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FI ELD The present invention relates to a process of
produci ng bisphenol A More particularly, the present
invention relates to a process of produci ng bi spheno
A having . excel |l ent econom cal efficiency, high purity.
and an excellent hue. BACKGROUND ART Bi sphenol . A
[2;2‘-bis(4-hydroxypheny|)piopane] has been wused as a
starting material for producing a variety of

pol ynmers. In recent years, there has especially been

a. high demand for aromatic pol ycarbonates having

excel l ent | npROCESY e HROTOE N BTsmEpayiency, and

bi sphenol A having |ow coloring has been desired for

produci ng aromati ¢ pol ycarbonates. Bisphenol Ais

usual |y produced by reacting phenol with acetone in
TECHNE Opilesamde of honpbgenous acids or solid acid

catal ysts. The reaction m xture includes unreacted

‘aceTbaepresantatieenphemot el aet £r t @radecede skireo hgotdiucing

reaction, and other side-products in addition to
bispbepiedndl. AMoThepsalhcutanponedlbeoprepenti tevprtent s

IS 2-(2-hydroxyphenyl)-2-(4- hydrox phenyl ) pr opane
rel@hepeitoaet @roqe@ﬁepﬁe@rpduggngobp'sp BrAL) A gﬁamg

addi tion, the side-products include trisphenol,
excellent economical efficiency, high purity and an

excellent hue.

BACKGROUND ART

Bisphenql‘A_[2,2’—bis(4—hydrokyphenyl)propane] hag been
used as a starting material for ﬁroducing a variety of
polymers. In_receﬁt years, there has eépecially been a high
demand for aromatic polycarbonates having excellent impact
resistance and transparency, and bisphenol A having low |
.cocloring has been desired for producing aromatic
polycarbonates.r

Bisphenecl A is usually produced by reacting phenol withr
acetone inqthe presence of homogenous aclds or solid acid |
catalysts. The reaction mixture includes unreacted acetone,
unreacted phenol, water produced during the reaction, and
other side-products in addition to bisphenol A. The main
.Component‘of the side~products is 2-{2-hydroxyphenyl)-2-{4-
hydroxyphenyl)propane (hefeinafter, referred to as “o,p’ -

BPA”), and in addition, the side-products include trisphenol,



2 a pol yphenol conpound, a chroman conpound, col ored
inmpurities and the |like. Bisphenol A is obtained by
cooling the reaction mxture to forma slurry
- containing a crystalline adduct of phenol - bisphenol A

(hereinafter, referred to as "adduct crystals"), if
necessary, after renoving unreacted acetone and water
produced during the reactiog and concentrating
bi sphenol A [a crystallization step], separating the
adduct crystals fromthe slurry [a solid-liquid
separation step], washing the separated adduct

a ﬁamgyhﬁn@DMddmpeheﬁqla eheonba Wwashonad,stepbreand then
renovi ng phenol by nmeans of distillation or

impsiriitaRisn@ndAshdegdidened above, the reaction m xture of

- bisphenol A contains colored inpurities. In the steps
of piedhenny Abisphetoindd bHhecomdl inst Epe ofedeniw ngixture
the colored inpurities includes the crystallization

to Sicem at aualyl donltiaguiicgs epargtsited 1shepaddndtt bé phenol-
washi ng step. The purity and the hue of the adduct

bisphestcdl & phededed fiter, heedeysted Itiozati dadsuep grvetans”),
effect on the purity and the hue of the bisphenol A

1f presthsser vrurtiter, rwneﬁlﬂheuaa@acﬁedry§e§p§epﬁaduWéaern
the crystallization step are fine crystals, th

Progigs@st A ig gnbiige F SRCHEOR aaﬁeﬁeaceatﬁﬁélngubﬂéeéeapl A
crystal s per .unit weight of crystals is increased.

[a ﬂ¥é’ﬁéa1151 izedd et LPdr atFBATAR T He tg‘@péfdgflf:&n crystals

efficiency of
from the sqe%ry [a solid-liquid separation stepl, washing

the separated adduct crystels with phenol, etc. [a washing
sfep], and then removing phenol by means of distiliation or
stripping.

As described above, the reaction mixture of blsphenol A
‘contains colored impurities. In the steps of producing
bisphenol A, the main step of removing the colored
Cimpurities includes the crystallization step,.the solid-
liguid separation step, and the washing step. The‘purity
and Ehe hue of the adduct crystals produced in the
Crysta}lization step give an effect on the purity and the
hue o£ the bisphenol A product. Further, when the adduct
crystals prodﬁced in the crystallization step are fine
crystals, the amount of a mother liquor adhered to the
surface of crystals per unit weiéht of cr?stals is increased.
There is also deterioration in the seperation efficiency of

colored impurities in the solid-liquid separation step and



colored inpurities in the solid-liquid separation ste
and 3 the washi ng step subsequent thereto. . -
Accordingly, in order to produce bisphenol A it is
i mportant to produce adduct crystals having high
purity and good hue and generating a small anmount of
fine crystals in a crystallization step. As a nethod
of produci ng adduct crystal§ with high purity and
excel l ent hue, there can be”nenti oned a net hod
conprising, by using a series of multi-stage
crystallization tanks, sequentially cooling to the
thet abgetied kitkal subeepeeatUrBerasodestsddedindl Japanaeseier
Unexam ned Patent Application Publication
to Neodutt7bItphiapanese;ibnexaihpedtahat est pApphteakianct
Publ i cati on No. 7-258131, and PCT Japanese Transl ation
cryBakest hRwbhigcat ighnpei 2003n828840. htlewener gehBrating a
nmet hod does not disclose the ratio (=B/A[-]) of a
smadadl mdouhtacti dinB p¥ybyamei ghth tryshellination step.
crystallization stage .to a solid fraction A [% by
weightd methde ¢F rstodwrirst sdddusslt | ory stealge wiwthi ¢higls
: requi red to obtain adduct crystals having high purity
pura§vdiesdl esedliimnthbupresbare ravehei vantEoretier mehhed
method is insufficient for producing adduct crystals
ComRAVFAHINI BN PEingy2 §esdchuel BHITL1iasSEa®f| cavpbatlbfation
fine crystal s, _Japanese Unexam ned Patent Application
tanpgp| SESEPBRIANGYS5CPP 7109 BPsENBskargehednbénal

conprising, by usin -nunmber of crystallization
temPE BT favPAgUSRCTAREH L)I PAERRCPFoWN aBanined Patent
Application Publication No.5-117191, Japanese Unexamined
Patent Applicaﬁion Publication No.7-258131, and PCT Japanésé
- Translaticn Patenﬁ Publication No.2003-528840. However,
this method does not'disclose the ratio (=B/A[-]) of a solid
fraction B [% by weight] in the final crystallization stage
to a solid fraction A {% by weightl in the fifst
crystallization stage, which is required to obtain adduct
crystals having high purity-as disclosed in the present
invention. Further, this method is insufficient for
‘producing adduct crystals having high purity, good hue, and
a small amount of fine_crystals. |

Japanese Unexamined Patent Application Publication

-No.5—117191 discloses a method comprising, by using n-number
6f crystailization towers having an inner cylinder provided
with an inlet port at its upper portion, discharging a part_

of the slurry of adduct crystals in the crystaliization



with an inlet port at its upper portion, discharging a
part of the slurry of adduct crystals in the
crystallization 4 towers, cooling the discharged
slurry in a heat exchanger .provided at the outside
of the crystallization towers, and then recycling the
slurry of adduct crystals into the crystallization
tower, and at the sanme tine at least a part of the
slurry of adduct crystals if the n-th stage is heated
to dissolve fine crystals and is then recycled into
the crystallization tower. However, since the adduct
tow@nESt Ao 1 iAke teRs almcawgaadslhheya@ﬁugt h@hfsbﬁtﬁaﬁQSr
crushed during circulation of the slurry, which
“prdviedd akl yhleeads stiget Be ther pri/sen10f zkiknenceyataks. and
In addition, it is necessary to heat the slurry of
the&ddlde@iycdriy‘@t ahe kavirttgy beeadduee ee9kedls thebneble
- causing energy | oss. Japanese Unexam ned Patent
cryAppllildatitdpnPibliecat bad abotRe258h31tdinechosesast a part
nmet hod in which, by using an n-stage cascade of
of ¢m¢sﬁamwwyapﬁoaddankscrgﬂneésednibhsen%éh ptibe fiheheated
“nunber of crystallization reactors n (where n > 1),
to diesolvactfiioe mirystrési sndi Leutherdratyaledr tutat tha
rate of at least 500 nB/h in a state where the
crylsé@ilééﬁ@é1pinrr§omreacf&pweﬁrey@t aﬂm%ttltm e e ¢y Herls
to three hours or his nethod, a plurality,
areoﬁaé.lyléft SrUsR&ety oﬁheeéiﬂéegtmﬁr&ﬁtaﬂaasaae r esPafdedut g
| east. 3_hours is required, thereb¥ |ncreaS|nghe

1Bt eR Por TRROPLUBG I pHOAED FPYRBROLY Leads to

formation of fine crystals. In addition, it is necessary to
_heat the slurry'Of adduct crystals having been once cooled;
thereby causing eneréy loss.

Japanese Unexamined Patent Application Publication
No.7-258131 disclosas a.method in which, by using an n-stage
cascade of crystallization tanks connected in series with
the number of crystallization reactors n (Where n > 1), the
 reaction mixture is circulated at a circulation rate of at
least 5OOVHF/h in a state where the residence time in each
crystallization device is set to three hours or more. In
this method, a plurality of crystallization devices which
has a residence time of at least 3 hours is required,
thereby increasing the cost for their equipment. Further,
since a circulation rate of 500 m®/hr or more is reguired, a
great amount of power is required. Furthermore, in the case

where the circulation of the slurry is performed at such a



since a circulation rate of 500 nB8/hr or nore is
required, a great anount of power is required.
Furthernore, in the case where the circulation of the
slurry is performed at such a 5 large circul ation
rate, the anount of fine crystals produced by
crushing the adduct crystals becones |arge. PCT
Japanese Transl ati on Patent Publication No.2003-
528840 di scl oses a process of produci ng adduct
‘crystals using crystallization devices of one to five
'~ stages during a residence tine of 2 to 12 hours, by
lardel R4 rORA 2@ ADRE teGl tikakbhbzaati 6 ¢e¥icesyBaviBdpaoduced
crystallization tank, a circulating punp, and a
by @a@lseling ‘hkhizgidieihedyseath beeymkbal hhzgki,on device
~ also needs a circulating punp and the adduct crystals
ar erChusapatisHedT bynt het Lo CrY Bdh Pl s at e neby2003-
formng fine crystals. In addition, the hue of
52 88i4ophdrall cAcgbhaipredely benpyodgcphgnabdhcancihetals.
adduct .crystals becones insufficient. As such, in
usitige cogwredtliicadlioknowrineshod coeptbsifnyge sequent dakiyg a
cooling the reaction mxture to the targeted fina
resgidgsical Itiizat odn 2t éppéRahonesbybysiiagng seei ex wbre
mul ti-stage crystallization tanks, the ratio (B/ A) of
crygtaddiiizg tipac dedncBsi havhedf Bnaryekpdl akbEtzani baANSt age
. to.a solid fraction Ain the first crystallization
cirglidgd 1N BHOPs anfeguicredeto obt aithl adbriehodr y3i @ s
avi.n igh purity is_not disclosed. |I'n addition,

h h
Crystam ﬁé% p@wdﬁgpﬁp 6#58q8P5ﬁ§nF circulating pump and the

. adduct crystals are thus crushed by the circulating pump,
'thereby forming fine crystals. In addition, the hue of
blsphenol A obtained by.rémoving,phenol from the adduct
érystals becomes insufficient.

As such, in the conventional known method comprising
sequentially céoling_the reacfion mixture o the targeted
final crystallization temperature by using a series of
multi-~stage crystallizatioﬁ tanks, the ratip (B/A)Y of a
solid fraction B in the final crystaliization stage to a
- solid fraction A in the firstrcrystallization stage Which is
._required to obtain adduct crystals having high purity is not
disclosed. 1In addition, from the view point of equipment
investment, it is known that the crystallization devices
practically having three or less crystallization stages and
preferably two{crystallization stages are preferable. 1In

such method, there is a preoblem that it is difficult to




investnent, it is known that the crystallization
devices practically having three or |ess
crystallization stages and preferably two
crystallization stages.are preferable. In such
method, there is a problemthat it is difficult to
precisely control the tenperature according to a
growth process of crystals, since the tenperature of
the slurry in one crystall?zatlon device is
approxi mat el y honogenous. Therefore, it is not
possible to precisely control the tenperature
pred@é&engi agnteocad ghewtBmpeeeesseOhcebyatiabstoThegpswsient
invention relates to a process of producing bispheno
profeshbpg pakkicelkar kyncet the aempbieetiref otheheps®seny in
invention to provide a process of producing bispheno
oneAchggitag iexaelibantiegedcanotscappebkinaeaty, homghenpusity
and an excel |l ent hue. DI SCLOSURE OF THE | NVENTI ON The
Thepeésent, invest aps bagsibhdetexpeasivelgndonhtehsthe
studi es for solving the above-nentioned problens. As a
tempesaktirei echagdbegntboandroiah, pwheasa sbl arvehabs.
. bisphenol A in phenol is cooled at the tenperatures
of Be |asten ol netrpson of Cortd huosus yprdanss adfdmseducing
~crystals, the adduct crystals having high purity and-
bisphgbed Aue Pé%euéa%*b%%%%lyfoylfsew iy et o B
: of a solid fraction B 5@6b wei % in the fina
pregepst ARVPRALPBN ot RGEVEHCasBFPHEFF aBti BROAF 4T by

the fi t tall 1 t
bisBReRPLl & Prknge Crpepleh |360%§1§h'053uﬁ§??ﬁa?3?§e high

purlgdug%dcr E%k%lient hue.

DISCLOSURE OF THE INVENTION

The.present inventors have made extensive and intensive
studies for solving the above-mentioned problems. As a
result, it has been found that, when a solution ¢f bisphenol
ﬁ in phencol is cooled at the temperatures of at least two
steps to continuously form adduct crystals, the adduct
crystals having high purity and a gcod Hue can be obtained
by setting a ratio (B/A) of a sblid fraction B [% by weight]
in the fInal crystallization stage to a solid fraction A [%
by weight] in the first’cryétallization stagé to a specific
range. It has also been foundlthat the adduct crystals can
be continuously and economically obtained by cooling a
solution of bisphenol A in phenol using‘a multi-chamber type

crystallization device having its inside divided into 3 or



- be continuously and econonically obtained by cooling a
sol uti on of bisphenol A in phenol using a '
mul ti -chanber type crystallization device having its
inside divided into 3 or nore conpartnments by
partitions with at |east one of the conpartnents
equi pped with a cooler. The present invention has
t hus been- conpl eted on the basis of the findings. That
is, the present invention p?ovides a process of
produci ng. bi sphenol A comprising: (1) a step of
produci ng a phenolic solution containing bisphenol A

morlY dog@GlritR@rRReny pakthracatonern( 3t deakysbakl bgathen
step of cooling the obtained phenolic solution
conpRRttaichitRg RivSRReEOkiAh B @ooCEYSt athé zatd Sdhtlemieention
and continuously formng a slurry containing adduct
hasCrysisalbs o Pmiplicr@dpbanehecandsbssplienak Ain@3hoa.
solid-liquid separation step of separating the adduct
cryshat si§y othé heréosmedistatt yon antb(iked Stefpadss of
produci ng bi'sphenol A by renoving phenol fromthe
prosigpanagt &d spdcnotl ér yshakrssingerein, in the
crystallization step, (a) the fed solution of
bi sphenal sep no phenadudng ool Benatic heo heniper atantesining
of at least two steps to forma slurry containing
bisphenotl & st aleactiby ahenedswithoaceysorallization
stages having different cooling tenperatures are
pr oVf ded, CAREE 3£} I fhlekPR hEE 019 d Fedekio- st Afeined

slurry is A% by . , )
phenolic solution containing bisphenol A in a

crystallization device and continuously forming a slurry
containing-adduct crystals comprising phenol and bisphenol A,
{3) a solid—liguid separatibn stép of separating the
adduct crystals from the formed slurry, and
(4y a Step'of producing bisphenol A by removing phenol
-from the separated adduct crystals,

wherein, in the crystallization step,

.(a) the .fed solution of bisphenol A in phenol is cooled
fat the temperatures of at least two steps to form a slurry
containing adduct crystals,
| (b) at least two crystallization stages having
Adifferent_cooling temperatiures are provided, and

(c) when the solid fraction of the slurry is & [% by
weight] in the final crystallization stage prior to:feeding
the slurry into'éaid solid—liqﬁid separation step and is B

{2 by weight] in the crystallization stage in which crystals



weight] in the final crystallization stage prior to
feeding the slurry into said solid-liquid separation
step and is B [%by weight] in the crystallization
stage in which crystals 8 are first forned, the val ue
of BIAis kept 0.7 or less./ Furthernore, the present
i nvention provides a process of producing bi sphenol A
conprising: -.(1) a step of producing a phenolic
sol ution containing bisphe%ol A by reacting pheno
W th acetone, (2) a crystallization step of cooling
t he obtained phenolic solution containing bisphenol A
arel Bidser ¥stakll zahbopadgui 68 Bnd cankeprogshyoforasgng a
slurry containing adduct crystals conprising pheno
andebi- shbeRdte A thd ?r@seﬁ'ﬂi | drddrittich SARArRIdOR Hreress
of separating the adduct crystals fromthe forned
of BkBHOYingNBichhefost BPcOhmppL 808Gt Ng bi sphenol A by
renovi ng phenol fromthe separated adduct crystals, -
whetej na tdieesrystatdduatnion sitemd sl pesdlarnied kyprtsiing ng
a mul ti-chanber-type crystallization device having its
bisphendé di biydedachiog3pbenabreitbnpaetoeats by
- partitions with at | east one of the conpartnents
equipperl e y$tal covdteirgn | §trepwi Tt headie phdiial icddtained
sol ution containing bisphenol Ais fed into one '
phegohpar seebtion chataipsndl bigakheonldiviked the
produced slurry of adduct crystals_is sequentially
CrYﬁFaﬁéﬁéﬁFéﬁniﬁ?&léacHn@oﬁﬁ%F%ﬂﬁﬁF?1&ngo¥%éﬁgtﬁeSlurrY

t enperature o ,
containing adduct crystals comprising phencl and bisphenol A,

(3) .a solid-liquid separation step of separating the
adduct crYstais from the formed slurry, and
| (4) a_step of producing bisphenol A by reméving phenol
ffom the separated adduct crystals,

wherein the Crystallization step is performed by using
a multi—chamber—type crystallization device having its
.inside divided into 3 or more compartments by partitions
with at least one of the.compartments equipped with a cooler,
in which the phenolic solution containing bisphenol A is fed
into one compartment in the crystallization device, the
produced slurry'of adduct crystals is sequentially
trénsportgd into each compartment, and then the temperature
of the slurry in the following stage is controlled toc be
- lower than that in the previous Sfage to gradually cool the

" slurry containing adduct crystals in at least one set of two

~ serial compartments.



of the slurry in the follow ng stage is controlled to
be lower than that in the previous stage to gradually
cool the .slurry containing adduct crystals in at

| east one set -of two serial conpartnents. 9 BEST MODE
FOR CARRYI NG QUT THE | NVENTI ON Bi sphenol A can be
produced by the dehydration condensation reaction of
acetone with an excess anmount of phenol in the
presence of acid catalysts.?The nolar ratio of pheno
to acetone is usually in the range of 3 to 30, and
preferably 5 to 20. The reaction tenperature is
usually in the range of 40 to 120C, and preferably 50
to 100C. Any one of honpbgeneous acids and solid acids

BESGAMORE réxedrakyiie agirdTaat akysirIbMt are not limted
thereto. In view of |ow corrosiveness of devices and

easgNESBehdl AP Abd NGrddec &ty Yishe fdeydhe: rgact i on
m xture, the solid acid catalyst is preferable. In a
condéhlked iich Waiach ianhemogeseous acit ks U8€dsa@Samount of

catal yst, hydrochloric acid, sulfuric acid and the
phehble iar ehegemresahky vfedci8ukbunilgsaesi d The oo l=an tetio

easily separated is preferably used. In a nmethod in
of whieoblatsolkicétacedissuasedlgsia tatakyste of,d to 30, and’

sul fonic acid-type cation-exchange resin is generally
prefsgdblyl® drodel .t oTheprevetide tanpesatwracts wWguebfy ain
: sul fonic aci d-type cation-exchange resin, a sulfonic.
thegpgpaoeypé 40 to 120°C, and preferably 50 to 1006°C. .

' Any one of homogeneous acids and solid acids can be
used as the acid catalyst, but are not limited thereto. 1In
view of low corrosiveness of devices and easiness in
Separating the catalyst from the reaction mixture, the solid
acid catalyst is preferable.

- In a method in which a homogeneous acid is used as a
Catalyst,‘hydrochloric acid, sulfuric acid and the like are
generally used. Sulfuric acid which can be easily separated
is preferably used.

In a method in which a solid acid is used as a catalyst,
‘a sulfonic acid-type cation-exchange resin is generally used.
In order to improve the catalytic activity of a sulfonic
acid-type cation-exchange resin, a sulfonic acid-type
cation-exchange resin and a compound containing a thiol
- group may coexist in the reaction system. As a method of

allowing a sulfonic acid-type cation-exchange resin and a

compound ceontaining a thiol group to coexist, there can be



cati on-exchange resin and a conpound contai ning a
thiol group may coexist in the reaction system As a
nmet hod of allowi ng a sulfonic acid-type
cation-exchange resin and a conmpound containing a
thiol group to coexist, there can be 10 nentioned a
method of ionically or covalently binding a part
,of the sulfonic acid groups of a sulfonic acid-type
cation exchange resin Wit hid conpound contai ning a
thiol group [the .way of fixing thiol], and a nethod
of feeding a conmpound containing a thiol group, which
men®@e% ot fRtAba efeNbaakalPoNdrWwebhadestl fOPi€ding a part
aci d-type cation-exchange resin, together with raw
of WRkekhaltsnibt @cadr gastipk @@CKegumfbﬁlé asulifembe cation-
aci d-type cati on-exchange resin [the way of adding
exchBinglk] refiy arehoh sampotRtihedataayMibhe sseliobugyrdbe [the
way of fixing thiol which does not need a step of
wayl efofaxing ahiedfpoand eomtahndngfarftbddhggs onpmpsund
~ preferable. A nethod of ionically binding a thio
contenpdugd awithhcd gubfipni shachddoeygprotafoon- @xchemgeal
resin is nore preferable. A nethod of ionically
bonli wdithg aastifohicoapddntymet haBion-48ebahga resitoni c.
. acid groug is still preferable, and a nethod of
togeshiecaliFhbradi ngtartpl el inbApaUREaGEeh Backedowsbh a
sul fonic acid group is even still referable The
sulferdei ﬁlﬁlrieﬁfeﬁecan-ann@taCagna@sé?ﬁbed %%v‘éavu%aﬁwlng

h1addeonny RBARY otF PRGHOT ORI ROdRRY Ut s ey of
fixing thiol which does not need a step of recovering a
compound containing a thiol group 1is preferéble. A methed
‘of ionically binding a thiol compound with a sulfonic acid-
‘type cation—exchange resin is mofe preferable. A method of
ionically binding a thiol compoundkwith 3 to 40% of a
sulfonic acid group is still preferable, and a method of
ionically binding a thiol compound with 5 to 30% of a
sulfonic acid group is even still preferable.

The reaction mixture obtained as described above
usually includes, in addition to bisphenoi A, unreacted
acetene, unreacted phenol, water produced during the
reaction, and other side-products. The main compqnent of
the side—preducts is 2—(Z—hydroxyphenyl)—2m(4— |
hydroxyphenyl)propane, and in additioh, it includes
'trisphenol, a poiyphenol compound, a chroman compound,“

colored impurities and the like. The reaction mixture is



reaction, and other side-products. The main conponent
of the side-products is 2-(2-hydroxyphenyl)-2-(4-
hydr oxyphenyl ) propane, and in addition, it includes
tri sphenol, a pol yphenol conmpound, a chroman conpound,
colored inpurities and t he like.. The reaction

m xture is 11 separated from catal ysts. The separat ed
m xture is then cooled in a crystallization step, if
necessary, after renoving nreacted acetone and water
produced during the reaction and a part of phenol, to
forma slurry containing adduct crystals. In the

sepArQeess obnPradyei,agsbi sphenoly A AL NG £ id henen
present invention, the solution of bisphenol Ain

codllRenal, aUseds23812ikaWiRRt atiedl, fiernpredysiog adduet
crystals is not particularly limted, provided that

remoR@ ngPhittre@R tiesl aceoxkUbBdORbakRedrButeactinfgng the
acetone with an excess anmount. .of phenol as descri bed
rea2baver afewevear:t BE gheaentr abi éoraf a blsphgnebnAzifing
10 to 50% by weight, and preferably 15 to 45% by
addweitghirysWaas .t he concentration of bisphenol Ais |less
than 10% by wei'ght, the recovery rate of adduct : '
cryshatlse becones ¢ Dvpritherindé iaploentl & iarcefding to
bi sphenol A is nore than 50% by weight, the viscosity
theopreseng] dnventéoomeshki ghlutdont hat bigphencl A in phenol
transportation of the slurry becones difficult. Raw
usegater ifaltswf eterystalpirzarpeiraldi pdruge, crrushadpt fnnot

to phenal and bi sphenol A 5% by weight_or |ess,
parpiefiidegplyy Limited, provided that the scolution 1s a

mixture obtained by reacting acetone With an excess amount
6f phenol as described above. However, the concentration of
bisphenol A is 10 to 50% by weight, and'preferably 15 to 45%
by‘weight. When the concentration oflbisphenol A is less
than 10% by weight, the recovery rate of adduct crystals
becomes low. When the concentration of bisphenol A is more
than 5Q% by weight, the visbosity of the slurry becomes high,
so that the tﬁansportation of the slurry becomes diffibult.

' Raw materials for crystallization may include, in addition
to phenol and bisphenol A, 5% by weight or iess, preferably
3% by weight or less and mofe preferably 1% by weight or
iéss of water, 3% by weight or less of acetone, and 20% by

_ weight or less, preferably 15% by weight or less and moré
preferably 10% by weight or less of the side-products, which
.'are produced in the synthetic reaction of bisphenocl A. The

temperature of a sclution of bisphencl A in phenol fed into



3% by weight or Iess and nore preferably 1% by wei ght
or less of water, 3% by weight or |ess of acetone,
and 20% by weight or less, preferably 15% by wei ght
or less and nore- preferably 10% by wei ght or |ess of
the side-products, which are produced in the
synthetic reaction of bisphenol A The tenperature of
a solution of bisphenol A |3 phenol fed into 12 a
crystallization step is nott particularly limted,
provided that the tenperature is higher than
tenperature Ts ['C] which causes no precipitation of

a cagdualicrystahsstHpwekehot pArtheutaseywWnehetéBe provided
solution is fed at higher tenperatures than be

thafieededtetperheatet ianaf ghear €Asnote@p& POt 8L bBSONE ]
| arge, as well as the energy required for cooling
whib&ceaases| abgpredhps tathent efpedatat ectgspaefer alwedar,
the range of .Ts to (Ts + 40)'C, and nore preferably
in Thet gagdswhe?B) tBe knltihéonryst Abdi zbthbghstepemperatures
according to the present invention, a solution of
thabi bpherefled, i bhphbrelt tsancdati aveas|yffeadcander sbeheme
cooled at the tenperatures of at |least two steps to
larper mea welirgsothaddoerger ygqmsedm@r coysing| bearnen
step may be perforned using a rystallization device
largﬁ mm}s,orreha/efs@@?elr%twemerecpn eFap Lyl gt difig yragrge of
he conpartnents by means of partltlons or a device

Ts th WRPCH 40 bl A yRoe drRatenaliaior deVites 44.°C-

| nked soch Sl B PR L0 A Lo S e
invgééion, a solution of bisphencl A in phenol is
cantinuously fed and is then cooled at the temperatures of
at least two steps to form a slurry of adduct crystals.r The
crystalllzatlon step may be performed using a
crystallization device in which one vessel is d1v1ded into a
plurality cof the compartments by means of partitions, or a
dévice in which a plurality of crystallization devices is
linked to each other by piping. 'In addition, the
crystallization Step is performed so that the value of B/A
may be_O.? or léss when a solid fraction {weight of adduct
crystals / weight of the total slurry) of thé slﬁrry is A [%
by weight] in the final.crystallization stage prior to.
transporting the slurry from a crystallization step into a
solid-ligquid separation step and is B [% by weight] in a
crystallization stage (a first Stage) in which adduct

crystals are first formed. When the value of B/A exceeds



~may be 0.7 or less when a-.solid fraction (weight of
adduct crystals / weight of the total slurry) of the
slurry is A[%.by weight] in the fina
crystallization stage prior to transporting the
slurry froma crystallization step into a :
solid-liquid separation step and is B [% by weight] in
a crystallization stage (a first stage) in which
adduct crystals are first ¥orned. Wen the val ue of
B/ A exceeds 13 0.7, the anpunts of inpurities in
adduct crystals obtained fromthe fina
0. 767 YAl ARRIOR S tiage rReq Qe i hargauct TheL8tar s, obb8ined
hue of the crystals becones bad. In the Case where
from & RN 107 3dduat iGhYsbal srtRgedyeedmicn1thgelirst
stage is too small, the efficiency of the device is
Thelr@#ed. thEhise e thal uevekaBsAvksoneefl Baabl yid nthdecase
"range of 0.03 to 0.05, and nore preferably 0.05 to
wheled th@alatesnk afd sBdarce cafkeatedpbydvuacdois taet eisst
such as a tenperature of adduct crystals and
stagendenttioat isaizd 10T thies plignali cAcywatferheaddvicapiusi Loesred.
inraw 'Materials for crystallization. But, in many
Thusase&dhe trdse bdcBIRS iexpeptferbblienpetaturenga dfiet.03 to
-first stage may be generally determ ned by other
0.0processimege PaetfersbliicoPdi gl ¢, 4i.n GrHees th aed B haxe
range of B/A value to the above ranges, the value of
affgctedmipn palrdoed Bpctepgr 69chapél § E6HPRERLIAG PReadduct
tenperature of adduct crystals in the first stage to
cry|séadist Bing CREcsboYe tigRge OTARI8B8RP Lofts t HBCBFeseRf

~_invyention is to,provide also a _ , ,
impuri Qes Qn raw m%terla s for crystallization. But, in

many cases, these factors except the temperature in the
first stage may be generally determined by otherrprocessing
factors. Accordingly, in order to set the range of B/A
ﬁalue to the above ranges, the value of B is maﬁipulated by
appropriately controlling the temperature of adduct crystals
in the first stage to be within the above range.

An object of the preseht‘invention is to provide'also a
method iﬁ which the crystallizatioﬂ step is performed by
using a multi-chamber type crystallizétion device having its
inside divided into 3 Oor more compartments by ﬁaftitions
with at léast one of the compartments equipped Qith a cooler,
in which thé phenolic solution containing bisphenol A is fed
into_one_compartment in the crystallization device, the‘
.produced slurry of adduct crystals is seqﬁentially

trénsported into each compartment, and then the temperature



.method in which the crystallization step is perforned
by wusing a multi-chanber type crystallization device
having its inside divided into 3 or nore conpartnents
by partitions with at | east one of the conpartnents
~equi pped with a cooler, in which the phenolic

sol ution containing bisphenol Ais fed into one
conpartnent in the crystallization device, the
produced slurry of adduct é?%stals is sequentially
transported into each conpartnment, and then the
tenperature 14 of the slurry in the follow ng stage

of Wae GANQl lied the Beiiewehqt BaBqkhatsi Bohheopledi edspe
stage to gradually cool the slurry containing adduct

1owely $haks thatatinl east peRe 158k ekahwotoCeRhbiHoU§ cool the
conpartnents. In the nmulti-chanber type

s 1uErYS cdlrltaz aliinen adevicee crijkealpafhi titonsaakteopeovededs two
with an inlet port. The slurry is transported into a

congdnpanisTeninpefr tide@ teext stage through the inlet port.
~ Accordingly, it is unnecessary to use a punp in the
t r anspoh¢ ahudhi othahiees| uypy deyweshl cza/stal |deaitdon the
tanks, so that adduct crystals are not crushed by a
partridnsper treuproviles, wilih ampdnfetf pbirhe cllystalwrry is
' produced is small. Further, it is possible to produce
tragdwgettece dydicales ceavengmenghoputheynantl ahaggceéhrengh the
. _hue using a sinple_ and inexpensive. device, as _
inledmpardd WRERCTAEREABWNL T Nkt HARMISPHILRY ske? | 8% ¢F PUmpP 1n
nulti-stagg crystallization tanks. The nunber

of .
thee SipacPeentd 160 Che thEl SLYECRINBEFYWEfRecTYStallization

tanks, so that adduct crystals are not crushed by a
transport.pump} Thus, the amount of fine crystals prcduced
is small. Further, it is possible to prdduce adduct
' cryStals having high purity and an excellent hue using a
'simple and inéxpensive‘device, as'compared with the known
method using a series of multi-stage crystallization tanks.
The number of compartments of the multi-chamber type
crystallization device is not particularly limited, provided
that the number of compartments is 3 or more. The number of
compartménts is preferably 3 to 50, and more preferabiy 7 to
- 40. When the number of compartments is less than 3, the
purity and hue of crystalé are insufficient. 1In the case
where the nﬁmber of compartments'is more than 50, further
improvement of the purity and the hue is not be expected.
The multi-chamber type crystallization device has at least

one cooler. Each’compartment is not necessarily equipped



crystallization device is not particularly limted, -
provided that the nunber of conpartnents is 3 or
nore. The nunber of conpartnents is preferably 3 to
50, and nore preferably 7 to 40. Wen the nunber of
conpartments is less than 3, the purity and hue of
crystals are insufficient. In the case where the
nunber ‘of conpartnents is nore than 50, further
i mprovenment of the purity amd the hue is not be
expected. The nulti-chanber type crystallization
devi ce has at | east one cooler. Each conpartnent is
witholy Recassari hy eguhpREde S, e EBrantOOLETprddidé a cooler
however preferable to provide a cooler - to each _
to CAPAIIRA t3dee fiR@PHeE $8ccaRkr @bn@folihg rdeniecaevice
tenperature is possible. A slurry of adduct crystals
teniper@agualily eeelied £.0 A desiredoeapenat Ut eysisang the
. cooler. The cooled slurry is then discharged fromthe
grafuldlilcharherd toype desysteal [Hempleiret udeviueeéngEabk cooler.
conpartnent may be equipped with a stirrer for the
Theprc@ritddo s lafr oy Xisng Helhe ddlswhay gefd . dddocther ysflalischAsber
a cooler, a cooler which uses cooling plates capable
typef crisdwiiig zatcool ideyimedi um i s preferable.
Partitions, which divide the inside of a
cr yBaah| cgmpavhmeevinayi e cequippbedaritly afstirrer for the
compartments, may also function as cooling plates. In
progedd opf ofsimdig ipar tohe eAsiray edolRidRyChl gr¥staapl As a
' partitions do not necessarily function as a cooler,
coodedra @ GopdEd] Mhdehy & ederose g WHircRSacpRebLlsr o -

flJ%THgig(gg%ling medium is preferable. Partitions, which
divide the inside of a crystallization device into a
plurality of compartments, may also function as cooling
plateé. In case of using partitions as coqling plates, all
partitions do not necessarily function as a cooler, and a
crystallization device in which a part of partition;
cptionally have a cooling function, may be uéed. The inner
wall of the crystallization dévice may function as a cooler
by the circulatién-of a'cooling medium in a Jjacket provided
in crystallization device. The jacket may be use in
combinétion,with other coolers. In addition, it is possible
to use a method comprising discharging a part of a slurry
from at least one compartment in a crystallization device
provided with a cooler in the outside thereof and cooling
the discharged slurry in the cocoler and then recycling the

cooled slurry to the same compartment or the compartmeht of



optionally have a cooling function, nmay be used. The
inner wall of the crystallization device may function
as a cooler by the circulation of a cooling nediumin
a jacket provided in crystallization device. The
jacket may be use in conbination with other coolers.
In addition, it is possible to use a nethod
~conprising discharging a part of a slurry from at
least one conpartment in al&ystallization device
provided with a cooler in the outside thereof and
cooling the discharged slurry in the cooler and then

thed X INGdde n60eled, SLUREY tRetHEISEHE: FOMPAL S NBR
or the conpartnment of 16 the next stage. wever,

crldCe Yihe -t Gy Sl $har @aser ghed By iagpue, tBkC.
I'n the case of carrying out the recycling step, a

rediRlineg l!ﬁdégﬂ theeabeve upahly tthensbase paekingopkates
or a nethod using 'a jacket as a cooler is

codriefeakites Yrmee meddivel ueryst al §akaeitngshieghopueirt ys
- and an excellent hue can. be obtained by using the
prafdridblehanber type crystallization device of the
present invention, as conpared with the known nethod
of BiystabBizchgcaysbblsibaviod bigphewolty dmd phieno
using a series of nulti-stage crystallization tanks,
exdetl lieqtpdssi blag b iobhdredase tive ustagpéhat Bvé tdrehembrie
bet ween the cooling surface of a cooler and the
typs @y tofl ldgaddone dpstigies ofr édenprefepfe lagpption, as
conpartment as the cooling surface, conpared with , :
compared with the known methdod of crystallizing a solution
of bisphencl A in phenol using a series of multi-stage
crystallization tanks, it is possible to increase the
temperature difference between the'cooling surface of a
.cooler and the slurry of adduct crystals present in the same
compartment as the cocling surface, compared with
temperature difference in the known process. In addition,
one of the features of the present”invention is that it is
possible to reduce heat transfer areas of a cooler. For
example, PCT Japénese Translation Patent Publication
NO.2003-528840 discloses that the temperature difference is
preferably in the range of 2 to € [K]. However, the
' temperature difference in crystallization devices according
to the present invention is 15 °C or less, and preferably
10 °C or less. When the temperature difference between a

cooling surface of a cooler and the slurry of adduct

crystals present in the same compartment as the cooling



tenperature difference in the known process. In
addition, one of the features of the present
invention is that it is possible to reduce heat ,
transfer areas of a cooler. For exanple, PCT Japanese
Transl ati on Patent Publication NO 2003-528840
di scl oses that the tenperature difference is
preferably in the range of 2 to 6 [K]. However, the
tenperature difference in éﬂystallization devi ces
according to the present invention is 15 C or |ess,
and preferably 10 C or less. Wen the tenperature
surdthenengecbetypeensa, ¢eokkngosuibasetof pAogoek eadandt
the slurry of adduct crystals present in the sane
crys®anar haghhqagibhepteotiyNdah7/ gl a6eti BudpGand hesall
it 1S possible fo produce adduct crystals having high
amoRMtl bY, faRee¥eokkant.hupn adgi@isimalit samountficfulfi nehat
~crystals: In addition, it is difficult that adduct
addeltstahsradeenantect he enel tpoglsuyf acefatler e Héme t hien the
case where the cooler is a cooler which allows a '
caseoehicrg thedcuplee, ikl awcbheeei whitheal boper at apel bhyg
the cooling surface may be considered to be
meddubst-anttiialv yheheisanthas tethatabhrehetf cbbei agohddum
which is flowed in the cooler. The nethod of feeding a
surdecki mgynmeéi gonisd deoed| tai bedsubptantdedlyhbhet peme as
-~ tenperature difference between the cooling surface of
thag edoltbe gnraline sedivy vhighdbet fépysdall pResentlfh:
the sane conpartnent._as the cooling surface is . vf,t hi n

t heTh®ovethemgel FoRACedI 3 reP Mo MGy Thets not ltimited,

provided that the temﬁerature difference between the cooling
surface of a cooler and the slurry of adduct crystals
present in the same compartment as the-cooiingdsurface is
within the above range. The cooling medium may be
separately fed into a cooler of each compartment, or the
cooling medium may be fed in single operation into one
cooler and then the used cooling medium may be fed into
anofher cooler. The preferable embodiment is a method in
~which at least a part of the cooling medium iS used
countercurfently with respect to the.flow of the slurry of
adductlcrystals. As. such method, theré can be mentioned,
for example, a method comprising: |
when feeding the slurry of adduct crystals into the
first compartment and sequentially transporting the produced
slurry of adduct crystals into each compartment until the

slurry reaches the final éompartment while gradually cooling,



separately fed into a cool er of each conpartnent, or
the cooling nmediummy be fed in single operation
into one, cooler and then the used cooling nmedi um may
be fed into .another cooler. The preferable enbodi nent
“is a nethod in which at |east a part of the cooling
mediumis used countercurrently with respect to the
flow of the slurry of adduct crystals. As such
met hod, there can be nentiéSed, for exanple, a nethod
conpri5|ng when feeding the slurry of adduct crystals
into the first conpartnent and sequentially

feeh,ﬁgsgoE ngn%hﬁeeﬁgﬂugﬁgo %héf&809£r399861dé&y§ﬁat§e

eac artnent until the slurry reaches the

1naﬁnQBFPQQEQEEEEQBd“@hEﬁ QEQQHﬁkanQOQf'ﬁEeré@r&ﬁ?d|ng

a cooling nedium ‘into the cooléer provided in the

seqhbﬁ%ha@@?pﬁEBHEﬁbr@ﬂﬂgtBﬁ@ dbsthapgnBgiifh {Reseiresdler
.sequentially transportfing the cooling mediuminto a

of %@@heeomgareﬁehtcQﬂpahbneﬁposmtéhalaéeasbhetdutn@tfbnw of
to the flow of the slurry of adduct crystals, using

thetBQu&&gnamoéﬂadctoakyegalaeduumngnthhetcanhporbédtheollng

: first conpartment where the slurry is fed, and
medﬁumahhytdescbaﬂgtngfthheuﬁeﬁstoobmpgrtmedtuwherﬂ thse

- of performing this nmethod, it is not necessary to use
sluargeviscéetior andpdiatély d@athatgﬂng the usedpeealhg

' of the cooling nmedium.and it is econonmcal. The

meddool.i nfn neasane f scepfopaing cih by INethed s ek buthals for

exanpl e, water, an aqueous ethylene_glycol solution,
necggsary to use a device for separately tontrolling the

temperature of the ccoling medium, and it 1is economical.
The cooling medium is not particularly limited, but is for
example, water, an agqueous ethylene glycol solution, an
aqueocus propylene glycol solutioh, an aqueous phenolic
solution or the like can be.used.

In the method using a multi-chamber typé
crystéllization device for producing bisphenol A of the
‘present invention, in the case where it is necessary to
stably perform crystallization operation for a longer term,
the places where the cooling surface of a cooler comes into
'chtact with a‘slﬁrry of adduct cryétals may be equipped
.With a device preventing adduct crystals from acdhering to
‘the surface. As a method using a device which prevent
adduct crystals from édhefing to the surface, there can be
mentioned a method of forming the flow of slurry on the

surface of cooling plates and a method of providing a device



aqueous propyl ene glycol solution, an aqueous phenolic
solution or the Iike can be used. In the nethod. using
a multi-chanber type «crystallization device for
produci ng bi sphenol A of the .present invention, in
the case where it is necessary to stably perform
crystallization operation for a longer term the

pl aces where the cooling surface of a cooler cones
into contact with a slurry2f adduct crystals may be
equi pped wth a device preventing adduct crystals
fromadhering to the surface. As a nethod using a

cou %%lc%rgg ggrﬁaﬁ§eﬁhll§dg8ﬁ£ngr¥ﬁ£§|éoﬁf&@%aﬁbﬁﬁ'ﬂﬁeto

e can be i oned a net hod

Coo ﬁég;ggr% Eefb?m’0%05&@EryaQ”dEQ@lo§H&fPﬁeUQfPé@@ﬁtn@o

S an of prOV|d|ng a device 19

6, o@@U@bQF ahaaﬂgp%ftbﬂg whi | e, €001 Be2i NtesEOREAGE1 Wt s the
cooling surface of a cool er, as disclosed in US

fol&%%@ﬁb H@tﬁodongrgéﬁaﬁﬁQeUStﬁék@nbahbbe6meﬂ@@oné£2a
respectively. As the follow ng nethod, for exanple,

met&B@r%h%@@lhecﬁam&hgngda@esnﬁlbﬁdfmhet9®ﬂlﬁ@ohsngartltions
pl ates al so functioning as partitions which allows a

. whiceokilngweedi upollonbemtbowrdtonbar €lawedniyedarénarranged
parallel in a crystallization device and the surface

in ehraddelli ng pl argstedlsecraped Oyvacei ped thakedrfecg of
shaft, as disclosed in.US Patent No. 6, 355,218 and US

cooRangnplbibes 48486;395d bt addippsnlinkedobpi agsréE, as
Crystallizer"” . available from GWw GOUDA can be

dissiliotsgbl ynu¥ed Patgnthlocade 352, 218 and US Patent No.

4,486,395. In addition, a "Cooling Disc Crystalllzer
évailable from GMF GOUDA can be suitably used. . In the case
of using thg device counter-transporting while coming'intb
" contact with the cooling surface, the frequency of bringing
the cooling surface into contact with a device preventing
.adduct crystals from adhering to the surface is set to 0.1
to 30 times per minute, and preferably 0.5 to 15 times per
minute. When thé frequency is less than 0.1 times per
minute, the effect of a device preventing adduct crystals
-ffom adhering to the surface is insufiicient, whilg when the
fréquency is more than 30 times per minute, the power
reﬁuired to scrape the adhered crystals off becomes large.
.The multi-chamber type crystallization device can also
be suitably used in the process of producing according to
the present iﬁﬁention wherein a soiution of bisphenol A in

phenol is cooled at the temperatures of at least two steps



of using the device counter-transporting while com ng
into contact with the cooling surface, the frequency
of bringing the cooling surface into contact with a
devi ce preventing adduct crystals from adhering to
the surface is set to 0.1 to 30 tines per mnute, and
preferably 0.5 to 15 times per minute. Wen the
frequency is less than 0.1 tinmes per nminute, the
~effect of a device preventi2¥g adduct crystals from
adhering to the surface is insufficient, while when
the frequency is nore than 30 tines per mnute, the

to &%&ﬁ[a'%%ﬂ%&&eg h?aﬁﬁrﬁBeaHBECEdB§§§9a§EYSEHESa@fieast
I . ? e nuﬁtl

becomes Targ ti"-chamber type crystallization
twod%%g%%aqqu§%§8n_Q%a%%%tﬁQbXHHSQkaQréﬁﬁ pPERpESStOfes
~produci ng according to the present invention wherein

fro%.%%E%tb@ﬁe?faQES?Q%@QBeﬁ,iBndphﬁgobal§e06@|BﬂAaistUGT or
tenperatures of at |east two-steps 20 to forma slurry

1esGOoRh@nnicng addugt rehystiahsSort hReakiheagt istmols by
crystallization stages having different tenperatures

wei%'h‘tm eaclkhet fehaar ergeovildedatand tbegegapueoof tB/ A is
0.7 or less when the solid fraction of the slurry is A
trah¥okytinwel ght] silnrtlye ibhitpak epystalliguati eapstrageon step
prior to transporting the slurry into a solid-liquid
andsémaﬁaﬂ%obySWemghaﬂdihstBe[@&byta@ﬂghayibn thege in which
- crystallization stage in which crystals are first
crykstated aren filss cagaedthelmuthis crremerthe ypelti-chamber
crystallization device may be used in all of the first
typst sgerstelihgatiinal devige, Mpit PPt Up§AndR &lhaps the first
necessary to o
stage to the final stage, but it is not always necessary to
do so. When a solid fraction of the slurry is C [% by
.weight] in éach crystallization stage and compartment, from
the first stage to the stage having‘the value of C/A of at
least 0.3, preferably at least 0.5 and more preferably at
least 0.7, such stageé may be performed by the multi-chamber
type crystallization device. By using the multi-chamber
type crystallization device from the first stage to the
stage having the value of C/A of at least 0.3, the precise
control of a temperature according to a growth process of
crystals grthh becomes. easier to obtain adduct crystals
having excellent purity and an excellent hue. In .addition,
the formation of fine crystéls is prevented. In this case,
the value of B is the solid fraction of the compartment, in

which crystals are first formed, in the multi-chamber type

crystallization tank. The relation between B and C is B < C.



do so. Wien a solid fraction of the slurry is C[% by
wei ght] in each crystallization stage and conpartnent,
from the first stage to the stage. having the val ue.
of CAof at least 0.3, preferably at least 0.5 and
nore preferably at |east 0.7, such stages may be
.performed by the nulti-chanber type crystallization
device. By using the nulti-chanber type
crystallization device froMlthe first stage to the
stage having the value of C A of at least 0.3, the
precise control of a tenperature according to a

1hJMLR PECBESSBh pCEYS! Bl § ORaW Bapecomes easi ehi ke
~obtain adduct crystals having excellent purity and an

:exc%%EEE%%%tm@ﬂ%ﬂoh%daggbbkqn’Howé@@kfO&W@ﬁi@ﬂcoisfine-

crystals Is prevented. In this case, the value of B

praferiahg S el i7d okl aekisonnef mbhe geaparkEERRt 0.bNorWiess,
- crystals are first fornmed, in the nmulti-chanber type

addeiorsiahsitzati aaviasknifherr puatkonahat yeeaeB and €ansbe
B < C 21 The relation between B and Cis not
obtpakleldcul arly limted except that nentioned above.
However, when B/Cis preferably 0.7 or |less and nore
pr eflee abéyp Or Scwre | @58f e r axdkok Ghe torexst atlse eimnglds ghter
purity and better hue can be obtained. The _ _
addvenperatiere sdpfreeeencénbéwneerribhe sirystpesiohtiaudatages
crystals present in two serial crystallization stages ,
or serpempacntsnts pPsepeshblabl¢°dow okefessstit} |preferably
- - preferably 8C or less, and even still preferabl% 0.5
B°Ctersbesyheandhaven still preferably G.5 to 5°C. When the
temperature difference is within the above range, the purity
and thé_hue can become better. In particular, in an initial
crystallization stage or compartment having a value of C/A
of less than 0.4, it is particularly preferable to maintain
the temperature difference 10°C or less.
On the other hand, as the temperature difference is
~smaller, the purity and the hue of crystals are improved,
but the number of crystallization stages and.compartments
however becomes largé, so that the process becomes complex.
. For more economical performances, while the temperature
difference in an initial crystallization stage or
compartment is maintained within the ‘above range,-two serial
crystallization devices or compartments in which the
temperature difference AT between the slurries of a previous

crystallization stage or compartment and a following

crystallization stage or compartment exceeds 10°C may be



tenperature difference is within the above range, the.
~purity and the hue can becone better.. In particular,
inan initial crystallization stage or conpartnent
having a value of CJA of less than 0.4, it is
particularly preferable to maintain the tenperature

- difference 10C or less. On the other hand, as the
tenperature difference is snaller, the purity and the
hue of crystals are inproveéd but the nunber of
‘crystal lization stages and conpartnents however
becones.large., so that the process becones conpl ex.

pré@QhHHQEGt%%o%ggkgghlE%%EQB%a%%gﬁe ﬁgikgmﬁﬁﬁtment wherein

tenperature erence in an initial crystallization

theStRd& O £ %Qﬁpi%t@eato&sm%%bﬂt?&@%@rﬁbﬁpiO.Bhgraﬁeys, and -
range, two serial crystallization devicCes or

mor@O MRS, 0N WaichotRe Benpeiay ure i fiesenses Al
between the slurries of a previous crystallization

sir$l1808 @heCRAthNRAL a2 Gna stkebl aWi-RgutChY$t akkingt Eettere
stage or conpartnent exceeds 10C may be 22 present in

darthe aoyshal puzatiyoanst age bdluecofpadtinent cwheteln. the
value of CJAis 0.4 or nore, preferably 0.5 or nore,
andInmedei ptefiper abl yt Oldast o eseByof hivgy ddrissl
possible to sinplify the crystallization step w thout
cryaftfalildtziang ope veege sdamagempa rithenper i t§ andneheshasyofhat
adduct crystals. In addition, in at |east one set of
thet wemperiadiur ec ofs thiel is2atiran 1ot &§es fod levipdr 6RALs1Si t
IS necessary that the tenperature of the,slurr¥ in
contiye lilgd @@igg ép@@§ itdan that in the previous stage

However, in a part of the crystallizatiOn‘stages or

' compértments, the temperatures in the previous stage and the
following stage may be identical or the temperature in the
following stage may be higher:by 5°C or less than that in
~the previous stage.

In any method used in the present invéntion, the total
residence time of the slurry of adduct crystals is 0.5 to 8
hours, prefeiably 1 to 4 houfs, and.more preferably 1 to 3
hours. 1In ﬁhe case where the residence time is less than
0.5 hour, the purity and the hue of crystals are
insufficient, while in the case of moré than 8 hours, the
purity and the hue are also not substantially improved. The
temperature of the slurry ofladduct crystals in the final
compartment is not particularly limited, but is usually 40
to 70°C. The concentration of the slurry of adduct crystals

is not particularly limited, provided that the concentration -



controlled to be lower than that in the previous
stage. However, in a part of the crystallization
stages or conpartnents, the tenperatures in the

previ ous stage and the follow ng stage may be
identical or the tenperature in the follow ng stage
may be higher by 5C or less than that in .the

previ ous stage. In any nmethod used in the present
invention, the total resideénce time of the slurry of
adduct crystals is 0.5 to 8 hours, preferably |I to 4
hours, and nore preferably 1 to 3 hours. In the. case

is W &g 1resirdencs ddve irgy t8ss &gty Q5 Mot thestals.

purity and the hue of crystals are insufficient,

TheWdioh@ehit rbhe crase QBe”@&%r&Ba@n’%hgogiﬁaltﬁgmeHEﬁéﬂt is
and the hue are al so not substantially inproved. The

usub@IRenat gbe 0k bhewshdyhty 206 pddeetasiystial soi Bothey
final conpartnment is not particularly limted, but is
weidgwal |y 40 to 70C. The concentration of the slurry of
adduct crystals 1is not particularly Iimted, provided
t hath& hel gong enf raddwnt 23r y st ane diapaldmyeaf from the final
transporting the slurry of adduct crystals. The
cryetadditzratioan sabhgtha ssifedr ynkn theolidaligonpasépenstion
is wusually 10 to 60% by weight and preferably 10 to
steb0¥%obpe wepghttedhénsburdguct addatelsrgsdabsmother
~discharged fromthe final «crystallization stage is
ligued .i ifereoveri dthe qriduaskparettadys Ftepiasige with
separated into adduct crystals and a nother
phenol, etc._in order to remove a mother-liquor adhered
._thereto.' The adduct crystals obtained by the process of
producing according to the present invention have high
purity and an excellent hue.in themselves, have a small
 amount of fine crystals and are obtained as large crystals,
so that solid-liquid separation and washing are easy.
Bisphenol A is recovered by removing phenol from the adduct
crystals obtained from the solid-liquid separation and
washing processes. Since the adduct crystals have high
purity and an excellent hue, bisphenol A cbtained by the
process of the present invention has high purity and a good

hue and is suitable for raw materials of poiymers such as

aromatic polycarbonate.

EXAMPLES
The present invention will be described below with

reference to the following examples. In addition, the hue



. liquor. Moreover, the adduct crystals are washed with
phenol, etc. in order to renove a nother-1iquor
adhered thereto. The adduct crystals obtained by the
process of producing according to the present
i nvention have high purity and an excellent hue in
t hensel ves, have a small anpbunt of fine crystals and

"are obtained as large crystals, so that solid-liquid
separation and washing are?dasy. Bisphenol Ais
recovered by renoving phenol fromthe adduct crystals
obtai ned fromthe solid-liquid separation and washing

of %ﬁ@ﬁ%%s%%ys%b@%ewﬁged@ggHﬁ&n%HyBXékﬁohéﬂéhmggﬁlsQH[Viﬂg
and an excell ent hue, bisphenol obt ai ned

30 @re?e§§dﬁﬁttE%y@%§§§nEn'GﬁeﬁE'QQ EEﬁahbghaﬁarméxsaﬁﬂn@
good hue and is suitable for raw naterials of

theP@b¥pRbansdcAtag2oanfnByi & Ppk¥EarbRpabRet EXAMPEES en
The present invention wll be described bel ow with

confek-eregcentonkbheui-ell apkspghaxaapteso theadditeons BPEA by
hue 24 of adduct crystals was determ ned by thoroughly-

a cdiisbekving c3Bve ebnadductedr ysvml shenaBBonbante of an
et hanol and neasuring the absorbance at 420 nmby a
APH&pettndphdt epdtieiocand Thenratteonverddaigett her nweasly étaving
absor bance .into the value of APHA by a calibration
a peutveleomszeuctedOPr pm chelabsovbanceloflahed APHnh the
standard sol ution. The rate of adduct crystals having
‘amognpapfi Er¥s§pzé PRSEODIgRNELPUPBSS Gasvealall Af ed wWPPAR 1Y

siz%hgf 100 pm. The hue of bisphencl A was determined by
comparing it with that of-the APHA standard sqlution by
" visual.inspection.
[Example i].

A crystallization device, in which two crystallization
" tanks equipped with a stirrer having draft tubes therein
were connected in series, was used. Phenolic solutioné
cdntaining 35% by weight of bisphenol A and75% by weight of
the side-products of bisphenol A were éontinuously fed into
the crystallization device at 90°C so that the residence
time in each crystallizatioﬁ tank might be bne hour. The
fed solutions were cooled so that the temperatures of
slurries of adduct crystais in the crystailization tank in
the first,stage and the temperatures of the crystallization
tank in the second stage might be 72°C and 50°C, respectively.
When the dévice_wés stabilized, fhe slurries of adduct

crystals in each stage were collected to measure the solid



anmount of crystals passing through a sieve having an
opening size of 100 gm The hue of bi sphenol A was
determined by conparing it with that of the APHA
standard solution by visual inspection. [Exanple 1] A
crystal lization device, in which two crystallization
tanks equi pped with a stirrer having draft tubes
therein were connected in series, was used. Phenolic
solutions containing 35% By wei ght of bisphenol A and
5% by wei ght of the side-products of bisphenol A were
continuously fed into the crystallization device at

frad@ConQ. thed Ihe-&esf denge s4ii® #52@3Uh B in the first
crystallization tank m ght be one hour. The fed

stagel HhHoRgWeLeigoek-gdt $ont Balnt Rt SEBSKAL 4 £§c Ofere 27%
Slurries of adduct crystals in the crystallization

by Walkhitnanbheski pgt wstgae, apdspbet i eapes adndeshofvahge of
crystallization tank in the second stage m ght be 72C

B/naREs50Cs4r especidyet yon, Wieh taiee devitiherasystals having
stabilized, the slurries of adduct crystals in each

a patrageleesezeoblfetbeduhocneassseihhehsotrds2blliization
fractions. As a result, the solid fraction B in the

tanki d8t thet ageoaddsthgesehsdlBtabyi vaightn tThe ssloomy of
stage were 27% by wei ght and 42% by wei ght,

adduespectstely, dangheheedafuemothe Bravobsl bisatien tank in
addition, the rate of fine crystals having a particle

thespgeonfl s069gntaF rFessrifughd EpyseaPYerativntatankrdnthe

t he second stage was 189@bx wei ght. The slurry of
crystals were then washed with phenol. These adduct

crystals had an APHA color of 9. Bisphenol A was obtained
by removing phenol from the adduct crystals. The obtained
bisphencol A had é good hué with an APHA color éf 15.
.[Example 2]

The same procedure was repeated in the same manner as
in Example i except that the témperature of the
crystallization tank in the first stage was 76°C. At this
time, the value of B was 21% by weight and the wvalue of B/A
was 0.50. The rate of fine crystals having a particle size
of 100um or less in adduct crystals obtained from the
‘crystallization tank in the seccnd stage was 15% Dby weight.
'The obtained crystals had an APHA color of 7.

[Comparative example 1]

The same procedure was répeated in the same manner as-’

in Example 1 except that the tempefature of the |

crystallization tank in the first stage was 63°C. At this



adduct crystal s -discharged fromthe crystallization
tank in the second stage was centrifuged to recover
crystals and the crystals were then washed wth
phenol . These adduct crystals had an APHA col or of 9.
Bi sphenol A was obtained by renoving phenol fromthe
adduct crystals. The obtai ned bisphenol A had a good
hue with an APHA col or of 15. [Exanple 2] The sane
procedure was repeated in #8e same nanner as .in
Exanpl e 1 except that the tenperature of the
crystallization tank in the first stage was 76C. At

timkhi $net ';fggﬁ\taf Hal e 9k Boyasge 23% bynyeightvans tdhe B/a

val ue o “was 0.50. The'rate of fine crystals
wasN8VeRY arparti€d &8 Zde UrdHIMOMmdBSYy i RodUle size

crystals obtained fromthe " crystallization tank in

of 10eusesendestags ¥agudb% bysvel g§hdbtailied obtah nese
- crystals had an APHA col or of 7. [Conparative exanple

crybkaThezsamenpragkdunetnasseeprat etaga vhe sasebyanapght.
as in Exanple 1 except that the tenperature of the

TheCbpshahkbizatiyenal ankatdnahhrPlirstlst agé Was 63E& At
this 26 tinme, the value of B was 36% by wei ght and the
bispaknelofh BbAainad By8Bemdhéngapkeendlffnemctlystafiduct
having a particle size of 100~tmor |ess in adduct
crystydsahadobt higkdvaiom ofehueysith| &z ahPHh cahkr | af the-
second stage was 27% by wei ght. The obtained crystals
[Exhaglan3APHA col or of 17. The

A crystallization device, in which 5 partitions having
an inlet port for transporting_the slurry weré introduced in
parallel with each other at same intervals into a horizontal
cylindrical-type vessel to divide the vessel into 6
cylindricél compartments having a same volume, each
compartment being equipped witﬁ a jacket capable of flowing
water as a cooier, was uséd. In order to stir the inside of
each compartment, a shaft was provided on the central axis
of the cylindrical veésel and the shaft was then equipped
with an agitator blade to stir at 10 rpm. Water for cooling
the slurry was fed into each jacket. Then, ﬁhenolic |
- solutions containing 35% by weight of bisphenol A and 5% by
weight of the side-products of bisphenol A were continuously
fed at 85°C into a compartmeﬁt in the last end of this
érystallization devicé. The produced adduct crystals were
sequentiallj transported into the following compartments and

then were discharged from the compartment in the last end



bi sphenol A .obtained by renoving phenol fromthe
adduct crystals had a high value of hue with an APHA
color of 35.. [Exanple 31 A crystallization device, in
- which 5 partitions._having an inlet port for

transporting the slurry were introduced in parallel

wi th each other at same intervals into a horizontal
cylindrical -type vessel to divide the vessel into 6
cylindrical conpartnents ha/ing a same vol une, each
conpart ment bei ng equi pped with a jacket capabl e of
flowng water as a cooler, was used. In order to stir

(tHeN€ 1A denphrtRAER) COFPRRENBRherasshal EoWakapr enéded
on the central axis of the cylindrical vessel and the

resifRbi-enaspbhen gqui-peed11wkhisA aevtakonibhadeet® hours.
stir at 10 rpm Water for cooling the slurry was fed

Thd HMetpRaehur-ackel. afleet pRopekie igokdthonsmpantaentngere

; 35% by wei ght of bi-sphenol A and 5% by weight of the

- g1,si7de- prodeet, s 5@f abids pbenof rén wetie woent termouside, fed at
85'Cinto a conpartnent in' the last end of this

respleystialklliyzat Tha tewpeeatThes psddiitedcaaltineg watyest alrs the
were sequentially transported into the follow ng

inledampdr baeht soapdrttken were déschRar géd, f fdm PReand 45°C
conpartnent in the last end 27 (the final conpartnent)

froof thise upsheeagi dédse tharechéverlysi B et emMperdHILE
crystallization device mght be 2 hours.

The
di fitemsacst besvesh &BuEPOeiyst aPsTrRccaBA EBRpAFTRENL Was

' were 81, 77, 72, 66, 58 and 50C fromthe %pstream
5°Cgj dhen the device was stabilized, the slurry of adduct

crYstals was collected to measure the solid fraction. As a
'result,_the SOlid fraction B in the first compartment was
11% by weight, the solid fraction A in the 6-th compartment
which was the final compartment was 42% by wgight and the
value of B/A was 0.26. The rate of fine-crystals having a
particle size of 100 pum or less in the 6-th compartment was
5% by Weight.. Moreover, the crystals weré recovered by
centrifuging the slurrf of adduct crystals discharged from.
- the final compartment, and then were washed with phenol.
Theseecrystals had an APHA color of 2. 1In this state, the

‘ operation was continued for 100 hours, there was however no
change in the hue of crystals and the rate of:fine crystals
having a particle size of 100 um or less. The increase in
the.slurry temperature in the final compartment which was
observed -in the case where crystals were adhered to a

cooling surface was also not observed.:




respectively. The tenperatures of the cooling water in
the inlet of each conpartnent were 76,, 72, 67, 61,
53 and 45C fromthe upstream side, respectively. The
"tenperature difference between the cooling surface
and the slurry was 5C. When the device was
stabilized, the slurry of adduct crystals was
collected to neasure the solid fraction. As a result,
the solid fraction Bin thé&bfirst conpartnent was 11%
by weight, the solid fraction Ain the 6-th
conpartnent which was the final conpartnent was 42%
ight and the value of B/A was 0.26. The rate of
[Exg%ﬁggc?§stals having a particle size of 100 mor |ess

in $he 6sih CONPaEtABNfadaS %ty Wl AHe JWMLoM@her as

the crystals were recovered by centrifuging the

in BkUmBY 0fi agddught cest Alwh di s chad geshdeourdde ff iatrluct
: conpartnent, and then were washed with phenol. These

- cryerustalis badnharohBEAtReher weke2malAthbhedsktat ehe t feme
~ operation was continued for 100 hours, there was

tembewaver eBo deghanped Ant BrahpeeoB whyshakwsreahd, the, 72,
- _rate of fine crystals having a particle size of 100
66, pBBOENKHEeSH°C Thehe ncemaseatured hef sterkindg erperatior €hien
the final conpartnent which was observed in the case
Cinleliepé emydt abspaetmeatiheeed totatoc68li R, sGPf até wag and
al so not observed. 28 [Exanple 4] The sanme procedure
38°GmEreepensbteshn §hde safes hener BRSSP Bhpland the
except that, while the tenperatures of adduct ,
temperature difference between cooling surfaces and slurries
became 12°C by means of controlling the area of cooling
surface in each compartment. When the crystallization
device was stabilized, the cbtained crystals had an APHA
color of.5 and the rate of fine crystals having a particle
size of 100 um or less was 11 percent. In this state, the
operation was continued for 100 hours, and as a result, the
temperature of slurry in the final compartment was 51°C.
[Example 5]

The same solution of bisphenol A in phenol as in
Example 1 was fed-at“90°C into the multi-chamber type
crystallization device used in Example 3 so that the
residence time might be one hour. The temperatures of the
slurry of adduct crystals in each compartment were set to 83,
82, 80, 78, 75 and 72°C from the upstream side, respectively.

At this time, each temperature difference between cooling

surfaces and the slurries became 5°C. In addition, the




crystals in each conpartnment were maintai ned as - the
same tenperatures described in Exanple 3 which were
81, 77, 72, 66, 58 and 50C, the tenperatures of
cooling water in‘the inlet of each conpartnent were
set to 69, 65, 60, 54, 46 and 38C from upstream side
of slurry, respectively and the tenperature
di fference between cooling surfaces and-slurries
becane 12C by neans of contdlling the area of cooling
surface in each conmpartnment. \Wen the crystallization
devi ce was stabilized, the obtained crystals had an
s1UMPHA QiR @y Frandihle rake ebmbhRemehyskiaksfbavingo
a particle "size of 100 mor, less was 11 percent. In .
ond RS sHAl8,z4then epakatised Was rgamnpbileugdtbopet®Orm
hours, and as a result, the tenperature of slurry in
cristalfliinalt ieenmpar bnentiregs teihperakbxanplfessic Ther Sagrea
solution of bisphenol Ain phenol as in .Exanple 1
resf@nfced tdime90QE iInheutrhe Aul thichadther tiypesolid fraction
crystallization device used in Exanple 3 so that the
B irediderfderstt memmagltinebé ofie theumnlThechemperatypes of
the slurry of adduct crystals in each conpartnent
crwaered 1setattion88levige, wae, 438py7veaptit72CHe ol fraction
upstream si de, respectively. At this tine, each
C imergher dftimed dichbaréneatbeewedn Scbyl Wa§IhEur fBeR S A
. the slurries becane 5C. In addition, the 29 slurry: _
fragitdomaPged themsthe rePngr veébapareatAPIWAE N Ke8dlAPBed With
one crystallization tank used in Exanple._1l tgigerform

draft tubes, which was in the final crystalliza n stage,
was 42% by welght. The values of B/A and C/A were-O.lo and
0.64, respectively. The rate of fine crystals having a
particle size of 100 um or less in the final crysta;lization _
stage wa§ 7% by weight, The crystals were recovered by
centrifuging the siurry of adduct crystals discharged from
the final crystallization‘stage and then washed with phenol.
These crystals had an APHA color Qf 3. The multi-chamber
type crystallization device was used until the value of C/A
reached 0.3 or mdre. As a result, it was found that the hue
of adduct crystals was iﬁproved as compared with that in
‘Example 1 and the ratelof fine crystals was decreased. In
addition, as compafed with Exampie 3, although the
temperature difference AT betweén the slurries of the
previous stage and the following stage was more than 10°C
.after exceéding a valuefof C/A of O.4}’it was féund that

‘there was no substantial effect on the hue of adduct



crystallization at a slurry tenperature of 50C during
a residence tine of 1 hour. At this tinme, the solid
fraction B in the first conpartnent of the

nmul ti-chanber type crystallization, device was 4% by
wei ght. The solid fraction Cin the final conpartnment
was 27% by weight. The solid fraction Ain the
stirred crystallization tank equi pped with draft
tubes, which was in the find crystallization stage,
was 42% by wei ght. The values of B/A and C/A were 0.10
and 0.64, respectively. The rate of fine crystals

cryd@Wing ;34 RAkt kehe Sirzeinef c2Q4tRMsQr less in the
final crystallization stage was 7% by wei ght. The

{Eg%hggkakg were recovered by centrifuging the slurry of
adduct’ crystals discharged from the fina

- cryatab{ kgali ona st @gedantcd hen wesdied? whdht phienod .having
These crystals had an APHA color of 3. The .

an Mltdt ¢ghanbevr typespbyskalbhzatfi ansdevirgeweas dsédoduced
until the value of G A reached 0.3 or nore. As a
in resultleli viwhs ebhabndthieat atheamee inskbryddactinEpyst al s
was i nproved as conpared with that in Exanple 1 and
hortirentatle cofl inidme cedysyales vaasedetredd¥dde| fihead@pspdninto
' as conpared with Exanple 3, although the tenperature
8 adilfingiréned APrpemieen teh&aginer the §AMEhEOLEMEYi BaASH
stage and the follow n sta%e-mas nore than_10C Eten
compREaading be vl gevdPPefavdnoas JarkeasapPahing Pﬁa? OWlng
there was nqg substantial_ effect 8n the hue ofhadductd f
watsy @Syt S99 1&%d RS MSEE-of 1R pBIRFyEPafslr the 1nside ©

each compartment, a shaft was provided on the central axis
-of the cylindrical vessel and Ehe shaft was then equipped
with an agitator blade to stir at 10 rpm. Crystallization
was then péerrmed in the sane manner as in Examﬁle 3 except
that the temperatures of adduct crystals in each éompartment
‘were set to 82, 80, 76, 72, 67, 62, 56 and 50°C from the
upstream side, respectively, the temperatures of the cooling
wafer in the inlet of each compartment were set to 77, 75,
71, 67, 62, 57, 51 and 45°C from the upstream side,
respectively, and the femperature difference between cooling
surfaces and élurries became 5°C. When the device was .
stabilized, the slurry of adduct crystals was collected to
measure the solid fraction...As alresult, the solid fraction
B in the first compértment was 9% by weight, the solid
fraction A in the 8-th compartment which was the final

" compartment was 42% by'weight and the value of B/A was 0.21.



[Exampl e 6] A crystallization device in which 7
partitions having an inlet port for transportation of
a slurry were introduced in parallel with each other
at sane intervals into-a horizontal cylindrical-type
vessel to divide the vessel into 8 cylindrica
conpartnents having the sane vol une, each conpartnent
bei ng equi pped with a jacket capable of flowi ng water
as a cooler, was used. In orlder to stir the inside of
each conpartnent, a shaft was provided on the centra
axis of the cylindrical vessel and the shaft was then

TheFUtRPeE fnlh aRsaghtahakiBhadephetstie 8tzd00EPMDO pm
Crystallization "was then perfornmed in the sane manner

or a%dsh iEXamel ¢-3nexeephrthiBat tyHe BenBer akupRE. OfThe
adduct crystals in each conpartnent were set to 82,

cry@Qaltbiwetd rBlovBZeddByandnblCriiyoayt hBe HPEEEQAPY adduct
: side, respectively, the tenperatures of the cooling

cryddiagls idlsidh@ rigldetrreln eaehreaapacbnpattmene sall thed7,
75, 71, 67, 62, 57, 51 and 45C fromthe upstream

wa siedie wi the pheticilvel Yhe anidt 4 heed eapes bd Us ehatil fdrerihite color
bet ween cooling surfaces and slurries becane 5C. Wen

of tikesdeviane 2nwasInstiabs| & zede, t blee sbprryt bin aguuctontinued

- crystals was collected to neasure the solid fraction.

 forAd 08 heswlst, thieeesoirisdhbrgyeirono Bhangehénf thet hue of
conpartnment was 9% by weight, the solid fraction A in

crystiels- edc shsarerenttwWiitel waystheé st hAYLnYcBnpartAEhe

was 42% by wei ght and the val ue of B/A was 0.2]1. 31
size of 100 um or less, and further the increase in the

slurry femperature was also nct observed.
[Example 7]

By means of controlling the flow rate of the cooling
water aﬁd the area of cooling surface in eaéh compartment,
the temperatures of adduct crystals in each compartment were
set to 82, 79, 66, 61, 58, 55, 52 and 50°C from upstream
side of the slurry, respectivély, and the temperature
difference between the second compartment and the third
‘cbmpartment was 12°C. At this time, the temperatures of the
cooling water in the inlet of each compartment were set to
717, 70, 56, 56, 55, 52,.49 and 47;C from the upstream side
of the slurry of adduct crystals, respectively, and the
femperaturé difference between cbolihg surfaces and slurries
- was at most 10°C. Crystallization was then performed in the
same manner as in Example 3 except the above;mentioned

‘description. When the device was stabilized, the slurry of



‘The rate of fine crystals having a particle size of
100 mor less in the 8-th conpartnent was 3% by
wei ght. The crystals were recovered by centrifuging
"the slurry of adduct crystals discharged fromthe
final conpartment and then . washed with phenol. The
obt ai ned crystals had an APHA color of |ess. than 2.
In this state, the operation was continued for 100
hours, there was however ndn%hange in the hue of .
crystals and the rate of fine crystals having a.
particle size of 100 pmor less, and further the
addutd easgtial st Res Shuikytkenper akdsereasheaks§0iA0traction.
observed. [Exanple 7] By neans of controlling the flow
As lAteRfl theneoellng fwateroand tihetaeeaecebngoabinpgriment
surface in each conpartnent, the tenperatures of
wasadducbyChisigalts itheedoh igompactient Averetheeg-th 82,
79, 66, 61, 58, 55, 52 and 50C from upstream side of
cond-tngindr Wi dhesecttheelfy naandcparteeper abar 2% by
di fference between the second conpartnent and the
we itdhitr dindc auimeaviarteiet odias/A2@asA0 .Bhi.s Theeratdeof fine
"~ tenperatures of the cooling water in the inlet of
cryedel sc bapanonenamrielsesize of710P0um56r 56ss55n she 8-
49 and 47C fromthe upstreamside of the slurry of
th soaper taepdt ales, 18éspecrpdehy. aRdet peysiahperaltaired by
: di fference between cooling surfaces and slurries was
cendyr ifygtinpoEhecsygaw) Pfaﬁgeﬁ%grﬁfﬁéﬁlﬁefﬂf-6?%89?91 trem
sanme _manner as in Exanple_3 exce&t th %bove-nentioned

thegdsdh FOMRRrtAREY £RE dBviREE WS 18Eabll Pzed, the
[Ré%é#gﬁteo%xample] | '

By using only one of the'crystallizationfdevices used
in Examplé 1, the same solution of bisphenol A in phenol as
in Example 1 was continuously fed sotthat the residehce time
might be 2 hours. The érystallization tank was then cooled
until the inside temperature reached 50°C. When the device
was stabilized, thé slurry of adduct crystals discharged
7frqm the lower portion of the crystallization tank was
centrifuged to recover crystals. These crystals had an APHA
color of 23. The rate of fine crystals having a particle

size of 100pum or less was 36% by weight.

INDUSTRIAL APPLICABILITY
According to the present .invention, it is possible to
. provide a process of producing bisphenol A which excels in

economical efficiehcy and has high purity and an excellent



32 adduct crystals was collected to neasure the solid
fraction. As a result, -the solid fraction Cin the
second conpartnent was 16% by weight, the solid
fraction Ain the 8-th conpartnent which was the fina
conpartnment was 42% by weight and the value of C/A
~was 0.38. The rate of fine crystal's having a particle
size of 100 mor less in the 8 th conpartnent was 13%
by weight. The crystals obt3i ned by centrifuging the
slurry of adduct crystals discharged from the 8-th
conpartnent had an APHA col or of 6. [Reference
hudexanpl e] By using only one of the crystallization
devices used in Exanple 1, the sane sol ution of
bi sphenol A in phenol as in Exanple d was o
continuously fed so that the residence tine mght be
2 hours. The crystallization tank was then cool ed
until the inside tenperature reached 50C. Wen the
device was stabilized, the slurry of adduct crystals
"di scharged fromthe | ower portion of the
crystal lization tank was - centrifuged to recover
-crystals. These crystals had an APHA col or of 23. The
rate of fine crystals having a particle size of 100m
or less was 36% by wei ght. | NDUSTRI AL APPLI CABI LI TY -
According to the present invention, it is possible to
provi de a process of producing bi sphenol A which
excels in economcal efficiency and has high purity
and an excel l'ent" ' '



33 hue. 34 What is clained is: 1. A process of
produci ng bi sphenol A conprising: (1) a step of
produci ng ‘a phenolic solution containing bisphenol A
by reacting phenol with acetone, (2) a crystallization
step of cooling the obtained phenolic solution
cont ai ni ng bi sphenol Ain a crystallization device
and continuously formng a slurry containing adduct
crystal s conprising phenol 3hd bi sphenol A (3) a
solid-liquid separation step of separating the adduct
crystals fromthe slurry, and (4) a step of producing

whad sRhenql; Ay s-enovi ng phenol  fromthe adduct
crystals, wherein, in the crystallization step, (a)

the) f ech SOldidon Of icanang] Adphaphenal dompeaelied:

at tenperatures of at |east two Steps to forma slurry

contaj ni ngragd et p s NSt Bh§, a (Bleddld@ad1dtMbn containing
crystal lization stages having different ‘cooling

' bisif;ﬂn@@lamung@zs rake tphoviptetioland thCc hcwhene} he solid
raction of the slurry is A[%by weight] in the
finak) caystastarhi ioni shageeprodredal irrqnspordl gl ridve
slurry-into the.solid-liquid separation step and is B
phemiallby: w&ﬂ@mﬁbninohhainﬂwgtbﬁbphanbénAsﬁaga in
crystallization device and continuously forming a slurry
containing adduct crystals comprising phenol and bisphenol 2,
(3) a solid-liguid separétion step of separating the
adduct crystals from the slurry, and
(4) a step of producing bisphenol A by removing phenol
from the addu;t crystals, |
.wherein, in the cryStallizafion step,
{a) tﬁe fed solution of bisphenol A in phenol is cooled
. at temperatures of at least two steps teo form a slurry
containing adduct crystals,
(b} at least two crystallization stages having
different cooling temperatures are provided, and
(c) when the solid fraction of the slurry is A [% by
welght] in the final crystallization stége prior to
transporting the slurry into thé solid-liquid séparation
step and is B [% by weight] in the crystallization stage in

which crystals are first formed, the value of B/A is kept

0.7 or less.



whi ch crystals are first forned, the. value of B/Ais
kept 0.7 or less 35 2. A process of producing
. bi sphenol A conprising: (1) a step of producing a
phenol i c-sol ution containing bisphenol A by reacting
phenol with acetone, (2) a crystallization step of
~cooling the obtained phenolic solution containing
bi sphenol A in a crystallization device and
continuously formng a slufPy containing adduct
crystal s conprising phenol and bi sphenol A (3) a
solid-liquid separation step of separating the adduct

cryst ahs phbeasthe of oraedcshyr bY sphého? At eBmplising:
produci.ng bi sphenol “A by refnovi ng phenol fromthe

separ pt£dy e é&ﬁd’cﬁléﬂrﬁg AR RIN ithe anistdl ldeadkiionng

step is performed by using a nulti-chanber-type

bisgméﬁbal higat beacderycenbayi NgithSacénshde divided into
or nore conpartmnments by partitions with at | east

one(df & he-yeangiaritieniten egquipRad dddiing o ebtained
whi ch the phenolic solution containing bisphenol-Ais
phehedici sbhuohencoapaeineny bihsphenct yatafil azati on
' device, the produced slurry of adduct crystals is
crysegléntbhailby dévanspentedonnioueashy cOopmitgreat slandy

then the tenperature of the slurry in the follow ng .
con§eagéngsaddnttokiryd ted sheompgwsinghaheniat aing Hisphencl A,

previ ous stage to gradually cool the slurry _

ConF@inﬁn§Q%$ﬁﬂﬁlQHW%t%?Ba¥¢¢%@nIéﬁ@? dhle 8ePaBRLEND the
adduct crystals from the formed slurry,

(4) a‘stép of producing bisphenol A by removing phenol
. from the separated adduct crystéls,
wherein the crystallization step is performed by using

a multi-chamber-type crystallization device having its
inside divided into 3 or more compartments by partitions
with at least one of the compartments equipped with a coocler,
in which the phenolic solution containing bisphencl A is fed
into one compartment in the crystallization device, the
produced slurry of adduct crystals is_sequentially
transported intc each compartment, and then the temperature
of the slurry in the following stage is controlled to be
lower than that in the previous stage to gradually cocl the

slurry containing adduct crystals in at least one set of two

serial compartments.

3. The process according to claim 1, comprising



serial compartnents. 3. The process according to claim
1, conprising 36 feeding the phenalic solution
cont ai ni ng bi sphenol A into one conpartnent of the
crystallization device to produce a slurry of adduct
crystals, sequentially transporting the produced
.slurry of adduct crystals to each conpartnent, and
gradual ly cooling the slurry of adduct crystals, by
using a nulti-chanber typéebrystallization devi ce
having its inside .divided into 3 or nore
conpartnments by partitions with at | east one of the
fec@@MRALhRERhENBAYPREAuMiER 2o608i RinlShUSEHenoUNAi into
the value of CAis at least 0.3 when the solid
onel aghba@fmentt BE shur byyesallfYebyometghtitel ot peodiinal a
crystallization stage prior to transporting the slurry
s Luirfity0 o ft hedseki drlysguild, sepgnahtoal syeprandpbheisgl tlde
fraction in the slurry is C[% by weight] in .each
produystalkilzzat/i off atidget 4ry¥helprbcesschccomdangment angnd
one of clains 1 to 3, wherein the tenperature :
gradiubfléryercelbegwebr shersiurfi eddoftadduetateyshbal gsing a
present in two serial crystallization stages or
- mult¢dnphement $vbs tOgsorlliézetion deelipeobeysnacebs dingide
to claim4, wherein when the -solid fraction in the
divdpger ynits A po% Byreerghpprifethe Pynaprtitions with at
crystallization stage prior to transpaorting the slurry
leapfopne; RE Ehps CONNEATIEET SsCaHIPRES tHE s & i@Alisduitd sed,
PR 20 ShEPCaRd s Lne S OLLd, 1525 80 Bl g ELYTTY

fraction in the slurry is A [% by weight] in the final
crystallization stage prior to transporting the slurry into
the solid-liquid separation step and the solid fraction in

the slurry is C [% by weight] in each crystallization stage.

4. The process according to any one of claims 1 to 3,
wherein the temperature difference between the slurries of
adduct crystals present in two serial crystallization stages

or compartments is 10°C or less.

5. The process according to claim 4, wherein when the
so0lid fracticn in thé slurry is A [% by weight] in the final
crystallization stage prior.to transporting the siurry from
the crystallization step into the solid-liquid separation
.step and the solid fraction in the slurry is C [% by weight]

in each crystallization stage or compartment, the



in each crystallization stage or conpartnent, the 37
crystallization stages or conpartnments having the
value of C A of 0.4 or nore have at | east one set of
-two serial «crystallization stages or conpartnents
having a tenperature difference AT between the
slurries of the previous stage or conpartnent and the
foll owi ng stage or conpartnent of nore than 10C . 6.
The process according to a%ﬂ one of- clainms 1 to 3,
“wherein in a wet-type crystallization device, the
tenperature difference between the cooling surface of
crygtaw%ﬁl@ﬂdsteg e8! U YoRba AOALEE s ChY$1 Ak StRE e6&Nke | o
he sane conparfnent as the cooling surface is 15C or

C/A|S§SO {. oFhRePEORESS 3ECPELENTcHS a8Y Onetwd staisap 1
3, Wwherein a device is provided, which prevents

cry@@Q@Q§z§t¥§halsﬁag@E pheaehp bt spEEDS| hzeviﬁ@rraaﬂémgsemture
to the cooling surface of the cooler.

difference AT between the slurries of the previous stage or

" compartment and the following stage or compartment of more

than 10°C.

6. The process according to any one of‘claims.l to 3,
wherein in a wet—tYpe crystallization device, the
temperature difference between the cooling surface of a-.
cooler and the slurry of adduct crystals presentrin the same

compartment as the cooling surface is 15°C or less.

7. The process according to any one of claims 1 to 3,
wherein a device is provided, which prevents adduct crystals
of phenol—biSphenol A from adhering to the cooling surface

| of the cooler.



