DESCRQI PTI ON PROCESS FOR PRODUCI NG BI SPHENCL A TECHNI CAL

FI:ELD - The present invention relates to a process for producing
bi sphenol A in which-the life of the acid-type ion-exchange resin used as
a catal yst can be prol onged. BACKGROUND ART Bi sphenol A [that is,

2, 2-bi s(4- hydroxyphenyl ) propane] is an inportant starting conmpound for
engi neering plastics such as pol ycarbonate resins, polyarylate resins and
others and for epoxy resins, etc. There is increasing the demand for

bi sphenol A with the increase in tBESERIEIEONon of such resins. |t
i s known that bisphenol A is produced by reacting acetone with excess of
phenol in the presence ERQUESECIFOR PRODUCENGeBTRRHENOL eI N catal yst and a
sul fur compound pronoter such as al kylnmercaptans, etc. |In this reaction,

the aci d-t yDECHNDOABXEDEDDE resin catal yst used degrades tine-dependently.
The primary reason for it wll be heavy substances derived from acetone.

The degradation oftHdpreabat Mstrentabhs Ayt d Reprddd S Fot gridRiucaaet or .
Since the degradation speed is high, excess of the catalyst shall be

filled intopi8EhERAEIAIid GhiRASWHR h9RG- hENLEONE ORYraldx@Manky or der
to keep the intended output of bisphenol A being produced (that is, in

order to keepihhgsc@nyersi onfyhengl eingiegehed) even after the
BACKGRQUND ART

Bisphenol A [that is, 2,2-bis (4-hydroxyphenyl)propane]

is an important starting compound for engineering plastics such

as polycarbonate resins, polyarylate resins and others and for

epoxy resins, etc. There is increasing the demand for
bisphenol A with the increase in the production of such resins.

It is known that bisphenol A is produced by reacting

acetone with excess of phenol in the presence of an acid-type
ion-exchange resin catalyst and a sul fur compound promoter such

as alkylmercaptans, etc. In this reaction, the acid-type

‘ ion-exchange resin catalyst used degrades time-dependently.
The primary reason for it will be heavy substances derived from

acetone. The degradation of the catalyst starts around the

inlet of the reactor. Since the degradation speed is high,

excess of the catalyst shall be filled into the reactor to

ensure long-run continuous operation. In order to keep the
intended output of bisphenol Abeing produced (that is, in order

to keep the conversion of phenol being reacted) even after the

catalyst used has degraded, acetone to be fed into the reactor

e



catal'yst used has degraded, acetone to be fed into the reactor

mdst be increased tine-dependently. Since the non-reacted acetone nust be
recovered fromthe reaction m xture through distillation, the anount of
acetone to be increased shall be |imted depending on the capability of
the distillation unit wused. In other words, the catal yst nust be exchanged
for a fresh one when the capability of the distillation unit has reached
its limt. Accordingly, properly controlling the reaction condition so as
to prol ong msstubk ascpeasell eimhedepehdently he HateH yidte einmgassdedoul d
reduce the frequency of catalyst exchange, thereby reducing the production

costs. In kbesosemaest ilon, ramithadsl drousithg acpthiah inixoire ddotomah t o
control the reaction condition are proposed in Japanese Patent Lai d-Qpen

Nos.- 19952/ 4949: andt 1434 HHOHhount of acébordedrichoficpeapedeshanl Iepanese
Pat ent Lai d-Open No. 19952/1979, two or nore reactors are disposed in

series, and 1iﬁiﬁagb@£@(én&ﬁ£@%w@hedw' gedh 1 1 @ lueaki poiligeson vhiadded
to each reactor ereby the concentration of the bisphenol product in the

fluid from el alyelo (EACLIAMLORG Sarsubstabial by LROSAARRD Ut Iy O

negative influences on the properties o e 1 on-exchange resin catalyst

used and thg,  BFOBRE |ifidn Oknk NEaBRETPL ¢§ CSLVELE hi SOMEMATon Rurlifte HER hod

reached its limit. Accordingly, properly controlling the
reaction condition so as to prolong as much as possible the
life of the catalyst being used could reduce the frequency of
catalyst exchange, thereby reducing the production costs. In
this connection, methods of using a plurality of reactors to
control the reaction condition are proposed in Japanese Patent
Laid-Open Nos. 19952/1979 and 17144/1990.

In the method proposed in Japanese Patent Laid-Open No.
19952/1979, two or more reactors are disposed in series, and
a carbonyl compound, divided into plural portions, is added
to each reactor whereby the concentration of the bisphenol
product in the fluid from the latter reaction =zone is
substantially increased with no negative influences on the
properties of the ion-exchange resin catalyst used and the
properties of the phenol recovered. However, in the method
concretely illustrated therein, a single reactor is used, and
nothing is disclosed therein that relates to the high-level
phenol conversion attained by the present invention.

The method proposed in Japanese Patent Laid-Open No.



concretely illustrated therein, a single reactor is used, and nothing is
disclosed therein that relates to the high-level phenol conversion
attained by the present invention. The net hod proposed in Japanese
Pat ent Lai d- Open No.

17144/ 1990 conprises adding an al kyl nercaptan, divided in plural portions,
to a series of reactors to thereby inhibit the formation of cyclic diner
by-products. In the nethod disclosed therein, used is two reactors for
produci ng bi3phennvhoo Acokpwmises, atditbeaneidgloeschpsed, ds¥dded an arge
anount of methyl nercaptan that reaches 50 % by wei ght of the reaction
product. |nplhisl poeredes e td herseriesl bft keapbsss bid itherby iimbribased
phenol conversion, and the |ife of the catalyst used could not be

prol onged sphBU¢Brmation ofl RykhecSidivali @y-gsodbeve. the phesewethodvention
is to provide a nethod of producing bisphenol Ain which the [ife of the

aci d-type | aﬂsexsggg%e%%tiﬁl, e d'88¢ oAt 8 dHOt 9P pedducPh§BiCpHRRODF THE

| NVENTI ON the present inventor have assi duously studied the

out st andi ng,pr %Avﬁé@ef,ﬂ itnh%h@rﬁetﬁ@&dcﬁ?é’cﬁ&é@ﬂ]d ukBat i sVRer gy @@oupt nore

reactors conhected In 'series are use n such a manner that” all of phenol,
al'l of an aééynlxentﬁ{fﬁpetr%}ap%ql BhREMedthes 50 % by weight of the reaction

product. In this, therefore, there is little possibility of
increased phenol conversion, and the life of the catalyst used
could not be prolonged so much.

In the situation as above, the present invention is to
provide a method of producing bisphenol A in which the life
of the acid-type ion-exchange catalyst used can be prolonged.
DISCLOSURE QF THE INVENTION

We, the present inventor have assiducusly studied the
outstanding problems in the art, and have found that, when three
or more reactors connected in series are used in such a manner
that all of phenol, all of an alkylmercaptan and a part of
acetone are fed into the first reactor while the remaining
acetone, divided into plural portions, is into all the second
to the last reactors, then an increased phenol conversion can
be ensured. On the basis of this finding, we have completed
the present invention.

Specifically, the invention is to provide a method of
producing bisphenol A by reacting phenol and acetone in the

presence of an acid-type ion-exchange resin serving as a



acetone are fed into the first reactor while the remaining acetone,
divided into plural portions, is into all the second to the |ast reactors,
then an increased phenol conversion can be ensured. On the basis of this
finding, we have conpleted the present invention. Speci fically,
the invention is to provide a nethod of producing bisphenol A by reacting
phenol and acetone in the presence of an acid-type ion-exchange resin

serving as a 3 catal yst and an
al kyl mer captahategsviangl as ad jyrlorextcep;annsehv by asha e ooo trwy eln &AGChHr s
connected in series are used and all of phenol, all of an al kyl nercaptan

and a part ohraeebtpneors ecedcttbrisniconhketkdr 4t seacéoramdidsed lead eddi ni ng
acetone, divided into plural portions, is into all the second to the | ast

reactors tooprgbiesl biagphefiocdn AlkyBReEtaBESERMRT |ONatk dHadRANNGre
Fig. 1 is one exanple of the reaction flowhart of the nethod of the

i nvention. rBEFHhUMBES rOr sEARRY e fAT1 d kol NENHIAN acetone, Hi&ideyention
is described in detail hereinunder. In the invention, bisphenol A
is produced;Q¥or gaathN9portions, is into all the second to the last
reactors to produce bisphenol A.
BRIEF DESCRIPTION QOF THE DRAWING

Fig. 1 is one example of the reaction flowchart of the
method of the inventién.

BEST MODES OF CARRYING QUT THE INVENTION

The invention is described in detail hereinunder.

In the invention, bisphenol A is produced by reacting
acetone with excess of phenol in the presence of an acid-type
ion-exchange resin serving as a catalyst and an alkylmercaptan
serving as a promoter.

The acid-type ion-exchange resin to be used as the
catalyst is preferably a sulfonic acid-type cation-exchange
catalyst. Concretely, it includes, for example, sulfonated
styrene-divinylbenzene copolymers, sulfonated crosslinked
styrene polymers, phenol-formaldehyde-sulfonic acid resins,
benzene-formaldehyde-sulfonic acid resins, etc. These may be
used either singly or as combined.

The alkylmercaptan to be used as the promoter is
preferably amercaptan havinga Cl1-10alkyl group. Concretely,

it includes, for example, methylmercaptan, ethylmercaptan,

e
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acetone with excess of phenol in the presence of an acid-type ion-exchange
resin serving.as a catal yst and an al kyl mercaptan serving as a pronoter.
The aci d-type ion-exchange resin to be used as the catalyst is preferably
a sulfonic acid-type cation-exchange catalyst. Concretely, it includes,
for exanple, sulfonated styrene-divinylbenzene copol yners, sulfonated
crosslinked styrene polyners, phenol-fornmal dehyde-sul fonic acid resins,
benzene- f or mal dehyde-sul fonic acid resins, etc. These may be wused either
singly or asrepyhheeceptan, ocfyimetdap ey, capicdohtexyiscasertas, t BECpr oot er
I's preferabl yanmer capt anhavi ngad - 10al kyl group. Concretely, it includes,

for exanpl egf mehbyknerdaaicinl 18t hytamiaapt ahs ethylmercaptan. These
4 propyl mer captan, octyl nercaptan, cyclohexyl mercaptan, etc. O

these, espgei ﬁlé!r@&ﬁffﬁé athy etinddrriicaRiragingl yheseasatsybieedapt ans
may be used either si'ngly or "as conbi ned. In the invention, used

are three or nore fnea&ﬁé’@ véHﬁﬂ?ﬁt edskR 8%l ahrde (he abep Q%ab%@@*tsl ng
phenol w th acetone. of phenol, all of an al kyl mercaptan and

a part of gglgg%g?e % &8 thides fdg Sk xfe%%%tl% A& {Den GeeRbRieng

acet one, diVi ura portions, 1s into al’'l" the second
In this, all of phenol, all of an alkylmercaptan and a part

of acetone are fed into the first reactor while the remaining
acetone, divided into plural portions, is into all the second
to last reactors. In other words, acetone is divided into
plural portions and the necessary amount thereof is fed into
each reactor. Not interferingwith the object of the invention,
part of phenol and an alkylmercaptan, both divided into plural
portions, could be fed into any of the second to last reactors.

Advantageously, the specific feeding mode prevents the
catalyst used from being degraded probably by acetone-derived
heavy substances. The effect is remarkable when at least three
reactors are used in the method of the invention.

The reactors for use herein are not specificallydefined,
but preferred are fixed-bed reactors for preventing the
catalyst used from powdering.

Preferably, the reaction temperature falls between 60
and 100°C, more preferably between 65 and 95°C. If the reaction
temperature is too low, it isunfavorable since the phenol phase
will solidify; but if too high, it is also unfavorable since

the ion-exchange resin used will much degrade.



to last reactors. In other words, acetone is divided into plural portions
apd the necessary anount thereof is fed into each reactor.

Noti nterferingw ththeobjectoftheinvention, part of phenol and an

al kyl mer captan, both divided into plural portions, could be fed into any
. of the second to | ast reactors. Advant ageousl y, the specific
feeding node prevents the catalyst used from being degraded probably by
acet one-derived heavy substances. The effect is remarkabl e when at |east
three reactors arRrafEaclily,tlhemmohed vatiteof mkhtdgaftone/nercaptiRa
reactors for use herein are not specifically defined, but preferred are
fixed-bed reacliornsettwdempri@vanti 2. t 1€ that physd isealiem PoamielrG ng.t
Preferably, the reaction tenperature falls between 60 and 100[err]C, nore

preferably bgtiyweei&basrel A5 the. cdlot htud edcthenpréduper atiwphens 1t 00
low, it is unfavorable since the phenol phase wll solidify; but if too

high, it ispgli9q yoLRALREBNES RItICE 1akler ’Qﬂnﬁzshdﬂtgﬁs a@sbrurfeadraidle much
degr ade. Pref erably,

ratiois snarher ThET ST LTeE soan ol 5o it el
prOd“Ct’-b'%PPfUSE low. Especially preferably, the ratio falls between
15 and 20. All acetone referred to herein is the total amount
of acetone portions to be fed into the individual reactors.
Preferably, the molar ratio of phenol/all acetone falls
between 6 and 13. If the ratio is smaller than 6, it is
unfavorable since the color hue of the product, bisphenol A
will be unstable; but if larger than 13, it is also unfavorable
since the reaction is retarded and the amount of phenol to be
recovered will increase. Especially 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 will be fed into the first reactor, and the remaining
amount thereof, equally divided into plural portions, will be
fed into the second to last reactors. Fig. 1 shows one example
of the reaction flowchart of the method of the invention, in
which are used three reactors.
Preferably, the liquid hourly space velocity (LHSV) in
each reactor falls between 0.2 and 30 hr™', more preferabiy

between 0.5 and 6 hr .



Aw || be unstable; but if largerthan25, it is al sounfavorable since the
reaction is retarded and the reaction selectively wll be Iow Especially
preferably, the ratio falls between 15 and 20. All acetone referred to
herein is the total anmount of acetone portions to be fed into the

i ndi vi dual reactors. Preferably, the nolar ratio of phenol/al
acetone falls between 6 and 13. |If the ratio is smaller than 6, it is
unfavorabl e since the col or hue of the product, bisphenol A wll be
unstable; but if |digerrdtearern®; totFig. dl,sonenémvod et ofi hbhe ndchaodact i on
is retarded and the anmount of phenol to be recovered wll increase.

Especi al | y pifebebabkyngt bespiaéhel A alfl shbeineent forand H2scribed. The
anount of acetone to be fed into each reactor is not specifically defined.

For exanpl e fifris@mr3@ctersSd, % ré @dondcRiw W2l bnBethedthit@ tdwctdr st
reactor, and the remaining anount thereof, equally divided into plural

portions, w3 brRes;f eﬁi)dé&i—%etdh%ﬁ@ﬁ@ﬂg téhéha%tf &rﬁﬁéﬁofss £i1@d %1§HQ¥¥§ one

exanple of the reaction flowhart of t he nethod of the invention,

o 2 B AR e a1 S LN L s
preferably a%eﬁﬁﬁgrgd%yaﬂgxgnare[ ?)';:ro]m'oter, alkylmercaptan and starting 6

compounds, phenol and acetone is fed into the first reactor
1,

The flow 7 from the first reactor 1 is, after mixed with
acetone 5, introduced into the second reactor 2. Similarly,
the flow 8 from the second reactor 2 is, after mixed with acetone
6, introduced into the third reactor 3. The flow 9 from the
third reactor 3 is transferred into the next step 10.

The reaction mixture from phenol and acetone contains
not only the product, bisphenocl A but also the non-reacted
phenol, the non-reacted acetone, the alkylmercaptan used in
the system, and by-products such as water, organic sulfur
compounds except the alkylmercaptan, coloring substances, etc.
Therefore, the substances except bisphenol A must be removed
from the reaction mixture.

From the reaction mixture, the non-reacted acetone, the
by-product water, the alkylmercaptan and others are removed
through distillation under reduced pressure. For this, a
distillation tower may be used, and the non-reacted acetone,

the by-product water, the alkylmercaptan and others are



Wth reference to Fig. 1, one enbodi nent of the nethod of producing
bi.sphenol A of the invention is described. The first reactor 1, the second
reactor 2 and the third reactor 3 are all fixed-bed reactors, each of
which is filled with an acid-type ion-exchange resin. A starting materi al
m xture 4 as prepared by mxing a pronoter, alkylnmercaptan and starting
conpounds, phenol and acetone is fed into the first reactor 1. The
flow 7 fromthe first reactor 1 is, after mxed with acetone 5, introduced
i nto the seecvagoredetoraway Sithirbaghy,itg heopl olvi8 ef ramitigeisecoixtumact or 2
is, after mxed with acetone 6, introduced into the third reactor 3. The
flow 9 fromdoltaihingdo! sicdsl 3, shétiehahersatbintie tdieemext Simspmdlo.

The reaction m xture from phenol and acetone contains not only the

product, bi spRepeltdmiut Tié Sfediied PrdRaGicedorpPhenel 114PEononay eacted
acetone, the al kyl mercaptan used in the system and by-products such as

wat er, or gapegweldhl 46 arfPEROURdS & X&rﬁﬂth‘@@eﬁﬁé‘ﬂéf@f&%ﬁﬂ@al@%é&bé&

substances etc. Therefore, the Substances except bi sphenol A must be
removed fr etio re r r t he
non-r eact edqace?ging% '3%1;&%&% non & aCteg Q&#gﬁ? rreei?tg%p digfhe

are remved, tAtough Qh%téikg%&lé’;@c#‘t?%{e dredyead anes By Ltfe u£0r #}@lfch a

distillation tower non-react ed one,

by- product \gatgfstiffa&o@" TELEPLANAN R N8 Son as above, the

non-reacted phenol will form an azeotropic mixture with the
vaporizing components and will be partly removed out of the
system through the top of the tower.

From the reaction mixture, removed are the vaporizing
components as above, and phenol is then removed from the
remaining liquid mixture through distillation under reduced
pressure whereby bisphenol A is concentrated. The thus-
concentrated liquid residue is crystallized in the next step.

The condition for reduced-pressure distillation to
concentrate bisphenol A isnot specificallydefined, forwhich,
in general, the temperature may fall between 100 and 170°C and
the reduced pressure may fall between 40 and 500 Torr. If the
temperature is lower than 100°C, the distillation step will
require high wvacuum; but if higher than 170°C, the next
crystallization step will require superfluous heat removal.
Preferably, the concentration of bisphenol A in the
concentrated liquid residue falls between 20 and 50 % by weight,

more preferably between 20 and 40 % by weight. If its



7. evaporated away through its top while a liquid m xture
cant ai ni ng bi sphenol A, -phenol and others is taken out through its bottom
The -reduced pressure for distillation may fall between 50 and 600 Torr,
and the tenperature may fall between 70 and 180[err]C Wen the
non-reacted acetone, the by-product water and the al kyl nercaptan are
renmoved by the use of such a distillation tower under the condition as
above, the non-reacted phenol will forman azeotropic mxture with the
vapori zi ng comsendred immd iw Lbwbe paan | 30 reroy e ight, otheheecgystrenef hr ough
the top of the tower. Fromthe reaction m xture, renoved are the
vapori zi ng bdephenesit & ailabbeelowndophendlhiighetrhéhane 56vedbireai gline,
remaining liquid mxture through distillation under reduced pressure

wher eby bi spihenel ubr s faencenysied Edi za thivh Whisbe dONCEBLT Attedt tansf et

residue is crystallized in the next step. The condition for
reduced- presguir@ edingikit! lsdklbon to concentrat ebi sphenol Ai s not
speci ficall ydefined, forwhich, in general, the tenperature nay fal

between 100 and 1780C abflced ieat &HUGRE R %&aﬁe@utéﬁhédb@ﬁf@@@;%@nd 500
Torr. If the tenperature is lower than 100[err]C, the distillation step

Srystal |1 zaBESn eter i FroYRqits SRURRET Fhont bt ¥ Sovariens it 1s
crystallized tobe a slurry, giving a bisphenol A-phenol adduct
(hereinafter referred to as "phenol adduct"). Cooling it may
be attained, for example, by adding water to an external heat
exchanger or to the crystallizer in which water evaporates
while removing heat.

Next, the slurry of the concentrated liquid residue is
filtered or centrifuged to separate the phenol adduct crystals
from the mother liquid still containing by-products therein.
The mother liquid may be directly or partly recycled in the
reactor, or a part or all of it is decomposed with an alkali
into phenol and isopropenylphenol and recovered. As the case
may be, a part or all of the mother 1iquid could be isomerized
and recycled for crystallization (see Japanese Patent
Laid-Open No. 321834/1994).

The crystals of 1/1 adduct of bisphenol A/phenol thus
obtained through the process as above are melted, when heated
at 100 to 160°C, to be a liquid mixture.

From the liquid mixture, phenol is removed through

distillation under reduced pressure, and a melt of bisphenol



Preferably, the concentration of bisphenol Ain the concentrated

| i,qui dresi due falls between 20 and 50 % bywei ght, nore preferably between
20 and 40 % by wei ght.. If its 8
concentration is lower than 20 % by wei ght, the recovery of bisphenol A
will be low but if higher than 50 % by weight, the slurry after
crystallization will be difficult to transfer to the next step.

The concentrated |iquid residue obtained through the process as above is
cool ed to 4@ ip réQjoarered. Fberthe distillatystalihi geteral béha dduasd

gi ving a bi sphenol A-phenol adduct (hereinafter referred to as "phenol

adduct ") . CedleisB@retmapyfallebatieenad, ahari@xaopke,ary taddtagpawitaird o an
external heat exchanger or to the crystallizer in which water evaporates

whil e removig Bgal.petween 1¥Xnd 1R@e8! urry sk it-Be, CBACRHI Mt Ld rldAui d
residue is filtered or centrifuged to separate the phenol —adduct crystals

fromthe nmothenl{Q¥nd Stbdhce @AW REVRHOLES Syt Bebgins ¢ rfii8 WPt her

liquid may be directly or partly recycled in the reactor, or a part or al

of it is deconposesh M taf 8li&Bhbnol ' PnREER AN Y SORLARERYERNENY and

recovered. As the case
liquid drops, then further cooled to be solid granules in a

granulator such as a spray drier or the 1like. Its liquid drops
are formed, for example, by spraying or spreading the melt,
and then cooled and solidified with nitrogen, air or the like.
EXAMPLES

The invention 1s described more concretely with
reference to the following Examples, which, however, are not
intended to restrict the scope of the invention.
Example 1:

Three packed columns each having an inner diameter of
20 mm and a height of 1,500 mm and filled with 90 cc of a sulfonic
acid-type cation-exchange resin (Mitsubishi Chemical's
Diaion-104H) were disposed in series (see Fig. 1). Each
reactor was kept at 80°C. 250 cc/hr of phenol, 10 cc/hr of
acetone, and ethylmercaptan in a molar ratio,
acetone/ethylmercaptan of 6.7 were fed into the first reactor
through its inlet; 7 cc/hr of acetone was into the second
reactor through its inlet; and 7 cc/hr of acetone was into the
third reactor through its inlet. The conversion of phenol at

the outlet of each reactor was measured. It was 5.2 % at the

10



nay'Be, a part or all of the nother liquid could be isonerized and
recycled for crystallization (see Japanese Patent Lai d-Open No.

321834/ 1994) . . The crystals of 1/1 adduct of bisphenol A/ phenol thus
obt ai ned through the process as above are nelted, when heated at 100 to
160[err]C, to be a liquid m xture. Fromthe liquid mxture, pheno
is renmoved through distillation under reduced pressure, and a nelt of

bi sphenol 9 A is recovered. For

the distillautbat dihthentindt ndaectoeduded ¢ presseratimt bélthdeeweed 10 and
100 Torr, and the tenperature may fall between 150 and 190[err]C. If
desired, phesattébhatamimyl5.8 i3l hti thé hutiraddwdt theutdibé reaotwad, t fheugh

st eam stri ppi ng. The nelt of bisphenol A thus recovered is

converted ifléw fdcgitHednofisat biiesadhirehetoeam £@atplla, séhd dnangaedes in a
granul ator such as a spray drier or the like. Its liquid drops are forned,

for exanpl efobVyi 5P cRNMDBS i®H oBPE EAGHH 19 ﬂlfh%lraebhromaaagmﬁﬁycoqim and
solidified wwth nitrogen, air or the lik The invention

is descri begafRro,Cones®! eyt Mitdted Se' %a%eph@nb@ecéﬂ%maﬂ Exanpl es,

whi ch, however, are not intended to restrict the scope of the invention.
Comparative Example 1:

Three packed tower columns each having an inner diameter
of 20 mm and a height of 1,500 mm and filled with 90 cc of a
sulfonic acid-type cation-exchange resin (Mitsubishi
Chemical's Diaion-104H) were disposed in series (see Fig. 1).
Each reactor was kept at 80°C. 250 cc/hr of phenol, 10 cc/hr
of acetone, and ethylmercaptan in a molar ratio,
acetone/ethylmercaptan of 20.0 were fed into the first reactor -
through its inlet; 7 cc/hr of acetone, and ethylmercaptan in
a molar ratio, acetone/ethylmercaptan of 20.0 were into the
second reactor through its inlet; and 7 cc/hr of acetone, and
ethylmercaptan in a molar ratio, acetone/ethylmercaptan of
20.0 were into the third reactor through its inlet. The
conversion of phenol at the outlet of each reactor was measured.
It was 4.2 % at the outlet of the first reactor, 7.2 % at the
outlet of the second reactor, and 14.7 % at the outlet of the
third reactor.

Comparing the data in Example 1 with those in Comparative
Example 1, it is seen that the phenol conversion at the outlet

of every reactor in Example 1 is all higher than in Comparative
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Exampl e 1: Three packed col ums each having an inner dianeter of
20 mm-and a height of 1,500 mmand filled with 90 cc of a sulfonic

aci d-type cation-exchange resin (Mtsubishi Chemcal's D aion-104H) were
di sposed in series (see Fig. 1). Each reactor was kept at 80[err]C 250
cc/ hr of phenol, 10 cc/hr of acetone, and et hyl nmer capt an in a

nol ar rati o, acetone/ethylnercaptan of 6.7 were fed into the first
reactor through its inlet; 7 cc/hr of acetone was into the second reactor
t hrough it sExarete land Fromciinis ofi tatetwiengdoddntibat hein thertve ehetrer
through its inlet. The conversion of phenol at the outlet of each reactor
was neasur etls bsedash® Z#beatatdnt of the same catalyst, the phendQ
outlet of the first reactor, 8.3 %at the outlet of the second reactor,

and 15.5 % adpntées o |iat hﬁ!ijhélﬂeni mixaghpreattitian Ih%oﬁﬁmﬁim&fa@p%tlet of
each reactor was sanpl ed, and analyzed for its conposition through |iquid

chronat ogr aphy THirOfe AR tHdd! ehokhanedt &l puhaledr¥as 1HegPheretod
conversion. Conparative Exanple 1: Three packed tower col unms each

gngng ?n | onef ik ARt Bfame 20 tHEAAG &ch@lagAti9b #xafifigmand filled with
cc of a

As described in detail hereinabove with reference to
its preferred embodiments, the present invention provides a
method of producing bisphenol A in which the life of the
acid-type ion-exchange resin used as é catalyst can be
prolonged.

LT I

According to the invention, therefore, the reactor unit
used can be continuously driven for a long period of time, and
the production costs for bisphenol A can be reduced. 1In
addition, the quality of the product, bisphenol A can be

stabilized.
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sul foni c aci d-type  cation-exchange resin (M tsubishi Chemcal's

D ai on-104H) were disposed in series (see Fig. 1). Each reactor was kept
at .80[err]C. 250 cc/hr of phenol, 10 cc/hr of acetone, and
ethylmercaptan in a molar ratio, acetone/ethyl: -0 were
fed into the first reactor through its inlet; 7 cc

ethyl nercaptan in a nolar ratio, acetone/ethyl merc%‘“ﬂ mﬁﬂﬂ‘IWe into
the second reactor through its inlet; and 7 cc/hr ace tone' and*

ethyl mercaptan in a nolar ratio, acetCuRIMg hyl nercaptan of 20.0 were into
the third reactor through its inlet. The conversion of phenol at the
outl et of each react or meshokasuesiucidg ¥aspHerZo Vadly tbacoihygheafolt he
first reactor, 7.2 %at the outlet of the second reactor, and 14.7 % at

the outl et @hdteh@etdriu ifl fieapkekence of an &E@i@aiyﬂtglbheeﬁahang@ desanpl e 1
with those in Conparative Exanple 1, it is seen that the phenol conversion

at the outl Qbrv@ﬁge\égr)é rc%tcél%fsﬂ narﬁ%aﬁ'ﬂ?' Slﬁylﬁe%épf‘éﬁhgér{f bB a

Conpar ati ve Exanple 1. Fromthis, it iIs understood t in the
two where b?oﬂ r! g %’I’éhafl?i"@é mb& J.Sé’a{&cﬁaé %)ﬁﬁ%ct&ﬁ%%%’i‘i‘es
conversion Ts hig er I n Exa an 1 n Conparative Exanple Thi s

rans Tl s Sotebyaly o nss, L0 o5 LIHPLSh Ol Lt Gl
wi th refereg% éé%one are fed into the first reactor while the remaining
acetone, divided into plural portions, is into all the second
to the last reactors to produce bisphenol A.

2. The method of producing bisphenol A as claimed in
claim 1, wherein the molar ratio of all acetone/alkylmercaptan
falls between 10 and 25.

3. The method of producing bisphenol A as claimed in
claim 1 or 2, wherein the molar ratio of phenol/all acetone
falls between 6 and 13.

4. The method of producing bisphenol A as claimed in
any of claims 1 to 3, wherein the acid-type ion-exchange resin
is a sulfonic acid-type cation-exchange resin.

5. The method of producing bisphenol A as claimed in

any of claims 1 to 4, wherein the alkylmercaptan is

ethylmercaptan.
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its preferred enbodi ments, the present invention provides a method of
produci ng bi sphenol A in which the life of the acid-type ion-exchange
resin used as a catalyst can be prolonged. |NDUSTRI AL APPLI CABI LI TY
According to the invention, therefore, the reactor unit used can be
continuously driven for a long period of tine, and the production costs

for bisphenol A can be reduced. |In addition, the quality of the product,
bi sphenol A can be stabilized.
12 : ABSTRAILAI M5

Provided is a method of producing bisphenol A in which
the 1ife of the acid-type ion-exchange resin used as a catalyst
can be prolonged. The method comprises reacting phenol and
acetone in the presence of an acid-type ion-exchange resin
serving as a catalyst and an alkylmercaptan serving as a
promoter to give bisphenol A, in which three or more reactors
connected in series are used and all of phenol, all of an
alkylmercaptan and a part of acetone are fed into the first
reactor while the remaining acetone, divided into plural

portions, is into all the second to the last reactors.
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1. A nethod of produci ngbi sphenol A by reacting phenol and acetone in the
presence of an acid-type ion-exchange resin serving as a catalyst and an
al kyl mer captan serving as a pronoter, in which three or nore reactors
connected in series are used and all of phenol, all of an al kyl nercaptan
and a part of acetone are fed into the first reactor while the remaining
acetone, divided into plural portions, is into all the second to the |ast
reactors to produce bisphenol A Figure21 The method of producing

bi sphenol A as clained in claiml1, wherein the nolar ratio of al
acetone/ al kyl mercaptan falls between 10 and 25. 3. The met hod of
produci ng bi sphenol A as clainmed in claiml or 2, wherein the nolar ratio
of phenol/all acetone falls between 6°and 13. 6 4. The met hod of
produci ng bi sphenol A as clained in any of clai 1 to 3, wherein the

aci d-type ion-exchange resin is a sulfionic acid-tlype cati on-exchange

resin. 5. The net hod of producigng bi sphen A as clainmed in any of
clains 1 to 4, wherein the al kyl nercaptjan i s| ethyl mercapt an.
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