s e3e A<<=d>:6?" @@ Al d:r r DESCRI PTION _ PROCESS FOR PRODUCI NG Bl SPHENCL
A 5 TECHNI CAL FI ELD The present invention relates to a procﬁ "

produci ng bi sphenol A [2, 2-bi s(4-hydroxyphenyl )propanel and mﬂm ”mmm,m”!wm
‘particularly, to a process for separating an adduct of bis

phenol in said process. 10 BACKGROUND ART It is knovvn that b| sphen3T Ais
an inportant compound as the material for engineering plasti

pol ycarbonate resins and polyarylate resins and epoxy resi nsm@wam@mmwmwmd
for bisphenol A is increasing. 1@@@8&3’%@ A is produced by n
of phenol in an excess anmpbunt and acetone in the presence of an *&§evdt c
catal yst and a cocatal yst such as a sul fur conpound which is used
occasionally. As the ' .sphenal A fromthe reaction
m xture, a process o&@@%%ﬁ?%ﬁ@@ﬁ&ﬁ@%éf C PIonmthe reaction

m xture in a 20 crude crystalline condition and a process of separating an
adduct of bi sphenol A and phenol as crystals by concentrating and cooling a
l'i qui dgmi tai ned by renoving acetone and water fromthe
reactlon posc PIE1a Pat ent Application Laid-Open Nos. Showa

51(1976) - 91240 mndy, ﬁ%@ﬁ@%er?tfcﬁf’@lat&aﬁbea PESRsK ﬁﬁ*"@od%@m%th@ﬁgﬁﬁ of

separating an adduct directly fromthe reaction mxture Ih a cru

crystal | i fg, pisd-hiydotiphenylpavpasd] dri, théfe pastidularly, to a process for

separating an adduct of bisphenol A and phenol in said process.

10 BACKGROUND ART

It is known that bisphenol A is an important compound as the
material for engineering plastics such as polycarbonate resins and
polyarylate resins and epoxy resins and the demand for bisphenol A is
increasing.

15 Bisphenol A is produced by condensation of phenol in an excess
amount and acetone in the presence of an acidic catalyst and a cocatalyst
such as a sulfur compound which is used occasionally.

As the process for separating bisphenol A from the reaction mixture,
a process of separating bisphenol A directly from the reaction mixture in a

20 crude crystalline condition and a process of separating an adduct of
bisphenol A and phenol as crystals by concentrating and cooling a liquid
mixture which is obtained by removing acetone and water from the
reaction mixture (Japanese Patent Application Laid-Open Nos. Showa
51(1976)-91240 and 57(1982)-77637), have been known.

25 The process of separating an adduct directly from the reaction

mixture in a crude crystalline condition has a drawback in that washing



must be conducted repeatedly due to the finely crystalline condition of

bi sphenol A and the |l oss increases. Therefore, the process of separating

t he adduct of bisphenol A and phenol as crystals is nmainly used. In this
"process, the adduct of 5 bisphenol A and phenol is crystallized and the
formed crystals are separated fromthe nother liquor in accordance with a
conventional process of solid-liquid separation using a filter or a
centrifuge (JaBanese Pat ent Application Laid-Open Nos. Showa

57(1982) - nrasty be panshaictest repentedly des, toskhediedy 1ogsialing spaditipn of|
6(1994)-107578 and 10 Fﬁi ei 6(1994)-306002). In the above process of

sol i d-1i qif¥P Fhind b 93?%@119%8%4 tration, a belt filter of the suction

d il b d.(J Pat ent icati Lai g-
Ny el sei -6 LOhETEuBORRS Brvgsas pLeobRiaaE fac adduet SF hisbhendl 4 38dor 1 he
I [ d the surf bg .15 d d t hat .t he |
iy ough  REBREThg rartihets ey Nt atn; Brify BEERESG tBRQAAACPAL 1y i
h d P i ' i.q- . i gei 93).-331088) .
The 1 Pt r SRRl ar Al prER8) 6Pk ARl ERETEAE ol RSy errieh R B 5 o
L 1s A ebfibitohNonk b | iGHGE SEOREAIARHOSHIRCR, bfvical o 1S

renmoved sufficiently, that there | the possibility that the nother

liquor i s presdsai sTesbliti-lijiil Sépysradlon Beinig® Mfaadr ai&%%riﬁggrg (Jd}pneswhen the

size of the crystals is decreased to overcone the above wback) the
ef fi ci encyPatént hdpplichtiohi ObaideOpens dosrardieRatay 676 982)-di76B7CUHeYsdin

passage of the nmother |iquor through the layer of the crystals and cl oggi ng
of the fil5(#993)2331088, pShoess 63(1088)-22553Mt Héisge §(19pante?5 Rt and
Application Laid-Open Nos. Heisei 6(1994)-107578 and Hei sei 6(1994)-306002)
has t A8 2 Heigen6{1024:306002at t he content of the |iquid between the
crystals is decreased and an adduct, containing |ess |iquids can be
obt ai ned. HoweJartherahaygmmosessof solidrliguidrsppanation meing pherfittrationt & t he
| oad of centrifugation and the efficiengy of_ substitution of_the nother
| i quor and iteat Bho\SUtion: BRes oF rf diiosk fgex 1can by used {JaRAneePon.
Thereforein the treatment. . of a great .anp f roduct, in.general,
it is ess r‘?t@ﬁ% %Bﬁlcﬁﬁﬂﬁﬂlﬂ?P%%ﬁﬁ%‘?"&ﬂé"@né{’é@%ﬁi ngfqv‘éev@Gn’& 8t ed
r epeat edl L | ur.al | of ratuses. (The mber, of the
appar at us)(gls,e Qix%séé?gggggtli% glz? I?«gﬂ{? Nt S%Ef)sg%eeW?%%da?%% ?#?1 EPHacR areqrhe, of or e,
this R5OCeRIrdatelOo that the loss through the opening of the filter material is
prevented and the purity is enhanced (Japanese Patent Application
Laid-Open No. Heisei 5(1993)-331088). The filtration has drawbacks in
that the content of the liquid is great and it is difficult that the mother
liquor contained between the crystals is removed sufficiently, that there is
20  the possibility that the mother liquor is contained within crystals having
great sizes, and that, when the size of the crystals is decreased to
overcome the above drawback, the efficiency of the filtration decreases
markedly due to difficulty in passage of the mother liquor through the
layer of the crystals and clogging of the filter.
25 The process using the centrifuge (Japanese Patent Application

Laid-Open Nos. Heisei 6(1994)-107578 and Heisei 6(1994)-306002) has the



10 preferable fromthe standpoint of econony. The crystallization in a
plurality of steps to inprove the purity is described in Japanese Patent
Application Laid-Open Nos. Heisei 1(1989)-230538 and Hei sei
"7(1995)-257978). 15 DI SCLOSURE OF THE | NVENTI ON The present invention has
an object of providing a process for produci ng bi sphenol A which enabl es
recovering the adduct of bisphenol A and phenol efficiently at a high
purity when bisphenol A is separated fromthe reaction m xture. 20 As the
resul t of ddvaatage dnsthat dhebgonteatpofesbat lignid hedween othey argstads tise above
difficulties, it was found that a high purity adduct of bisphenol A and
phenol coulegreasedpiagichetn wadduethcontaining | lesat lighideascagnnericoktdined.t he
foll owi ng _two Stepﬁ'ja In the first step, filtration was used for the

separ at i o iQ¥eYotatiragmentatien ofnthe,srysialsatakest plage dpgstoathe lead ofs
d d,  i.pt tep, th al di | ,
ecryetal RenetiPugriom Ao s R ERians ol RLRR g af G RRRO TS HReT A8 1 y 3
t t 4. Lt t, t.he ,i i t t . d. Th
bt a1 nd” pPecTerhRBANAR fretig® & dhat o lbn Doty Thetpeiiibec .
I nvention tp@ﬁn?eerﬂ:nofg :E)lagé ggmlmﬁeq'. t?x@kﬁlfydﬁcﬁqg’\%ﬁgeqﬁl, 1-{'}3 egsr*,eenst?aﬁt fo'rnvent I on
provi des a process for producl ng bi sphenol I'Ch conpri ses

crystal | | aiijodihetitiphurity thhf PRCWalshin @l td FEQMBBARNEY UeirfPh UL | On Of

bi sphenol A which is obtal ned by reacting phenol acetone in a presence
of an aci glasdledyyst a?f)éﬁﬁh's@é}] ThO bt oF the AYpardtuded ifkredssLRAGAL I ON
and renovi ng phenol froma solid conponent, wherein the process conprises
form ng a thayeimefoft bperditictalsd ibcrdnzesol THeréforad thiepebedsd & Gigtst al |ine
condition on a filter by filtering phenol slurry of bisphenol A (1)

conpr il8i npreferablidfrom the stiasydipeirtt ofAcanomghenol in a crystalline condition
with the filter, washing the | ayer of the adduct with a washing |iquid,

di ssol vi ng t he They erystéllizasiondiuat plupahitynefl stefpseto impravasthergurityaissol uti on
conpri si ng phepol, producing phenol slurry of 15 bisphenol_ A (Q _conpri sing
t he adductdeseribed pABncolapangsel Hladet Applicatignt diaidyepermniNosi oflesei
crystalli Lon, se ting t adduct .of bi sphenol A and phenol in a
crystalli ﬁgﬁg@&% %@‘ﬁ'&%??lﬁ(&§§§)|'%7%8)phenol slurry of bisphenol (2).

20 THE MOST PREFERRED EMBODI MENT TO CARRY OQUT THE

15 DISCLOSURE OF THE INVENTION

The present invention has an object of providing a process for
producing bisphenol A which enables recovering the adduct of bisphenol A
and phenol efficiently at a high purity when bisphenol A is separated from
the reaction mixture.

20 As the result of intensive studies by the present inventors to
overcome the above difficulties, it was found that a high purity adduct of
bisphenol A and phenol could be obtained when the crystallization was
conducted in the following two steps. In the first step, filtration was used
for the separation so that impurities on the surface of the crystals were

25 removed and, in the second step, the crystals were dissolved,

recrystallized and centrifuged and the washing liquid was sufficiently



"INVENTION I n the process for producing bi sphenol A of the present

i nvention, bisphenol A is produced in accordance with (A) a step of
reaction of phenol and acetone, (B) a step of renpval of water forned by
"the reaction and 25 substances having | ow boiling points of the unreacted
raw materials, (C) a step of concentration of bisphenol A (D) a step of
crystallization and 4 solid-liquid separation, (E) a step of dissolution,
crystallization and solid-liquid separation of the adduct of bisphenol A
and phenolremovpdass that ahpmeitiésangt bhe hieaidengf th&)crystmlewatk remowal. of
phenol from bi sphenol A and (H a step of granulation. 5 Each step in the
process f Gtheypbiminedgrodugireas used inthe steprewhicthfllawed. héThe presentg. ( A)
Step of reactign Ln the step of reaction, phenol in an excess anmount and
acet one arBVeRfeR °eR qoﬁHﬂﬁ?eé’s‘éﬁﬁ?é%ﬂHﬁ knowdedeaat al yst and bi sphenol A

be used. The acltf BIASEDE R ENEHARKR MBS ArbToCoTOr PAPUREAEPPDIFIOh hed and
ot oduchng "HReBARIT ok a5 S gt MGG AEFiePRRRRDA AnG PRERG FRbuRy

15 The saanel BoRNIOITBP BufrfRpE A b Hill S Abkaef B delE pBeRabhficL a1y
[imted Aok 3 4 HreSaide0Bt SHCRANTE TR tHladdle & Yhhld GdfidpkyPe 1S a

strongly aci exchange resin having su ic acrd group. anpl es

of the catgolA-1RysidaBESaratfon adfd trBfovithd PHenoRCirbind P oliAC b&ﬂ?pﬁyhé onat ed
copol ymers of styrene and divinyl benzene) sul fonated 20 crosslinked styrene

pol yners, vwiieedh thepratelshaniepised fornfingdd thye@Sifithedidtiuct of bisphenol
benzene-f or mal dehyde-sul fonic acid resins. The above resin may be used

si ngl y0or A rarmbphienal iinna afrystadline domidétion ror fae fibtee sbyitfilséing plergineral , a
mercaptan is used as the cocatalyst in conbination with the acid-type ion
exchange msdgrny. of iepRénaeied bheemprising thenpddwmet dfhisphesil 4mmdpphendlhe free
formin the nolecul e. As the nercaptan, alkylnercaptans and al k(ill
ner capt andnm crysdelling eandisignt withetheufiliert washingutlte kayer afitbveyaddpatup,
am no group, ﬁné:l)“by rroxyl group such as nercaptocarboxylic acids,

i %l

ani noal karf&t ng Lippdq dissalinadihe laysp of dhgsaddugtyehigined efterne

r n.,nclude . . . . .
mer capt a the wagnng in a solution comprising phenol, producing phenol slurry of

15 bisphenol A (2) comprising the adduct of bisphenol A and phenol in a
crystalline condition by crystallization, and separating the adduct of
bisphenol A and phenol in a crystalline condition by centrifugation of

phenol slurry of bisphenol (2).

20 THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE
INVENTION

In the process for producing bisphenol A of the present invention,
bisphenol A is produced in accordance with (A) a step of reaction of phenol
and acetone, (B) a step of removal of water formed by the reaction and

25 substances having low boiling points of the unreacted raw materials, (C) a

step of concentration of bisphenol A, (D) a step of crystallization and



"al Kyl nercapt ans such as net hyl nercaptan, ethyl mercaptan, 5 n-butyl nercaptan
and n-octyl nercaptan~ thi ocarboxylic acids such as thioglycolic acid and
(3- nmer capt opropi oni ¢ acid am noal kanet hi ol s such as 2-am noet hanet hi oh and
‘mer capt oal cohol s such as mercaptoet hanol. Anbng these nercapt ans,

al kyl mercaptans are preferable fromthe standpoint of the effect as the
cocat al yst. The nercaptan may be used 10 singly or in conbination of two or
nmore. The nercaptan may be fixed to the acid-type ion exchange resin and

used as t isoliddéquidl peparation,afBure etept bf dissalupioan ¢rystalliegtion) and
general, in_the range of 0.1 to 20% b%; nole and preferably in the range of
1 to 10% splidoiquidseparationofithe addwehof bispheaobAcand phensl, (2 arstap
material. The rel ative apoun of phepol and agetone are not particularly
o ted.  eEdReltRs t/ahfwm%t@fats Shermeval of pbewlrﬁem bephamol ks 1 of med
bi sphenol A econo . referabl e that the anmount of unreacted
acet one isanég@nﬁrsﬁepa@mlﬁﬁgg .Therefore, it is advantageous that phenol
20 is ysed in t. r hGhi.ometrd ¢ . unt . _+n,general,
3 to 38 ol eo. anRAPdpdEPBlel B8 ryBRuGhBHTHIRIEN 4 BiR B MeorbRaloT e o
acet one. IiP thBgoRsweiust i on of bi sphenol A, in general, no solvent is
necessary ftor tﬂe reattion unless the viscosity of the reaction liquid is

excessi vel YAUr @abp @F réd&idreaction is conducted at a | ow tenperature such 25
that the operation of the reaction becomes difficult due to freezing. The

condensati on r gactheostepfof HBEARSN, kbrRS ¢h GRCeXtaYs Aendiftitthitd GEetdne d4r8 _
accordance with any of the batch process and the continuous process. It is

advant age@oadthsdd ihehd pxestnoe df anrddidicaiasalysdaadsbibphevlcA i farniehction is
conduct ed whil e phenol, acetone and a nmercaptan (when the nercaptan is not
fixed1fo &hs the deidipeatadysterachaciddypedon)exahange cesihiaamobis lugedupfhieed to a
reaction colum packed with the acid-type ion
acid-type ion exchange resin is not particularly limited and acid-type ion
exchange resins conventionally used as the catalyst for producing
bisphenol A can be used. From the standpoint of the catalyst activity,
cation exchange resins of the sulfonic acid type are preferable.
15 The cation exchange resin of the sulfonic acid type is not
particularly limited as long as the cation exchange resin of the sulfonic
acid type is a strongly acidic cation exchange resin having sulfonic acid
group. Examples of the cation exchange resin of the sulfonic acid type.
include sulfonated copolymers of styrene and divinylbenzene, sulfonated
20  crosslinked styrene polymers, phenol-formaldehyde-sulfonic acid resins
and benzene-formaldehyde-sulfonic acid resins. The above resin may be
used singly or in combination of two or more.
In the present step, in general, a mercaptan is used as the
cocatalyst in combination with the acid-type ion exchange resin. The

25 mercaptan is a compound having SH group in the free form in the

molecule. As the mercaptan, alkylmercaptans and alkyl mercaptans



"exchange resin, is used. In the reaction, a single reaction colum or a
plurality of the reaction colums connected in series nmay be used.
Industrially, it is advantageous that the fixed bed nultistage continuous
"process using at |east two reaction colums which are packed with an 10

aci d-type ion exchange resin and connected in series, is conducted. The
reactions condition in the fixed bed continuous process wll be described
in the following. The ratio of the anpbunt by nole of acetone to the anount
by nol e ofhayiega@t least ¢me gubstitientsuichcasdathoxyhegroumngemiio gra® aodl/ 3 and
preferably in 15 the range of 1/15 to 1I5. Wen_ the ratio of the anmounts is
smal | er t Hdrexgograuesuch as merpaptorarhoxylic tacads,t amineslkanethipk and
excessi vely sl ow. en the ratio of t amount s, exceeds 1/ 3, there is the

t endency t‘ﬁ%‘f"apﬁ%alﬁ fit CAR DB HERLi n%fﬁaimnﬁl’)]ﬁ ?%égéag@é’c%ﬂﬁé‘q Aaclydeectivity

on 20" oxCHSFERIEERFIES & h SR | o0t ¢ M IAHORRCoR ol o SERVIRATERRIA 1o 1 h
b ' | ected. i |, inR.the. f 0.1/100

o 20/ 100 BRHCHP AR i e STEReantay TP Brbotilio R e as: at o of

: i | 3Tt e ra

o oot of TimYTTE R A ferkad WhrobOTAE bl (3R aBRRGIRIAY shider OF 4 | ¢

25 not sufdf-hRiiRAdthanetitioli tafh MRS pttbglcaﬁargo sdkht B8 alﬂ@ib‘éb?oe%ﬁﬁ fls

20/ 100, the effect 1s not exhibited to the degree expecte romthe anount.

7 The rea@bhgn thed@ametdipahs, BhkFlnh&daptdhdaiRr PrefdrAbledrémnaBeof 40 to
150C and preferably in the range of 60 to 110C. Wen the reaction

t enper at urstandpdinterf theaeffd@dCGs the coemtalysan Thesmevcaptanhemasr be tused
viscosity of the reaction fluid is great and there is the possibility that
t he 51Peasingly ayintembinasioh dfitvosst, moreasi onal | y. \When the reaction
tenperature exceeds 150C, controlling the reaction becones difficult.
Moreover, the sBheaérgaptarnimay hehBred ta he pridcympeoiondpxcheangeasesinand t he
aci d-type ion exchange resin of the catal yst nay be deconposed or degraded,
occasi onaland usedses the eogqatalyiséh hourly space velocity) of the 10 mixture of

the raw materigl,s is selegted, in general, in.the range .of 0.2 to 30 hr-1
and preferabl yaﬂ'}he ?Wé’“lnéﬁ’géﬁﬁfn@'.cﬁ tan ypselected, ’(nagerﬁrég iy thediamgs| of of

bst i il ints .In.th t | qf bgt
havi ng | od)-bab PO bEapRBend ReBREh R ot tsnaneedh b te SR e iR eno A
whi ch qi t i I i f . A ist ted f
relm(;vfellFSo%s%gflgﬁgggBﬁgﬁ%hggIug\%vdégﬁ?’%kgqrp%aﬁéésﬁIEl %hlesba'[ gﬁ Srocg;s, t he
step is conductmgh ipBlathe SHRUAREdf3henol and acetone are not particularly

limited. From the standpoint of the easiness of purification of the formed
bisphenol A and economy, it is preferable that the amount of unreacted
acetone is as small as possible. Therefore, it is advantageous that phenol
20  1s used in an amount greater than the stoichiometric amount. In general,
3 to 30 moles and preferably 5 to 15 moles of phenol is used per 1 mole of
acetone. In the production of bisphenol A, in general, no solvent is
necessary for the reaction unless the viscosity of the reaction liquid is
excessively great or the reaction is conducted at a low temperature such
25  that the operation of the reaction becomes difficult due to freezing.

The condensation reaction of phenol and acetone may be conducted



‘absence of the acid-type ion exchange resin, i.e., after removal of the

aci d-type ion exchange resin by filtration or the like. In the fixed bed 20
continuous process, the step is conducted w thout any further treatnents.
‘I'n the present step, in general, substances having | ow boiling points such
as unreacted acetone, water formed as the byproduct and al kyl nercaptane are
renmoved by distillation under a reduced pressure using a distillation
colum. 25 The distillation under a reduced pressure is conducted, in
general , iln ageerdoneti widhaoy of thecbatichepusicess 8nd dhgocdubinunus pracesper at ur e
of 70 to 8 . 180C. In the distillation, unreacted phenol forns an_azeotrope
and a portlitds sdvaHasgenetbabdhpraxesd bed ecantineens precess i sihieh dhet he
system fromthe t.op of, the colum in conbjnation with the substances having
Fow boi | i TEREEPRHS copduetads while; Pheagl; getare aad gometsapian fhen oo

t enper at ure_of § t he sou Cﬁ o% Qeatin L@_ke t.at 19QC or Iome5 so t hat

heat decordPSXPIAN &F BPLpRERAI A PL AATEPRqOThs C¥RANEE: FESHY ATt he

apbr 25 ok RGN PR 0 RS NP 818 R i e ©
eVt g SHBSBRe SR oo BBRRDE AT RO EREAR B KL E

phenol is H1aMRNGd FNthdi 2BLEPA! cdluntns VonBBELA §- sdiiés GRAYI bbopsad. the
concentration is not particularly limted. In general, the distillation is

15 conductlpdustrially citperaivanta gdouabihisit theFiicd Bdd maltstager@ntiivpual 5 to
70 kPa. When the tenperature is |lower than 100C, a high vacuumis
necessary.prébess ubmg abfeastt twe reaction scolufiis whiahy are gfackedewsthvanheat is
necessary in the follow ng step of crystallization. Therefore, a

t enperlét urasidniiyse thn exchanigewresmage cosnedted pn ebresbiseontiucies. pr ef er abl e 20
that the concentration_ of bisphenol Ain the concentrated residual |iquid
is in the rangelkf reactianssemnditiondngthe fxefl hed coptisuenarpcess wHt beange of
20 to 40@%ﬁ§ wgight. en the concentration is snmaller than 20% by wei ght,
the recovetdpcpbediinghedollowing snal|. Wien the concentration exceeds 50% by

wei ght, transf of a sLurry obtained by the crystallization 25 pecones
difficult. 9 %rﬁgakﬁre%WMSﬁ?a%fﬁﬁcsﬁwém -fi"inﬂHFl&%é’éﬁa AL on I'n

h f L1 i lid-1iquid I h f
bi sphenol PRl ST Refited fn ke snet Bf TRV HaCH BRSTPFYEIibe or r oo
t h i i .
concentr a'hd TiEeCHEHble Pa NThf shé TP GRLORghAR | RN Bans (i op
(Q. In thesgr ﬁ?éi’@tissth@&)oslgﬂﬁlit:}p@H@ﬂ‘%lgﬁgfﬁggﬁﬁisdéﬁ?éeséﬂvgw SlowS OWlepd tO

about 40 to 70C to crystallize the p ct and a slurry is obtained.
The cool i nfhenBati® cofC el Uaheantdy enédodd ¥/3)eitfereXigheioaenadéndyehatitthiede or

amount of formed impurities increases and the selectivity of bisphenol A
decreases. When the mercaptan is not fixed to the acid-type ion
20 exchange resin, the ratio of the amount by mole of mercaptan to the
amount by mole of acetone is selected, in general, in the range of 0.1/100
to 20/100 and preferably in the range of 1/100 to 10/100. When the ratio
of the amounts is smaller than 0.1/100, there is the possibility that the
effect of improving the reaction rate and the selectivity of bisphenol A is
25 not sufficiently exhibited. When the ratio of the amounts exceeds 20/100,

the effect is not exhibited to the degree expected from the amount.



10 'in accordance with the crystallization with cooling under vacuumin

whi ch water is added to the concentrated residual liquid and the cooling is
achieved by utilizing the |latent heat of vaporization of water under a
"reduced pressure. In the crystallization with cooling under vacuum water
in an anount of about 3 to 20% by weight is added to the 15 concentrated
residual liquid and the crystallization is conducted, in general, under the
condition of a tenperature of 40 to 70C and a pressure of 4 to 16 kPa. Wen
the anount of vEhereddtioanteamperathemis3selpstedeinigenerdleimbh¢ rapgeodf dénovi ng
the heat is insufficient. Wien the anount of water exceeds 20% by wei ght,
the | oss dp BilSphandprafesgbly b theirange 20 60der BHYEs. Whendherrgactianamunt
of water outside the, ahove r%nge is not preferable. Wien the tenperature of
the cryst dempeEatyie iss lowar thapad04dcthe Hepetipn ishalopns sMereqvey, tthat t he
liquid for .the.cr allizati has an jncreased.viscosity..or s solidified.
Wien t he t"éwé}tat%'fftileo#eaeﬁ ndfyid 18 great Ang, thexe i tae poesibilily thathey

bi sphengol IS ion 25 inpgreases. Therefore t enper at ure out si de

t he abgve @g%%,qi ssi'%%)et%prlgf esrozynqﬂ;élf3 ’10°ccaf51n°nta%1§' pr e?s%ﬁ?ni Eggnt’iegﬁgof’he
slurry co ol h o] u | C i J IS
separ ot od FamerRpe B uRClS30 EhnARAld THe YedoBnTbURk I

crystal | i 2gbi OfHe2d ) - i j ' gt i on of
Subst | ¢ ut ot E ALY Bf DR ALK (Gl o) BpBehsbSoli e |
conpar i somcid-tfipd enC ertlid Agtoabkian AUthd LatilystemaynBe HBEYHHSe 02N t he
surface of crystals and between crystals can be effectively renoved. A
portion ofddghadedt besasionally ATHSVYy&hal ligaid hotirlgospsienvélgcitiynef ahyst al s
passing through the filter nay be recycled to the reactor w thout further

t r eat dOnt snixkiré efishe aapomaitemalsf istdedected hiar gerferhl, gnathenmyn geeoft0.8abed wi t h
an al kali so that phenol and isopropenyl phenol are recovered. A portion or
the enti r@%hb‘dmncgprefneabmunéhe|r'aqg@|ofﬁs@/tobleo brehted for isonerization and
recycled to the raw materials of crystallization. By filtering phenol
slurry of bisphenol A (1) which contains the 15 adduct of bisphenol A and

phenol in e ¢crystalline condition wwth a filter, a |ayer of the adduct of
bi sphenol (kyar%ﬂéwéﬁsmq"ﬁlf) %‘iﬁt?%%\l\ﬂl?ﬁé‘gcl%w&ql 18& PO Bor ed on t he

filter. The | f the adduct s t d.wi th hi iquid. As
the washi ng |1 dih e Hirerek “einl T artoieaRs 16 aher BRI ot op

é?%s? i) ?%??%ﬁ%%%%? BBt G RbEhal ARG B ablhified o8 GrEL 78R ol
and Che. wachriidh 8P gicp) GATE G0 roold) L UERARLE AR INE ROYEET oo

kPa so thgjoihtie Thachd Yateh pivbsds! ttHe! sBpWst borddifte®@!inCille lsibbiGiteased. 25
It is sufficient that the filter used for the filtration has an opening

whi ch can ggpatatsf tHee aeid/eipd fon AXcBARES Sevhl, Vi@l @dterOp&bvgl afcthan 11
excessively small opening both cause a decrease in the efficiently of the

filtratioraciddypbton rexehpnge wesinhbyi filgratidn ok thier liky) I the fitdddedve t hat
the crystallization and the solid-Ii gui d separation are repeated in a

pl ur al20t y condinuousggocdss, thestepas enndiietedrwitbont afy furthiee tedadpenits.
crystallization and solid-liquid separation of step (D) and the

di ssol ution, crijsthe pregant stepainlgenerad. subsinacesdpiringilow heilingpoimtguct of

of el L1 ng WP bt RAEPAsEed  BREIORS, aRaMI IO cHe r ity BYDROAISheABH 1 1 o
bi sphenol a@kgfmesltc%%tfg@ aall'gere%?cl)’]\getéci)gfddisti]lation under a reduced pressure
using a distillation column.
25 The distillation under a reduced pressure is conducted, in general,

in the condition of a pressure of 6.5 to 80 kPa and a temperature of 70 to



10 (E) Step of dissolution, crystallization and solid-liquid separation of
t he adduct of bisphenol A and phenol The phenol adduct crystallized and
separated in step (D) is dissolved into a solution containing phenol. The
"solution containing 15 phenol used in the present step is not particularly
| imted. For exanple, phenol recovered in the step of concentration of step
(©, the washing liquid of the phenol adduct formed in the crystallization
and solid-liguid separation of step (D), the nother |iquor obtained by the
sol i d- | i quUi8®°Cepdnattieodistillation, cuyrsagtdd pbanphforms addazeotzore vmd aashi ng
liquid of the 20 phenol adduct .in the present step of_ste? éE) and steps

f ol | owi ng PN of) theuprepcted ghenph i pemeved dat thet ewtside, of ¢be ystam

phenol | addun e tap el Fhocalusoia orgRaHoRTEt (B TGS PHIESRBEION Ui i on
i ni . Sph I hayi ng. . ' f bjsph I f bl

For the cRRHSE PEBS: ot i isiladie o HneSeAile (Bat Sha fempera v 2k on of
or P ERRPE | . . |
phenol 5ol e poRFeREHELAAE is BB 2L RD-CXraRSelES ShAERER: HERHMATRGR A oo

phenol in [ jti ' ' | I y of

bi sphenol OEIB?%H%%E%IJS ggﬁggis.cr@%g?%%@hg@ﬁ%@éﬁ%ﬂ]&% s%egIsEII% Ii’ at a
rel ativel \Sr9804 9USB2E WnA SBRSNBL, avbUided, of bi sphenol A (2) can be handl ed
relatively easily and is suitable for filtration with a filter or for
centrifugation. In the present invention, the content of liquid can be
decreased in accordance with the centrifugation and the load in steps (F)
and (G an@) iStepaficonedretration step (G can be 10 decreased. The
centrifugal force used in the centrifugation is in the range of 200 to

1, 20016 and pr iter dijuidi at tthe battgm of @G0 coburhnO6btainedley temeoviagt ri f ugal
force exceeds 1,200 G, fragnentation of the crystals takes place markedly
and the | cabstancenchavingtlawsbeitingnpeinte drom tthet teaction mixtuge |cogtains

i ncreases narkedly due to the fragnmentation. Wien the centrifugal force is

smal | er t Pasphenold andphemel-o By gistillation guder prredneed pyessare, phendases

mar kedl y. .Thereforge, a,centyifugal .force outside the above .rangge |s not
pr ef er abl &% Wén?YFéfvﬁ%iﬁ?IﬁpI‘?%\‘IIi 3?&“??‘?@“&?&%& éﬂb"ucﬁonéié‘ﬁ%a?fgd‘hﬁy t he

concentration is not particularly limited. In general, the distillation is

15 conducted at a temperature of about 100 to 170°C and a pressure of 5 to
70 kPa. When the temperature is lower than 100°C, a high vacuum is
necessary. When the temperature exceeds 170°C, removal of excessive
heat is necessary in the following step of crystallization. Therefore, a
temperature outside the above range is not preferable. It is preferable

20 that the concentration of bisphenol A in the concentrated residual liquid is
in the range of 20 to 50% by weight and more preferably in the range of 20
to 40% by weight. When the concentration is smaller than 20% by
weight, the recovery of bisphenol A is small. When the concentration
exceeds 50% by weight, transfer of a slurry obtained by the crystallization

25  becomes difficult.



20 centrifugation, phenol recovered in the step of concentration of step
(© may be used. The above procedures of crystallization and solid-liquid
separation of the phenol adduct fromthe sol ution containing bisphenol A,
"di ssol ution of the phenol adduct using the solution containing phenol and
25 crystallization and solid-liquid separation of the phenol adduct are
conducted at |east twice. 13 (F) Step of nelting by heating In the step
of nelting by heating, the phenol adduct crystallized and separated in step
(E) descri(®8d Stepvef arystadlizatiorbgni seliddiguidseparatian ep, the phenol adduct
is melted by heating at about 100 to 160C and a 5 liquid mxture is
obtained. (G Snethestepertrnyystglivzation and solid liqwigd separation; the addwes) |

h | i db isti,llation under . duced bi sph I A
P The moltfclariieanliSnand BBerelpcraanvenamaare o el | arrdontiiter a
reduced pressure is conducted, | ner al , er the conditjan of .a
pressure irﬁ%‘?rﬁggrtgnﬁ%gg? eQ0] gd@gg %F@yﬁﬁjﬂg"‘{ @ﬁllae?eﬁad‘gée‘i grqm];thpange of
150 190 ' : funrt h t tripping.
5 (+) S5t agnstiipte e RiaP RGUR, obBRoRE sh Yol e RS p R B b Rb P c”

nmel ted congiytion obtained in step (G described above is formed into liquid
droplets, cooled, solidified and fornmed into a product by a granul ating

appar atus such @ tRe Preddntdsted’ -thEhGorcbfittiated eRidtal R Eid & B&sledWoSPr @Yi Ng
or scattering and
about 40 to 70°C to crystallize the phenol adduct and a slurry is obtained.
The cooling may be conducted by using a heat exchanger at the outside or
10  in accordance with the crystallization with cooling under vacuum in which
water is added to the concentrated residual liquid and the cooling is
achieved by utilizing the latent heat of vaporization of water under a
reduced pressure. In the crystallization with cooling under vacuum,
water in an amount of about 3 to 20% by weight is added to the
15 concentrated residual liquid and the crystallization is conducted, in
general, under the condition of a temperature of 40 to 70°C and a pressure
of 4 to 16 kPa. When the amount of water is smaller than 3% by weight,
the ability of removing the heat is insufficient. When the amount of
water exceeds 20% by weight, the loss of bisphenol A by dissolution
20 increases. Therefore, an amount of water outside the above range is not
preferable. When the temperature of the crystallization is lower than
40°C, there is the possibility that the liquid for the crystallization has an
increased viscosity or is solidified. @When the temperature of the
crystallization exceeds 70°C, the loss of bisphenol A by dissolution
25 increases. Therefore, a temperature outside the above range is not

preferable.

10



20 ‘are cooled with nitrogen or the air. The process for producing bi sphenol
A of the present invention is characterized in that the filtration is used
in the step of crystallization and solid-liquid separation of step (D) and
“the | ayer of the adduct of 25 bisphenol A and phenol in the crystalline
condition fornmed on the filter is washed with the washing liquid. Due to
this operation, the fraction of 14 substitution with the solvent can be
increased and inpurities on the surface of the crystals and between the
crystal s are eflbethd peesentdmyontionSthe slutry eontaiingddei phenael addurti n t he

step of disso]Jution, crystallization and solid-liquid separation of step
(E), the ﬁ@wwfh%@rﬂstgmatlpg is separated dntothe phanal adduchanddhet ep of

melting by heati of step (F d j.n the step qof renovin Eé’\enol_ from
bi sphenol %Ofg’rersﬁabm( G? t@sn&‘é@t‘ﬂﬁéw% PNIANIRG RHNTB Hcfébgw trgfion.

bi sphenol is.separated frgmthe reactign m.xture he adduct .of . bi sphenol
A and pher@Pc%gﬁe E%acil’r“ﬁ ?:é%‘ﬂfﬁtyuﬁt?@ovbt&'eﬁ‘ef ?‘%W?’?th‘éd'}ré? HBFrqaiSﬁédP the a2 hi gh
puritygin e W rese |k ion.; The esent,invention
will bd def?glﬁ%goggq%nrcé\én %5%5?& é’g‘:}f)yt%\% tg%nérrgﬁ(%g 190 dyging, g‘kﬁl Fashing o
fol | owi ng.in{PANBNES - o NPT igfV ERLGH AR IgSidn bay, t t exanpl es.
15 Prepar z;ti on E%rr%l e Teg Sgﬁ?%%ctdgr @%’gcﬁgd av?ladt ?e%\ggé% glglsgglgatgggn)ﬁgxchange
resin, pheflctidblyd rediove@f A gmtigﬁ héf tRE ahetiferaliqlof afecrsdthltizatioand

ethyl mercaptan at a rate of 16 g/hr were supplied continuously while the

t enper at urcent@inike Fineaérysbils pHicingCellough thexfiltef m¥es bk raBwdled tedhko t he
step of renoving 20 substances having |ow boiling points so that substances
havi ng | owehciori withooit nfustlsen treatimegmtsinr Adcleadt ac pbptien asf the msther
conponent were renoved. A reaction product after the step of renoving

subst dAcediduorimgy lbevirbaiedi withpan ailsalivko thatcphemolred isoppépemylpkemold phenol
as the main conponents was obtained at a rate of 4,640 g/hr. Fromthe
reaction ZBegesenrred. a Appertiamovfthplente ameuntabihel r lidworcmati ti on of
a terrpera\tkége of éG C and a pressure of 53.3 kPa and the resultant 15
sol ution tremieendont samesizagion and Jssydad, 50 the orvbi materials ofnas
adj usted at 30?%#\/& ght. To the concentrated sol ution of bisphenol A,
wat er was EIHEY 4P he crystallization is conducted by cooling at the

tenperature of @%l'tlenrQSé p%egnrorli sqgrryTgf' S[iisp nena})(ii dXC(tl) vaVhB:ihs Qgr?trécl)rlls Ath%nd

15 adduct of bisphenol A and phenol in the crystalline condition with a filter,

a layer of the adduct of bisphenol A and phenol in the crystalline condition
is formed on the filter. The layer of the adduct is then washed with a
washing liquid. As the washing liquid, phenol recovered in the step of
concentration of step (C) or a washing liquid obtained after being used in

20  the dissolution, crystallization and solid-liquid separation of the adduct of
bisphenol A and phenol of step (E) may be used.

It is preferable that the filtration and the washing are conducted
under a reduced pressure of about 40 to 90 kPa so that the fraction of
substitution with the solvent is increased.

25 It is sufficient that the filter used for the filtration has an opening

which can separate the crystals. An excessively great opening and an

11



5 phenol was separated by crystallization. Exanple 1 The slurry of

bi sphenol A and phenol obtained in Preparation Exanple 1 in an anpunt of
3,000 g was poured into a filter having a 10 stainless steel net having an
“openi ng of 63 um and heated at about 60C and filtered under suction for 60
seconds. The obtained wet cake had a thickness of about 83 mm A portion of
the wet cake was taken, washed with hexane in the sane anount by wei ght and
dried under a reduced pressure at the roomtenperature for 24 hours and the
wei ght of ex¢esdvelydssmallenaning hethmsasaradecmaseia thesefficienthe of dbeent of
the i qui c}_was.found to be 24.6% Separately, 300g of the wet cake was
taken and Hit%?ctéqp-on a filter having a stainless steel net having an openi ng

s pout oa 1 nt o4 REVH & CHORHG BAVERE & JithFeGIT Jf InPHEPopRahal s Kopt
:8§k féol f?ﬁc???%&%%%ﬁﬁ% %ltr\faiéhe? g figg %Eé%re _ w&”?ﬁéa‘?ﬁ?"s&qpﬁ% p??téélfts;ﬁré? it
deter m5ne irllﬁ%gbo?%gc}llg wsgﬂp?ﬁgéﬁ%hi%ﬁ%%?%ér)rgﬁﬁgggﬁ Stéﬁgdzaﬁ?&vﬁgﬁf ound
that 98. 4%oﬁa-1@3g§d£%ﬁ59§§ﬂ SIR8H (DY itk tH RistBluth Sryialkz i aglved 1Nt o

250 g of phenol wat er” at In utron a Harzen
i ndex of ABHEelighidldfaratidnd theHddRet of Be&spHenol A ¥#d PhendBbf S2paD
conducted by cooling the solution at 45C under stirring and a sPurry

cont ai ni ngareh@ndddtiel avleast swivenohe Stopnef PBENDE bydteatliigtdfetdp (FPaadcy! i nder
made of stainless steel, a netal net having an opening 5 for filtration of
100 ~m washatsteg o€ dembwalbof e ol [from displeatob A aft st6p OG) aredvadeetedt he sl urry
obt ai ned above was placed and the cylinder was rotated at the maxi num
centrilfugal force of 400 G for 40 seconds. After the prescribed tine, the
rotation of the cylinder was stopped and the content of the |iquid was

measured 489 ffeRdf dispelutionycrystablizgition and sobiddinuidrrepazakien wfshe

aunt of ARG heRel ASdpheRdr nao ot ated at the mmdmum. O
The 111trate walisBheRala adHier (waBIRgN, PR apounsatd toorter (L & "
After  phoriPShikEE BIOUE sturifh BORAR G Blitadl® 2Fhe RTufO edtab BB °1 pa

(at aqke I f: | g o} was
reasured Sapiaangtin he Hreghifs R Hot Rart U AL HRhith FOPLSRRIRIE, ™

obt ai ned ighdiotP@icavd el FXIAR! fep dRSoRleRERRid bP ét@ﬁ @nthe fdv'&élﬁin%w i nder
described in Exanple 1 and the cylinder was rotated at the maxi num

cent ri f ugdiquidr efetitf pAeRolGaddiictXoraraciidthe ¢hsstallizatidadan@tsolidhaylidd a
content of the liquid of 5.7% and the fraction of substitution was 82% The
wet cake veepasdation! ofedtdpn(D),25Re gnotharhligabr 2btaimdd6 by tlie wolidrliquid95C.
After cooling and crystallization at 45C under stirring, the resultant
product weepsuvbfien of dhe erystellized: phénaadiduct andtthe washing liquid of the

20 phenol adduct in the present step of step (E) and steps following step (E),
may be used.

In the present step, the solution containing phenol is added to the
phenol adduct obtained in step (D). The phenol adduct is dissolved by
heating at about 80 to 110°C and a solution containing bisphenol A having

25 a concentration of bisphenol A preferable for the crystallization is

prepared. By dissolution and crystallization of the layer of the adduct

12



~maxi mum centrifugal force of 400 G for 20 seconds. The content of the
liquid in the obtai ned wet cake was neasured and found to be 4.3% After
phenol was renoved by distillation under a reduced pressure in accordance
‘Wi th the sane procedure as that in Exanple 1, the ambunt 5 of the
2,4-isonmer in bisphenol A was neasured and found to be 0.2% As descri bed
above, when the solid-liquid separations in step (D) and step (E) were
conducted both in accordance with the centrifugation, the adduct of

bi sphenol obtamkdobetbé wanlidg st ddseribed mbevedphenoh dlherynof bispheholiAr of t he
reaction at _a high purity. 10tgon“garat|ve Exanple 2 The slurry obtained in

Prepar at i d@) Eeatpinengetbef addesteof bisphovol durasl phenol e thenerystdbisdur es as

t hose descri ed in E%lfa“g‘{; 1. The obtai ned wet cake was di ssol ved i nto 255
g of phendiongidorigo er 15 at 95C. After cooling and crystallization

et 4ﬁ§vF2§e[ Ezt%%‘e Pg‘ﬁé‘fr : rrifjﬁa'fbeagm%wﬁ?@%ﬁ) RiRPB erape gdgﬁgc%é}é’?hggt 2
inder 4 1 Wt Bc® "aﬁ L SisPesify hch oeleh eé%ﬁ?vﬁt?lﬁ’ﬁggﬂ&?a@”‘e’%ﬁgsséw 55 hat Oinn
20 Exanpl 601%% mw)qtca%f be. h Fldf1 fr‘%{ve'l eas? h%rr]l(al 1sepvif%bqg £

descri bed a the 'so separ tions in st step (B

wer e condtmtt%apwat enﬁ]Q&xﬁBP?d}C%rn‘gi;{fﬁl% ﬁ&f'ﬂ& Pé‘éenltfﬁvdé}m(g& @ adduct

of bisphenol A and p ont ent o e i qui | oad in
the step Qlont@ht b lighyd REaA! bddeHeast®in (docordihcel Wlt#tl"@&él'lﬁ'ﬂ*u%ﬁtlohn the

step of renoval of phenol in bisphenol A of step (G increased
and the load in steps (F) and (G) and, in particular, in step (G) can be
10  decreased.
The centrifugal force used in the centrifugation is in the range of
200 to 1,200 G and preferably in the range of 300 to 1,000 G. When the
centrifugal force exceeds 1,200 G, fragmentation of the crystals takes
place markedly and the loss of the crystals accompanied with the mother
15 liquor increases markedly due to the fragmentation. When the
centrifugal force is smaller than 200 G, the content of the liquid in the
crystals increases markedly. Therefore, a centrifugal force outside the
above range is not preferable.
As the washing liquid for the phenol adduct separated by the
20 centrifugation, phenol recovered in the step of concentration of step (C)
may be used.
The above procedures of crystallization and solid-liquid separation
of the phenol adduct from the solution containing bisphenol A, dissolution
of the phenol adduct using the solution containing phenol and

25 crystallization and solid-liquid separation of the phenol adduct are

conducted at least twice.

13



18 Example 2 In place of the stainless steel net used in the filtration
in Exanple 1, a filter cloth made of pol ypropyl ene having a thickness of
1.3 mmand a 5 degree of air perneation of 73 ml/cnR2 (manufactured by DAl WA
"BOSEKI Co., Ltd.) was used in the filtration of the first step. The

obt ai ned wet cake had a content of the liquid of 25.4% and a fraction of
substitution of the 2,4-isonmer of 99% The adduct of bisphenol A and phenol
obtained after the centrifugation had a content of the liquid of 4.0%
After phendF) 18tepsf mestbngdyblyeatisgi | | ati on under a reduced pressure in
accordance with the same procedures as that in Exanple 1, the anmpount of the
2,4-i somer in dHinsphestep Afvasltmo by, heatusTthenph, nddset cnystaBized

accordance wjth the process r. praduci ng bi.sphenol (A of the present
nvent i on, ARt &RREATRR GR s&faps(bgéieism pGribare Hs tpelted bycheating hin dksp of

crystallization and saligd-1iquid separation of ste is increased and

i npuriti esS%SB’ ﬂ”f?epgﬁ?ﬁa%‘gd‘fﬂﬁ? Hﬁe]z‘l@&' gFesatH}ﬁjabéi’Wg%&% e mgt%ﬂl dcan be
effectivel1¥ r.gtmv d. The%cont(fnt of the liquid in the step of dissolution,
20 cryst al TYYLPEHUER & QR8T qui d separation of the phenol adduct of step

(E) is decreased and the load in the step of nelting by heating of step (F)
and in the step of renoving phenol in bisphenol A of step (G can be

decr eased.(ghhes @b USenidvife SREefaNCEe Wi th the present invention, the adduct
of bi sphen(op A a?ﬁ)d phenol1 %gn ge recovered fromthe nother |iquor of the 25

reaction efficipnthe stdp af Hegdovithlg iphénol, pheddlAsMamoved By AfigHNatidh

produci ng bi sphenol A which conprises crystallizing an adduct of bi sphenol

A and phenohddr anréluydednptessalreltamh bidpHuneobhenal the Smelted heondifibhaisned by
reacti ng phenol and acetone in a presence of an acid catalyst, treating a
f or med0s| wecyvdreds ollhe- aAbayei distilpsivat underaa ded wsdvp regs pheivtoridusted, sol i d
conponent, wherein the process conprises formng a | ayer of the adduct of
bi sphenol 1n genkrphennden tha congidical bf aepressuire irntheraageéidft BB toy18.8I t eri ng
phenol slurry of bisphenol A (1) conprising the adduct 10 of bi sphenol A
and phenolkP&andg (esmpenatuee twbag ranee of 130 tht999G.t cFhe wesidnabpheroll ayer of
the adduct with_a ﬂ/ashi ng |jguid, dissolving the |ayer of the adduct

obt ai ned d@Pehe furt %g?fpﬂije‘i Eyét%ft#‘&ﬂl@ﬁl%npri si ng phenol, producing
phenol slurry of bisphenol A (2) conprising the adduct of bisphenol A and
phenol in a crystalline condition by crystallization, and 15 separating the

adduct, cof BHs 0 enol in a crystalline condition by

centrill‘suga(ﬁ)o% (%)fféﬁ%%i‘%q?{hry of bisphenol (2). 2. A process for

produci ng bi sphen C i i rej (G t of the

filtration of l;;lﬁlegicl)? Aés??ﬁr%%%%@ﬁ%ﬂ%&}k?owgaﬁ{dﬁgg lfnﬁgt% Ocﬁggﬁllgﬁg of the

| ayer of t i ; i d reduced
y diRaBfUE s @)meﬂgbdéb%og;@ bﬁmlenoq hzcogg@ggglhﬁ 148060180,

pressure. 3. A process for producing bisp alm 2,

wher ei n atsolidafiéd and fokmelents htp’r%lih@ﬂbﬁfa @matiﬁFW@urmu@éwsgal A (1)
and/ or the 25 washing of the |ayer of the adduct of bisphenol A and phenol
i s conductspaaynitésr. a Theciguided wiplets dre BEmkd®Pdy spraying or scattering and

20 are cooled with nitrogen or the air.

The process for producing bisphenol A of the present invention is
characterized in that the filtration is used in the step of crystallization
and solid-liquid separation of step (D) and the layer of the adduct of

25 Dbisphenol A and phenol in the crystalline condition formed on the filter is

washed with the washing liquid. Due to this operation, the fraction of

14



4. 'A process for produci ng bi sphenol A according to Caim1, wherein phenol
recovered in a step of concentrating bisphenol A is used as the washing
liquid. 5 5. A process for produci ng bi sphenol A according to daiml,
"wherei n washi ng water obtained after being used in a step of dissolution,
crystallization and solid-liquid separation of the phenol adduct is used as
the washing liquid. 10 6. A process for producing bi sphenol A according to
Claim 1, wherein a portion of a nother liquor of crystallization is

recycl ed tsmbstitetionowifhorthe heolvestc thnnbefinpieasetl and mgparxities db the A
process for producing bisphenol A according to Claiml, wherein at |east a
porti on ofsuafanst elethe crpstalsoand besweenithatdrystals are effoetively dewowedsi ti on
with an alkali and recqvered as phenol _and isqgpropenyl phenol. 20 8. A
process f mﬁ?égﬁcﬁeh‘é“ gajunat ugedidn dhaistep wd dissalwtion, epvstallization east a
portion of a, mother |iquor of crystalli lon is isomerjzed and.recycled to
a raw mat @rqdalsoiﬁeﬁﬂk}léféﬁpﬁﬁaﬂ‘?%n‘?é Q!L'epA oéggsc?’bﬁenﬁr%ﬁlfg?n IRE enol A
accordizng o Claiym1 rejn the 25 filter i filter, havi a,stainl ess
steel Ret &erepsed and tié\?g?aﬁi %E}ée 5tfzepp?fl I?Bﬁb‘b%/ﬁ%ﬁ’@?t% of S%P (ﬁgﬁpgdé‘ss f or
produci ng /i ' .al Wher.el h entrifugal force
Gsed i n ¢ RSP BF porfloPaAbRA o din Billierin A'05HELIG Pnai edralSd.

ALLAY. AL AYY. Al AfedthibBl: b e,AM11%$%i§;}h£1}olA'  As Aberfd £ Aeofl 1REG) T =N (
przupkfa\ W ca] ca ca‘i ca]] caj] caJ ca] caJ ca]caj ca] caJcalca ce{]aca ca?ca] ca] cal c”a]
ca] ca] ca] Gahefigh Galxtal€ RHeCAl dial FAWAFRENGD A and phenol can be efficiently
recovered from the mother liquor at a high purity in accordance with the
10 present invention.
The present invention will be described more specifically with

reference to examples in the following. However, the present invention is

not limited to the examples.

15 Preparation Example
To a reactor packed with 600 g of a cation exchange resin, phenol at
a rate of 4,600 g/hr, acetone at a rate 280 g/hr and ethylmercaptan at a
rate of 16 g/hr were supplied continuously while the temperature was kept
at 75°C. The reaction mixture was transferred to the step of removing
20  substances having low boiling points so that substances having low boiling
points containing unreacted acetone as the main component were removed.
A reaction product after the step of removing substances having low
boiling points which contained bisphenol A and phenol as the main
components was obtained at a rate of 4,640 g/hr. From the reaction
25 product, a portion of phenol was removed under the condition of a

temperature of 165°C and a pressure of 53.3 kPa and the resultant

15



n?_1\ _{NdV[\"e| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c’\a] ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! >47f pF) | e"]

#Ht ##$S69RVBRVEEE{ vl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] c*a] ca] caJca]cajca]ca! &' ((,)1)y))*D*++4, P

--F. ./ 0HOMD17?223083344} xsni d_Z] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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10%& (1P- Lgtanolesy pteel neod@ving an opening of 63 pm and heated at about 60°C

and filtered under suction for 60 seconds. The obtained wet cake had a
thickness of about 83 mm. A portion of the wet cake was taken, washed
with hexane in the same amount by weight and dried under a reduced
pressure at the room temperature for 24 hours and the weight of the dried
15 adduct was measured. As the result, the content of the liquid was found
to be 24.6%. Separately, 300g of the wet cake was taken and placed on a
filter having a stainless steel net having an opening of 63 uym and heated
at about 45°C and 75 g of melted phenol at about 50°C was poured into
the filter approximately uniformly. After phenol was kept for 10 seconds,
20 filtration was conducted under sucking at a pressure of 80 kPa. This
operation was repeated once. The amounts of the 2,4-isomer in the
filtrate and in a liquid obtained by dissolving the wet cake were
determined in accordance with the liquid chromatography and it was
found that 98.4% or more had been substituted. The wet cake was
25 dissolved into 250 g of phenol and 6 g of water at 95°C. The obtained
solution had a Harzen index of APHA5 at 175°C and 20 minutes. The
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rotated at the maximum centrifugal force of 400 G for 40 seconds. After

the prescribed time, the rotation of the cylinder was stopped and the
content of the liquid was measured and found to be 4.2% by weight. The
10 obtained cake was impregnated with melted phenol (50°C) in an amount
of about one half of the amount of the slurry and the cylinder was rotated
at the maximum centrifugal force of 400 G for 20 seconds. The amount of
the 2,4-isomer in the filtrate was measured and it was found that about
100% of the 2,4-isomer in the adduct of bisphenol A and phenol had been
15 removed. After phenol was removed by distillation under a reduced
pressure of 10 kPa (at a temperature of 167°C), the amount of the isomer

in bisphenol A was measured and found to be 0.025%.

Comparative Example 1
20 The slurry obtained in Preparation Example 1 was placed into the
centrifugal cylinder described in Example 1 and the cylinder was rotated
at the maximum centrifugal force of 400 G for 20 seconds. The obtained
wet cake had a content of the liquid of 5.7% and the fraction of
substitution was 82%. The wet cake was dissolved into 250 g of phenol
25 and 6 g of water at 95°C. After cooling and crystallization at 45°C under

stirring, the resultant product was subjected to the centrifugation at the
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the adduct of bisphenol A and phenol could not be recovered from the
mother liquor of the reaction at a high purity.

10
Comparative Example 2

The slurry obtained in Preparation Example was filtered in
accordance with the same procedures as those described in Example 1.
The obtained wet cake was dissolved into 255 g of phenol and 6 g of water

15 at 95°C. After cooling and crystallization at 45°C under stirring, the
resultant product was filtered through a metal net having the same
opening and washed once. The obtained wet cake had a content of the
liquid of 23.8%. After phenol was removed by distillation under a
reduced pressure in accordance with the same procedure as that in

20 Example 1, the amount of the 2,4-isomer in bisphenol A was 0.020%.

As described above, when the solid-liquid separations in step (D)
and step (E) were conducted both in accordance with the filtration, the
obtained adduct of bisphenol A and phenol had a great content of the
liquid and the load in the step of melting by heating of step (F) and, in

25 particular, in the step of removal of phenol in bisphenol A of step (G)

increased.
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8 I A A e o Bt -
lg 10%% (a? filt/er c{% Qade of polypropylene having a thickness of 1.3 mm and a
5 degree of air permeation of 73 ml/cm2 (manufactured by DAIWA BOSEKI
Co., Ltd.) was used in the filtration of the first step. The obtained wet
cake had a content of the liquid of 25.4% and a fraction of substitution of
the 2,4-isomer of 99%. The adduct of bisphenol A and phenol obtained
after the centrifugation had a content of the liquid of 4.0%. After phenol
10 was removed by distillation under a reduced pressure in accordance with
the same procedures as that in Example 1, the amount of the 2,4-isomer

in bisphenol A was 0.03%.

INDUSTRIAL APPLICABILITY

15 In accordance with the process for producing bisphenol A of the
present invention, the fraction of substitution with the solvent in the step
of crystallization and solid-liquid separation of step (D) is increased and
impurities on the surface of the crystals and between the crystals can be
effectively removed. The content of the liquid in the step of dissolution,

20 crystallization and solid-liquid separation of the phenol adduct of step (E)
is decreased and the load in the step of melting by heating of step (F) and
in the step of removing phenol in bisphenol A of step (G) can be decreased.

Therefore, in accordance with the present invention, the adduct of
bisphenol A and phenol can be recovered from the mother liquor of the

25 reaction efficiently at a high purity.
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5  which is obtained by reacting phenol and acetone in a presence of an acid

catalyst, treating a formed slurry by solid-liquid separation and removing
phenol from a solid component, wherein the process comprises forming a
layer of the adduct of bisphenol A and phenol in a crystalline condition on
a filter by filtering phenol slurry of bisphenol A (1) comprising the adduct

10  of bisphenol A and phenol in a crystalline condition with the filter,
washing the layer of the adduct with a washing liquid, dissolving the
layer of the adduct obtained after the washing in a solution comprising
phenol, producing phenol slurry of bisphenol A (2) comprising the adduct
of bisphenol A and phenol in a crystalline condition by crystallization, and

15 separating the adduct of bisphenol A and phenol in a crystalline condition
by centrifugation of phenol slurry of bisphenol (2).

2. A process for producing bisphenol A according to Claim 1, wherein at
least one of the filtration of phenol slurry of bisphenol A (1) and/or the
20 washing of the layer of the adduct of bisphenol A and phenol is conducted

under a reduced pressure.

3. A process for producing bisphenol A according to Claim 2, wherein at
least one of the filtration of phenol slurry of bisphenol A (1) and/or the

25 washing of the layer of the adduct of bisphenol A and phenol is conducted
under a pressure of 40 to 90 kPa.

20



/z 109%Z& ()- L-109Z& ()- + 10%Z& ()-$z 109%&Z& ()- ""10%Z& ()-gVvvvw Wwww
wwxmbA\ t Z"10%1zH& () - 10Z 10Z 10Z< 10%Z& ()-6ml0%Z& ()-4"10%Z& ()- 2z
109%Z&' () - wwyyM 5| xV4nbAlla, "109%& ()-'\, "109%& ()- f,

109 ()-!N'109& ()-M N'109& ()-M Z"10%Z& ()-5|||||||}~~\:\'all
"109&' ()-,!N'109%& ()-,L10%Z& ()- 10Z 10Z 10Z< 10%&Z&' ()-!'1,

"109%ZZ& () -~Ck{zX6~\:\!!I\ 1"10%&' ()-'a'"10%& ()-'\"'"109%& ()-!'D"10%&' ()-Y
ID'109&' ()-Y "10%Z& ()-,{|~_@!''\ss10%Z& ()- 10%Z& ()-z 10%& ()- 10Z 10z
10Z< 10%Z& ()-'a 1"10%& ()-ux.ydE~_@!!\$z 10%Z& ()- ""10%& ()-Ilg

0Z& () - oZ& ()-10%& ()- 0Z& ()-apst}~24@ 107<
igo//ég 8_ é&ig@/égwo%%s_s%g);z ggg&gg@ﬁg) ?@ en(o)l gp:cc%)rding@to Claim 1, wherein
_10W&I 0)- !p\ﬂe-lrr;o}q'(g%\&?ré;i%ogzgeg)(; }:‘S’n”éé'@%ra]é’nzé bisphenol A is used as the

washing liquid.
5
5. A process for producing bisphenol A according to Claim 1, wherein
washing water obtained after being used in a step of dissolution,
crystallization and solid-liquid separation of the phenol adduct is used as
the washing liquid.
10

6. A process for producing bisphenol A according to Claim 1, wherein a
portion of a mother liquor of crystallization is recycled to a reactor for the

reaction of phenol and acetone.

15 7. A process for producing bisphenol A according to Claim 1, wherein at
least a portion of a mother liquor of crystallization is treated by
decomposition with an alkali and recovered as phenol and

isopropenylphenol.

20 8. A process for producing bisphenol A according to Claim 1, wherein at
least a portion of a mother liquor of crystallization is isomerized and

recycled to a raw material of crystallization.
9. A process for producing bisphenol A according to Claim 1, wherein the

25 filter is a filter having a stainless steel net or a filter cloth made of

polypropylene.
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10. A process for producing bisphenol A according to Claim 1, wherein

the centrifugal force used in the centrifugation is in the range of 200 to

1200G.
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