unit having at least two reaction zones connected
in  series, an acidic cation-exchange resin partially neutralized  with a
sulfur-containing nitrogen compound in from 15 to 50 9_-~  of the acid site
thereof is used as the catalyst, and acetone  having a methanol
concentration of at most 3, 000ppmis separately  fed into at least two
reaction zones in the reactor unit. The  advantage of the process of
producing bisphenol A is that the  life of the acidic cation-exchange resin
catalyst used is  prolonged. 11 CLAIMS  1. A process for producing a
bisphenol A by continuously feeding phenol and acetone into a reactor unit
having at least  two reaction zones connected in series, which is
characterized  in that an acidic cation-exchange resin partially
neutralized  with a sulfur-containing nitrogen compound in from 15 to 50 %



of the acid site thereof is used as the catalyst, and acetone  having a
methanol concentration of at most 3, 000 ppm is separately  fed into at
least two reaction zones in the reactor unit. 2. The process for producing
bisphenol A as claimed in  claim 1, wherein the ratio (by mol) of
phenol/all acetone falls  between 6 and 13. 3. The process for producing
bisphenol A as claimed in  claim 1, wherein the sulfur-containing nitrogen
compound is at  least one selected from pyridinealkanethiols,
pyridylalkanethioacetals, aminoalkanethiols and  thiazolidines. 4. The
process for producing bisphenol A as claimed in  claim 1, wherein the
reaction temperature falls between 60 and  100C. 5. The process for
producing bisphenol A as claimed in  claim 1, wherein from 30 to 50 = of
all acetone to be fed into  the reactor unit is fed into the first reaction
zone. 6. The process for producing bisphenol A as claimed in  claim 1,
wherein the liquid hourly space velocity (LHSV) in each 12 reaction zone
falls between 0.2 and 30 hr-1. 13 


