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The present invention relates to an inproved process for produci3AUG 2005

bi sphenol A {2, 2-bis(4-hydroxyphenyl)propane}. More particularly, it
pertains to a process for producing bi sphenol A by subjecting phenol and
acetone to condensation reaction in the presence of as a catalyst, an acid
type ion exchange resin which is nodified in part with a sulfur- containing
am ne conpound, while suppressingpir8eRrgerRHNOrati on of catalytic activity
due to nmethanol as an inpurity in acetone to achieve a high conversion.
BACKGROUND ART It is well-known that bisphenol A is an inportant conmpound as
a starting raw material for epoxy resin or an engineering plastic such as
pol ycar bonat e resinfq?g i AGeq FAgly it tends to

i ncreasi ngly expand’i s%ﬁ%?&éﬁgﬁa%wggngsphewaﬂf%% produced by the
condensation reaction of excess phenol wth acetone in the presence of an
acidic catalyst and as the case may be, a sul fur conpound as a cocatal yst.
There haaggﬁgﬁgﬁégiggiggg%?nployed an inorganic mneral acid such as

sul furic i chloride as an acid catalyst to be wused in the
reaction. In iﬁcent years,. however, attention has been gg&d 131 AU? 2005 to
cationi c exchaffe REESERS (MerditieB UR!BHSnto GBNg499BEOVEAoPEeCeshd I8B3391) ,

whi ch have heen brought into industrial pﬁl ications.
producing bisphenol A 12, 2-bis(4-hydroxyphenyl)propane}. More

particularly, it pertains to a process for producing bisphenol A by
subjecting phenol and acetone to condensation reaction in the presence
of as a catalyst, an acid type ion exchange resin which is modified in
part with a sulfur-containing amine compound, while suppressing the
deterioration of catalytic activity due to methanol as an impurity in

acetone to achieve a high conversion.

BACKGROUND ART

It is well-known that bisphenol A is an important compound as
a starting raw material for epoxy resin or an engineering plastic such
as polycarbonate resin and polyarylene resin, and accordingly it tends
to increasingly expand its demand year by year.

Bisphenol A is produced by the condensation reaction of excess
phenol with acetone in the presence of an acidic catalyst and as the
case may be, a sulfur compound as a cocatalyst.

There has heretofore been employed an inorganic mineral acid
such as sulfuric acid and hydrogen chloride as an acid catalyst to be

used in the reaction. In recent years, however, attention has been paid



On the other hand, it is known that useful sulfur conpounds to be used as
cocatal yst include al kyl nercaptans with or without a substituenfldUusu2N05
such as nethyl nmercaptan, ethyl nercaptan and thioglycol acid ( refer to
USP. Nos. 2359242 and 2775620). The nercaptans have a function of
increasing the rate of reaction and at the sane tine, enhancing the
selectivity. For instance, in the production of bisphenol A there are
formed asoacataalic sdxdlyapgodissiins @Gef@r yd UK yPheswl )G B- 8420901 S4p@Ry| ) -
propane (o, p'-isoners) as a principal conponent and in addition thereto,

tri sphenaln@m$339a)yRFkiA halvie Pashisohaht Ritsphah@dtrial whehidagidig.enpl oyed

as a starting raw material for polycarbonate resin or polyarylene, is
required to be (hniHE g€Kle i hGRAN! RNMsSk Abwi €h 2D A FAE B LI R Eo MR RALST S,

hi ghly pure and free fromcoloration. As such, the nmnercaptans are enpl oyed

to increase g hat 9$ca[t%ﬁ}9éi; Cﬁhlé&@}’éﬁ%ﬁ%ﬁé@caﬁ%ﬁ?@v% Yr Wihout a

by- products, and enhance the selectivity. wever, the nercaptans cause

a

corT os! o s EAHIATI A1 Yl e BTV oRERa, 0ch A LA REPRLATD such

as odor. In recen erefore, S e as a catalyst, o

of acid_tye) i Liced (0D EXCHANGESPesias | Daubbgh 8.5yl §bsgop) iy no

group is n uced in paf its sultonic acrd group in plrace of

conbi nati onal use of the aforesaid gation exchange resin and . nercaptans.
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There i s RAGYH WO 6t 2t RN GHEPeShIBCLRATDEY R F84Ft 9
exchange resin, an acid type ion exc ange resin wh'gch i.s nodified ir’i1 part
with a sdiffursa@snttdimf ng MR Re HnpBeindelaGhiYitg cHeE HBREdRse, in the

production of bisphenol A, there are formed as a reaction by-product,
2-(2-hydroxyphenyl)-2-(4-hydroxyphenyl)- propane (o, p'-isomers) as a
principal component and in addition thereto, trisphenol and
polyphenol. In particular, bisphenol A, when being employed as a
starting raw material for polycarbonate resin or polyarylene, is
required to be minimized in contents of the above-mentioned
by-products, highly pure and free from coloration. As such, the
mercaptans are employed to increase the rate of reaction, suppress the
formation of the by-products, and enhance the selectivity.

However, the mercaptans cause corrosion of equipment and
involve environmental and sanitary problems such as odor. In recent
years therefore, use is made as a catalyst, of a variety of acid type
modified ion exchange resins in which a sulfur-containing group is
introduced in part of its sulfonic acid group in place of the
combinational use of the aforesaid cation exchange resin and
mercaptans.

There is known as one of the aforesaid acid type modified ion

a variety



where bi sphenol A is produced by the condensation reaction of phenol and
acetone in the presence of a catal yst conposed of the foregoing 3dcAHG20p®

i on exchange resin which is nodified in part with a sulfur- containing

am ne conpound, there is brought about a problem in that the activity of
the catalyst is deteriorated by nethanol as an inpurity in acetone. In
order to solve the aforesaid problem there is proposed a nethod for

suppr essiaxghdngaeesinonat acorl ¢ pehercakahgsgebyesial Wi hgisansodilfie dimount  of
water to be present in the starting raw material for reaction ( refer to
Japanese Rattentit Bppl s udldtii aontaidipeminNdscomgeddl [ID%4he(tHessdiovbdved, 75898
/1998 (Heisei 10), 251179 / 1998 (Heisei 10) and 251180 / 1998 (Heisei 10).
Nevert helwhsre tHiephenhed A ng prwrivred bantHwtoha@efshtiodm rbgcebnwaySphenol
satisfactory, since the deterioration of the catalyst is newly brought

about by ayved edcetbRdSin NEHd PaelsbncBPOBE I Bhfallyat sedrhbekeat b th¥efdrelddenef f ect
on suppressing the deterioration of the catalyst. On the ot her hand, there

i s proposggdga t??%hQan Ux IR EASEWIn t&?ﬁl&?“isenﬁlo‘élflﬁfefae ﬁxor%é)ﬂ:ndw?ﬁl a

inmpurities in e starting raw material to less than 0.1% wei ght by

subj ect | ’qultf\g? c%tn%ﬁh{gggr A Rt %rrféé‘buﬁﬁorth%‘?@%' BP%&%E%BJUPQ &f@ﬁ‘fe”fﬁ”t

sai d conpou being r esente e fornula : s an al kyl
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is ogén group, ‘a roup or
group Neverthel ess, the thod

t nti.gned_.can nqt sai d 1o be always
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acetone as the starti r Wmaterlalst fini.ng treat nt reb

i ncr easi r{grqprpéed a methgd f%x suppressing t e eterioration of the cata yst %y
allowing a small amount of water to be present in the starting raw
material for reaction ( refer to Japanese Patent Application Laid-Open
Nos. 172241/ 1994 (Heisei 6), 175898 /1998 (Heisei 10), 251179 / 1998
(Heisei 10) and 251180 / 1998 (Heisei 10). Nevertheless, the foregoing
method can not be said to be always satisfactory, since the
deterioration of the catalyst is newly brought about by water, thus
making it impossible to sufficiently exert the effect on suppressing the
deterioration of the catalyst.

On the other hand, there is proposed a method for decreasing
the content of the compound as impurities in the starting raw material
to less than 0.1% by weight by subjecting the starting raw material
for reaction to refining treatment, said compound being represented
by the formula : R—X, wherein R is an alkyl group, an alkenyl group,
a cycloalkyl group or a cycloalkenyl group, and X is OH, a halogen

atom, a carboxylate group, a sulfate group or a sulfonate group.

Nevertheless, the method just mentioned can not be said to be always



refining steps thereof. DI SCLOSURE OF THE | NVENTI ON Under such
circunstances, it is a general object of the present invention t3l AUGR008 a
process for steadily producing bisphenol A in high conversion by subjecting
phenol and acetone to condensation reaction in the presence of as a

catal yst, an acid type ion exchange resin which is nodified in part with a
sul fur- containing amne conpound, while suppressing the deterioration of

cat al yti Gaagdflactdyy, Sirecet ot MBtblligkdato ambijedupbihiehol na Ades edten OCalkethebj ect s
of the present invention will becone obvious from the text of the

speci fi catthoti Merawnahhesridls tooselnihp SUGRNL Hic WEdr@hEe sncid AR YBe
extensi ve research and investigation were accunul ated by the present

i nvent or seifhiQdefe f O thasdifeve the above-mentioned objects. As a result, it
has been found  that the objects of the present invention can be achieved by
using as a catalyst, an acid type ion exchange resin which is nodified in
part wth a sulfur-contai ning am ne conpound, and which has different

nodi fi cat]j)%lctﬁggmqgﬁ%ﬁfﬁjgimw concentration of nethanol in

acet one : resent invention has been

acconpl i shed on;the basi,s of the foregaing findin nd | nf.armati on,
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bi sphenol. A b%. subtj ect i nlgqé)heno.l and [Qcetong. 1o 4 31 AUGbZ.OO co dgzsati on
reacti on ‘PHCOREHri9sBREEIGH 2 RLOeeIgF yie 2Ly RIOGUCIHE PISBACBLhANYR resin
which is nodified in part witgiﬁa9 sul fuy-coptaining amne con‘;c)lound,,

char act er1£8d CORVERSIONR Y f Byt tHYS | BPRCBRERGeacetone to condensation

reaction in the presence of as a catalyst, an acid type ion exchange
resin which is modified in part with a sulfur-containing amine
compound, while suppressing the deterioration of catalytic activity
due to methanol as an impurity in acetone.

Other objects of the present invention will become obvious from
the text of the specification hereinafter disclosed.

In such circumstances, intensive extensive research and
investigation were accumulated by the present inventors in order to
achieve the above-mentioned objects. As a result, it has been found
that the objects of the present invention can be achieved by using as a
catalyst, an acid type ion exchange resin which is modified in part
with a sulfur-containing amine compound, and which has different
modification rate in accordance with the concentration of methanol in
acetone as a starting raw material. The present invention has been
accomplished on the basis of the foregoing findings and information.

Specifically, the bresent invention provides a process for

producing bisphenol A by subjecting phenol and acetone to



resin having a nodification rate in the range of 10 to less than 20 nol %is
used for a nethanol concentration in acetone of |ower than 250 pphAb¥ 2005
wei ght and the resin having a nodification rate in the range of 20 to 65
nmol % is used for a nethanol concentration in acetone being in the range of
250 to 8000 ppm by wei ght. BEST MODE FOR PRACTI Cl NG THE | NVENTI ON The
process according to the present invention is that for producing bi sphenol
A by subjeatdergsgthenote sstdoacet ahe poesanredefisatsi ancatedgst,oani actdheaypresence
of as a catalyst, an acid type ion exchange resin which is nodified in part
w th a sulbhuexclhahgentdydn whick iconpaifidd Mhe aactiwitly pesubiurexechengdngesi n
which is used as a base for the above-nentioned nodified acid type ion

exchange 4@$h8 t6mpwindPebiairhctdtivelli Mhtekht Re Faredfingeliefit edchangese
fromthe ion exchange resins that have hitherto been customarily used as a

cat al yst rfe%'inbhﬁf?ﬁ?é‘oé Wodleg i Patbein itBWPPhAke0bf A® 8bYIdse @Rhhviby and
the like, sulfonic acid type ion exchange resin which is strongly acidic is

sui tabl e . ar i re~oTQe j i i,d i resin
hB19arid aubarfor’ gie%%%éggnﬁgé{&a;tfamh aldRad 8P 18%H12PHEn

is not specifically limted provi Is a strongly acidic 1on

exchange ?@i@?ﬁgr}dbggﬁﬁéﬂ{lﬁoﬂw A5 4 H&Q;&Pn%ré’%gopf%%@gg,' Lot e Y he

sul fonate Vi nyl "benzene copol , su and crossli nked

L A0 AL TR T P D G AR B SR

benzene for foR1 € aci d resi Rer hand,

t he sul fur- contai.nin ine co t,o sed for partially nodifyin
the aci o AGERP o B Ra s FaBRRTalebha d BB0o S5t b9 wBRHe &1 1Y mPdlTying

BEST MODE FOR PRACTICING THE INVENTION

The process according to the present invention is that for
producing bisphenol A by subjecting phenol and acetone to
condensation reaction in the presence of as a catalyst, an acid type ion
éxchange resin which i1s modified in part with a sulfur-containing
amine compound. The acid type ion exchange resin which is used as a
base for the above-mentioned modified acid type ion exchange resin 1s
not specifically limited, but can be selected for use from the ion
exchange resins that have hitherto been customarily used as a
catalyst for bisphenol A. Thus from the viewpoint of catalytic activity
and the like, sulfonic acid type ion exchange resin which is strongly
acidic 1s suitable in particular.

The foregoing sulfonic acid type ion exchange resin is not
specifically limited provided that it is a strongly acidic 1on exchange
resin bearing a sulfonic acid group, but is exemplified by sulfonated

styrene / divinyl benzene copolymer, sulfonated and crosslinked



specifically limted, but can be properly and optionally selected for use
frompreviously well known conpounds which can be used for nodif$1 AYG2005
acid type ion exchange resin. Exanples of the above-nentioned sulfur-
cont ai ni ng am ne conpound include nercaptoal kyl pyridi nes such as

3- nmer capt onet hyl pyri di ne, 3-(2- nercaptoethyl)pyridine and

4- (2- mer capt oet hyl ) pyri di ne; nercap- toal kyl am nes such as

2- mer captsopgtdryé apohemed; npheapl oo npylde hydeae/ asdlfbaier capd oreyh anine;

t hi azol i di nes such as thiazo- |idine, 2- 2-dinethylthiazolidine,

2- met hyl b2npbaryfdri alhydiene sanfbnid-adidt fedihha wd alhiedlike; and

am not hi ophenol such as 4-am no- thiophenol. O these are preferable

2- mer capt oet hylGaiithe vhér Rand; dheeddifhi Roazalhidigh g m ity cOhploR@sE to be

sul fur-containing amne conpound nay be in a free formor in the form of

addi Ui on w33t 61 patti A%, dnb gHHABEARAE SUEN AT UM @ﬁl?h%igg AEdi%h 96 pot

quaternary amonium salt. The nethod for partially nodifTying the aforesaid
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cont ai ni n ine 6 31 AUEGQZ(%OS corg)ound o react w thceach other pr(—ﬂ‘erabl y
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nodi fication rate. The reacltion may .be carried out at ordi gary.t nper at ur e

or under 2REXEIMELLIREY hi SHEUEIGORTAIRME sydBHIE aGOPPBPBRE asi? é‘qe%n

exchange group . .
mercaptoalkylpyridines such as 3-mercaptomethylpyridine, 3-(2-

mercaptoethyl)pyridine and 4-(2-mercaptoethyl)pyridine; mercap-
toalkylamines such as 2-mercaptoethylamine, 3-mercaptopropyl-
amine and 4-mercaptobutylamine; thiazolidines such as thiazo-
lidine, 2-2-dimethylthiazolidine, 2-methyl-2-phenylthiazolidine and
3-methylthiazolidine; and aminothiophenol such as 4-amino-
thiophenol. Of these are preferable 2-mercaptoethylamine and
2-2-dimethylthiazolidine. Any of these sulfur-containing amine
compound may be in a free form or in the form of addition salt of an
acidic substance such as hydrochloric acid or quaternary ammonium
salt.

The method for partially modifying the aforesaid acid type ion
exchange resin as the base by using the svulfur-containing amine
compound is not specifically limited, but can be selected for use from
previously well known methods.

For instance, the resin as the base can be modified by allowing

an acid type ion exchange resin and a sulfur-containing amine



reacts with the amno group in the sulfur- containing am ne conpound, soO
that the ion exchange resin is nodified in part by the sul fur- coditAUGI2005
group introduced into part of the ion exchange group. In the process
according to the present invention, use is made of nodified acid type ion
exchange resins each having different nodification rate in accordance with
the concentration of nethanol in acetone as a starting raw material. The
present icovemtond taveatdbumitht lrachobtew mpgefetablyhen caseagfieousismgvantaci di c
type ion exchange resin nodified in part with a sulfur-containing am ne
conpound sasha asovdetesatsiooasr éachcbieveataldestiralhler mbdinficatioth acdétoriBhe

nmet hanol present in acetone as an inpurity reacts with the residue of the

sul f ur - cabativinm g eyrbrecLATPAWLE 40 ortliga B 06 B rd thesi dr L dedVieéatihg.
catalytic activity, but the reaction between nethanol and the residue

causes t By shikofd £ot26h d tHeOYR]fohic %iﬁ_ag}@ﬁi? P&S tiHAN ibA bﬁ@h@ﬁgé?gﬁi resin
to act as a catalyst, whereby a specific relationship is establishe

bet ween_bgcpRithdhe GRNSANEFALH IR NSt A0 roh ¢! ikl danbounal d

group. That is to say, 1in the case of a | ow nethanol concentration, even if

the sulfnl ¢nasl the OfAHR{dhHEEARIEA. POTSaRRENT L opkis anlapae agmuat

(lower nodification rate reacti on between the nethanol and the
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esseni ng ¢t NS SHI LS Pl b P LR HDEEaCLEA ROTEAAN LRLINE" different
modification rate in accordance with the concentration of methanol in
acetone as a starting raw material.

The present inventors have found the followings. In the case of

using an acidic type ion exchange resin modified in part with a
sulfur-containing amine compound as a condensation reaction catalyst
for phenol and acetone, methanol present in acetone as an impurity
reacts with the residue of the sulfur-containing amine compound in
the aforesaid resin to lower the catalytic activity, but the reaction
between methanol and the residue causes the sulfonic acid group in
unreacted portion in the aforesaid resin to act as a catalyst, whereby a
specific relationship is established between the methanol
concentration and the amount of the sulfonic acid group. That is to say,
in the case of a low methanol concentration, even if the sulfonic acid
group in unreacted portion exists in a large amount (lower

modification rate), the reaction between the methanol and the residue

of the sulfur-containing amine compound is less prone to occur,



nodi fication rate), and thereby nmaking the reaction between the nethanol
and the residue of the sulfur-containing am ne conpound |ess prodkAUG 2005
occur. Such being the case, deterioration of catalytic activity is
suppressed and the service life of the catalyst is prolonged in the present
invention by setting the nodification rate in the range of 10 to |ess than
20 mol % for a nmethanol concentration of |ower than 250 ppm by weight in
acet one dheaebyastdlogginy thet serwalce hAfed of ethtei nop difieed noxli dxdedn @n reatre i n
the range of 20 to 65 nol % for a nethanol concentration in the range of 250
to 8000 ppmhy weidpttt O efhe othertlhendada olie acawdt vdngl htdincaethahodn
being in the range of 700 to 8000 ppm by weight, the nodification rate is
preferablgpnsehtidtibhe flena@fice 26fd @ f6PhaOLIkalTRE eREI beCptbhdat &y When
being lower than 10 nol % results in failure to sufficiently exhibit the

ef fect onesmdiifiLathon sWifdhica SUbf Wrdk@nt & NG ATEE GO (hagkl s n | ow
catalytic activity irrespective of nethanol concentration, whereas the

modi ficat 08ifidiGon WAEE), PSP fHHRSy tHARILS FRE Yae2BUSES iR BAGR 1 N
free sulfonic aci & group and |low catalytic activity irrespective of

met hanol m%ﬁp&ﬁ}m 3d Ae kBsRAM (JOPhe 14 lifﬁrgz%%ial?hﬁl- rhﬁll?ﬁepégﬁ%%tund
invention fo use a starting raw nmaterial having a water content “of

appr oxi e 0 0 1 AUG 2005 5000 ppm by weight. In general, phenol of
r eagent ngésédérgpgf%)r Ogcnlglthtri al use as a starting raw nmaterial has a water

content of 500401000, ppmby ovei hfbikewise. 2OCLone 88 §.8hALHI N9 raw

suppressed and the service life of the catalyst is prolonged in the
present invention by setting the modification rate in the range of 10 to -
less than 20 mol% for a methanol concentration of lower than 250
ppm by weight in acetone as a starting raw material, and setting the
modification rate in the range of 20 to 65 mol% for a methanol
concentration in the range of 250 to 8000 ppm by weight therein. In
the case of a methanol concentration being in the range of 700 to 8000
ppm by weight, the modification rate is preferably set in the range of
26 to 65 mol%. The modification rate, when being lower than 10 mol%,
results in failure to sufficiently exhibit the effect on modification with
a sulfur-containing amine compound, and in low catalytic activity
irrespective of methanol concentration, whereas the modification rate,
when being higher than 65 mol%, causes a decrease in free sulfonic
acid group and low catalytic activity irrespective of methanol
concentration.

In addition, it is possible in the present invention to use a

starting raw material having a water content of approximately 500 to



content of 1000 to 3000 ppm by weight. In the process according to the
present invention, phenol in an excessive anount and unreacted a¥leABQR06Y e
recovered and recycled, which requires a large extent of refining in order
to attain the foregoing water contents. In the reaction between phenol and
acetone, water is generated in an anount equinolar with the resultant

bi sphenol A. For instance, the reaction between acetone and phenol in a
usual nob&O0r pp o byf wkightlO gi ves rise to a water concentration of 4000
ppm 9000 ppm and 13000 ppm respectively for a nodification rate of 20%

50% and 70% ealh.geltwtal] pHensayf rieagehe gesde afr domdherusteit ase 46 gach
starting raw material being about 500 to 2000 ppm by weight , the anount of

wat er gepeiatifig bYwt hgat&dali RAsexcaedsrt fgntedr @40500 86OLOG0 %ﬁlﬁﬁ hardly
affects the reaction performance. In fact, the addition of O. to 0.2% of

vat er hagdiyhexhiildwiwor kidtbnelfd £ QA rsuRPnessi Rthteheal HdUeNGeabYr
nmet hanol . However, water contained in the reaction systeminhibits the

formatiopyRfe s 1@6(?%i3é(?1)(?ig§)3295§9|w&’gh%9d a content of 0.4% approxi mately

ina starting raw materi to deterioration of catalytic activity to
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nolar rate of "no ation o foni T aci roup in’the acid type ion
9 31 AUG 2005 .exchange resin, such dification being nmade by the
Sul 1 ur - CBREBT T gP T He SUIBTAC R IPRS BFe phiar o0 abt ST Ad: are
o be used i bie process,, for producie Bisphencl Adecordi ma e the
foregoing water contents. In the reaction between phenol and acetone,
water is generated in an amount equimolar with the resultant
bisphenol A. For instance, the reaction between acetone and phenol in
a usual molar ratio of 1 : 10 gives rise to a water concentration of 4000
ppm, 9000 ppm and 13000 ppm, respectively for a modification rate of
20%, 50% and 70% each. That is to say, in the case of a water
content in each starting raw material being about 500 to 2000 ppm by
weight , the amount of water generated by the reaction exceeds the
foregoing amount, thus hardly affects the reaction performance. In
fact, the addition of 0.05 to 0.2% of water hardly exhibits working
effect on suppressing the influence by methanol. However, water
contained in the reaction system inhibits the formation of the
objective bisphenol A, and a content of 0.4% approximately in a
starting raw material leads to deterioration of catalytic activity to a
great extent.

By the term "modification rate" as used herein is meant a molar

rate of modification of the sulfonic acid group in the acid type ion



specifically limted, but the anmount of the unreacted acetone is preferably
as small as possible in view of the easiness of refining the res3lAHGI2005
bi sphenol A, econonical efficiency and the |like factors. Accordingly, it is
advant ageous to use excess phenol over a stoichionetric anount thereof.
Thus, phenol is used usually in an anount of 3 to 30 nol, preferably 5 to
20 nmol per one nol of acetone. |In the production of bisphenol A a reaction

sol vent iexchHIRELSSATY, duth GesEifRa teXe @Rlinkoh aldeeb gape MELe-ddetdiaagki on
l'iquid has unreasonably high viscosity or the reaction is conducted at such

a | ow tenpaigl Woenpdhiall. the operation is nade difficult by solidification.
In the condensati on reacti on between phenol and acetone, there is usable a

conti nuous reaclﬁl'l@@afti(?(gfjp@l%%&%tgéﬂtlolﬂem&papgefgoﬂ)e M d ﬁP@BQ"ﬁo%%s

conti nuously supplled and reacted in reaction tower which isfilled in
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sul fur-containing a onpoun case, Si ng e reactor and a
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For an in rra 'S par i cular vant ageous

cont i nuous | tistage reaction fi.xed-bed sy ed st two
reacti on R% %?%b]isyn ge“f‘rpézlcg‘ﬁc%ososéﬁﬁ DYV § ﬁ’%e ﬁ”&ﬁses 8@”‘8?& ?
exchange res follow n sone i.ption q of the
reaction lf@ %ﬁalAﬁJ&lf@g?"@éné’ftleg%o&lc? eeﬁfg ﬁnﬁé’o&’sndr lék &%%‘”ﬁed
system In the first place, the acetone / phenol nol ar ratlo i s selected in

the rangereforddngly.y lf/ 36 t 3dypntageerer 491 yuse 202 %58/ sehapel movar rati o,

when being |l ess than 1/30, brings about a fear of an unreasonably | ow
stoichiometric amount thereof. Thus, phenol is used usually in an

amount of 3 to 30 mol, preferably 5 to 20 mol per one mol of acetone.
In the production of bisphenol A, a reaction solvent is unnecessary in
general except for the case where the reaction liquid has unreasonably
high viscosity or the reaction is conducted at such a low temperature
that the operation is made difficult by solidification.

In the condensation reaction between phenol and acetone, there
is usable a continuous reaction fixed-bed system in which phenol and
acetone are continuously supplied and reacted in a reaction tower
which is filled in with the acid type ion exchange resin modified in
part with a sulfur-containing amine compound. In this case, both a
single reactor and a plurality of reactors that are arranged in series or
parallel are wusable. For an industrial scale, it i1s particularly
advantageous to adopt a continuous multistage reaction fixed-bed
system equipped with at least two reaction towers in series each being
filled in with the acid type ion exchange resin.

In the following, some description will be given of the reaction

10



rate of reaction, whereas the nolar ratio, when being nore than 1/ 3,

results in a tendency to forman excessive anmount of inpurities, 3dAUG280&r
the selectivity to bisphenol A Further the reaction tenperature is selected
in the range of wusually 40 to 150C, preferably 55 to 100C. The reaction
tenperature, when being |ower than 40C, gives rise to an unreasonably | ow
rate of reaction and besides, extrenely high viscosity of the reaction

l'i quid, éobﬂﬁ?it&hscéf'%hegmﬁltf]ﬁ%u@f1§éﬂtié’ﬁffb%ﬁi QR gpsdchg case may be. On the
contrary, the reaction tenperature, when being higher than 150C, leads to

difficulty in nepphl oGN] chded &iofea hRnA lACH MbLX ddlech pRRENO!

A(p, p'-isomer) and further deconposition or deterioration of the nodified

act d {YPSHOF, EXENAAR,L1F5 11385 d PRt AKRbIy Theo leESHs, ChHAugafionidiy, space

velocity) iIs sefect he range of" usua

pr ef er ablyy 0,540 20, 'y o h e nfl{ BEESAHARCr % f ul I QLERENNLY TENLT O,

the reaction com ng out he Teactioon’ t oner eated by

a wel | t hod so at th egtive bi sphenol Als coII cted Inthe
fol | owi ndaisn%%g%w& bHBEe 1 3 TR S itin LR o p R FRAS /3,

post - treatm&*rpéSr F|r conge%lratlon of the reactlon ;E:?xturetls carried
out pnor‘”etsb1 yStél FPE‘&HCé’n O FRETL BRdPEFOTHY VEf AT o AL AR BT BRE not
specific Lvyllmte but usu i nc eatenperaturelnthe 11 31 AUG
2005 rang awse Yy sg Cf?@éya% %%% in the range of 13 to 53 kPa. The
t enperature, when being. | ower than 130C, necessitates a high degree of
vacuum wher ead’ ‘t‘ﬁ@etre%bérh@%@@onmﬁ%ﬁpﬁé?ﬁgr%@hé? laqtgn &rvdcbe range of

usually 40 to 150°C, preferably 55 to 100°C. The reaction temperature,
when being lower than 40°C, gives rise to an unreasonably low rate of
reaction and besides, extremely high viscosity of the reaction liquid,
thereby causing a fear of solidification as the case may be. On the
contrary, the reaction temperature, when being higher than 150°C,
leads to difficulty in reaction control, deterioration of selectivity to
bisphenol A(p, p'-isomer) and further decomposition or deterioration of
the modified acid type ion exchange resin as the catalyst. The LHSV
(liquid hourly space velocity) is selected in the range of usually 0.2 to
30 hr 1 , preferably 0.5 to 20 hr

In the process according to the present invention, the reaction
mixture coming out from the reaction tower is post-treated by a well
known method so that the objective bisphenol A is collected. In the
following some description will be given of one example of the
post-treatment. Firstly, concentration of the reaction mixture is
carried out prior to crystallization. The conditions of the concentration

are not specifically limited, but usually include a temperature in the

11



brings about an increase in anmounts of inpurities or the cause for
coloration of the reaction product. It is advantageous that the 31AUG 2005
concentration of bisphenol Ain the concentrated residual |iquid ranges
from25 to 40% by wei ght. The concentration thereof, when being |ower than
25% by weight, results in a |low recovery rate of bisphenol A whereas the
concentration thereof, when being higher  than 40% by wei ght, causes

di fficul tyange sfuBoytd naodpornmdahteressaurgsinatihé zahigenof TBeocs Yy 34 | That i on
of bi sphenol A and phenol adducts fromthe concentrated residual liquid is

usual |y ceyiflpet£eifdy ahyacheifL bokbRGhaer YSO& | hzatksSinated RoHigWiddEree
conpri ses cooling under reduced pressure taking advantage of the | atent

heat of vgft ¢hcUapOr WARireaR- tHd telhSe A tAraSal He IEh b0tk HGENSLAHA a7 ®T,
treatment is perforned usually wunder the conditions including a tenperature

i n the rangs.af a88ut Can /06120463 RT LRS! e i §ARAS O %hggc%gsﬁ@rby

addi ng water "in an anoun Yo by wel g appr oxi nmat e

concent raéoqﬁfaﬁ%%i d&al tﬂei q#'cjfegctia_g? q\g@gﬁ{ct? OItbeilsaderrlgganggo gi Pﬂake%ﬁet han

3% by welg causes insufficien -Tenobval  capac ereas the water,
then 0% TR, QPO UL ST Sl S o i LgET By
then bet | e LD 00 e r LSRR BeRhe ol R ACISHS LR o0s
bri ngs. Dot EalOWREr BYSR Fh 4 BEONGIEDh FoSeltar bia dsolecokery xate of ¥
bisphenol A, whereas the concentration thereof, when being higher
than 40% by weight, causes difficulty in slurry transport after
crystallization.

The crystallization of bisphenol A and phenol adducts from the
concentrated residual liquid is usually conducted by a vacuum cooling
crystallization method which comprises cooling wunder reduced
pressure taking advantage of the latent heat of water vaporization. In
the aforesaid method, crystallization treatment is performed usually
under the conditions including a temperature in the range of 40 to
70°C and a pressure in the range of 3 to 13 kPa by adding water in an
amount of 3 to 20% by weight approximately to the concentrated
residual liquid. The water to be added, when being less than 3% by
weight, causes insufficient heat-removal capacity, whereas the water,
when being more than 20% by weight, unfavorably leads to an
increase in dissolution loss of bisphenol A. Moreover, A crystallization

temperature, when being lower than 40°C, gives rise to a fear of an

increase in the viscosity of crystallization liquid or solidification of the

12



Subsequently, the bisphenol A and phenol adducts that have been
crystallized in such a manner are separated by a well known net hdHAHGR00S
thereafter are subjected to a cleaning treatnment with phenol. Then the
adduct s that have been subjected to a cleaning treatnent are separated into
bi sphenol A and phenol under the conditions including a tenperature
selected in the range of usually 130 to 200C, preferably 150 to 180C and a
pressur e ssehect wherraashéher drgep ofaBiiey ach&aPabeThe hegheuvalthpmer®) G n t he
bi sphenol A obtained by the separation treatnment is renpved to a

subst ant iwalflay ocabpy direngxt @mdubyan sheaeasd nhpgissgluebnoto sy of hasphkaohet hod,
wher eby bi sphenol A with high quality is obtained. In what follows, the '
present iZKvention will be described in nore detail with reference to

conpar ati ve exanpl es and wor ki ng exanples, which however shall never limt

the present in\&tﬁé@éhéﬁlﬂyett@e Exg\@nbﬁoll&m&kﬂdexb@ﬂ dddectisealehOrhadd h an
i nside dianeter of 12 nm and a height of 1200 mmwas filled in with a

sul foni ¢ paeind ckyBeallPtd §XCBARHECAN B8 PN el 8dpRYaddd MY %A WrEN Enown
mer capt oet hyl ami ne as the catal yst (manufactured by M t'subi shi Chem cal

| ndustri %ﬁel{l’riﬁ aHHd?ﬁ &?ft%[agﬁe N&ih; e"c'Pe&“ ed qsr*%lle%'“hé Fpe%aneact Orsf 69.3

milliliter mgstatewnt wat er . sets o 1331

AUG2005 et CO*PH??J Et‘:ﬂe' ) %ﬁutssth%bﬁsggegahx’ sBﬁf@éﬂe& No2al ! F’é(‘éﬁﬁxagef L ow

277 mL [ Br acetone con al ning 0" ppm meth&no
rate of ?E m_
reatment are separated into bisphenol A and phenol under the

conditions including a temperature selected in the range of usually
130 to 200°C, preferably 150 to 180°C and a pressure selected in the
range of 3 to 20 kPa.

The residual phenol in the bisphenol A obtained by the
separation treatment is removed to a substantially complete extent by
steam stripping method or the like method, whereby bisphenol A with
high quality is obtained.

In what follows, the present invention will be described in more
detail with reference to comparative examples and working examples,
which however shall never limit the present invention thereto.
Example 1

A paéked bed type reactor with an inside diameter of 12 mm
and a height of 1200 mm was filled in with a sulfonic acid type ion
exchange resin modified by 15 mol% with 2-mercaptoethylamine as
the catalyst (manufactured by Mitsubishi Chemical Industries Ltd.
under the trade name "Diaion SK-104H") in an amount of 69.3

milliliter (mL) in swelling state with water. Two sets of the reactors
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[ H were supplied to the first stage reactor to proceed wth reaction at a
reaction tenperature maintained at 70C. Thus the reaction m xtur e3m&EG 2005
anal yzed with the | apse of tinme, so that the conversion of phenol to

bi sphenol A was determined. The results are given in Table 1. Exanmple 2 The
procedure in Exanple 1 was repeated except that use was nade as the
catalyst, of the sulfonic acid type ion exchange resin as nentioned above
but nodi fsiead bynRé&ctwdl ivoserids.2, 2-di nethylthiazolidine, and al so acetone
cont ai ning 650 ppm by weight of methanol. The results are given in Table 1.

Exanpl e 3 The grosedweantly FkafBle&nlavWaswr eprabed7execht/ Hhahdugeeviigse Made
as the catalyst, of the sulfonic acid type ion exchange resin as nentioned

above butonpshidingd10y MBY ki o? methARS VA -a Flivazalt diMP1. 2andpgl so

acet one containing 20 ppm by wei ght of nethanol. The results are given in
Table 1. /HEXa8Ps @ upplhed RS AERIALSt isha B aR o t¥85-ocePaak Bch 8¥56MAbnt fat use

was mnade as the catalyst, of the sultfonic acid type ion exchange resin as

14721 Al AR i TR ety 0 S 2 o e
Thus the reaction mixture was analyzed with the lapse of time,
so that the conversion of phenol to bisphenol A was determined. The
results are given in Table 1.
Example 2
The procedure in Example 1 was repeated except that use was
made as the catalyst, of the sulfonic acid type ion exchange resin as
mentioned above but modified by 25 mol % with 2,
2-dimethylthiazolidine, and also acetone containing 650 ppm by
weight of methanol.

The results are given in Table 1.

Example 3

The procedure in Example 1 was repeated except that use was
made as the catalyst, of the sulfonic acid type ion exchange resin as
mentioned above but modified by 35 mol% with 2, 2-dimethyl-
thiazolidine, and also acetone containing 2000 ppm by weight of
methanol.

The results are given in Table 1.

Example 4

The procedure in Example 1 was repeated except that use was

made as the catalyst, of the sulfonic acid type ion exchange resin as

14



The results are given in Table 1. Exanple 5 The procedure in Exanple 1 was
repeat ed except that use was nade as the catal yst, of the sul f ondtAHGI 2905
type ion exchange resin as nentioned above but nodified by 45 nol % w th
2-nmercap- toethylam ne and al so acetone contai ning 3000 ppm by wei ght of

met hanol . The results are given in Table 1. Exanple 6 The procedure in
Exanpl e 1 was repeated except that use was nade as the catal yst, of the

sul f oni c mentiomeee abovexbhangeoddséd bg HPeNhbdhed validye2 bu-dimdithiydd by 55
nmol % w th 2-nercap- toethylam ne and al so acetone containing 1000 ppm by

wei ght ofthia®dlhdngé,. ah@ ahsuldcdtdn@i ORthihibhab! 3000 ppANPeY akieyehExanpl e 1
The procedure in Exarrpl e 1 was repeated except that use was nmde as the

catal yst m@&fhd ksl sul fonic acid type ion exchange resin as nentioned above
but nodified by 15 nol %wth 2, 2-dinmethyl- thiazolidine, and al so acetone

cont ai ni ng ZOOQh@pfggqyltg\edrghgl‘ggn 1HBTQ§1 oh. The results are given in Table
1. 15 31 AUG 2005 Conparative Exanple 2 The procedure in Exanple 1 was

r epeat ed tothat use was nmde as the catalyst, of the sulfonic acid
type ion—@e'x(d'g‘ﬁrgn'g'e—resi n as

The procedure in Example 1 was repeated except that use was
made as the catalyst, of the sulfonic acid type 1on exchange resin as
mentioned above but modified by 45 mol % with 2-mercap-
toethylamine and also acetone containing 3000 ppm by weight of
methanol.

The results are given in Table 1.

Example 6

The procedure in Example 1 was repeated except that use was
made as the catalyst, of the sulfonic acid type ion exchange resin as
mentioned above but modified by 55 mol % with 2-mercap-
toethylamine and also acetone containing 1000 ppm by weight of
methanol.

The result is given in Table 1.

Comparative Example 1

The procedure in Example 1 was repeated except that use was
made as the catalyst, of the sulfonic acid type ion exchange resin as
mentioned above but modified by 15 mol% with 2, 2-dimethyl-
thiazolidine, and also acetone containing 2000 ppm by weight of
methanol.

The results are given in Table 1.

15



menti oned above but nodified by 25 nol %wth 2, 2-dinethyl- thiazolidine,
and al so acetone containing 10000 ppm by wei ght of nethanol. The3t AVGE 2085
are given in Table 1. Conparative Exanple 3 The procedure in Exanple 1 was
repeat ed except that use was nmade as the catalyst, of the sulfonic acid
type ion exchange resin as nentioned above but nodified by 35 nol %wth
2-mer cap- toethylam ne and al so acetone contai ning 15000 ppm by wei ght of

met hanol .Colhgak 86t Exangptd ven in Table 1. Conparative Exanple 4 The
proceduré in Exanple 1 was repeated except that use was nmde as the

catal yst, of the,sphbepliaracnd HxsplOn FuEhadgeatsPiekcdpt tHRAL LoBaFHagbove
but nodified by 50 nol %wth 2, 2-dinethyl- thiazolidine, and al so acetone

cont ai ni kg wetha qT I i i p. Tabl e
1716 31 2008 anr i TR e SRR e o TR bR a8

Concent 44,20 egborth o g2 e st alarehond o
22, 2- di mef byl 504 AFS! 191 '€ 12363 APl ¥Andn 8! TBHBY LRAZ8Y W dign3o2P00
methanol.
The results are given in Table 1.
Comparative Example 3
The procedure in Example 1 was repeated except that use was
made as the catalyst, of the sulfonic acid type ion exchange resin as
mentioned above but modified by 35 mol % with 2-mercap-
toethylamine and also acetone containing 15000 ppm by weight of
methanol.
The results are given in Table 1.
Comparative Example 4
The procedure in Example 1 was repeated except that use was
made as the catalyst, of the sulfonic acid type ion exchange resin as
mentioned above but modified by 50 mol% with 2, 2-dimethyl-
thiazolidine, and also acetone containing 20000 ppm by weight of
methanol.

The results are given in Table 1.
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Exanpl e 42, 2-di nmet hyl t hi azol i di ne 505000 Conp'tive2 152000
2-di met hyl t hi azol i dine Exanple 1 , Conp'tive2 2510000 31 AUG 2005
2-di met hyl t hi azol i di ne Exanple 2 , 3515000 Conp'tive2-nmercaptoet hyl am ne
Exanpl e 3 2 5020000 Conp'tive2-dinethylthiazolidine Exanple 4 , 453000
Exanpl e 52-nmer capt oet hyl am ne Exanpl e 62- ner capt oet hyl am ne 551000 Tabl e
1-2 Conversion of Phenol (% Exanple 1 Exanple 2

Table 1—1

Modified acid type ion exchange resin  Concentration
Sulfur-containing amine Modification  of methanol
compound  rate (mol%) (ppm by weight)

Example 1  2-mercaptoethylamine 15 100
Example 2  2,2-dimethylthiazolidine 25 650
Example 3 2,2-dimethylthiazolidine 35 2000
Example 4 2,2-dimethylthiazolidine 50 5000
Comp'tive 2,2-dimethylthiazolidine 15 2000
Example 1
Comp'tive 2,2-dimethylthiazolidine 25 10000
Example 2
Comp'tive .

. 35 5000
Example 3 2-mercaptoethylamine 1
Comp'tive 2,2-dimethylthiazolidine 50 20000
Example 4
Example 5 2-mercaptoethylamine 45 3000
Example 6  2-mercaptoethylamine 55 1000

Table 1—2

Conversion of Phenol (%)

First Stage Reaction Second Stage Reaction
Start of  after after Start of  after after
Reaction 300Hrs 600Hrs Reaction 300Hrs 300Hrs

Example 1 12. 2 10. 8 8.7 15. 5 13. 7 11. 2

Example 2 12. 5 11. 2 9.9 15. 6 14. 2 13. 3
Example 3 12.1 10. 9 9.4 15. 2 13. 8 13.1
Example4 10.9 8.2 7.1 14.5 12.5 11.8
Comp'tive 12.3 6.2 4.1 15. 6 8.1 6.3
Example 1
Comp'tive 12. 3 6.0 3.7 15. 4 8.3 4.3
Example 2
Comp'tive 12. 0 7.2 3.4 15.0 10.9 5.2
Example 3
Comp'tive 10.6 6.2 3.9 14.1 11.0 6.1
Example 4

Example 5 11.5 10. 7 9.5 14. 9 13. 7 13.0
Example 6 10. 5 8.0 6.9 13. 7 11. 8 11.1
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Exanple 3 Exanple 4 Conp'tive Exanple 1 Conp'tive Exanple 2 Conp'tive

Exanple 3 Conp'tive Exanple 4 Exanple 5 Exanple 6 First Stage BReAIG 215

Second Stage Reaction Start of after after Start of after after

React i on300Hr s600Hr sReact i on300Hr s300Hrs 12. 210.88. 715. 513. 711. 2 12.

511. 29. 915. 614. 213. 3 12. 110. 99. 415. 213. 813. 1

10.98.27.114.512.511.8 12.36. 24. 115.68. 16. 3 12.36. 03. 715.48. 34. 3
INDUSTRIAL APPLICABILITY

According to the present invention, it is made possible to
steadily produce bisphenol A in high conversion, while suppressing the
deterioration of the catalyst due to methanol és an impurity in acetone
by virtue of the process for producing the same by condensation
reaction between phenol and acetone using an acid type ion exchange
resin which is modified in part with a sulfur-containing amine

compound.
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12. 07. 23. 415. 010. 95. 2 10.66. 23. 914.111.06. 1 11. 510. 79. 514. 913.
713. 0 10.58. 06. 913.711.811. 1 17 31 AUG 2005 | NDUSTRI AL APPLI| CABAUGT2005
According to the present invention, it is nmade possible to steadily produce
bi sphenol A in high conversion, while suppressing the deterioration of the
catal yst due to nethanol as an inpurity in acetone by virtue of the process
for producing the sane by condensation reaction between phenol and acetone
using an acid type ion exchange resin whicghairgodified in part with a

sul fur-contai ning am ne conpound. 16 31 AUG 2005 CLAIMS 1. A process for
produci ng bi sphenol A by subjecting phenol and acetone to condensation
reaction in the presence of, as a catalyst, an acid type ion exchange resin

which is i fi i i: r i.nj i in
oncti on Bt B TaPBroduling Weshatla 13 sBbiRkAfle SENS) HQRGAOHe tb
characteri zed in.that said ion _exchange resin havi nodij f.i,cation rate in
Cha A sinisgrion Yeafbtlo i I SHASHER 0T a8 ASAAEsA AR PGk BYPE ohoes one
being in the range. of %Sgrto 808% m by weight. 2. The ocess far

or oduci nENSIaRRENBIIR WK, &f TROTHIEY an ppart Widr 3 SUMHECORANIDE, AEHEE  esin
having a nodification rate in the range of 26 to 65 nmol%is wused for a

met hanol CURPRWRG,aH; [§ACtiEN %B%Riﬁémb%qlﬁap?f% Vit at lﬁ@@b“@f’ Ie@giOF H1IB BRIACS,

characterized in that said ion exchange resin having a modification rate in the
range of 20 to 65 mol% is used for a methanol concentration in acetone being

in the range of 250 to 8000 ppm by weight.

2. The process for producing bisphenol A according to Claim 1, wherein the
ion exchange resin having a modification rate in the range of 26 to 65 mol% is

used for a methanol concentration in acetone being in the range of 700 to 8000

ppm by weight.

3. The process for producing bisphenol A according to Claim 1, wherein said
acid type ion exchange resin is strongly acidic sulfonic acid type ion exchange

resin.

4. The process for producing bisphenol A according to Claim 1, wherein the
sulfur-containing amine compound is at least one species selected from the
group consisting of  mercaptoalkylpyridines, = mercaptoalkylamines,

thiazolidines and aminothiophenol.
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ppm by weight. 3. The process for produci ng bi sphenol A according to daim
1, wherein said acid type ion exchange resin is strongly acidi c SUAUSHh2005
acid type ion exchange resin. 4. The process for produci ng bi sphenol A
according to Claim1l, wherein the sulfur-containing am ne conpound is at

| east one species selected fromthe group consisting of

mer capt oal kyl pyri di nes, nercaptoal kyl am nes, thiazolidines and

am not hi ophenol . 19 31 AUG 2005 5. The process for producing bi sphenol A
accor di ngS.t hé&lprooess, f uoirighbisphenclhat aeddrdirgnta€laims 4, wherein the

2-mer captoet hyl ami ne and the thiazolidine is 2-2- dinethylthiazolidine. 6 .
The procengrdaptodlkOReinRd 191 ZpheaaptobtiRdamint 'ehd ahe! diaxdlidineeiei nothe
phenol and acetone” are subjected to condensation reaction under the
conditio i i acetone /phenol nolar ratio in the range of 1/30 to
1/ 3 and ;lﬁn%éécggitﬂli%%f}ggﬁn%ér ature in the range of 40 to 150C. 20

6 . The process for producing bisphenol A according to Claim 1, wherein the
phenol and acetone are subjected to condensation reaction under the conditions
including an acetone /phenol molar ratio in the range of 1/30 to 1/3 and a

reaction temperature in the range of 40 to 150°C.
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