1 SPECI FI CATI ON | MPROVED CONTI NUOUS CRYSTALLI ZATI ON PROCESS TECHNI CAL

FI ELD The present invention relates to an inproved continuous
crystallization process. Mre particularly, it relates to an inproved
process for continuously formng the crystals of bisphenol A and phenol
adducts or the crystals of bisphenol A. BACKGROUND ART It is known to
produce bi sphenol A by reacting an exress anount of phenol with acetone in
the presence of an acid catalyst. As the nmethod for obtaining high-purity
bi sphenol A fromthe above reactdgh-pradUsteya Method is  known in which the
reaction product is subjected to a C crystallization treatnent to

precipitiﬁéﬁéégchéﬁiﬁ$§oﬁg Ry iA?fgﬁi%ﬁ?&E? A and phenol

(hereind erre 0 as a% uct crys en a slurry of the
obtained crystals is subjected to solid/liquid separation, and the phenol
is renoved fromthe recovered adduct crystals. In another nethod,

bi sphenol A crystals are precipitated instead of adduct crystals. A

cont i NnuCFCIEY |§35%Ri on process is known as a nethod for purifying a

| arge volunme of crude material at 2 high efficiency. In carrying out
conti nuous cr >z§'tea|pqq%m@rﬁ;nvention relates to an improved

continuous crystallization process. More particularly, it
relates to an improved process for continuously forming the
crystals of bisphenol A and phenol adducts or the crystals

(: ' of bisphenol A.

BACKGROUND ART

It is known to produce bisphenocl A by reacting an
excess amount of phenol with acetone in the presence of an
acid catalyst. As the method for obtaining high-purity
bisphenol A from the above reaction product, a method is
known in which the reaction product is subjected to a

(; crystallization treatment to precipitate the crystals of an

adduct of bisphenol A and phenol (hereinafter referred to as
"adduct crystals"), then a slurry of the obtained crystals
is subjected to soiid/liquid separation, and the phenol is
removed from the recovered adduct crystals. In another
method, bisphenol A crystals are precipitated instead of
adduct crfstals.

A continuous crystallization process is known as a

method for purifying a large volume of crude material at



usual l'y concentration of material is adjusted in the material preparation
~-step, and the material is supplied to a crystallizer after the tenperature
has been adjusted to a, degree not |lower than the saturation tenperature.

. In this case, an excess rise of tenperature of the material leads to an
"increase of the quantity of the required heat in the crystallizer. This, in
turn, duty of cooling the supersaturabion, which not only induces an

i ncreased rate of nucleation to reduce the average size of "crystals, but

al so encgoura .depgsi tion of scale on the heat transferring..surface of
the cool &f %ﬁ"t %e i ;%Léap cgu'rfg@escaoﬁr%%?eg p?tb%s?oﬁﬁﬁpuoﬁe?:ﬁ’ EFgglilﬁattﬁé’n'
naterial-to-g -crystallized Qﬂereinafter referred to as crystallization

mat er i al Spf ggrﬁépﬁﬁn§F@§}° §GéFP$eFH€ltéﬁpé¥%Pﬁ¥§“1§1hdﬁﬁ%ted to a degree

which is slightly (such as +3C) above the saturation tenperature. C As a
cont i nuoB&teryatlaPrEPALiAdd opr §¢6Fs SndaddgcMatenistlaliss sunRdtiRst H% &nown
conprising the steps of «crystallization, solid/liquid separation, washing
and crystabtréldizesolfiteg wheh tempegesireufssr befer( Bstjusted rdl)ast) st ages,
in which (a) purified phenol is used as the washing liquid for the crystals
obt ai neddagrekenntt Rowkagehan( hhet Isetwashiiogs tempentdterrd.i qlar théeover ed at
the n-th stage is used as the phenol solution for re-dissolving the

cryst al scabtai aadegtethe ristt bfstegperaturehe mhkRemateauen 3eads washi ngs

recovered at the n-th stage is used as the
an increase of the quantity of the required heat in the
crystallizer. This, in turn, duty of cooling the

(~ supersaturation, which not only induces an increased rate of
nucleation to reduce the average size of crystals, but also
encourages deposition of scale on the heat transferring
surface of the cooler, the inner surfaces of the pipes, etc.
Therefqre, in the material-to-be-crystallized (hereinafter
referred to as crystallization material) preparation step,
usually the temperature is adjusted to a degree which is
slightly (such as +3°C) above the saturation temperature.

(: As a continuous crystallization process of adduct
crystals, a method is known comprising the steps of
crystallization, solid/liquid separation, washing and
crystal re-dissolving with a plural number of (lst to

- (n-1)st) stages, in which (a) purified phenol is used as the
washing liguid for the crystals obtained at the n-th stage,
(b) the washings or mother liquor recovered at the n-~th

stage is used as the phenol solution for re-dissolving the

crystals obtained at the n-1lth stage, (¢) the mother liquor



washing liquid for the crystals obtained at the n-ith stage, and (d) the
- concentration of inpurities in the phenol solution for re-dissolving the
crystals and the concentration of inpurities in the washing liquid of the
crystal at each of the 1st to n-Ith stages are nade higher than those at
t he succeedi ng stage (Japanese Patent Application Laid-Open (KOKAI) No.
5-117194). However, according to the studies by the present inventors, it
was found that the proposal in the above- nentioned patent to use the nother
l'i quor exclusively for the dissolution, of crystals as way .of effective
it zat DB BF R RESnSERRYFPAUBE EHe: Rathr SEEUEI APatiet A% 5efss has t he
problemthat .the_crystals tend to precipitate on the heat transferring
surface %?g?h%gcﬁbﬁ id fPﬁetgﬁn@FY§GPﬁ508?tBFnﬁﬁeaﬁi5@@,ne@&h;Sﬁégﬁbrn1a

deposit called scale, jeopardizing the Iongitine stabl e operation of the
appar at udndpeg i i EhPaFPYCRAtERE 1S Lo MRULIEEyEEalihi £86 Bea®dar at us havi ng
an external circulation type cooling system the scale tends to deposit on
t he heatsoiwhhehefpinyesditaocdvaongt héecovletalshenidnmbde surfaces of the
pi pes | ocated downstream of the neeting point of the crystallization
mat er i al cancenrteatbohant shpuryriasdiot bbe wpahtisgt dinmke bt dhkficult or
even unable to carry on the continuous |ong-tine stable operation of the
appar at usry4talhgtpeasanbfi arentieentbag-heanseadesi arei awdef hib@er
than those at the succeeding stage (Japanese Patent
Application Laid-Open (KOKAI} No. 5-117194).
However, according to the studies by the present
inventors, it was found that the proposal in the above-
mentioned patent to use the mother liquor exclusively for
the dissolution of crystals as a way of effective
utilization of the mother liquor in the crystallization
process has the problem that the crystals tend to
precipitate on the heat transferring surface of the cooler,
the inner surfaces of the pipes, etc., to form a deposit
(: called scale, jeopardizing the long-time stable operation of
the apparatus. Particularly in the case of a
crystallization apparatus having an external circulation
type cooling system, the scale tends to deposit on the heat
transferring surface of the cooler, the inner surfaces of
the pipes located downstream of the meeting point of the
crystallization material and the coolant slurry, and other

parts to make it difficult or even unable to carry on the

continuous long-time stable operation of the apparatus.



above circunstances, and its object is to provide an inproved continuous

~crystallization process which can be

applied to continuous fornmation of

adduct crystals or bisphenol A crystals, according to which the heat duty

. that

needs to be renoved in the crystallization operation is

| essened and

the solid deposition on the inner surfaces of the crystallizer, especially
on the heat transferring surface of thg cooler, is restrained to allow
prol ongation of the continuous operation period of the crystallizer.
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inventors' earnest studies on the subject matter, the follow ng findings
has been ¥HRiRYed |GPHalG R B fF 60T Fakl 143 1 1OMR RIS tHel vt BB Pequor in the
crystallization process, it is advantageous to let part of the nother
| i quor ciapplligde o adretigryaisl foeat bwe b adduct tdwsttabe, ox he
crystallizer is kept from being exposed to useless heating which is
unavoi dahlispheecds & wheystde, Sacomtdiarg |tqudridls tthe che @t edity thet
crystallization material preparation tank, and thereby it is possible to

lessen theediealo B Wdhatededstie deyseamMesht Tor heparysian ligation

lessened and the solid deposition on the inner surfaces of
the crystallizer, especially on the heat transferring
surface of the cooler, is restrained to allow prolongation

of the continuous operation period of the crystallizer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an example of process flow sheet for
carrying out the process of the present invention.

FIG. 2 is another example of process flow sheet for

carrying out the process of the present invention.

DISCLOSURE OF THE INVENTION

As a result of the present inventors' earnest studies

on the subject matter, the following findings. has been found.

In making effective utilization of the mother liguor in the
crystallization process, it is advantageous to let part of
the mother liquor circulate in the crystallizer because, in
this case, the crystallizer is kept from being exposed to

useless heating which is unavoidable in case where the



operation. It is further possible to suppress the generation of deposition
“(nanmely, the generation of scale) by an anpbunt corresponding to the _
reduction of enthalpy (or tenperature) of the crystallization material nade
_possi ble by avoiding usel ess heating. O course, the obtained crystals
“remain unaffected at all in their quality even when the nother liquor is
circulated to the crystallization mategial preparation tank w thout
circulating it to the crystallizer. The present invention has been attained
on the basi of . the above findin ip_ap_aspect, of .the present invention,
there is Tﬁi@?ﬁeﬁlﬂ.0?nb?oﬁéﬁcﬁ%ﬁ??ﬁugﬂsgg?yEfXFFPiéfFSHEOBr88%§§légnprising
the steps of supplying a crystal]izatiopn mterial_ containing bisphenol Ato
a crystaJ9?%%?r$€l¥%rﬁ?n¥hezﬁéyEPﬁfgbﬁflEnlﬁdﬁﬁﬁﬁlB%ebF@pﬁ@ﬁEPnAtgﬁd phenol

or the crystals of bisphenol A, subjecting the slurry discharged fromthe
crystal | iBe3t 1@yl iRt i geeds skpabat FoRovaRdinskhar aryaalhézergonal s from
the nother liquor, with part of the nother |iquor being circulated to the
crystal | iggerafheni nentisorfwitieheodesidrlichad isnpistesd #erei nafter with
reference to its enbodi nents. The crystallization process of the present
i nvent i onyemepat s@s dfisdepbs ytbob (naysiy) | tkzat genenat bohabf psepaeqti on
step, a crystallization step and a solid/liquid separation step. In the
crystal | igpta®nami et | Gbrié Sperdl h@tSt€fe Beduction of enthalpy (or
temperature) of the crystallization material made possible
by avoiding useless heating. Of course, the obtained
crystals remain unaffected at all in their quality even when
the mother ligquor is circulated to the crystallization
material preparation tank without circulating it to the
crystallizer.
The present invention has been attained on the basis
of the above finding, in an aspect of the present invention,
there is provided an improved continuous crystallization
process comprising the steps of supplying a crystallization
(:- material containing bisphencl A to a crystallizer to form
the crystals of an adduct of bisphenol A and phenol or the
crystals of bisphenol A, subjecting the slurry discharged
from the crystallizer to solid/liquid separation, and
separating the crystals from the mother ligquor, with part of
the mother liquor being circulated to the crystallizer.
The invention will be described in detail hereinafter

with reference to its embodiments. The crystallization

process of the present invention comprises basically a



material to be crystallized, for exanple, a phenol (hereinafter referred to
~as PL) solution of bisphenol A (hereinafter referred to as BPA) and the

not her liquor <circulated fromthe solid/liquid separation step are

supplied to a crystallization material preparation tank to prepare the
“crystallization material. As the PL solution of BPA, usually the reaction
product obtained froman acetone and PL reaction step is used, and if
necessary, the BPA concentration may be adjusted by evaporating part of the
solution or by adding the circulated nother liquor, or the solution nay be
heat ed bfﬁﬁﬂﬁ%h@%l%dﬂ%&%%g@?%%ram%oW%Pt he e¥ystaldizabiPRer, the
crystals obtained from the preceding crystallization step, after

solid/|i el @ustparael bi/ 1 gyl besepaedt iwh hSteR- circul ated not her |iquor

or heated to obtain the desired crystallization material adjusted in BPA
concentration amd thenperetalkllZieiorenperetink forpahet Coyssadbj zati on
material preparation step (tank) is usually set at a degree which is

hi gher t heatdihiealsatairisd | @rydeanpel sedly efof ébemple soh uphemodf BPA. Its
preferred tenperature is 1 to 10C, nore preferably 1 to 5C higher than the

saturati qmd M Aldl ere fderaDOVS aSably abd Dik 1 SADSF ab UEShEAD1 DL det er i ned,
for exanple, by 7 referring to the saturation solubility curves descri bed

in the t 5 or
(KOKAI ) DUIASIA Sdterrdy JORAa PRI RO CRLL Oi G808 O

circulated from the solid/liquid separation step are
supplied to a crystallization material preparation tank to

(* prepare the crystallization material. As the PL solution of
BPA, usually the reaction product obtained from an acetone
and PL reaction step is used, and if necessary, the BPA
concentration may be adjusted by evaporating part of the
solution or by adding the circulated mother liquor, or the
solution may be heated by utilizing a heat exchanger to
dissolve the crystals. Further, the crystals obtained from
the preceding crystallization step, after solid/liquid

(: separation, may be mixed with the circulated mother liguor
or heated to obtain the desired crystallization material
adjusted in BPA coﬁcentration and temperature.

The temperature for the crystallization material
preparation step (tank) is usually set at a degree which is
higher than the saturation temperature of the PL solution of
BPA. Its preferred temperature is 1 to 10°C, more preferably
1 to 5°C higher than the saturation temperature. The above

saturation temperature can be determined, for example, by



.concentration by gas chromatography or near infrared ray analysis. In the
“material preparation tank, the solution is preferably agitated by using an
agitator to honogeni ze the solution. In case of conducting liquid/liquid
mxing at the material preparation stage, a static mxer or |ike neans may
be used. In case of precipitating the adduct crystals, the <crystallization
material prepared in the material preparation tank is a PL solution or
aqueous solution of BPA with a BPA concentration of usually 18 to 50% by

i gh 2 9 ' :
contai ni it B THEP r aehfoRareokr LBh S bt L RE Birfef HBEEERE ine

I t h tit f | i Ly it i,
pert ott oS UTEA of ST REs %gﬁ%??%' of VaodBro: arrros, RoRLERAE Penberdrr e of
the crystallization mater s usually 60 to 120C. In the crystallization

step, théPReYstEPFAZhtFdn 5n%%5??ala§5% IFEﬁciﬁ¥bn9hEh€r?§9alIlzer i s cool ed

there or concentrated by the evaporation of the solvent, and the «crystals
are preCIQQQQﬁQﬁKQtPQ@rhNa9%$u@hyomﬁéoﬂﬁ@PhErQEt@?ﬁrzéﬂfrﬁﬁ@deréan be used,
for instance, an internal 8 cooling type crystallization tank or a
crystaJIiamalxﬁi$ank havi ng an external circulation type cooling system
The crystallization tank having an external circulation type
In the material preparation tank, the solution is
preferably agitated by using an agitator to homogenize the
solution. In case of conducting liquid/liqguid mixing at the
(~ material preparation stage, a static mixer or like means may
be used.
In case of precipitating the adduct crystals, the
crystallization material prepared in the material
preparation tank is a PL solution or agueous solution of BPA
with a BPA concentration of usually 18 to 50% by weight,
preferably 22 to 30% by weight. It may be a mixed solvent
containing either of acetone, water and PL. The PL solution
C; may be a slurry containing a slight quantity of solids, but
preferably it is a perfect solution for the benefit of re-
crystallization. The temperature of the crystallization
material is usually 60 to 120°C.
In the crystallization step, the crystallization
material supplied into the crystallizer is cooled there or
concentrated by the evaporation of the solvent, and the

crystals are precipitated to form a slurry. As the

crystallizer, there can be used, for instance, an internal



cooling systemis preferably used for the reason that the slurry flowis
relatively definite. In a preferred formof the external circulation
cooling type crystallizer, there are provided a crystallization tank and an
.external circulation |ine having an external cooler, and the
crystallization material is supplied to the tank after mxed wth the
slurry discharged fromthe external coq er. For instance, when adduct
crystallization is carried out by using an external circulation cooling

t talli I i terial j 1 ith t

c?/rpgul g{ g%ozllluﬂr%?yc%%r%d‘glgnﬁﬁeégéé eltl (rjlig?&gi (r%E[:Iu a(f#gsng%li(ﬁg?ﬂ%% Jggn%her eby

cooled tq 45 to 65C and then su ied to the cr stallizationﬂégnk. Usual |y,
0 1 4 %

the cryst P FbETame frasS tF A HER O ns\ Rt F At 529 WY TFE™: T rocess
fluid passing the cr stalliza&ion t ank undergoes a slight degree of heat
gener at i GiF Yas- L HARs N RRYIRY A1 i PG TL SHOLTHAt 2t 1PRIEYRSi sts a
tenperature difference of usually O to 3C between the inlet and the outl et
of the crypstiaing AsstaEn tdhikerete el presehtionvidie  seasernpertt vhe
difference between the crystallization material at the outlet of the
cryst al | isdatimn filpveri sl rerapavaly ofe finktend Inhe ginefrerrad fiduen auft | et of
the crystallization tank is usually 5 to 35C, 9 preferably 10 to 20C. The
slurry diteshanged falonidmlcatyisialdodainpntymnkeciwst PRI izer suppdied to the
solid/liquid separation step while ,
are provided a crystallization tank and an external
circulation line having an external cooler, and the
(- crystallization material is supplied to the tank after mixed
with the slurry discharged from the external cooler.
For instance, when adduct crystallization is carried
out by using an external circulation cooling type
crystallizer, the crystallization material is mixed with the
circulated slurry cooled in the external circulation line,
and is thereby cooled to 45 to 65°C and then supplied to the
crystallization tank. Usually, the crystallization tank has
(j a heat-insulating structure. The process fluid passing the
crystallization tank undergoes a slight degree of heat
generation as a consequence of crystallization, so that
there exists a temperature difference of usually 0 to 3°C
between the inlet and the outlet of the crystallization tank.
In the present invention, temperature difference
between the crystallization material at the outlet of the

crystallization material preparation tank and the slurry at

the outlet of the crystallization tank is usually 5 to 35°C,



the other portion is supplied to the external circulation |ine provided
-with an external cooler. The ratio of the portion of the slurry supplied to
the solid/liquid separation step is decided primarily with the condition of
crystallization in the crystallization tank as an index. This ratio is
usually 1 to 30% by weight, preferably 1 to 10% by weight. in the
crystallization step, it is nore effecyive to use a plural-stage
crystallization tank When, for instance, a two-stage crystallization tank

is used,_a_ hi y ation effect than obtainable with a
single-s?ﬁage9 nK EQ g 5gb‘%alned as the tenperature of the circulating

not her | i quor ter SO|Id/|I ids rati on becones_lLower , than the
tenperatu?e ofa%ﬁe S{PFLY §%5853F8ﬁ§p§#ﬂ8 ﬁﬁﬁbEFyﬁFalhﬁéaEﬁﬁgtQPP#zé?ion

tanks to be installed in the «crystallization step is not specifically
def i ned, PBGE 1Yt SpBPLigHat Py thet 50é1dﬂéqéf—§isﬁspﬁrﬂéwﬁayvts@ phddeded with a
heat er for dissolving the crystallites to enlarge the average grain size of
t he crystheésotharthersdpndibi gubnlsegarat tba sxképrnehecdkguiption supplied
into a solid/liquid separator and separated into crystals and nother
| i quor. Llihneaprowhéeé whehsehi dstarsalOcondsehned Time thwet sepaf atle, the
washings are treated as nother liquor. In the case of crystallization of an
adduct, pbetibenperahearelatriyheuppthed toqune doschanggditiromt he
separation step is decided primarily with the condition of
crystallization in the crystallization tank as an index.
(i This ratio is usually 1 to 30% by weight, preferably 1 to
10% by weight.
In the crystallization step, it is more effective to
use a plural-stage crystallization tank. When, for instance,
a two-stage crystallization tank is used, a higher
crystallization effect than obtainable with a single-stage
tank can be obtained as the température of the circulating
mother ligquor after solid/liquid separation becomes lower
(: than the temperature of the first stage tank. The number of
the crystallization tanks to be installed in the
crystallization step is not specifically defined, but it is
usually 1 to 3. The crystallizer may be provided with a
heater for dissolving the crystallites to enlarge the
average grain size of the crystals.
In the solid/liquid separation step, the slurry is

supplied into a solid/liquid separator and separated into

crystals and mother liquor. In case where the solids are



separator is usually 65 to 45C. The process of the present invention
features that the nother liquor discharged fromthe separator is partly
circulated to the crystallizer. In the followi ng description, the portion
_of the nother liquor circulated to the crystallizer is called circul ated
“nmother liquor. The circulated nother liquor is preferably tenporarily kept
in a container, with the residence tinmggeing usually not |onger than 10
mnutes. The crystallization slurry to which the said nother |iquor is

C|rculated h a.vi Si su y. hQ er_than_20 .cP. nmot her
liquor is" s%ns §ra%é8r3§89fh§# gFéll aﬁSSEFSP%lethEP%h
preC|p|t on of cngstals woul d take_g in the C|rc l,ation |p|ng.

Therefore ?ﬂ% comt™hi e GARE the CYF e%%??%ﬁp q%?%raB § desi gned

to be able to maintain a tenperature by insulation or heatlng Excessi ve
heating, HOWRGERTUEPOPEsthRemeEReEL LoHUPESdeAFRATERE REQM tHBLY that needs
to be renpoved, so that the tenperature of the nother |iquor shoul d

preferabl%em@rkepr 38 vavatdyi 6h teeAp®ature minus 1 to 3C. The not her
| i quor preferably contains a small quantity of fine crystals (the crystals
t hat | eaked outThe oprodwesd lof sbhe dpiégentd Sepention) fedhusessthat the reason
that when the pipes were overheated, the crystals would be dissolved to
hel p the mother Liguor dbtohargedatuont the. s€patheodt herpartly
circulated to the crystallizer. In the following
description, the portion of the mother liquor circulated to
the crystallizer is called circulated mother liguor.
| The circulated mother liquor is preferably temporarily
kept in a conteiner, with the residence time being usually
not longer than 10 minutes. The crystallization slurry to
which the said mother liquor is circulated has a viscosity
of usually not higher than 20 cP. The mother liguor is
almost saturated, so that there is a possibility that
preeipitation of crystals would take place in the
(: circulation piping. Therefore, the container and the
circulation pipes are preferably designed to be able to
maintain a temperature by insulation or heating. Excessive
heating, however, spoils the effect of lessening the heat
duty that needs to be removed, so that the temperature of
the mother liquor should preferably be kept at saturation
temperature minus 1 to 3°C.

The mother liquor preferably contains a small quantity

of fine crystals (the crystals that leaked out from the



hand, even if the nother liquor is cooled by heat dissipation or other
~causes and brought into an oversaturated state, it shows a strong tendency
to pronote growth of the crystals, so that scaling on the circulation
_pipes is retarded to sone extent. The content of such crystallites, when
“expressed in terms of concentration at the outlet of the solid/liquid
separator, is usually 0.01 to 10% by wej ght, preferably 0.1 to 5% by

wei ght. The not her |iquor is directly circulated to the crystallizer. In

t he case of

inst.ance exterp cLr ulaé on_coo
crystalll§3%lgzi%§n%d Fﬁga e§ %ﬁ%rlﬁlfgr b%dr?gs?ﬁegg?g ¥RERi zat i on
step is sugglled to either: % g g %b betmeﬁn t he ou&}et of the ¢
cryst al | i 238i BAPRit ¥PF§I OFPEREALEE an tEN KT HSE A Es VPG PEn ddGsal ek
external circulation cooling_line, or a pqgint between the said junction and
t he nyStEPlh?éPlEhet@ﬁkheFZ}lqpﬁé m@&@tﬁﬁﬁnﬁﬁﬁ§r§F9§PalIpﬁaﬁhénotﬁﬁﬁ to the
external cooler; or (3) a point between the outlet of the external cooler
and t he shadd}uﬁvehomf thecmothaheldgaocodberopdegr byi deatin t he
crystallization tank, or in the case of an evaporation cooling type
crystal |l idessigateéon okrothati oaueest hednbtrbeght2inkbqaor into the
crystallization tank is nore advantageous as it provides a greater
reduct i onowértheubaatbddetytep he shewsvadstibnghiéndasey itb ipIomiotleer abl e
t hat the not her
growth of the crystals, so that scaling on the circulation
pipes is retarded to some extent. The content of such
(' crystallites, when expressed in terms of concentration at
the outlet of the solid/liquid separator, is usually 0.01 to
10% by weight, preferably 0.1 to 5% by weight.

The mother liquor is directly circulated to the
crystallizer. In the case of, for instance, an external
circulation cooling type crystallization tank, the mother
liquor circulated to the crystallization step is supplied to
either: (1) a point between the outlet of the

C; crystallization material preparation tank and its junction
with the external circulation cooling line, or a point
between the said junction and the crystallization tank; (2)
the line from the crystallization tank to the external
cooler; or (3) a point between the outlet of the external
cooler and the said junction.

In case where a cooler is provided in the

crystallization tank, or in the case of an evaporation

cooling type crystallizer, direct circulation of the mother



| i quor supply point is distant fromboth the outlet of the crystallization
-.tank and the crystallization material feed port. The circulation rate of
the nother liquor to the crystallizer is usually 5 to 60% by wei ght,
preferably 10 to 50% by wei ght, based on the slurry discharge fromthe
“crystallizer. Also, in the present invention, part of the nother |iquor may
be circulated to the crystallization terial preparation step within
limts not prejudicial to the effect of the invention. The crystallization
material _ preparation step in the first-stage crystallization process is a
reacti on SHBIPT I INEhi R LS thel IR TR tRRE AF0TRTe BEVADERASPOREGASr (A)
circulated to the crystallizer to the anount of nother |iquor (B)

ci rcul at dd tRradesrg syRatontrernghieri af phepheati datyahk b8/ A is
usually not nore than 5, preferably not nore than 3, even nore preferably
not nor e nem@Vedl. Adoortdiisg cleset/hd tprice axe ffratie prhedenthd maeritéon, it is
possible to substantially reduce the heat duty to be renoved in the cooler.
It is furntikprompoessgigile dwidtessendidieant of abm avotint tiod debletudy tkRguired per
kg of the product. The effect of the process of the present invention can 13

be det er g alltivdtedegge aid supersayskal i DaoioBRAaBsraal neasgre. Here,
the degree of supersaturation can be expressed by the fornmula: (X -

Xsat)/ Xsgjoghere X is wei ght

The circulafion rate of the mother ligquor to the

crystallizer is usually 5 to 60% by weight, preferably 10 to

(; 50% by weight, based on the slurry discharge from the
crystallizer. Also, in the present invention, part of the
mother liquor may be circulated to the crystallization
material preparation step within limits not prejudicial to
the effect of the invention. The crystallization material
preparation step in the first-stage crystallization process
igs a reaction step. In this case, the ratio of the amount
of mother liguor (A) circulated to the crystallizer to the

(:~ amount of mother liquor (B) circulated to the

) crystailization material preparation tank, B/A, is usually

not more than 5, preferably not more than 3, even more
preferably not more than 2.

According to the process of the present invention, it
is possible to substantially reduce the heat duty to be
removed in the cooler. It is further possible to lessen the
total amount of heat duty required per kg of the product.

The effect of the process of the present invention can



fraction of BPA in the solution, and Xsat is weight fraction of BPAin the
"saturated solution at the neasuring tenperature of the said solution. It is
very inportant to control the degree of supersaturation as the prinmary
.hucleus generation rate and the scale growh rate in the solution rise
exponentially agai nst the degree of supersaturation. In | &C Process Design
and Devel opnent (1964), Vol. 3, No. 4, 13 he relation between the degree of
supersaturation or the heat duty to be renoved and scaling on the heat

transferrying i s:farmula uggest.i i
controlIe%gi?eﬁﬁé$gg§9e§lgﬁ g&Sepggfﬁgag?o%hgggskﬁggﬁégghd&?y%?%'%% Penoved
are | essened, Acco&ﬂiQ% tq%thi groces€ of the ﬁres nt_invention, it cis
possi bl e P5foher the" ég? 2 OF Eﬂ%é?aﬁTﬁ%ﬁ?% MRECHRR SFBcEEi ons where the
degree of sugersatugation %ouldrrise excessively with the prior art,
parti cul Bf¥P-EESeHePKetfe LPAMLLES r ( Kg—stF ke éXERt HBCEBoRer Sal@ ighE
vicinity thereof. Mre specifically, in the crystallizer, there takes place
| ocal ovef®eetring af BRB dpoth@héPdLtRenapEREr XERGUSP WEigditr éylestden
causing a rise of the degree of supersaturation even if no cooling is nade

to pronoteftBRApiecthet aetonased epyutaps. atohbequenshyinghe heat duty that

needs to be 14 renoved is | essened to reduce the degree of supersaturation,

parti cul atéypatatheehefit theansfidr sbhgtiont acet abhal tdwey impontayttbereof.

Thus, since the tenperature variance at

control the degree of supersaturation as the primary nucleus

generation rate and the scale growth rate in the solution

rise exponentially against the degree of supersaturation.

In I&EC Process Design and Development (1964), Vol. 3, No. 4,

the relation between the degree of supersaturation or the

heat duty to be removed and scaling on the heat transferring

surface is formulated, suggesting that scaling can be

controlled if the degree of supersaturation and the heat

duty to be removed are lessened.
According to the process of the present invéntion, it

(j‘ is possible to lower the degree of supersaturation at the

— locations where the degree of supersaturation would rise

excessively with the prior art, particularly at the heat
transferring surface of the cooler and the vicinity thereof.
More specifically, in the crystallizer, there takes place
local overcooling at the spot where the mother liquor is
circulated, causing a rise of the degree of supersaturation

even if no cooling is made to promote the precipitation of

crystals. Consequently, the heat duty that needs to be



the heat transferring surface of the cooler can be reduced, scaling on such
~heat transferring surface can be controlled, which greatly contributes to
the long-tinme stabilization of the crystallizer operation. To put it in a
_nmore concrete way, (1) if the spot to which the nother liquor is circulated
"is between the outlet of the material preparation tank and the junction
with the external circulation cooling {4ne, the degree of supersaturation
of the whole crystallizer is lowered; (2) if the said spot is between the

sai d junctiog ag?.th«ite c%é%?alli%%t'o% t%%k, th% d% ee of s er%gturation
in the s&ETPER%F MM 1TE e Ralt 85 Fe - o 98 SSaict FIRGS G T 1% er ed:
(3) if the nother |iquor i% circulated to the line fromthe crystallization
tank to t RETEXFELAZILYCEE &Pe ptrat FEgPed eFf 18GpsrTdaFeai™h th® t he secti on
fromthe external cooler to the said junction is |lowered; and (4) if the
said | ocHiFAity bEeweed -t hEhvdt | 8ine® the ERTBPRAFUEBOVEFiange fhke said
junction, the degree of supersaturation in the section fromthe external
cool er tothheheaitdtjranstieoring stedaced ofBESE WODEeEORaCARRYIHEGUOEH , THE
| NVENTI ON 15 The present invention will be described in further detail with
ref erencestelthg exaspkésheher eabnsdercingesamflaes khaneber cang roarieldy,
intended to be illustrative and not to be construed as limting the scope
of the inyBAEhOBreatly contributes to the long-time stabilization of

the crystallizer operation.

To put it in a more concrete way, (1) if the spot to

- which the mother liguor is circulated is between the ocutlet

of the material preparation tank and the junction with the

external circulation cooling line, the degree of

supersaturation of the whole crystallizer is lowered; (2) if

the said spot is between the said junction and the

crystallization tank, the degree of supersaturation in the

section from the external cooler to the said junction is

lowered; (3) if the mother liquor is circulated to the line
(: from the c¢rystallization tank to the external cooler, the

degree of supersaturation in the section from the external

cooler to the said junction is lowered; and (4) if the said

location is between the outlet of the external cooler and

the said junction, the degree of supersaturation in the

section from the external cooler to the said junction is

reduced.

BEST MCDE FOR CARRYING OUT THE INVENTION



Exanpl e 1 Continuous adduct crystallization was carried out according to
the process flow sheet shown in FIG 1. In the drawing, reference nuneral 1
designates a crystallization material preparation tank, 2 a crystallization
tank, 3 a cooler, and 4 a circulation punp. In the equipnent, the section
“enbracing the discharge line fromcrystallization nmaterial preparation tank
1, crystallization tank 2, cooler 3, gigrculation punp and the |ines
connecting them (the section defined by the broken line in FIG 1) is
called the firgst

cr stal#izatio . syste EB t mhicg secand
crystallization ?s?%%?%n aﬁ?ﬂ%“?hgxs%hgl ?egﬁsﬁ§l ﬁg FPrgPrtBﬁE 5is
connected _ in series. The discharae Bate frog1 ciégulation punp 4 was
adj ust ed ot®! SObtBaFEsehGnGRi bRt ERReP*ATRUEE. L PPEEBEut FBACHF the crystal s
and recrystallization were conducted,using 21 parts.b{ wei ght/mn of the
cakes of ¢RINDLRYUREWAVEReRT i HBBRIEoRREFRFAY hat bRi AllpBbAatdHeeand 50% by
wei ght; tenperature: 50C) and 31 parts by weight/mn of a saturated PL
sol uti on 1BPAcOpeeponationd 8% bympeight thet eappeavtr éhe5@GyentéonThe whol e
of the said cakes was led into crystallization material preparation tank 1
t hrough neta&mpbé 1lsupply line L1 while 7 parts by weight/mn of the said
saturated PL solution with a BPA concentration of 9% by
Continuous adduct crystallization was carried out
according to the process flow sheet shown in FIG. 1. In the
drawing, reference numeral 1 designates a crystallization
(" material preparation tank, 2 a crystallization tank, 3 a

cooler, and 4 a circulation pump. In the equipment, the

section embracing the discharge line from crystallization

material preparation tank 1, crystallization tank 2, cooler

3, circulation pump and the lines connecting them (the

section defined by the broken line in FIG. 1) is called the

first crystallization system 5, to which a second

crystallization system 6 having the same makeup as the first

(: one 5 is connected in series. The discharge rate from
circulation pump 4 was adjusted to be 800 parts by weight
per minute.
Dissolution of the crystals and recrystallization were

conducted using 21 parts by weight/min of the cakes of the

adduct mother liquor-containing material (BPA content: 50%

by weight; temperature: 50°C) and 31 parts by weight/min of

a saturated PL solution (BPA concentration: 9% by weight;

temperature: 50°C}).



wei ght was al so passed into the said preparation tank 1 through

= crystallization nother liquor circulation line L10 to continuously an
perfectly dissolve the cakes (BPA concentration: 40% by weight). The
~crystallization material preparation tank 1 was mai ntained at 94C, eq

t he

40% by wei ght plus 3C. The crystallizatgon naterial was perfectly liq
It was discharged fromtank 1 at a rate of 28 parts by weight per mn

and

conti nuou SHRPI t rystal | ] [ t rough line 2 a
wi th 800 partssrjlzl)%yé wel géf/%% r;c%o EEledaséo'_JP%JetaE‘lt 3‘?\‘{]:? fg]é( & J,‘
L4. O the said- PR

Camaini nd 237 btz i of el 1 e da SANEL Ok

rom éexternal circulatio
Qlutioqhmﬁt C BPA concentrat.io f 9%
JERE

poi nt A of xternal cjr uJatifn line L4 fro crgstallization,nnther

ci rcul at iEORPLYNIRE TPh &3 Ry

RF LD Wpoistd dht e 18490 mai nt

the outlet tenperature of crystallization tank 2 at 63C. The tenperat
t he i nl etSaglnsi@d dd) &olubd @t reitheid ARAMGUrenHattign s 2.8 and t he
tenperature at its outlet (point B) was 61.4C, the tenperature varian
bei ng 17 welgh® wHse addduqasygdtialy vidre saistipierarat byn nigamk al ni ng

BPA concentration in crystallization tank 2 at 25% by weight, and the
formed shironglas roeita Iuiousd o rd insct ey éd qudy auigic el atsiah | 1iaed ioDDO Sl urry
di scharge line L3 at a rate

to continucously and perfectly dissolve the cakes (BPA
concentration: 40% by weight). The crystallization material
preparation tank 1 was maintained at 94°C, equal to the
saturation temperature of the PL solution with BPA
concentration of 40% by weight plus 3°C. The crystallization
material was perfectly liquid. It was discharged from tank
1 at a rate of 28 parts by weight per minute and
continuously supplied to crystallization tank 2 through line
2 along with 800 parts by weight/min of the solution from

external circulation line L4. Of the said PL solution with

BPA concentration of 9% by weight, the remaining 24 parts by

weight/min portion was continuously supplied to a point A of
external circulation line L4 from crystallization mother
liquor circulation line 1L9.

The flow rate to cooler 3 was controlled to maintain
the outlet temperature of crystallization tank 2 at 63°C.
The temperature at the inlet of the cooler (external
circulation line L4) was 62.6°C énd the temperature at its

outlet (point B) was 61.4°C, the temperature variance being

R maeStat o 0
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saturation tenperature of the PL solution with BPA concentration of
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of 828 parts by weight per mnute. O this 828 parts by weight/mn of the
-slurry discharged through slurry discharge line L3, the 52 parts by
wei ght/ mn portion was supplied to second crystallization system 6 through
~slurry supply line L5 while the remaining 776 parts by weight/mn was
~supplied to external circulation line L4 via circulation punp 4 along with
24 parts by weight/mn of the PL solughion supplied fromcrystallization
not her liquor circulation line L9. In the second crystallization system 6,
Vi Z. hedewrerMeof

the flow raf, in. it xternal circulation_line.

the cirodl & on PifpioiRetailuetadt: sebe Do hRice 6y el Gt AR pute.
form ng sluyrry of approxjimtely 50C together, with 52_part y. wei ght/ mn
of the s?‘d}er ;#%’%@?I}%‘%&ﬁ%ﬂo%r t%’fY?E‘?ﬂ?f%?‘naE}%?rEag]ﬁp%I Al ?ﬁg P¥, and the
m xed slurry was supplied to the crystallization tank at a rate of 852
parts by WaiHHt: fE1d riyhfit EOERRA cONYLETY i ¥R cFOREMNTPYaEY oRischabaRGhi ch t he
slurry was released at a rate of 852 parts by weight per mnute. O this
anmount (88 geh S uRs Vel Yrapien nshurey diseherge| Ling k3| @hsadrétemt he
crystallization tank, 800 parts by 18 weight/mn was supplied to the

ext ernal ofi riAfl giamors |bhnevernght tipeer rremateé ng 52 parts by weight/mn was
supplied to solid/liquid separator 7 for separation into solids and

| iquid. The calofs tofi sadiE tpariistiat svenafiet frelovef ethats Burry

discharged through slurry discharge line L3, the 52 parts by
weight/min portion was supplied to second crystallization

(: system 6 through slurry supply line L5 while the remaining
776 parts by weight/min was supplied to external circulation
line L4 via circulation pump 4 along with 24 parts by
weight/min of the PL solution supplied from crystallization
mother liquor circulation line L9.

In the second crystallization system 6, the flow rate
in its external circulation line (viz. the discharge rate of
thé circulation pump) was adjusted to be 800 parts by weight

(; per minute, forming a slurry of approximately 50°C together
) with 52 parts by weight/min of the slurry supplied from
crystallization slurry supply line L5, and the mixed slurry
was supplied to the crystallization tank at a rate of 852
parts by weight per minute and conducting crystallization,
from which the slurry was released at a rate of 852 parts by
weight per minute.
Of this amount (852 parts by weight per minute) of the

slurry released from the crystallization tank, 800 parts by



rate of 21 parts by weight per mnute fromcrystal discharge I|ine L7 of
-solid/liquid separator 7, and the 31 parts by weight/mn nother |iquor (BPA
concentration: 9% by weight; tenperature: 50C) was circul ated through
_crystallization nother liquor discharge line L8, crystallization nother
liquor circulation line L9 and |ine L10. Consequently, the heat duty
required in the crystallization materi@l preparation tank 1 was
approximately 23 kcal per kg of the crystal slurry after the

tallj i Al sq, t ty.th t \ b | 3
Coor oxi PRl yg e eNBpl i RS Be i) AT AL, PnLBIET S vas
tallization. .Si. he t t ur, i ff, bet the inlet d
outl et of PEOGRERIBLAY Shale i B MG Y T HEaS RGN it above, t he

| oad on the cggLer is also small_. and the growh of scale on the heat

t r ansf er PPAGILAAANAE SPPARETOL0dl dPT SeDIFHtdSTed Mt SUARESS D the growth

of scale on the heat transferring surface was confirned fromthe follow ng
fact. |nliABifdnstBhe exkepl ef afduetowryatelsf vewvsl ragovared atoacool er 3
and the tenperatures at the inlet (external 19 circulation Iine L4) and the
out | et (peiat oB) 23f pelrésc byl eiokdr pereasuveg doom ruyedlal ciecheanger i od of
4 hours, and the calculation of heat transfer was made by the follow ng
equati onlfiy LG dét epdide likgaidveeplrateat 7t,r amsf ehe 31 parts by
weight/min mother liquor (BPA concentration: 9% by weight;
temperature: 50°C) was circulated through crystallization
(” mother liquor discharge line L8, crystallization mother
liquor circulation line L9 and line L10.
Consequently, the heat duty required in the
crystallization material preparation tank 1 was
approximately 23 kcal per kg of the crystal slurry after the
crystallization. Also, the heat duty‘that had to be removed
by cooler 3 was approximately 14 kcal per kg of the crystal
slurry after the crystallization.
(: Since the temperature difference between the inlet and
: outlet of cooler 3 is small and limited to 1.2°C as
explained above, the load on the cooler is also small and
the growth of scale on the heat transferring surface of the
cooler is suppressed. Suppfession of the growth of scale on
the heat transferring surface was confirmed from the
following fact.

In the instant example, the flow rate of cocoling water

to cooler 3 and the temperatures at the inlet (external



efficient Uwhile the process side fouling factor rsl was determ ned from

~ the follow ng equation (2). It was found that the increnment of rsl per hour
was as small as 0.00008 mK/'W Q= UAMI (1) 1/U=1/hi +rsl + Cc + rs2 +

1/h2 (2) wherein Qis the heat duty transferred by the cool ant (cooling

water), Uis overall heat transfer coefficient, A is heat transferring

surface area of the cooler, AT is logggithmc average of the tenperature

di fference between the |nIet and outlet of the cooler, i s heat transfer

coefficient stant of _t SS Si e boundar |s coefficient
of heat f:rlgﬁs;i T8 ity néancLé; (a 6‘3?\% ar?tult §&t SPRTE %\/c& t%ﬁ FEU he heat
transferring surface and the qualit its nat rs2 is coolant side
cont am n&'falrgnmie&@tu&te 4 CoREERNONS %é’ (‘}X'ﬁ’f i% BESHC f: %@Ouﬁbﬁxn@d’r M8 m nheat

transfer coefficient (a constant dependent on the coolant flow rate).
| nci dent &PEFY Pﬁé%%l fiegl tREansdiecuMas Sitdeokdudiied Rt aing a

crystallization nodel under the otherw se same conditions as in Exanple 1
showed t kauathendddrnedooderermdmeertdigt gvariadd deatharpoisfierB of externa
circulation line L4 was 0.08 wt% wt % Conparative Exanple 1 The
subst ant edlfigisarte Uopdridel ahe godekisnedden fouling factor rsl was
determined from the following equation (2). It was found
that the increment of rsl per hour was as small as 0.00008
m?K/W.

Q = UAAT (1)

1/U = 1/hl + rsl + Cc + rs2 + 1/h2 (2)
wherein Q is the heat duty transferred by the coolant
(cooling water), U is overall heat transfer coefficient, A
is heat transferring surface area of the cooler, AT is
logarithmic average of the temperature difference between
the inlet and outlet of the cooler, hl is heat transfer
coefficient (constant) of the process side boundary film, Cc
(; is coefficient of heat transfer resistance (a constant

determined by the size of the heat transferring surface and

the quality of its méterial), rs2 is coolant side

contamination factor (constant), and h2 is coolant side

boundary film heat transfer coefficient (a constant

dependent on the coolant flow rate).

Incidentally, the result of the calculation conducted

by using a crystallization model under the otherwise same

conditions as in Example 1 showed that the degree of



Exanple 1 were carried out except that the nother |iquor was not circul ated

-.to the point A 21 parts by weight/mn of the cakes of the materi al

cont ai ni ng the adduct crystal nother |iquor (BPA content of the cakes: 50%
by weight) and 31 parts by weight/mn of the saturated PL solution (BPA
concentration: 9% by weight; tenperature: 50C) used as the nother |iquor
were wholly introduced into crystalligzation naterial preparation tank 1
and, with the BPA concentration being adjusted to be 25% by weight, the
cakes were continuously and %%rfeqtly di ssolved in the tank. The

cryst al | FRREFSATHERERPR 3fadlFePLedl ¥ At §HEETEYy STHNLAREDh Sidier i al
preparation tank 1 was ci maintained at the saturation tenperature of the PL
sol uti onL4wwes 4 -BPAWEGH¥ERtration of 25% by weight plus 3C, i.e. at 80C.
The crystallization material was discharged fromits preparation tank at a
rate of GRmparesivg Weegbiiepér minute and continuously supplied into
crystallization tank 2 together with 800 parts by weight/mn of the solution
from external Ther subatennibilhg kdmeThpetrhodwonat asotieddakeidndniwat er t o cool er
3 was controlled so that the outlet tenperature of crystallization 21 tank

2 woul d Beafipilet A Redeata®2TedTbat! expepat ¥ha tatchlhaothdlret irRxre ki
circulation line L4) of the cooler was 63C and the tenperature at the

outlet (pEkNtiBru9h+e@OkBr tBeW@®in®la2C, creating a tenperature di fference
of 1.5C. Wth the
21 parts by weight/min of the cakes of the material
containing the adduct crystal mother liquor (BPA content of
(: the cakes: 50% by weight) and 31 parts by weight/min of the
saturated PL solution (BPA concentration: 9% by weight;
temperature: 50°C) used as the mother ligquor were wholly
introduced into crystallization material preparation tank 1
and, with the BPA concentration being adjusted to be 25% by
weight, the cakes were continuously and perfectly dissolved
in the tank. The crystallization material was perfectly
liquid. Crystallization material preparation tank 1 was
(;_ maintained at the saturation temperature of the PL solution
with a BPA concentration.of 25% by weight plus 3°C, i.e. at
80°C. The crystallization material was discharged from its
preparation tank at a rate of 52 parts by weight per minute
and continuously supplied ihto crystallization tank 2
together with 800 parts by weight/min of the solution from
external circulation line L4.

The flow rate of cooling water to cocoler 3 was

controlled so that the outlet temperature of crystallization



BPA concentration in crystallization tank 2 being nmaintained at 25% by
-.wei ght, the adduct crystals were precipitated and the forned slurry was

- continuously discharged through slurry discharge line L3 at a rate of 852
parts by weight per C mnute. O this 852 parts by weight/mn slurry

" discharge through slurry discharge line L3, the 52 parts by weight/mn
portion was supplied to second crystalljzation system6 through slurry
supply line L5 and the renaining 800 parts by weight/mn portion was
supplied to external circulation Ijne L4 via circulation punp 4. In the
second ciydtal iwf’é’aido & P dh3, neh & Y IEbjfl%lcrat%heoFe‘E‘H%rgFHF?yaFntFFs

external circulation line (viz. the discharge rate of its circulation punp)
was set afnlgdo (Sateynagdy CAeiHREEHAR ldive &I @f ytha tapalaeiped 3fCe of
approximately 50C was forned together with the 52 parts by weight/mn
slurry sapgl itde fueowpesiadure aipdihe lduwid dts. (Prsat A8 xexf stagker wasvauppl i ed
toits crystallization tank at a rate of 852 parts by weight per mnute

and, aftern.5écystathtinbi antenpechangedddtifeatnaer atte 106°852 vk sty

wei ght per mnute. O this 852 parts by weight/mn slurry 22 discharge from

the crystell icogicean raadlon tite 30 HeaANliS a3y onvai g} /2MiBe iR0F tiOih vesneipp! i ed
to the external circulation |ine while the remaining 52 parts by wei ght/mn
portion was 2s53uRRl ked gh? ,S UHed/ddatiditd SERAAIO ek d YretBRAMAHLD 44 O
the formed slurxy was continuously discharged through slurry
discharge line L3 at a rate of 852 parts by weight per
(' minute.
Of this 852 parts by weight/min slurry discharge
through slurry discharge line L3, the 52 parts by weight/min
portion was supplied to second crystallization system 6
through slurry supply line L5 and the remaining 800 parts by
weight/min portion was supplied to external circulation line
L4 via circulation pump 4.
In the second crystallization system 6, the flow rate
(: of the slurry in its external circulation line (viz. the
discharge rate of its circulation pump) was set at 800 parts
by weight/min, and a slurxy with a temperature of
approximately 50°C was formed together with the 52 parts by
weight/min slurry supplied from slurry supply line L5. The
mixed slurry was supplied to its crystallization tank at a
rate of 852 parts by weight per minute and, after

crystallization, discharged out at a rate of 852 parts by

weight per minute. Of this 852 parts by weight/min slurry



solids and liquid. The cakes of the adduct crystals were recovered at a
..rate of 21 parts by weight per mnute from crystal discharge |line L7 of
-solid/liquid separator 7, and 31 parts by weight/mn of the nother |iquor

" (BPA concentration: 9% by weight; tenperature: 50C) was circul ated through
“not her |iquor discharge Iine L8 and nother liquor circulation line L10. As
a result, the heat duty required in cr%§tallization mat eri al preparation
tank 1 was found to be approximately 2 kcal per kg of the crystal slurry
after the crystallization, which neans requirenent of approxinmately 4
kcal / kg K6 e THAY HHar Tt er d h- Exahptler 1they &%) PRELRAY duty t hat
had to be renoved by cooler 3 was approximately 18 kcal per kg of the
crystal stadrht Afire Pl @ el Juniztiemh, tanikd extarmabpptoxihat 0y 4
kcal / kg nmore heat duty nust be renobved than required in Exanple 1.

Det er mi nildget héhipreoddes ambelfiow | 74 pact rby stebyht toiw userngon easanme heat
transfer calculations as in Exanple 1, it was found that the increnent of
rsl per RoppMas] & dalrig bisguld GEEe G N7 Who e hsgpanfat 1edl {4veo f or mat i on
of . scale on the heat transferring surface. 23 Incidentally, the result of
cal cul at isQNs @O tieddiE USiThe 3 akkysod kheatbdaancrodely sundey Wdie ot herw se

sane conditions as in Conparative Exanple 1 showed that the degree of
super sat WRldir e 4 Rty & of1 & daly weight per minute from
crystal discharge line L7 of solid/liquid separator 7, and
31 parts by weight/min of the mother ligquor (BPA
(ﬂ concentration: 9% by weight; temperature: 50°C) was
“circulated through mother liquor discharge line L8 and
mother liguor circulation line L10.
As a result, the heat duty required in crystallization
material preparation tank 1 was found to be approximately 27
kcal per kg of the crystal slurry after the crystallization,
~ which means requirement of approximately 4 kcal/kg more heat
‘duty than required in Example 1. Also, the heat duty that
(; had to be removed by cooler 3 was approximately 18 kcal per
kg of the crystal slurry after the crystallization, which
means approximately 4 kcal/kg more heat duty must be removed
than required in Example 1.
Determining the process side fouling factor rsl by

conducting the same heat transfer calculations as in Example

1, it was found that the increment of rsl per hour was as
large as 0.00015 m2K/W, which confirmed the formation of

scale on the heat transferring surface.



circulation line L4 was 0.10 wt% W % Exanple 2 Continuous crystallization
-.of BPA was carried out according to the process flow sheet shown in FIG 2
-wherein reference nunmeral 2a designates an agitator and 2b a jacket. A
conposition conprising 13.2% by wei ght of PL, 83.4% by weight of BPA 1.7%
“by weight of water and 1.7% by wei ght of acetone was prepared in naterial
preparation tank 1. This tank was nain@gined at the precipitation
tenmperature of BPA plus 3C, i.e. at 132C. The prepared precipitation
material was perfectly ljquid.. It was discharged fromtank .1 at a rate of
T2 parts by el U RS oLbrtT roret YR ELBRT | CondEeERe Praui o
| evel of crystallization  tank 2 through crystallization material supply

line L2. WhePd | W FEs e bl el e onagiel tondsk bt ePthaEkese (281e was
controlled so that the outlet tenperature. of crystallization tank 2 would
be mui nt ARG EROTBES THe BPvaxaysyel Bxqpp be pt eeiipvedt bdatntheystal | i zati on
tank 2, and the forned slurry was continuously supplied to solid/liquid
separ at ordeégrdw ouhs shew syt uli sthem get | tme pGinThe abtdeterhafuor after
solid/liquid separation was circulated to 24 crystallization tank 2 through
nmot her | icfiyarulat oot atims 1.4 iwes LO. 10hecsobber |iquor was supplied to the
position which was symmetrical with the supplied position of the
crystal | imaddone nat eri al about the shaft of agitator 2a in

Continuous crystallization of BPA was carried out
according te the process flow sheet shown in FIG. 2 wherein
reference numeral 2a designates an agitator and 2b a jacket.

A composition comprising 13.2% by weight of PL, 83.4%
by weight of BPA, 1.7% by weight of water and 1.7% by weight
of acetone was prepared in material preparation tank 1.

This tank was maintained at the precipitation temperature of

BPA plus 3°C, i.e. at 132°C. The prepared precipitation

material was perfectly liquid. It was discharged from tank

l‘at a rate of 7.2 parts by weight per minute and

(: continuously supplied to the liquid level of crystallization
7 tank 2 through crystallization material supply line L2.

The flow rate of the coolant to the outer jacket (2b)
was controlled so that the outlet temperature of
crystallization tank 2 would be maintained at 98°C. The BPA
crystals were precipitated in crystallization tank 2, and
the formed slurry was continuously supplied to solid/ligquid
separator 7 through slurry discharge line L6. The mother

liquor after solid/liquid separation was circulated to



crystallization tank 2. The circul ated nother |iquor had a conposition of .

-.30.1 wWw%PL, 62.3 wt% BPA, 3.8 wt %water and 3.8 w % acetone and had a

tenperature of 98C. Part of the nother liquor was circulated to
crystallization tank 2 at a rate of 12.8 parts by weight per mnute and the
remai nder was di scharged out through nother |iquor discharge line LII

Thus, the conposition in circulation4ank 2 was adjusted to 24 w% PL, 70
wt % BPA, 3 wt % water and 3 w % acetone. The slurry concentration at this

poi nt was 11@63 wei ght, an he., slurr s cqntinuously di scharged through
P urty A SERAPGELEREN 6305 3 ERERUGH T0 DR & M A OHE P Hithut e The. o
final yield of the BPA Q%%stals di scharged fromsolid/liquid separator 7

was 4.1 paRresLBy wWERQHROPReT ni HUHer ¥8SaSyBB4LEd tehbhAemPSdtiipnt o be
renmoved by the outer jacket ga) of crystallization tank 2 was about 10
kcal perwRgchf welbesyampsrakad| Wit gheesupipd iedy Poslittiloat icdn.th@onpar ati ve
Exanpl e 2 Continuous crystallization of BPA was carried out according to
t he procesgsthawvisheéébnshanwerialFeBou2, thet sharfytstodl laigdataiter et her | i quor
circulation line L9 was not 25 wused. Crystallization tank 2 in FIG 2 is of
an out ercrjyaeket ikypecpr @éndled .wi th an agitator in the inside. A conposition
of 24 wt% PL, 70 wt % SPA, 3 wt% water and 3 w % acetone was prepared in
material prepagati eprtabkted mother liquor had a composition of 30.1
wt% PL, 62.3 wt% BPA, 3.8 wt% water and 3.8 wt% acetone and
had a temperature of 98°C. Part of the mother liquor was
(i circulated to crystallization tank 2 at a rate of 12.8 parts
by weight per minute and the remainder was discharged out
through mother liquor discharge line L11l. Thus, the
composition in circulation tank 2 was adjusted to 24 wt% PL,
70 wt% BPA, 3 wt® water and 3 wt% acetone. The slurry
concentration at this point was 11% by weight, and the
slurry was continuously discharged through slurry discharge
line Lé at a rate of 20 parts by weight per minute. The
(: final vyield of the BPA crystals discharged from solid/liquid
separator 7 was 4.1 parts by weight per minute. As a result,
the heat duty to be removed by the outer jacket (2b) of
crystallization tank 2 was about 10 kcal per kg of the
crystal slurry after the crystallization.
Comparative Example 2
Continuous crystallization of BPA was carried out

according to the process flow sheet shown in FIG. 2, but

crystallization mother liquor circulation line 19 was not



1. This tank was maintained at the precipitation tenperature of BPA plus
.3C, i.e. at 111C. The crystallization material was perfectly liquid. The
crystallization material was discharged fromthe tank at a rate of 20 parts
by wei ght per m nute and continuously supplied to the liquid |evel of
crystallization tank 2 through crystallization material supply line L2.
Since crystallization nother |iquor ggrcukation line L9 was not wused, the
conposition in crystallization tank 2 was the same as that in material
preparation tank 1. The flow rate of_the coolant to the outer jacket (2b)

was cont?dff ed G Sl ¥ 3RERA 1AK% ehplet H1fe ofit F y3% aPPE9EL i on tank 2
woul d be kept at 98C. The BPA crystals were precipitated in crystallization
tank 2, iﬂ@keth@YE%rﬁ%@V$ﬁ@¢rVlﬁbsa@oﬂﬂihab9§lynd#géhaﬂgédeﬁron1the tank at
a rate of 20 parts by weight per mnute through slurry discharge line L6.
The slurry corcermmzts oniomsod 128 byt2 el gh?) whd BRB, yBewtiovathe BPA
crystals released from solid/liquid separator 7 was 4.1 parts by wei ght per
m nut e. afdde3 separatetondthes pireparetasnwhateyidlsphapgedtovh tkhhkough

not her |iquor discharge Iine LII. The heat duty 26 that had to be renoved

by the ouf errHiaCkeink 2R)s afairiaisicd |dZ alHepiadio 2 pasombout 11 kcal per kg
of the crystal slurry after the crystallization, which neans approximately
1 keal / kg LahieAd SEtypAUSiubesfeMVed thamiiec, The
crystallization material was perfectly liquid. The
crystallization material was discharged from the tank at a
(i rate of 20 parts by weight per minute and continuously
supplied to the liquid level of crystallization tank 2
through crystallization material supply line L2. Since
crystallization mother liquor circulation line L9 was not
used, the composition in crystallization tank 2 was the same
as that in material preparation tank 1.
The flow rate of the coolant to the outer jacket (2b)
was controlled so that the outlet temperature of
(: crystallization tank 2 would be kept at 98°C. The BPA
_ crystals were precipitated in crystallization tank 2, and
the formed slurry was continuously discharged from the tank
at a rate of 20 parts by weight per minute through slurry
discharge line L6. The slurry concentration was 11% by
weight, and the yield of the BPA crystals released from
solid/liquid'separator 7 was 4.1 parts by weight per minute.

The separated mother liquor was wholly discharged out

through mother liquor discharge line L11. The heat duty



required in Exanple 2. | NDUSTRI AL APPLI CABI LI TY According to the present
.invention, the load on the cooler is reduced and the tenperature difference
between the inlet and outlet of the cooler is | essened, so that the degree
of supersaturation is reduced to restrain the deposition of scale on the

“ heat transferring surface. Wen part of the nother-liquor is circulated to

the crystallization step as in the prgsent invention, its circulation rate
to the crystallization nmaterial preparation step is reduced accordingly.

Al t hough the concentration of the crystallization material increases, this
reduct i o8t hafetei PEuFaMPERdr BYethe PHESEr Yackeki 48bi)oRtmat eri al
preparation step leads to a correspondi ng decrease of the heat duty
necessargrystadisgatibngtens er yssakbbprat idnkcmit peirakg Tfe thead on t he
cooler is also reduced. Thus, the present invention is conprehensively
benefi ciakysbal heluecpgnafiteat tba okyeneildyzaZionVWhahich aleamnsed is: 1. An
continuous crystallization process conprising steps of: (a) supplying from

a crystahppZokinatae eniabalwk@pababig@ataaﬁt? f%St Bkl irzabiven kel a
containing bisphenol Ato a crystallizer to forma slurry of crystals of

an adducto8f i PegPhgnpkamp@adzphenol or a slurry of

INDUSTRIAL APPLICABILITY
According to the present invention, the load on the
(i cooler is reduced and the temperature difference between the
inlet and outlet of the cooler is lessened, so that the
degree of supersaturation is reduced to restrain the
deposition of scale on the heat transferring surface. When
part of the mother ligquor is circulated to the
crystallization step as in the present invention, its
circulation rate to the crystallization material preparation
step is reduced accordingly. Although the concentration of
(:- the crystallization material increases, this reduction of
” the circulation rate to the cryétallization material
preparation step leads to a corresponding decrease of the
heat duty necessary for dissolving the crystallization
material. The load on the cooler is also reduced. Thus, the
present invéntion is comprehensively beneficial to the

economization of energy.



crystals of bisphenol A (b) subjecting the slurry discharged fromthe
crystallizer of step (a) to solid/liquid separation, and (c) recovering the
crystals, wherein part of the nother liquor is circulated to the
crystallizer and a ratio of an amountapf nother liquor (A) circulated to

the crysfalli.zer to the amount of nother liquor (B) circulated to the
crystal I%‘hkaaﬁllosn %Jéﬁcglls'preparation tank, B/A, is not nore than 5. 2. The

process according to claiml, wherein the amount of the nother |iquor
circulated to the crystallizer is 5 to 60% by weight of the anount of the
slurry disschdfy&®n BN groedss! becddridfith P 128 & i MR T v @i it el not her
| i quor cigculated to the crystallizer contains fine crystals in a ratio of
0.01 to 10% by weight. 4. The process according to claim1, wherein the
crystallizer {mas sappextisrnalran raculrats ol 1 zeet prrowviades-r it h  a cool er, and

‘the not her |iquar ssed into this external circulation line for

ci reul atﬁroerPatr%g:rl@frhrﬁzcﬁ%g?} § Sy aai 9y @A te i a Pt 4 accor di ng to
clai m 1piwiieidl theo & fdmwrance batmean @y | ety d B al iy ofs t he 28
crystallization material preparation tank and an outlet tenperature of the

crystal [9&zén iadldnqto 35 MdegrhenolC A GindA emdlnuous: crysta [9%at i on process
Conpr'$d¥%§%é¥§50f bisphenol A,

{b) subjecting the slurry discharged from the
crystallizer of step (a) to solid/liquid separation, and
{(c) recovering the crystals,
wherein part of the mother liquor is circulated to the
crystallizer and a ratio of an amount of mother ligquor (A)
circulated to the crystallizer to the amount of mother
liquor (B) circulated to the crystallization material

preparation tank, B/A, is not more than 5.

2. The process according to claim 1, wherein the amount of
the mother liquor circulated to the crystallizer is 5 to 60%

by weight of the amount of the slurry discharged.

3. The process according to claim 1, wherein the mother
liguor circulated to the crystallizer contains fine crystals

in a ratio of 0.01 to 10% by weight.

4. The process according te claim 1, wherein the
crystallizer has an external circulation line provided with
a cocler, and the mother ligquor is passed into this external
circulation line for circulation therethrough to the

crystallizer.

5. The process according to claim 1, wherein the

difference between an outlet temperature of the



of : (a) supplying a crystallization material containing bisphenol Ato a
crystallizer to forma slurry of crystals of an adduct of bisphenol A and
phenol or a slurry of crystals of bisphenol A (b) subjecting the slurry
di scharged fromthe crystallizer of sigep (a) to solid/liquid separation

and (c) _recovering.the cr als, wherein.part _of the nother .liquor is
circuIat85y§ga§%ézgg%§§tgF%%%éPiaﬁéegﬁéag%ggtgﬁpgzgpghgg gﬁtéfFernal
ci rcul at empkiraeupeovitdedewcthsaatooker, iand wot Bér. deiggeer. ci.s passed into
this external circulation line for «circulation therethrough to the

crystallizer.
6. A continuous crystallization process comprising steps

of:

(a) supplying a crystallization material containing
bisphenol A to a crystallizer to form a slurry of crystals
of an adduct of bisphenol A and phencl or a slurry of
crystals of bisphenol A,

(b) subiecting the slurry discharged from the
crystallizer of step (a) to solid/liquid separation, and

(¢} recovering the crystals,
wherein part of the mother liquor is circulated to the
crystallizer and the crystallizer has an external
circulation line provided with a cooler, and mother liquor
is passed into this external circulation line for

circulation therethrough to the crystallizer.



