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 excess anmount of phenol wth acetone

in the presence of an acid cagpgyptrcAprdipe net hod for obtaining
hi gh-purity bisphenol A fromthe above reaction product, a nethod is

known i{mpiéiEh @@ﬁTiﬁg@ggoggpgggﬂﬁi?éf%?ﬁgﬁﬁﬁgggsto a crystallization

treatnent to precipitate t crysta uct of bisphenol A and
phenol (hereinafter referred to as "adduct crystals"), then a slurry of
the obtained crystals is subjected to solid/liquid separation, and the

phenol, ] V. P%L om t he recovered adduct crystals. In another
nethod?éiﬁgiﬁgﬁof %rystals are precipitated instead of adduct
crystals. A continuous crystal]ization process is known as a nethod for
puri fying a TBf RFSIFRFeLBYERTIRR FRtaken tatan impyeved i ci ency. |n
carrying out continuous_ crystallization,

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 bisphenol 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 solid/liquid separation, and the phenol is
removed from the recovered adduct crystals. In another
method, bisphenol A crystals are precipitated instead of
adduct crystals.

A continuous crystallization process is known as a

method for purifying a large volume of crude material at



usual ly concentration of material is adjusted in the materi al
preparation step, and the material is supplied to a crystallizer after
the tenperature has been adjusted to a degree not |ower than the
saturation tenperature. In this case, an excess rise of tenperature of
the material leads to an increase o2 the quantity of the required heat
in the crystallizer. This, in turn, duty of cooling the
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to reduce the average size of crystals, but also encourages deposition
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surfaces of the pipes, etc her et ore
nateri&% P d f% err d to_as crystallization
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degree_whi g al%&z S ﬁ? ﬁsuch as_+3C ag e the ssturatlon
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crystals, a neth i s _known conprising the steps of crystallization,
sol i d/ 9SS %%Ba %Y?Bnthﬂﬁsﬁ?ﬁgséﬁﬂraE%9%tE?mP%rﬂF%E%Fvﬁﬁ@'Wh%m a
plural nunber of (1st to (n-1)st) stages, in which (a) purified phenol
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stage, (b) the washings or mother |iquor recovered at the n-th stage
i S usedn aknereaphepdl thel gnaénniftyrof ethie ssequinedt heat ciysthés obt ai ned
at the n-Ith stage, (c) the nother liquor 3 or washings recovered at
t he n-¢tystsablezes. usBd ss irthe&urn, 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.
Therefore, 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 (1lst to
(n-1)st) stages, in which (a) purified phenol is used as the
washing liquid 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-1th 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 Ist to n-1th stages are
made hi gher than those at the succegdi ng stage (Japanese Patent
Application Laid-Open (KOKAlI ) No. 5-117194). However, according to the

st udi egrbyathenBECs8Rbve rBMERL 0L8e hL ngt t posal in the
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jeopardigin th? Iong-éine ftable operation_of the apparatus.
Parti ctf ??go?n Pher€adesPluing yReafrYshel ®nandphhat us havi ng an
external circulation _type cooling system the scale tends to deposit on
t he hed®NCeRER3FEPRi Af LTPehtkies iRetkeovVeshingeliandd efirthees of the
pi pes | ocated downstream of the neeting point of the crystallization
mat er i @fyskal tab edohadf therigt todneltkrstagessate madte highefficult
or even unable to carry on the continuous |long-tinme stable operation of
t he appeamttisosd afhtherssertediwgnstage haSapasasavpleténtVvi ew of the

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
formati on of adduct crystals or bisphenol A crystals, according to

whi ch the heat duty that needs to be renoved in the crystallization
operation is |essened and the solidt deposition on the inner surfaces of
the crystallizer, especially on the heat transferring surface of the

cooler, is rgsd rpdetacht o rdldON ol UG- P Mmadd {h&, £QptdNUGLs operation
period of the crystalllzer BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is
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present | nvention. I S anot exanpl e ocess ow sheet for

carryi. e nt 1 nvention. CLOSURE OF THE
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proce i s advantageous to let part of  the nother |i circulate
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from bei ng exposed to wuseless heating which is unavoidable in case
wher e 5 tordieheremavpfbrin sthe rauyshakd ¥z tinn opetatidrats on materi al
preparation tank, and thereby it is possible to | essen the heat duty
that Hesienes mnd drhs exblid tdepasitsicn oz dtheoninner 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 (nanely, the generation of scale) by an anount correspondi ng
to the reduction of enthal py (or tenperature) of the crystallization
mat eri al nade possible by avoiding usel ess heating. of course, the
obtained crystals remain unaffectedtat all in their quality even when
the nother liquor is circulated to the crystallization naterial
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present inventioOn has been attained on the basis o e above 11 ndi ng,
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conti crystallization proce conprising steps o plying a
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crystal s of, bi sphenol. subj ecting the slurry discharged fromthe
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fromthe nmother liquor, with part of  the nother |iquor being circulated
to t heIRRSEARIPR AF depRs ihiemt (RAMl Y| Be deereraiPn roticteale)
hereinafter wth reference to its enbodi ments. The crystallization
procesky oin t dpoOywReseonresnending tonmhe seedbesiconl¢f enthalpy (or
crystallization material preparation step, a crystallization step and a
sol i d/tenpexatvepay af orhestapystallimatciystmdtezidl amdatmssadble
preparation step, a

by avoiding useless heating. Of course, the obtained

crystals remain unaffected at all in their guality even when

the mother liquor 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 bisphenol A to a crystallizer to form

the crystals of an adduct of bisphenocl 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 liquor, 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 nother liquor circulated fromthe solid/liquid separation
step are supplied to a crystallization material preparation tank to
prepare the crystallization materialé As the PL solution of BPA,
usual ly the reaction product obtained froman acetone and PL reaction

step |srysesllapscibn NBEESSAEY, pt&SarBbfonC ptaa\%'fygltgwf-_pgtggg ust ed

by evaporating part of the solution or by adding the” circul ated not her

| i quor S h O b, iLl1izing a heat exchanger to
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di ssol ve the crystals. r, crysta obtained from the
precedi ng cryst [ | t . aft solid/liquid separation, may be
hixod with tHS %‘%cu %‘ggdl”?rﬁe%elr&{i’%%er“%f RRSRHP T EODOTEERY the desir ed
crystallizatipn terial | usted [n BPA concentration and
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preparation step (tank) is usually set at a degree which is higher than
the satRERIM tehpe? ERTred ofo tde Bh) el #f BPgphenel phef erred
tenperature is | to 100C, nore preferably 1 to 50C higher than the

sat ur athereirdbeentxeterme thEe BRAL 1and | the tmogeent Liguaan be
determ ned, for exanple, by 7 referring to the saturation solubility

cur vesc decekdted fromttke kewlid /1iguid isepamaty on apeee serdat ent

Application Laid- Open (KOKAI ) No. 5-15701, after specifying the BPA
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 liquor
or heated to obtain the desired crystallization material
adjusted in BPA concentration 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 chromat ography or near infrared ray analysis. In
the material preparation tank, the solution is preferably agitated by
usi ng an agitator to honogeni ze the solution. In case of conducting
liquid/liquid mxing at the material preparation stage, a static m xer
or like neans may be used. In case df precipitating the adduct
crystals, the crystallization nmaterial prepared in the materi al
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concentration of usually 18 to 50% by wei gh preferably 22 to 30% by
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by the ev poratlon of the solvent, and the <crystals are precipitated to
form & %? $3S-As the crystallizer, there can be used, for instance, an
I nt er nal cooling type crystallization tank or a crystalllzatlon t ank
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tank having an external circulation type
preferably agitated by using an agitator to homogenize the

solution. In case of conducting liquid/liquid 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 aqueous 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
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 flow
Is relatively definite. In a preferred formof the external circul ation
cooling type crystallizer, there are provided a crystallization tank
and an external circulation Iine having an external cooler, and the
crystallization material is suppliedBto the tank after mxed wth the
slurry discharged fromthe external cooler. For instance, when adduct

cryst addd Zohd Ofyhs CAFS L1 i PO HShRGAN ext é@@hf&&&%ﬁ%&ﬂ]ﬁcool ing
type crystallizer, the crystallization material is mxed wth the
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t hereby coo é%gto 45 to 650C and then pﬁ%le ?% %ﬂ%éé@?ygia lization
t ank. -1 he. crys @ﬁll tion_tank has_.a heat:insulatin
st ruct ure. lel%og%lc%{sst% ui%‘g‘gﬁﬂ%%i%% ’ﬁ%er%?%/s‘fhﬁl?]z%ﬁ%aﬂéﬂ% under goes
a slight degree of heat eperatjon as_a_consequence of crystallization,
So t haiPORHI CYSTLN o1 RERHETSREY IehY ( Eeriche oTe3RRAI 12D 149 310
between the inlet and the outlet of the crystallization tank. In the
preseftlyrRentton, 15 iR iR e fritRe THerndEiefieHa e orral (dfzat i on
material at the outlet of the crystallization material preparation tank
and t Hs|er¥srnal ¢ircwlation woehineriyypaldiyetiabhizemk texsual ly 5
to 35*C, 9 preferably 10 to 20'C. The slurry discharged fromthe
cryst die zaovidednk d¢rysipallizasigpltak tand hen sektelfhaljui d separation
step while

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

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 39% by weight, preferably I to 10%
by weight. In the crystallization step, it is nore effective to use a
pl ural psépgeaslysial tbzapt®n tank. Wen, for instance, a two-stage
crystallization tank is used, a higher «crystallization effect than
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angaggparated into crystals and not her liquor. In case where the solids
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liquor. In the case of crystallization of an adduct, the tenperature of
t he noteRaratiporstkpchardecidedrprimarily 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 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 liquor 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 liguor. In case where the solids are



separator is usually 65 to 45C. The process of the present invention
features that the nother |iquor 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
circulated nmother liquor. The circull® ed nother liquor is preferably
tenporarily kept in a container, wth the residence tine being usually

not | ongehetihan thHensBphestoFhetReyahahkhdat hpB shEBE¥4t 8s HBLAALL he
said nother liquor is circulated has a viscosity of usually not higher
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when the pipes were overheated, the crystals would be dissolved to
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description, the portion of the mother liquor circulated to

the crystallizer is called circulated mother liquor.

The circulated mother liquor is preferably temporarily

kept in a container, 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 liquor is

almost saturated, so that there is a possibility that

precipitation 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 ternklof concentration at the outlet of
the solid/liquid separator, is usually 0.01 to 10% by wei ght,
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to the crystallizer. In the case of, for instance, an externa
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circulated to the crystallizatidn step s suppl'i . .
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poi nt hetween the outlet of the external cooler and the said junction.
I n cas@ RR&PETIO80OFePLPETHFEEREN 2P PREUIBLy NP BRation tank, or in
the case of an evaporation cooling type crystallizer, direct
ci rcul SVESRAsNrakednstRte 12t Bhewsr ai Atoonbetengdenglyl itpapiromotank i s
nore advantageous as it provides a greater reduction of the heat duty
to be grewbhe@f thetBrystade, st itbapr etelabbeonhahet bérontheion

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
liguor circulated to the crystallization step is supplied to
either: (1) a point between the outlet of the
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 weight, preferably 10 to 50% by wei ght, based on the slurry
di scharge fromthe crystallizer. Algo, in the present invention, part
of the nother liquor nmay be circulated to the crystallization naterial
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the ratio of the amount I quor . “t he
1ot AL S M, S ek Pl 0t o
2 Accki o 19k T TR cke ATTsaAG, LEOnOT T chie cicled P8 HBSi bl o fo
substantial ly. reduce the heat duty to be _renoved in the cooler. It is
furt héTE B3t hH 2240 dsath 39 theraryskmbhizatiordratrrialk cteeded per
kg of the product. The effect of the process of the present invention
can 1PO%Me deternined with the degree of supersaturation of BPA as a
nmeasure. Here, the degree of supersaturation can be expressed by the
formul a: (X ThexsitygWsstiotharateX ofs tieg gitther 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

is a reaction step. In this case, the ratio of the amount

of mother liquor (A) circulated to the crystallizer to the

amount of mother liquor (B) circulated to the

crystallization 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 BPA in
the saturated solution at the neasuring tenperature of the said
solution. It is very inportant to control the degree of supersaturation
as the primary nucleus generation rate and the scale gromh rate in the
solution rise exponentially againstlx he degree of supersaturation. In

| &EC Process Design and Devel opnent (1964), Vol. 3, No. 4, the relation

bet weeBe! Badeql 80k PHPEhEALUGRELOB L0 upBE saRERhLIUNY JkORBR EMRYed
and scaling on the heat transferring surface is formul ate suggestlng

that sgghingecansofe CORLrablede! fe! gf@é@@ﬂgt% pﬁéﬁgggggogfapget he

heat duty to be renoVed are TeSsene ccor
presen 0 h S si_bl to,loyer th ree_of
supers%?h?é??%ﬁ g? % & fP5@3§POn§§mﬁeF§a¥ﬁéX88 rgggSF Eupsr ¥8iahkt i on
woul d rise exce Si velg éh rior art, partlcularI% at the heat
transtFFFﬁéoguP aBBAORN hBe §BIBE1QRd PRE ¥Patnifywehghsofragsien
speci fical | X in the crystallizer, there takes place 1ocal overcooling
at the®§pBF mﬁéréh?héaﬁBFﬁéﬁdlﬁaéétlpg ati tbel meadpréndsing a rise of
the degree of supersaturation even if no cooling is nade to pronote the
preci ptempesature efytheal saidomsdybdant y, It hiss heaty dingottatt nseds to be
14 renoved is | essened to reduce the degree of supersaturation,
parti cepatrglathehdepeee tfamspersahgratibacasabbet peimuigi natyetiber eof .
Thus, since the tenperature variance at

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 invention, it

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 nore concrete way, (1) if the spot to which
the nother liquor is circulated is bétween the outlet of the materi al
preparation tank and the junction with the external circul ation cooling

line, thaodedr ¢ Qbssepedsabuirabiee tbk HegraBobe %hﬁ&&%bkb%aklb%
lowered; (2) if the said spot is between the said junction and the

crysta B!r%%EhQBrtl?”'ért the Heakce:aherBHPSREALULTLLAN LA Lhe seotion

fromthe external “cooler to the said Junctlon s lowere (3) if the

mot her oL i-QUeL i %hgkfeglfl atﬁﬂugo Lhgcdi g e rﬂé‘é%%uféy%é‘ll&h%%téé?“ tank

to the extern coo Hegree (0] ura e Section

fromth e nal oler. to the_said_unction 4) if
the sait ﬁsgﬁt? ﬁnggeﬁéf%geﬁuFEQCSUPFeEHSfCPﬁ&eﬁxFBPn&F ES@PSF and the
sai d Juncélon t he dﬁ ee of supersaturatiqon in the section_fromthe
ext er n§F3¢dBPePRt §UFReNEATItFARELPERIPY SPEEAREEJCARERT FRPETRORCEARRYI NG
QUT THE_ I NVENTI ON_15 The‘ resent invention will be described in further
det ai | YRR HéﬁéFéﬁcs°p§rﬂE§teﬁaﬁﬁ|é§etH@paot}mﬁhﬁéﬁbléxaﬁﬁneg rRéwever

are nerely intended to be illustrative and not to be construed as
| i miti ket ReyStapéisprt pperatdanion.

To put it in a more concrete way, (1) if the spot to
which the mother liquor is circulated is between the outlet
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 crystallization 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 MODE FOR CARRYING QUT THE INVENTION



Exanpl

cool er

cryst ahdi 28t i Wi BYSE £ Encd Ot KD SRS tiId YS! | igfLy on system 6

e 1 Continuous adduct crystallization was carried out according
to the process flow sheet shown in FIG 1. In the draw ng, reference
nuneral 1 designates a crystallization naterial preparation tank,
crystallization tank, 3 a cooler, and 4 a circulation punp. In the
equi pment, the section enbracing thé discharge line from
crystallization material preparation tank 1, crystallization tank 2,

3, CTheUbrdédeant pliReiibd Reill nes dawerheddid hem{hde section
defined by the broken line in FIG 1) is called the first

havi ng the sanme makeup as the first one 5 is connected In series.
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nduct lng 21 parts. by weight/ mn of the cakes of the
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ture; 590C3 and 31 parts by weight/mn of a saturated PL
%ﬂmWEB% concentration: 9% by weight; tenperature: 500C)

The whol e of the said cakes was led into crystallization materi al
ati on GAMEIUIY A Gatrerysial LSigaien ivas 19argind ©Ut parts by
/mn of the said saturated PL solution with a BPA concentration

pr epar
wei ght
of 9%

qgcording to the process flow sheet shown in FIG. 1. 1In 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).
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wei ght was al so passed into the said preparation tank | through
crystallization nother liquor circulation line L10 to continuously and
perfectly dissolve the cakes (BPA concentration: 40% by wei ght). The
crystallization material preparation tank 1 was nmai ntained at 94*C,
equal to the saturation tenperatureléof the PL solution with BPA
concentration of 40% by weight plus 3*C. The crystallization material

was perfect!ynbi gblle b was dhsahaaged {k@Mbankntd at a rate of 28
parts by weight per mnute and continuously supplied to crystallization

tank 2:tB5edah ibiaReon2 m%EQQQaW'P ﬁg?aEQBEStQ 'Qﬂ&@%ﬁﬂp btk a1

solution"from external circul a I ne L4 the sai sol ution

h h 24 b
wei ght FaPREd0tens, 2a ide, bt BbY kb /HET 08 e R ' oyt v nal
C|rculat|onl

n1cryst&h h on noth uor. ci.rcul ation |ine
o “TnEetRBatpl; L, 5ouB5ER - s o0 BRe: OPPERAEG APl 2% BY out | o
tenperaturﬁ of créitalllzatlon tank 2 at 63'C. The tenperature at the
inl et BFLEBRE W88 8rSPeREEFRY 10EPr EDPafPA PrRB2EATiRAs teRKk6AC and t he
tenperature at its outlet (point B) was 61.40C, the tenperature
vari antBrguphRgcrystaldieatine mesber digupal simendapioni pinet &dOby
mai ntai ning the BPA concentration in crystallization tank 2 at 25% by
wei ght toaganthaupusiudastupeyfeaslyodisnaduel yhei sekasgéBPAL hr ough
crystallization slurry discharge line L3 at a rate
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. O0f 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 L9.
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 and the temperature at its

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



of 828 parts by weight per mnute. of 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

wei ght/mn was supplied to external 1@irculation line L4 via circulation
punp 4 along with 24 parts by weight/mn of the PL solution supplied

from c1ysial | rhat h@AuckOLResthilauerel pelbabi@Ratkn® L%aih‘&a& g ngecond
crystallization system®6, the flowrate in’its exte?na ci rculat’i on

i ne_(¥he BEACEEHRE 10! n ObryL 81 ELEGHI BT POy PUFPY, V8 Bgf St ed Lo

be 800 parts by weight per mnute, formng a slurry of approxtmtely
500C t her ayat 2 'gg ] f the slurr uppl i,ed from
cryst Al PRASET el heledBied OFelE) Buke B BnPladolis By U e Phoae
suppligd to the crysfallization tank ag rate of 852 parts by weight
er niéhﬁ%P%RmF%%ﬁ%%%f}% gﬁ? SQ%T¥F¥a€#%€?ar$?0%+%%i%% thed sT@k®y was
p : ) :
rel ease éﬁ a rate of 852 parts by, weight per mnute. O this anount
(852 {2 H\PIEHRY 1R hRYy BENYHR. slurry rel eased fromthe
crystallization tank, 800 parts by 18 weight/mn was supplied to the
external cirQultdtiofi§ masks by ekamyimimebXaralsahyy wei ght/ ni n was
supplied to solid/liquid separator 7 for separation into solids and
li qui distearggdstiforahigtuery sitdchange Iovovies edtld 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
the 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.

0f 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 |line L7 of
solid/liquid separator 7, and the 31 parts by weight/mn nother |iquor
(BPA concentration: 9% by weight; tenperature: 500C) was circul ated
through crystallization nother |iquor discharge |line L8,
crystallization nother |iquor circdBation Iine L9 and line L10.
Consequently, the heat duty required in the «crystallization nateri al

pr eparaé i it fiaik ﬁasvagup]iappé@x{;@aﬂeé YekBekfal Pefckbaliohheigeyshal
slurry after the <crystallization. Al so, the heat duty that had to be

rendveghe byek@Ph £hg 352":??%rwiﬁ@isiﬁky/r&fn kg2 rr%gé%fﬂe@f gbhe crystal

slurry after the cryst tion. nce the te ture difference

bet we i agqgE t- 0 0, | S S Limtied to 1.2*C
as e%}f %ﬁ/eid{%‘g%c\i/e, %ie)ét%%gd? ofnm? h%ééo%%:e%g? S@éoﬁé’fﬁ# r%% t he

growt h, of scal e.on the he transferri surface of the coaoler is

suppr € %%%}&Sugﬁ'reeé:ﬁ (ﬂ‘aftt S&O\ﬂrﬁsg:%lssc%egeoﬁecﬂ’(@rﬁéiatatt Fansferring
surface was ¢o iirned fromthe followng fact. In the instant exanple,
the fITAFS RE Bt ROEFT fdY vERLGNT (R JBIRALS TROM | HEY S b ALSTRREIR  t he
inlet (external 19 circulation line L4) and the outlet (point B) of the
cool erling ke’ nehs$e bid ChiguiticiaPgraver & pepd othef3Y paeks band t he

cal cul ation of heat transfer was made by the following equation (1) to
det er reeghhamiy emgtheredii quoandB®A concentration: 9% by weight;

temperature: 50°C) was circulated through crystallization
mother liquor discharge line 18, 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. Suppression of the growth of scale on
the heat transferring surface was confirmed from the
following fact.

In the instant example, the flow rate of cooling water

to cooler 3 and the temperatures at the inlet (external



efficient Uwhile the process side fouling factor rsl was determ ned
fromthe following equation (2). It was found that the increnment of rsl
per hour was as small as 0.00008 nmRK/W Q= UAAT (1) 1/U=1/hl +
rsil +cc +r s2 +1/h2 (2) wherein Qis the heat duty transferred by
the coolant (cooling water), Uis odéall heat transfer coefficient, A
Is heat transferring surface area of the cooler, AT is logarithmc

aver agei@tut heibamenat tn ¢ dhaf%hensﬁt96£WQFBin£hﬁ)iBkeihgné gyLlet of
the cooler, hl is heat transfer coefficient (constant) o tﬁe process

si de bgupdapyabhkah E%ntkﬁuBQgigig?@?LSOEePEBB Bfagsﬁgﬁré?sgﬁﬁgggg (2

constant determned by the siz eat transferrrng’sdur and

h ' ‘] ' ' | ' tam nation factor
(conar antiH18kibhoPhERE LansFEE VBsiRauR by FRfNEaT PPaRS! er
ffici . d d th | ant 1 rate).
ot deREarEyoR: R8T E8uPetEFRERE ChpcOVSFFbh CBABUEERRSTES ubing a
crystal Lization nodel _under the otherwise sane conditions as in Exanple
1 showRHitRAENERE WBgleetBE PPOCEEHeFiRe UFARL LAY af aEHRL pbs ht WS of

external circulation [ine L4 was 0.08 wt% w % Conparative Exanple 1
The suBstenhibefyfsametbpefallovingsedesthen {A). It was found

that the increment of rsl per hour was as small as 0.00008
méK/W.

Q = UAAT (1)

1/U0 = 1/hl1 + 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 material), 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
circulated to the point A 21 parts by weight/mn of the cakes of the
material containing the adduct crystal nother |iquor (BPA content of

t he cakes: 50% by weight) and 31 parts by weight/mn of the saturated
PL sol ution (BPA concentration: 9% &9 wei ght; tenperature: 50C) used as
the nother |iquor were wholly introduced into crystallization materi al

pr epar ghpepshéikationandt ¥hehpbhgtBRA£08% ! J d to be
25% by %e. Sht ?héocakes vverg cont i nuousl gggﬂgipg? gggﬁglgﬂsggb\%ed in

the tapk.dBegcpysyabli,gation material was perfectly Iiquid.
Crystallization material preparation tank 1 was naintained at the

satura&bﬁgaﬁggyﬁéaﬁgéﬁ 9& ihe PL solution wth a_BPA_concentratlon of

25% by "we at 80C. The crystallization material was
di scharged f

om | tion tank at. a rate of 52 parts by wei ght
er minute @ﬁ% %%??%%Bﬁ@ai Y STPT | QRET FETORT 3% ofeF i@ ol t ank 2
p
t oget her mnth 800 parts by weight/mn of the solution from external
ci rcul BXABRALE; ?ﬂeW%’&e TREL i PP Rt @%eertobhahigthat Bether chbbfeer waas
controlled so that the outlet tenperature of crystallization 21 tank 2
woul d Bet nainealated ato 680E. Pahet tAnperature at the inlet (external
circulation line L4) of the cooler was 631C and the tenperature at the
outl et (poinilByaxts dewlweightisin 6if 50 caload i o) thé anpesnat al e
difference of 1.50C. Wth the
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 liquor 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 into crystallization tank 2
together with 800 parts by weight/min of the solution from
external circulation line IL4.

The flow rate of cooling water to cooler 3 was

controlled so that the outlet temperature of crystallization



BPA concentration in crystallization tank 2 being maintained at 25% by
wei ght, the adduct crystals were precipitated and the fornmed slurry was
continuously discharged through slurry discharge line L3 at a rate of

852 parts by weight per mnute. of this 852 parts by weight/mn slurry
di scharge through slurry discharge2line L3, the 52 parts by weight/mn
portion was supplied to second crystallization system6 through slurry

suppl ytdnkez Liowidl Band Bied e SO0 Pyt sSThY tvRpaRhifite Ber than vas
supplied to external circulation line L4 via circulation punp 4. In the

second; TSt @d ki dtd Pt SYES Bk fon tNend 'ﬂ%r@f e hof cégfef'#éé Yeidd i LS

external circulation line (viz. the discharge rate Its circul ation
punp) S ' ' d slurr ith,a
tenperag‘t?ét;r%%of@ém&ppr otgl?lrn%taéﬁy E%odc‘i vvaésmc Q?%@@* t%)ge%ﬁe?g%f\%ﬁh? %2 parts
by | J-mn slurry supplied fromslyrry supply ling L5 The m xed

si ur\rN;dl\g/]\hh’Inguﬁﬁleia &nt)éo ' lt?—'se“@ﬁlf?ttéllrlei g if(?%ef?ﬁk okt 1arg’ Fat FEL g8 parts
by weight per mnute and, after crystallization, discharged out at a
rate o‘%}g DEENT Ayt ohet Yy L b a I iraeionrtank o daingh MaingaiRedht / nin
slurry 22 discharge fromthe crystallization tank, the 800 parts by

wei ghtdtidPHdtht i Ids: stlppladdngto arus ke rwhre dretipitared ldnd whil e

the remaining 52 parts by weight/mn portion was supplied to
sol i d/theyuiarmed Flagry WEprcaeparuauly idischarged 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 slurry 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

| i quor (BPA concentration: 9% by weight; tenperature: 500C) was

circul ated through nother |iquor digéharge |line LS and nother |iquor
circulation line L10. As a result, the heat duty required in

cryst atisctedi g £rem eﬁh@lcﬁ%lhizmér@n&ﬂky%hé ognd pArbe by
approximately 27 kcal per kg of the crystal slurry after the

cryst ahdi it /i f&h@@@%dﬁﬁu&é&r@@ttm AP | /kg
nor e heatgm%:luty t%an reqw red in Exanmple 1 AI o) Pﬁt(%ﬁ%%lugﬁiﬁ?hat

had t =Ty V<To ]gggg ef f the
crystgﬁggfurry afﬁg? t ﬁﬁv$? atlon gﬁ%éﬁg&ﬁgpﬁﬁ%hﬁ% ely 4
kcal / eat t e re n r & ired. in Exanple 1.

Det er i quﬁaé? %chrelc%r 0‘%%13‘%// sfﬁj “T‘)oﬁg%‘f%%t OIf STERFF AR NG the same
heat transfer_c ul ations as in Exa it was found that the

i ncre Josf c? lc %buih\ﬁa§a§§s I gpejg a?dﬁuﬁéofgyﬁﬁl%’]ﬂﬁ/ Wexi ch
confirnmed the fornatlon of scale on the heat transferring surface. 23

| nci derRSAVSESY HEF rdstate At &t RABHST dNg WRHie (RRF YA st of zom

crystal lization nmodel under the otherwi se sane conditions as in

Conparstystea lpdgtange holial Ehaf tsrlidcgrasldbfsengerten utatdngh  at t he

poi nt B of external
31 parts by weight/min of the mother liquor (BPA

concentration: 9% by weight; temperature: 50°C) was
circulated through mother liquor discharge line L8 and
mother liquor 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 m?K/W, which confirmed the formation of

scale on the heat transferring surface.



circulation line L4 was 0.10 % wm % Exanple 2 Conti nuous
crystallization of BPA was carried out according to the process fl ow
sheet shown in FIG 2 wherein reference nuneral 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% bg3weight of water and 1.7% by wei ght
of acetone was prepared in material preparation tank 1. This tank was

mai nt ai ned ainé@eRELTIP) tEhd %é@me&ﬁtrgﬁfc@iatﬁ%?- péaﬁd%% : bf- ?t -

1320C. The prepared precipitation material was perfectly

dischaﬁgﬁg?féog} ﬁggll§z§£%gnr@&geff?%$%¥pg§éso %%?+?€t ReL m nute and

conti nuo y supplred to the liqurd Crys ation tank 2
throuq? % i zation e%eri |l s I Lin Hg. The, flow rate of the
cool an °€%¥€ %ﬁ%u%%rlﬁa%QR'afig Veagga@% ?r§I? oved that the outl et
tenperature of c&gstallization tan{QZ woul d be paintained at 980C. The
BPA I§21SF Chet PP et prettdy #h Ehg SRRt Bt 9breXteknal and the
formed slurry was continuously sugplied to solid/liquid separator 7
t hr ougdft &Pk dyiem stiag get 1 ¥R 0610 Wi fiskher | quor after solid/liquid
separation was circulated to 24 «crystallization tank 2 through nother
| i quorEX¥3mRl#adion |ine L9. The nother liquor was supplied to the
position which was symetrical with the supplied position of the
crystal | i zatGomt imueus atradoal 1wt Shafdf BPAagiasitaar2iced rout

according to 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

1l at a rate of 7.2 parts by weight per minute and

continuously supplied to the liquid level of crystallization

tank 2 through crystallization material supply line L2Z2.

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/liquid

separator 7 through slurry discharge line Lé. The mother

liquor after solid/liquid separation was circulated to



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

of 30.1 wW%PL, 62.3 % BPA, 3.8 % water and 3.8 w % acetone and
had a tenperature of 980C. Part of the nother liquor was circulated to
crystallization tank 2 at a rate of 12.8 parts by weight per m nute and
t he remai nder was di scharged out tR%ough nother |iquor discharge |ine
L11. Thus, the conposition in circulation tank 2 was adjusted to 24 wt%

PL, 7@r¥%%ﬁ@@&zat§owt%hW§thtﬁ%@u hwhﬁtﬁ%?tQ@%uo h%l%bﬁﬁa¥1on

concentration at this point was 11% by wei ght, the 'slurry was

20 par £2 By 9d'Sﬁﬂé'ﬂgghé?r?egg%ﬁéwé%ySéﬁﬁfﬁg Sg%f*%%29§$¢?%?63[2f5 o

20 parts by wei ght per m nut y|e
d|scha f gbh / . at ar .parts y i ght per
{ o HEEn, WRE, BPphety B4y PROEDE, 8pe 1 B Pea BgopneTyiber °f acket
(2b) of a Ilzatlon tank. 2 out 10 kcal per of the crystal
sIurryc5¥F5¥i§ﬁéa5F9§tQPFFE&F}oﬁ%aEBHﬁQ?aFP9étE?énﬁBétEQGEn?ﬁneﬂus
crystallization of BPA was carrled out according to the process flow
sheet Sh¥#hALALERELOD tBBK 2erystallization nother |iquor circul ation
line L9 was not 25 wused. Crystallization tank 2 in FIG 2 is of an
outer jackeTheypérprbdeteddnotbarahiggbrahad ancohposhtide. oA 30.1
conposition of 24 wt% PL, 70 % BPA , 3 W% water and 3 wt % acetone
was prwp&réﬂfiﬁ2nétthaBPBEeﬁaBawt&nwaaek and 3.8 wt% acetone and
had a temperature of 98°C. Part of the mother liquor was
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 L1l. 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 L6 at a rate of 20 parts by weight per minute. The
final yield 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 L9 was not



1. This tank was maintained at the precipitation tenperature of BPA
plus 30C, i.e. at 1111C. The <crystallization material was perfectly
liquid. The <crystallization material was discharged fromthe tank at a
rate of 20 parts by weight per mnute and continuously supplied to the
liquid level of crystallization tank52 through crystallization materi al
supply line L2. Since crystallization nother |iquor circulation line L9

was nofisedisedryidia 00Residd Aank Crivstrld. 28ti 0 ank G the same
as that in material preparation tank 1. The flow rate of the coolant to

the ouigékédeCkpbe (BRovideS &Pﬂﬁ@ﬂ'&&iéé’téf‘a{n%ﬂgegﬁgg&eterrperature of

crystallization tank 2 would be kept™at 980C. crystals were
Bont 1 huousty i RBELEl 0 AL HEERE I A S eiivetdy e gnt
hes 1i95by? Uef e St Yar SRR 1ndam it b SpRerdr R iRk om
opar e S PSR tone 6 SRl RS o P 1 o
di scharge line LIl. The heat duty 26 that had to be renoved by the
out er jelRetatury f BRA \RIuS |3°Fat o -t @tk 1A2REs Mt 11 kcal per kg of
the crystal slurry after the crystallization, which neans
appr oG Tt Yl izadkekon eptemial wag rRrfectlky bieguishovahe han

crystallization material was discharged from the tank at a

rate of 20 parts by weight per minute and continuously

supplied to the ligquid 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 L11l. 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

di fference 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 trasferring surface. Wien part of the
nother liquor is circulated to the crystallization step as in the

Preseninifveall 06, bé { fembVEgUbR! AR baLEr PoLReClyS) dbEi zal i on materi al
preparation step is reduced accordingly. t houg e concentration of

the crysyabdizatholofolenkab té{ﬁf&ﬁ@&é, 11MN&a 1 gﬁ&%; %gg ;Hat he

circulation rate to the crys ization materi ®n step | eads
to a ¢ ngl ecrease of the heat duty necessary for dissolving

t he cr@é#%???zg%ﬁgﬁg ?%?i%?? %ﬂ%s?%gﬁiﬁﬂt%%%'c%%+%9 %%a%¥so reduced.
Thus, the reseni i ventigggis congéehensively beneficial to the
econorfiBREHHRa R L2t kG2 VREe | ke et WD MEst 1be premeyrdyelian
continuous, crystallizatjon process conprising steps of supplying a
crysteﬂQQQ%E?%nl%eﬁ%ﬁmE&e Zont ai ni ng bi sphenol A to a crystallizer to
formthe crystals of an adduct of bisphenol A and phenol or the
crystals of bisphenol A, subjecting the slurry discharged fromthe

crystallizer to solid/liquid separation, and
INDUSTRIAL APPLICABILITY

According to the present invention, the load on the
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 liquor 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 crystallization 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 invention is comprehensively beneficial to the

economization of energy.



recovering the crystals, part of the nother |iquor being circulated to
the crystallizer. 2. The process according to claim1l, wherein the
anount of the nother liquor circulated to the crystallizer is 5to 60%
by wei ght of the anobunt of the slurry discharged. 3. The process
according to claim1 or 2, wherein 2he nother liquor circulated to the
crystallizer contains fine crystals in aratio of 0.01 to 10% by

wei ghtwyalr fdheappregssiccording to any one of clains 1 to 3, wherein
the crystallizer has an external circulation line provided with a

cool ery,, and A& fEHAIRIG |d O, doﬁ;so dlrltlckattlh:irflzer %a' circul ation

line for circulation therethrough the crysta The process

accor ”Qe i.n t.he dlffere e bet ween

t he oSﬂtc trtltqsequ;%r at re o r%/‘it alcir i“za éh‘?‘nlrkrra et are ﬁo ation tank
35C.

and t hecm uatllneltng bel@pq{ear}o "% Oi-fo tahecé:yr talallllzlezrattloonfotran?ktl{ > to

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
recovering the crystals,

part of the mother liguor being circulated to the
crystallizer.
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 or 2, wherein the
mother liquor circulated to the crystallizer contains fine
crystals in a ratio of 0.01 to 10% by weight.
4. The process according to any one of claims 1 to 3,
wherein the crystallizer has an external circulation line
provided with a cooler, and the mother liquor is passed into
this external circulation line for circulation therethrough
to the crystallizer.
5. The process according to any one of claims 1 to 4,
wherein the difference between the outlet temperature of the
crystallization material preparation tank and the outlet

temperature of the crystallization tank is 5 to 35°C.



