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METHOD FOR MANUFACTURING BISPHENOL \/

The present invention concerns a method for manufacturing bisphenol
in which there is no residue of the organic catalysts ordinarily used in
manufacturing bisphenol, so that byproducts are not produced during
purification, allowing bisphenol with outstanding color tone, thermal
resistance, etc., to be obtained.

Bisphenols such as bisphenol A and bisphenol F have conventionally
been widely used as raw materials for manufacturing polymers such as
polycarbonate, epoxy resins, and polyarylate. _

These bisphenols, such as bisphenol A, are ordinarily manufactured by
reacting phenol and acetone in the presence of a mineral acid such as
hydrochloric acid or an acidic catalyst such as a strongly-acidic ion-exchange
resin. The various similar methods for making bisphenol F which is based on
fluorenone, an aromatic ketone, are also well described in the patent literature.

In manufacturing bisphenol using a strongly acidic ion-exchange resin
as a catalyst, there were cases in which minute amounts of acidic substances
were eluted from the strongly acidic ion-exchange resin catalyst. Moreover, in
manufacturing of bisphenols using mineral acid catalysts, the acidic substances
could be removed from the bisphenol obtained, but it was difficult to
completely remove these acidic substances.

The amount of acidic substances in bisphenols obtained in this manner is
taken to be 2 ppm or less, on a p-toluene sulfonate basis by acid titration, in the

bisphenol ordinarily manufactured at commercial plants, but even with this



redcting phenol and acetone in the presence of a mneral acid such as 20
hydrochl oric acid or an acidic catal yst such as a strongly-acidic

i on- exchange resin. The various simlar nmethods for making bisphenol F
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In order to solve these problems, the inventors of the present invention
proposed a method in Japanese Unexamined Patent Application H8-183844 in
which, in manufacturing of polycarbonate by melt polycondensation, (1) an

15 addition product of purified bisphenol and phenol is formed, (2) an alkali
metal compound and/or alkaline earth metal compound is added to the
additional compound obtained as a catalyst in the amount of 5 x 10 to 2 x 104
moles with respect to 1 mole of the bisphenol and then dispersed or .dissolved,
(3) the phenol is removed from said addition compound, and (4) polycarbonate

20  is manufactured using the bisphenol obtained.

However, in the method for purifying bisphenol presented in the above-
mentioned patent application, the alkali metal compound and/or alkaline earth
metal compound was added in an amount within the above specified range
with respect to 1 mole of bisphenol. It was discovered by the inventors that in

25 bisphenol purified in this manner, the bisphenol undergoes thermal
decomposition, etc., during the purification process, and when polymers such
as polycarbonate are manufactured using bisphenols obtained in this manner,
variations occur in the color tone and thermal resistance of the polymer
obtained.

30 The inventors of the present invention conducted studies on this

problem, and they found that the amount of acidic substances contained as



pol ymers such as pol ycarbonate by transesterification, this gives rise to
probl ens such as major changes in the degree of polymerization and 10

| rpai rment of the physical properties of the polynmer obtained due to these
aci di ¢ subst ances. In order to solve these problens, the

I nventors of the present invention proposed a nethod in Japanese
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compound and/or alkaline earth metal compound is added to bisphenol
obtained by reacting a phenol and a ketone, and in that the basicity of the
bisphenol is adjusted so as to be equivalent to an amount of from about 1 x 10
15 to about 1 x 10 moles of bisphenol as disodium salt with respect to 1 mole of
bisphenol.
The aforementioned basicity of the bisphenol can be determined based
on the degree of transesterification in transesterification of the bisphénol and a
carbonic diester using the alkali metal compound and/or alkaline earth metal
-20  compound contained in said bisphenol as a transesterification catalyst.
A preferred embodiment of the present invention is a method for
manufacturing bisphenol comprising the following processes:
(a) a phenol and a ketone are reacted in the presence of an acidic catalyst
to form bisphenol,
25 (b) the catalyst and low-boiling-point substances are removed from the
reaction mixture containing the bisphenol formed,
(c) 2 homogeneous solution of bisphenol with an adjusted concentration
is obtained by adding or removing phenol,
(d) the homogeneous solution obtained as described above is cooled and

30  an addition compound of bisphenol and phenol is crystallized to form a slurry,
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-3-" inpurities i.n crude bisphenol varies, and that for this reason, by
addi ng a specified amount of an alkali nmetal conpound and/or al kaline netal
‘conpound, it is possible to obtain bisphenol having sufficiently

out standi ng properties. They perfected the ppesent invention based on this
findi ng. The purpose of the present 'ﬁVentlon Is to provide a nethod
for manufacturing bisphenol in which there is no residue of the organic

catalysts ordinarily |
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Il nvention conpri ses a nethod for rranuf acturl ng a bi sphenol by reacting a

phenol and a ketone &ﬁﬁb«;sqhd]gddmoncompouaédﬁ gated apangltedypddol obt ai ned
by reacting the phen %tQ tal conmpound or
al kal i ne earth netal ?g)o%t?hﬁggl lS%I%%Ed ﬂ'éebmou%l‘g&%l ng the basicity to
be equival ents to a bichahRneldell inpihat the alkali meﬁl& ﬁh&dﬁd/ﬂﬁ')alkﬂlme earth
conprising an amount of from 1x10[err] to 1x10[err\] nol es

bi sphenol di sodimetateompeimnd i addesdin attbeaﬁtm the pypegssrsifrom (c) thamgh @-t he

basicity of the bisphenol |s de m d on ne [y de e
transesterification ?ég}‘?eﬂ oégP%%cF%Hﬁ(@g?%?ﬁ% Sgrtﬁ m&al
compound added should preferably be controlled based on the basicity of the
bisphenol finally obtained.
10 In the present invention, the bisphenol should preferably be bisphenol
A

In the present invention, the basicity of the bisphenol should preferably
be controlled to within 10% of a specified basicity selected from the range of 1 x
10 to 1 x 106 moles of bisphenol as disodium salt with respect to 1 mole of the

15 bisphenol.

Figure 1 is a schematic process flow diagram of a preferred method for
manufacturing bisphenols according to the present invention.

The following is a specific explanation of the method for manufactunng
bisphenol according to the present invention.

20 In the method of the present invention, in manufacturing of bisphenol
by reacting phenols and ketones, an alkali metal compound and/or alkaline
earth metal compound is added to bisphenol obtained by reacting a phenol and
a ketone, and the basicity of the bisphenol is adjusted so as to be equivalent to
an amount of 1 x 108 to 1 x 106 moles of bisphenol as disodium salt with

25  respect to 1 mole of bisphenol.

In the present invention, bisphenol is produced by reacting a phenol and
a ketone according to processes (a) through (g) below, and after the formation
of an addition compound of the bisphenol and phenol obtained, the phenol is
then removed to purify the bisphenol. In this process, an alkali metal

30 compound and/or alkaline earth metal compound should preferably be added

prior to removing the phenol from the addition compound in order to obtain
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subjected to transesterification using only the alkali netal or alkaline
earth netal contained in the bisphenol as a transesterification catalyst.
A preferred enbodi nent of the present invention is a nmethod for .
manuf act uri ng bi sphenol conpri sing: (f) reacting a phenol and a
ketone in the presence of an acidic catal yst*to forma reaction
m xture conprising bisphenol, catalyst and | ow boiling

subst ances, . b), renpvi.ng from.the reaction . xtuke the catalysts,and
| ow boi | i ng- poi msphgngl agjustedsg)ogl{x%l%cg fnengoned %(aﬁ‘flt%‘btgﬁﬁi @é’efﬁ%}m fﬁréed
reaction m xtur @Pécgflﬁiaﬂlibaﬂizﬁéﬁte&ilf H@wo&téi!r%aﬁhéd Wih reference to the process flow

| ow boi | i ng- poi n stances have been rerfroved, a honbgeneous

-4- chadt shown iniFigh 1an adj ust ed concentration of bi sphenol by
addi ng or remoyi ng phenol, (d) cooling the honbgeneous
sol ution obt ai ned anm%él l'izing an addi ti on conpound of

bi sphenol and phenol yf gnd PdBeft gHlvehfi¥n, phenols and Kbtotelia®é Firstrehéted SbUbint t O
solid-liquid separation to obtaln an ad}él tion - conmpound of

bi sphenol and pligaid bisphétds.f orm of a solid, (f) heating and

melting the solid addition conpound,to, forma ten . m xt ure
cont ai ni ng phenol , allﬁlﬁ_‘e present@ym%mfmée%ﬁwhﬂ%mbmée%}’f%%?%f‘g
mxture to obt a'}ﬁ\eﬁgﬁ a?ﬂd%@&%lﬁ\ay have the formula below.

' R, - (RYq
10

in the formula, R and R® are halogens or monovalent hydrocarbon groups, and

they may be the same or different, p and q are integers from 0 to 4,

RC
|
1s Xis R , R° |, Rc and RY are hydrogen atoms or monovalent

hydrocarbon groups, a ring structure may be formed by Re and R4, and Re is a
divalent hydrocarbon group.
Specific examples of the bisphenol of the formula above include
bis(hydroxyaryl)alkanes such as
20 1,1-bis(4-hydroxyphenyl)methane,
1,1-bis(4-hydroxyphenyl)ethane,
2,2-bis(4-hydroxyphenyl)propane (referred to in the following as
bisphenol A),
2,2-bis(4-hydroxyphenyl)butane,
25 2,2-bis(4-hydroxyphenyl)octane,
1,1-bis(4-hydroxyphenyl)propane,



wherein an al kali netal conpound or al kaline earth netal_ conpound is added
in at least one of (c), (d), (e) or (f), thereby adjusting the basicity of
t he bi sphenol to within 10% of a specified equival ent basicity val ue which
is equivalent to the basicity of a bisphenotépisphenol di sodi um sal t

m xture conprising from 1x10[err] to 1x10[err] noles of bisphenol disodium
salt with respect to 1 nole of bisphenol. The anopunt of the al kal

met al conpound and/ or 4al .kali t npound added shoul d preferably
be controll ed based 3&%’%@— bas?gﬁ@&ﬂﬁﬁ%mglgsphenol finally obtained.
I n the present invenbisighytifexyphenyigplainydinetiathepr ef er ably be bi sphenol A

Figure 1 is a schematic process fl ow di agramof a preferred nethod for
manuf act uri ng bi sphe%‘bm%M@FM'%ﬂWH%l%YMWW%vent i on. The

followng is a specific L,Qr for manufacturing

bi sphenol according tloICPﬁél%;?te[}sage‘kgrhugglg&glﬁ%g&o%gﬁe’ In the nethod of the
present invention, i pndebR¢-Hyditeyd-biom ypbypareact i ng phenol s and
ket ones, an al kali metal conpound and/or alkaline earth nmetal conpound is

added to bi sphenol olandibig(hydsoxyard)ayelgatkapeesieah agnd a ket one, and the
basicity of the bisp Iy dj u d gui val ent to an anount
of 1x10[err] to 1x10ﬁ:ﬂsﬁs(%%gxﬁﬁ%‘?@%&gﬁz?}%gg%lngodi umsalt with respect
to 1 nole of bi sphenql,l.bis(4.h drokyph&qyl)vyemaiaﬂdjvent i on, bisphenol is

produced by reacting a phenol and a Ketone according to processes (a)
t hrough (g) bel ow, ardozrgover, intthe present invientipnabisphenalimay be mpaHactyred je
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the addition conpound in order to obtain

ethers such as

4,4’ -dihydroxydiphenyl ether and

4,4'-dihydroxy-3,3’-dimethylphenyl ether,
15 bis(hydroxydiaryl) sulfides such as

4,4’'-dihydroxydiphenyl sulfide and

4,4’-dihydroxy-3,3’-dimethyldiphenyl sulfide,

bis(hydroxydiaryl) sulfoxides such as

4,4'-dihydroxydiphenyl sulfoxide and

20 4,4'-dihydroxy-3,3’ -dimethyldiphenyl sulfoxide,

and bis(hydroxydiaryl) sulfones such as

4,4'-dihydroxydiphenyl sulfone and

4,4'-dihydroxy-3,3’-dimethyldiphenyl sulfone.

Among these substances, manufacturing of bisphenol A is particularly

25  preferred. _

Bisphenols such as those described above may be obtained by a
commonly-known bisphenol synthesis method in which phenols and ketones
are condensed in the presence of an acidic catalyst. Phenols having a structure
in which there is not a bond with X in the formula above may be used.

30 Moreover, if the above bisphenols can be obtained, one may also carry out

condensation of phenols with fomialdehyde, sulfonic acids, etc.



-5-° bi sphenol adjusted to the aforenentioned basicity. This type of
preferred specific enbodi nent will now be explained with reference to
the process fl ow chart shown in Fig. 1. Process (a) 5 In
the present invention, phenols and ketones e first reacted to form

l'i quid bi sphenol s. In the present ?Zventlon for exanple, the

bi sphenol obtained by reacting phenol s and ketones may have the formul a

bel ow. [err] ntheforrml r or
nonoval ent hydrocar bghegﬁ%lﬁ L EXp é‘ﬁl’ﬁa& gﬁtggng 8{%5’}?%98?%
and q are int egeifnfy Wﬂ&ﬁd}aﬁon-cﬁﬁdéﬂsahon of phenol and acetone.
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In the above reaction, the phenol is ordinarily used in an excess amount
with respeét to the acetone, and the molar ratio of the phenol to the acetone
(phenol/ écetone) should ordinarily be 3/30, and preferably 5/20.

10 There are no particular restrictions on the acidic ion-exchange resin
catalyst used as an acidic catalyst, and any commonly-known catalyst of this
type may be used, but ordinarily, one should preferably use a sulfonic acid-
type cation-exchange resin having a degree of crosslinking in a gel mold of
from about 1 to about 8%, and preferably from about 2 to about 6%.

15 Moreover, a mineral acid catalyst such as sulfuric acid may also be used.

The reaction of phenol and acetone is ordinarily carried out at a
temperature of 30-100°C, and preferably 50-90°C, at a pressure ranging from
normal pressure to 5 kg/cm?G.

In the reaction of the above phenol and acetone, one ordinarily obtains a

20 liquid reaction mixture containing, in addition to bisphenol A, reaction
byproducts such as unreacted phenol, unreacted acetone, and water produced
as a byproduct.

Process

Catalysts and low-boiling-point substances are removed from the

25  reaction mixture containing liquid bisphenol obtained as described above.

In cases where a mineral acid is used as the above reaction catalyst, prior
to removing the low-boiling-point substances from the reaction mixture by
distillation, a process for removing the catalyst such as washing with water is

carried out. In reactions using a fixed-bed reactor filled with an ion-exchange



hydr ocarbon groups, a ring structure nmay be fornmed by Rerr] and R err],

and Re is a di val ent hydrocarbon group. Speci fi c exanpl es of

t he bi sphenol of the fornmula above include bi s( hydr oxyaryl ) al kanes such
as 20 1, 1- bi s(4- hydr oxyphenyl ) net hane,

1, 1- bi s(4- hydr oxyphenyl ) et hane, 2, 28i s(4- hydr oxyphenyl ) pr opane
(refgrred Lodin the foll owi ng as bi sphenol A),

2, 2- bi s(4- roxyphenyl ) but a - hi -

11 1- bi SE 4- hzdr Ox;lgh@q%lql;ﬁr éﬁ;ﬁéaggon mixtur%’ig (o) Itasig'lgd I’wg{CRXX&geﬂ] tl 30% t'an{?\’e

i) |6-5 (4- hydr oxyph 5%#3%@%@@{%@%%%% Yhe EHtQ%ﬁQ ot carried out.

2, 2- bi s(4- hydr oxy- 1- pistilydtphe 6f Ithe reqnion, mixture is ordinarily carried out at from
1, 1- bi s(4- hydr oxy-t-butyl phenyl ) propane, 5 and7 ]
2, 2- bi s( 4- hydr o»i;ogt 50cieopbruty 300 pspHigeand from about “Qntp about 130°C. In this

bi s( hydr oxyaryl ) cycl oal kane . o1 .
1, 1- bi s( 4- hyar ofﬁ%ﬁ‘é‘?‘@?ﬁ@ C% cﬁgﬁllti'atf]o%, gm;ther with low-boiling-point substances such

opent ane
as acetone and water, a portion of the phenol is also removed by azeotropy.
Process (c)

A homogeneous bisphenol solution with an adjusted concentration is
obtained by the addition or removal of phenols.

10 Among such phenols, phenol is preferred, and it is preferable, for
example, to produce an addition compound of bisphenol A and phenol.

In order to efficiently crystallize the addition compound of bisphenol A
and phenol, a homogeneous solution of bisphenol A and phenol should be
formed, and the concentration of bisphenol A in this homogeneous solution

15 should be from about 20 to about 50% by weight, and preferably from about 30
to about 45% by weight. This homogeneous solution may be composed of the
aforementioned addition compound or of a mixture of this addition compound
and phenol.

Process (d)

20 The homogeneous solution obtained as described above is cooled. and
an addition compound of bisphenol and phenol is crystallized to form a slufry.

A homogeneous solution of bisphenol and phenol should preferably be
cooled to from about 35to about 60°C, and cooling should preferably be carried
out using an external heat exchanger or by heat extraction at reduced pressure.

25 Process (e)

The slurry obtained as described above is subjected to solid-liquid
separation, and an addition compound of bisphenol and phenol is obtained.

Solid-liquid separation of the slurry may be carried out by methods such
as centrifugation and vacuum filtration. By means of this solid-liquid

30 separation, the crystals of the addition product of bisphenol and phenol are

separated from the mother liquor, which contains reaction byproducts, etc.



1, 1- bi s(4- hydr oxyphenyl ) cycl ohexane. Moreover, i.n_the present
|nvent|on bi sphenol may be manufactured in 10 such a manner that in the
‘above fornula, Xis -0, -S, -SO, or -SOJerr]-, wth exanpl es of
conpounds that can be nanufactured i ncl udi ng bis(hydroxyaryl) et hers
such as 4, 4" - di hydr oxydi phenyl erﬁer and
4, 4" -di hydroxy- 3, 3' -di net hyl phenyl et her, bls(hydroxydlaryl)

de a

[ fid h 4' -di hyd |
2 by o oy Tt seppratech i AtiBRSRTIES og%a%?%ép&”y Patsd begraahed avith phenghy | |

sul f oxi des such gg 4, 4' dlhydroxydlphenyl squOX|de and 20
4, 4" -di hydr oxy- f - di et hyl di phenyl sul f oxi de, and
bi s(hydroxydi aryl) sPrbesef)such as 4, 4' - di hydr oxydi phenyl

sul fone and 4, 4' -di hydroxy-3, 3' -dj |, di pyl sul.f

Among these subst ancdde %%éan.m@dw %‘P@H}r‘;gn%%/d CF‘EQ éh’PV‘Elﬁ tﬁdﬁ‘d
preferred. 5 melted. Bi sphenol s such as those descri bed above may be
obtai ned by a comonl y- known bi sphenol synthesis nmethod in which

phenol s and ketones Additiahe pesduttnegdtadls slebaraﬁe&smahasaﬁbah aboivdj @.g., an
catal yst. Phenols having a structure in which there is not a bond with

X in the fornul adsdiden predudef bisphenalA and phgnel is ‘?rfi By hegated aéidslﬁﬁlé%ﬁ
can be obt ai “eddo@ﬁﬁo‘ﬁgo%é&&ﬁ&&?&hnon(mo&%%ﬂﬁﬁéi on of phenols with

f or mal dehyde,
Process (g)

10 The phenol is removed from the mixed solution (molten mixture) by a
process such as vacuum distillation, and the bisphenol is recovered. In
removing the phenol by distillation, vacuum distillation is carried out at a
pressure of from about 10 to about 100 mmHg and a distillation temperature of
from about 150 to about 190°C. This operation is carried out at a temperature

15 at least about 10°C higher than the melting point of the mixed solution of
bisphenol A and phenol in the distillation tower.

In process (g), it is also possible to remove the phenol present in the
bisphenol A by steam stripping, etc., using the methods presented in
documents such as Japanese Unexamined Patent Applications H2-28126 and

20  S563-132850.

The bisphenol A should preferably be manufactured carrying out the
above process continuously.

In the present invention, in manufacturing bisphenol A as described
above, in at least one of the processes from process (c) to process (f), an alkali

25 metal compound and/or alkaline earth metal compound (sometimes referred
to in the following as an alkali(ne earth) metal compound) is added, and the
basicity of the bisphenol is adjusted to correspond to the amount of from about
1 x 108 to about 1 x 10 moles of bisphenol as disodium salt with respect to 1
mole of the bisphenol.

30 An organic acid salt, inorganic acid salt, oxide, hydroxide, hydride, or

alcoholate, etc., of an alkali metal and/or alkaline earth metal may be



-7- The followng is an explanation of manufacturing of

bi sphenol A, mai nl y by dehydrati on-condensati on of phenol and acetone.
Terr] 5 In the above reaction, the phenol is ordinarily
used i n an excess anount with respect to the acetone, and the nol ar
ratio of the phenol to the acetone (phenol / acetone) should ordinarily
be 3/30, and preferably 5/20. 10. There are no particul ar
restrictions on the acidic ion-exchange resin catal yst used as an

aci di ¢ cat al yst mentidbnadyas prafepted kramplesavhlthstalkili thetgl compoyed rend/loe
used, but ordinarily, one should preferably use a sulfonic acid- type
cat i on- exchange afkaling earthimgiakcomapeund wse & PresentigveRtion.ge| ol d ofyp

from about 1 to abou gg‘q’ﬂ ; tgp{g o M ddakid
Mor eover, a mineral éggcgﬁ cata @eggsuc lg%ésu I C a?;xl‘L gﬁggea so%qée lised.
The reaction of Bssium atydecxitdenelithbuny dhydxraxide,caodlmd (h}tdregemcarbonate

tenperature of 30-100[err]C, and preferably 50.90[err pr essur e
rangi ng fron® Pofassivn hﬁﬂ%ﬁﬁ@bﬁ)ﬁa@ i Rydrogencar nate, 50%“ i Gapkenate,

yr (11["_

f th
| Fqui d react | on PASRFFS aRanah JASERAnaffie, Rqkafhe el s dlate

lithium acetate, sodium stearate, potassium stearate, lithium stearate, sodium

Q)

boron hydride, lithium boron hydride, sodium boron phenylate, sodium
benzoate,  potassium - benzoate, lithium  benzoate, disodium

10 hydrogenphosphate, dipotassium hydrogenphosphate, dilithium
hydrogenphosphate, disodium salts, dipotassium salts, and dilithium salts of
bisphenol A, and sodium salts, potassium salts, and lithium salts of phenol,
etc,,

and specific examples of alkaline earth metal compounds include

15 calcium hydroxide, barium hydroxide, magnesium hydroxide, strontium
hydroxide, calcium hydrogencarbonate, barium hydrogencarbonate,
magnesium hydrogencarbonate, strontium hydrogencarbonate,  calcium
carbonate, barium carbonate, magnesium carbonate, strontium carbonate,
calcium acetate, barium acetate, magnesium acetate, strontium acetate, and

20 strontium stearate, etc. These compounds may be used in combinations of two
or more.

The aforementioned alkali or alkaline earth metal compound should
preferably be used in a molten state, e.g., an aqueous solution, a solution of an
alcohol such as methanol or ethanol, or a phenol solution of the alkali or

25 alkaline earth metal compound may be used. Moreover, bisphenol containing
the aforementioned alkali alkaline earth metal compound may also be used.

By means of adding the aforementioned alkali or alkaline earth metal
compound during one of the processes from process (c) to process (f), the
basicity of the bisphenol is adjusted, and the alkali or alkaline earth metal

30 compound may be added, for example, to the homogeneous solution obtained

in process (c), the slurry obtained in process (d), a wash solution of the addition



byproducts such as unreacted phenol, unreacted acetone, and water produced

as a byproduct. Process (b) Catal ysts and .
| ow boi | i ng- poi nt substances are renoved fromthe 25 reaction mxture
containing liquid bisphenol obtained as descgibed above. In -

cases where a mineral acid is used as the above reaction catal yst, prior
to renovi hg the | ow boiling-point substances fromthe reaction m xture by

to remvi ng | -poi nt _subst ar i Xt
water io o colvRBEEAd pAbLETRY PRLIARE BeRdiin DUET S HERUDR ¢hich e

with an i on- exchawten substance (liquid mixture) obtained in process (f). - 8-
resin catalyst, as a reaction mxture is obtained which does not_contain

t he catal yst, probedhisngase thenbasicityeot g pisphenol,ds eudinardy dligectly

about 50 1o abouf CEEDTIE BT 8, B RABUERRYL B otk (hé B
reduced- pr esssir ebgkigity kbfrespundit® 46 lek@emely bnihate Sobltintsgofpsoditins b titedaties

such as acetone and water, a portion of the phenol is also renoved by
azeot r opy. The methpd of dletermining the basicity af ghisbisphenokasihe fmaount of the

2ol Ut 191 1 ol S PSSR i AR AR Sl
it is preferabl eusédis a transesterification catalyst is considered to be an accurate and optimal
method.
10 Specifically, this determination may be carried out as follows.

First, a calibration curve is prepared showing the relationship between
the amount of the catalyst when the bisphenol and the carbonic diester are
subjected to transesterification (amount effectively used as a catalyst) and the
degree of transesterification. In this case, the amount of disodium salt of

15  bisphenol with respect to 1 mole of pure bisphenol is taken as the amount of
the catalyst. Pure.bisphenol refers to bisphenol which contains essentially no
acidic or basic impurities. The degree of transesterification may be determined,
for example, based on the amounts of phenol, oligomers, unreacted bisphenol,
carbonic diesters, etc., produced in the reaction. The amount of the phenol,

20 oligomers, unreacted bisphenol, or diphenylcarbonate may be measured by
methods such as using a near infrared meter, measuring the index of
diffraction, or high-performance liquid chromatography.

By measuring the degree of transesterification in transesterification of
the bisphenol containing an alkali or alkaline earth metal compound

25 manufactured as described above and a carbonic diéster under the same
conditions as the transesterification reaction used in preparing the calibration
curve (temperature, pressure), the basicity of the bisphenol may be determined
from the aforementioned calibration curve based on the amount of the alkali or
alkaline earth metal compound in the bisphenol effectively used as a

30 transesterification catalyst, i.e., the amount corresponding to the content of

disodium salt of bisphenol with respect to 1 mole of purified bisphenol.



exanple, to produce an addition conpound of bisphenol A and phenol.

In order to efficierntly crystallize the addition conpound of bisphenol A
‘and phenol, a honbgeneous sol ution of bi sphenol A and phenol should be
formed, and the concentration of bisphenol A in this honbgeneous sol ution
15 should be from about 20 to about 50% by'Wei ght, and preferably from
about 30 to about 45% by wei ght. This honbgeneous sol uti on nay be

conposed of the f.orement i oned diti.ap ¢ und or, of m xt.ure of
this addition conpou meas %ﬁé’ﬁgﬁ‘? basict °f0£%%’ﬁql%‘8g§‘aé’§3e cagried out atr, o
honogeneous sol Ui nipbihaisn 8t dhe $6SGId PRAABRY frstall fROABEemEHbned analybi
addi tion corrpou;%ég]"gl spLsénoI aﬁ% phen Is Crystallized tng) fornr% a sl urlsr y.

A honopgeneous soknit bnra bisphersyl hearoifactadingHinecinds tundirdiomslyf meadviry thebasicity

cooled to from about 35tq abouj, 60[err]C, and cooling shoul d preferably be
carried out©f Fﬁba‘ﬁ’gacé%f?’é#m ¢kt exchanger or by heat extraction at

- reduced pressure. 25 me ‘?ﬁ%%ﬁ%&ﬁ of thg bisphengf'ﬁmfﬁ 615%1@?%%%&9@&

descri bed above is subjecte SO qui separdtion, an

addi tion conpoungbove dhidsgpitrulling tite peant of theatlkali akkedline earth metal compound
Solid-liquid separatjon of the slurry nmay be carried out by nethods such

as centrifugati oafdasbinprogesses (Qdhbissd onghisymgasurgment, valugthe basicidyiof the
separation, the g‘éﬁ‘ﬁé‘%ﬁ?‘gi@etﬁgﬁ%&@i tion product of bisphenol and phenol

are separate rom er |iquor, which contains reaction
byproducts, etc. In the present invention, by means of the method described ab&ve, the

10 basicity of the bisphenol is adjusted within the range of 1 x 10-1 x 106 moles of

bisphenol as disodium salt per mole of bisphenol, but it should preferably be
adjusted to within about 10%, and even more preferably, about 6% of a
specified basicity value selected from this range.
Molten bisphenol is obtained in the aforementioned bisphenol
15 manufacturiné process (g). This molten bisphenol is then ordinarily subjected
to cooling and pelletization in process (h). Pelletization of the bisphenol is
carried out by a method such as atomization, dripping, or spraying of the
molten bisphenol obtained in process (g) using a spray dryer, etc., to obtain
liquid drops, and then cooling and solidifying these drops using nitrogen, air,
20 etc.
The purity of purified bisphenol obtained as described above should be
' 99% by weight or more, and preferably 99.5% or more, in the case of bisphenol
A as measured by high-performance liquid chromatography (HPLC).
In the present invention, moreover, bisphenol having outstanding color
25 tone is obtained.
By means of the present invention, there is no residue of the organic
catalysts ordinarily used in manufacturing bisphenol, so that byproducts are
not produced during purification, allowing bisphenol with outstanding color

tone, thermal resistance, etc., to be obtained.



The separated addition conmpound (wet cake) may al so be washed wi th phenol,

etc. Process (f) The solid addition product obtained as
‘descri bed above is heated and 5 nelted. Addi ti on product
crystal s separated as described above, e.g., an addi ti on product of

bi sphenol A and phenol, is ordinarily heate#8-and nelted at

100-160[err]C to obtain a m xed solution (nolten m xture).

Process (g) 10 The phenol is rempved fromthe m xed solu}ion nol t en
m xture) by a prBeebisphanel Asoktainedningthe: presantipyentignyis wellsuitedas2 i s

recovered. In r Vi . Dy i St ' raV LSt l We]g
Is carried out ﬁwﬁg&“ﬂg?%}sEﬁ?ﬂ;gﬂ%wfngn?tgg@We&%%P‘%qggoﬁ@yW%@eéﬁ#a
distillation tefﬁéﬂ[,%hwpblﬁé.rylate. from about 150 to about 190[err]C This
operation is carried out at a tenperature 15 at |east about 10[err]C

hi gher than the melting point of the nixedBxampleson of bi sphenol A and
phenol in thg distil
e

ti t ower . ipe ar.o it S
possible to nove ttﬁe 5&@%‘8}ngpf‘se§lé P eflﬁmt%? 1Ar&h@hbl&gp ee%g%segi %‘S‘/‘} S u‘ég\mﬂy
stripping, etc. mdidkBPetdiRpleb; iR Re RIVRAGSH RChdtlimited toltBess@abgplesich as
Japanese Unexam ned Patent” Applications H2-28126 and 20 S63-132850.

@i&aﬁ?nbélermaigrﬁaccdoetﬂmiam@ pugity of thenkisphenol

The bi sphenol A shoulrdthis s
b ti Y., . . lnt j ti '

Tanuf at ot ng. b PRBHEAReddn dhe oporsing eXarhpies B YR MR SRALICR okl o the,
processes from phRkeforhte mhAuficAfred Usirg bispend! AdkéredReastitécbs folBMaLNd

{r
and/ or al kaline“edrth nmetal conpound (sgmetl nmes referred to in the
fol |l owi ng agoan al kaBagicity obBisphemdtAal conpound) is added, and the

basicity of the bisphenol is justed o correspond t e ampunt af. from
about 1 x 10[er PE “%lbéigﬂ’ reylag%:{ E}ﬁ}e{ﬂﬁ?&?gﬁs g?égﬁbaﬁg’?“é‘%fe i Bitum

salt w th respegforkthglexamples and diphenol carbonate were continuously fed into a 100 ml

scale reactor at a molar ratio of 1 : 1 at a total rate of 200 mi/hr,
transesterification was carried out at 160°C with a retention time of 30 minutes,
15 the liquid discharged from the reactor was measured using a near infrared
meter, the concentration of phenol in this liquid was measured (amount of
phenol produced in the reaction, i.e., degree of transesterification), and the
basicity of the bisphenol A was determined using the following calibration
curve prepared in advance under the same transesterification conditions.
20 Basicity of bisphenol A (moles of disodium salt of bisphenol A/moles of
BPA) = 3.33 x 107 x phenol concentration (% by weight)
Color Tone o% Bisphenol A
The color tone of the bisphenol A after heating for 10 minutes in air at
250°C was visually measured using APHA standard colorimetric solution.
25 Purity of Bisphenol A
Purity was measured by high-performance liquid chromatography
(HPLC).
Color tone of polycarbonate (yellowing index: YI)
An injection-molded test piece 3 mm in thickness was molded with a
30 cylinder temperature of 290°C, an injection pressure of 1,000 kg/cm, a cycle
time of 45 seconds, and a mold temperature of 100°C, the X, Y, and Z values



nmol e of the bisphenol. 30 ' An organic acid salt, inorganic acid

salt, oxide, hydroxide, hydride, or al cohol ate, etc., of an alkali
‘metal and/or alkaline earth netal may be

-10- " nmentioned as preferred exanples of,the al kali metal conpound
and/ or al kaline earth nmetal conpound uséd™in the present invention.

Speci fic exanples of alkali netal conpounds include sodi um hydroxi de,

pot assi um hydroxi de, lithi hyd ' . ' :
Dot asei um hydr ogtFEsFsaEEd. B e PP B dadTtisiay B RER0 P Colorand

pot assi um car bongbRy Diffeliriéd Mateh GRateactueet b NiraDenshiskin Koigyo K] atd,
lithium acetate, sodium stearate, potassiumsfearate, |ithium stearate,

sodi um bor onydllaivingdndéx {tY_H]_Was pwasuredy dr i de, ~sodi um boron phenyl ate,

G sodium 10 hyar ogerPHesdare” X - WREZERE: i ' hyar ogenphosphat .

di l'ithium 5 hydmgeﬂmm&b&{ai@di umsalts, dipotassiumsalts, and

dilithiumsalts of bi sphenol A, and sodiumsalts, potassiumsalts, and

lithium salts of phenThis was mea_suxed at a temperaturd efpe?°C _@n@mmcggfdf.Zkg

Py ox! de, - mgnosrardidp A metastetfiT i1 by o Y Ge ™ O o7l

hydrogencarbonate,  bff ipliNexalh}ls? GRpHRhOP22bAd polycarbonate were continuously
manufactured, essentially by the following process.

10 Manufacturing process of bisphenol A
(a) Phenol and acetone were reacted at a molar ratio of phenol/acetone equal
to about 5 at 50°C and ordinary pressure using a sulfonic acid-type cation-
exchange resin with a degree of crosslinking of 4% as an acidic catalyst to
obtain a mixed solution.

15 (b) The reaction solution obtained above was vacuum-distilled at 200 mmHg
and 120°C, and the unreacted acetone, byproduct water, etc., were removed to
obtain a crude solution of bisphenol A. _

() The phenol was removed from the crude solution obtained above, and the
concentration of bisphenol A was adjusted to 30% by weight.

20 (d) The crude solution having its concentration adjusted as described above

-(homogeneous solution) was subjected to heat extraction using an external heat '
exchanger and cooled to 42°C, and an addition compound of bisphenol A and
phenol was crystallized, forming a slurry.

() The slurry was separated into an addition compound (crystalline portion)

25 and the mother liquor by centrifugation and vacuum filtration.

(f) After being subjected to solid-liquid separation, the addition compound of
bisphenol A and phenol was heated and melted at 130°C.
(g) The molten material (liquid inixture) was vacuum-distilled at 100 mmHg

and 190°C to remove the phenol, and molten bisphenol A was recovered.



magnesi um hydr ogencar bonate, strontium hydrogencarbonate, cal cium
carbonate, barium carbonate, nmagnesi um carbonate, strontium carbonate,

cal cium acetate, barium acetate, magnesi um acetate, strontium acetate, and
20 strontiumstearate, etc. These conpounds may be used in conbi nations of

t wo or nore. - The aforenentigBed al kali or al kaline earth
nmetal conpound shoul d preferably be used in a nolten state, e.g., an
aqueous sol ution, a solution of an al cohol such as net hanol or

et hanol, or a p(giidie moltem bisphefiolt A ebtdiied in process (ghabaite wias made ntodiguid
conpound may be ,used. ,Moreover, . bi sphenol . cont ai nj, i .. Lhe )
af or ement i oned SF9B§ PSig A $PIAY HYeY ﬁnﬁél‘:’g}edgﬁ‘ééﬂh@&mywﬁhs‘ﬁuﬁg% £Q gbtain
By neans of addbgﬁhgﬁk?@kgnagpntioned al kali or alkaline earth netal
conpound during ohe of the processes fromprocess (c) to process (f), the

basicity of the bi spPRelychrbonatedyiantfadturingPtocessal kal i or al kaline earth

nmetal 30 conpound nay. be added,  for exanple, to the hpnbgeneous sol ytion
Obt ai ned B O pr e detics ustdhior pORGHERHON PRRPI A RS YGs Eayip

solution of the -1 ) . Qe b‘{‘ &F St dafiid d
separation (wet °§gge§ ﬁtaﬁ‘rkcfgreggx?‘g)o,ft%%pét{ﬁe Iélrgr‘n teﬁfegggg‘t\ancégﬁ I qui’'d
m xture) obtai nend twolateediglyrherization tanks. Thé reattions canditiond werdxssfollotwg. of

t he bisphenol is ordinarily directly determ ned by titration, but it is
extrenely difficult to neasure the above 5 basicity corresponding to
extrenely m nut ewt s of sodi um by titpallaR Temperatur Average
e(°Q) retention time
(hrs)
Stirring tank Nitrogen 160 2.0
_ atmosphere
Prepolymerization tank I 100 torr 230 1.0
Prepolymerization tank II 20 torr 240 0.5
Lateral polymerization 3~5 torr 270 0.5
tank I
Lateral polymerization 0.1~1.0 torr 275 0.5
tank II

From the above-mentioned bisphenol A manufacturing device, molten

10 bisphenol A was fed from process (g) via a direct line or pelletized bispheriol A
(supply rate 36.0 kg/hr) and molten diphenylcarbonate fed via a direct line
after distillation (supply rate 34.7 kg/hr) were continuously supplied to the
stirring tank maintained at the above temperature, and at a supply rate of 36.0
kg/hr on a bisphenol A basis, the mixture was successively fed to

15  prepolymerization tank I, prepolymerization tank II, lateral polymerization
tank I, and lateral polymerization tank II, and polymerization was carried out

under the above conditions to manufacture polycarbonate having a target MFR
of 11.0 g/10 min.



The nethod of determining the basicity of this bisphenol as the anmount of

the al kali (ne earth) netal conpound contained in the bisphenol which is
‘effectively used as a transesterification catalyst is considered to be
an accurate and opti nal met hod. 10 16 Specifically, this
determnation nmay be carried out as follows " : First, a
calibration curve is prepared showi ng the rel ati onship between t he
anount of the cataly en the. bi. sphenol ' |

subj ected to transest ?mpggﬁomg(tﬁ uréa? M’éi‘%%ﬁ?‘ﬁg{e{%&é@éﬁﬁ%ﬁ‘%@%?
and the de g5eal Yol nBRS AR EEnki [GRd 1aterall polihiesiz66 tari B WaERMBhitofed

di sodiumsalt of 15 “bi'sphenol with respect to nol e of pure bisphenol is
taken as the anmors tobperate witheasdittle dgviatiopas possiblgiframathe @FS‘F&MFE-

bi sphenol which contains essentially no cjdic or basic inpurities.
The degree of transesterification may beEé%‘f‘é’? ned, for exanpl e,
based on the.s anounts of phenol, nggﬁﬁngwb@éﬁhﬂ,@i sphenol ,

carbonic diesters, etc., produced™Tn € reactron. e anount of the
phenol, 20 ol i gonela, process §o)tabivi s@ph%reodiumrhysirpehdaside phenelsotutingy was
measur ed by met hods such usi_ng ne i.nfrare t.er, nmeasurin he
i ndex of diadlcRd 870G sHOGRRIBr Griiey LiRe ol e e e aRAR Shd
By nmeasuring thg, of,,: I i et | b ' 7
the b sphenol | caifoucs £ il SRR Bsialy QRresoh AP RioLRE R 2% B0
manuf act ured as meksraéfobidphérmi eAaasddizodiimb saltcpeti mwle of BRIe rwashcontinnously

conditions as the transesterification reaction used in preparing the
calibration 10 mapplaetyrednperature, pressure), the basicity of the

bi sphenol may be det epiedse, whild EGiRriifishf REEARIIY BRAhokiMyl o1 b igilleasy/©
based on the anount g t he Sf'kvé’ﬁl or sglf kal I ne gearth mef al cor%gund in
t he bi sphenol efbiephénct! & obtaihess im [E0cess r(hhsadower ithe dasicity was adjestedibe. |
t he amobunt correspondjng to the content of .. dj sodi um sal t ,of. bi gphenol
with respect to @W@&Fheﬁp?@%{%? Qéﬁ‘éﬂ?ﬂ“}m hydm"%e prﬂenoi SotRlion a 386G S
process (c) above so that the basicity corresponded to an amount of 2 x 107
15 moles of bisphenol A as disodium salt per mole of BPA.

Manufacturing of polycarbonate

Using molten bisphenol A continuously fed in from process (g) via a
direct line, polymerization of the above polycarbonate was carried out
continuously for 14 days to manufacture polycarbonate.

20 The bisphenol A and the polycarbonate were sampled at 2-hour
intervals, and the purity and color tone of the bisphenol A and the color tone
and MFR of the polycarbonate were evaluated. The results are shown in Table
1.

Example 2

25 Bisphenol A was continuously manufactured in the same manner as in
Example 1, except that the 0.5% sodium hydroxide phenol solution was added
to a slurry (the tube through which the slurry was flowing) containing the
addition compound crystals obtained in process (d), and polycarbonate was
manufactured in the same manner as in Example 1. The results are shown in

30 Tablel.



-12- Thi s nmeasurenent of the basicity of the bisphenol nmay be

carried out at fixed intervals, but one should preferably install the
af orenenti oned anal ysi s unit on a bisphenol manufacturing |line and
continuously neasure the basicity of the, manufactured bi sphenol. 5

By nmeasuring the basicity of the bisphenol f'17nally obt ai ned as descri bed
above and controlling the anount of the alkali al kaline earth netal
conmpound added in processes (c)-(d) sed og t hi s measurenent val ue,
the basicity of the bi sphenol can be aﬁi’%‘?_d. In the
present invention, bygigmans &f wal@oARAGGEIH SEUARIred RV e dalife AAnnboad & tY
of the bisphenol is adjusted within the range of 1 x 10[err]-1 x 10[err]

mol es of bi sirteenple 1aexatps tdit the 8.504 squbumntgtdroxidelpbephbsalution was added
shoul d preferably be dj usted . to w thin about 10% .and even [e
preferably, about®6% Hbea%% TeROVIng i @%’ gdditiany f%%@ d°g$%b‘|‘ﬁq Y%

range. ,%@}Ilsgﬁ i I.Senbit:al lnRadsh agﬁg?m?g'

bi sphenol 15 3 MRRUT A0 {rl?ﬁgaigir]ggg‘gﬂ‘(fgl . ng%lg'?ggn&?)'i sphéeno a;rg t %nwas
ordi narily subj esiafidfactured iwtieoaimewganner gsdh/Bxaimpd¢ 1.on i n process (h).

Pel | etization of the bisphenol is - CSEH e a‘t;t by a met hod such as
atom zation, dripping, or spraying of th Pl€fpl t en bi sphenol obtained in
process (g) using a . ; ' | G4l :

t hen cooling and sol ﬁ%ﬁyﬁ%&#ﬁ?&%ﬁé&&g% nlacthrlf)eéieirﬁ{,maé: r, 28 ef@.ggm
The purity of puEkdrhpld 1iesqepe that thbi0d% eodiam Hepdroxidepherind solhutionivas bdded
99% by wei ght or nore, and preferably 99.5%or nore, in the case of

bi sphenol 10 Atoaa digselyingdapl far ¢he peditimaermponnd srystals, iBnaresgss ffyand
(HPLC) .

polycarbonate was manufactured in the same manner as in Example 1. The
results are shown in Table 1.
Comparison Example 1
Bisphenol A was continuously manufactured by the above
15 manufacturing process without adding an alkali(ne earth) metal compound.
The color tone and purity of this bisphenol A are shown in Table 1. .

Next, the above molten bisphenol A continuously fed in from process (g)
via a direct line was introduced into the stirring tank, disodium salt of
bisphenol A was added in an amount of 4 x 107 moles with respect to 1 mole of

20  bisphenol A, and polycarbonate was continuously manufactured for 14 days by
the above polycarbonate polymerization method. The results are shown in
Table 1.

| Comparison Example 2

Bisphenol A was manufactured in the same manner as in Example 4,

25 except for the fact that measurement of the basicity of the manufactured
bisphenol A and control of the amount of the alkali(ne earth) metal compound
added were not carried out, and in process (f), the 0.5% sodium hydroxide
phenol solution was added in the specified amount of 4 x 107 moles of
disodium salt of bisphenol A per mole of BPA, and polycarbonate was

30 manufactured using this bisphenol A. The results are shown in Table 1.



In the present invention, noreover, bisphenol having outstanding color 25
tone is obtained. By neans of the present invention, there is no
resi due of the organic catal ysts ordinarily used in nmanufacturing

bi sphenol, so that byproducts are not p{ oduced during purification,

al l owi ng bi sphenol w th outstanding color ~ 8- tone, thermal resistance,
etc., to be obtained. ’ -13-
The bi sphenol A obtained in the presgnt invention f well-suited as a

raw material for manufacturing of potrSTRBAESYLEYAHR e|c$);ol ycarbonate, epoxy
resin, and polyaryl alifisphenol A was manufactured in the same manner as in Ee@iphd 85 S
The following is an spe%l fi1c explanation of the present invention by

means of exanpl exceptuthat lthe basicity obthé bispbensli Ai menufactured seascadjngted to an

In this specification, the basjcit C r tone,, a rjt f t.he
bl sphenol |« A RPRRLETRRINEITG 1922 ol TSI ahpeteral h o cRgdiiEenlt Bt
tone of the 150 rHBiengBP%?%a ?&gl 4 B%f&zy%ﬁﬂﬁé’étﬁ@&egiﬁgg%iﬁbﬁgﬂﬁa%?d

as foll ows. asicity o eno henol
(abbrevi at ed i n Theeresalts ame showasinB2hle tranuf actured in the wor ki ng

exanpl es and di phenol_ carbonate were coqntinuoysly fed into.a 100 m )
scal e reactor at a rmwgﬁnlﬂéﬁiuﬂ°ﬂ’f‘“1f _hefﬂ@(hq; dline qazthemgtal sepmpeung used is

high, as in Comparison Example 3, the color tone of the bisphenol A and
yellowing index (YI) of the polycarbonate are inferior.



transesterification was carried out at 160[err]Cwith a retention tinme of
30 mnutes, 15 the liquid discharged fromthe reactor was neasured using a

‘near infrared nmeter, the concentration of phenol in this liquid was
measur ed (anount of phenol produced in the reaction, i.e., degree of
transesterification), and the basicity of the bisphenol A was
determ ned using the follow ng cali brati?P_ curve prepared in advance
under the sane transesterification conditions. 20 Basicity of
bi sphenol A (noles of disodiumsalt of bisphenol A/ noles of BPA) =
3.33 x 10-[err] x phenol concentration (% by wei ght) Col or Tone
of Bi sphenol A The color tone of the bisphenol A after heating
for 10 minutes in air_at 250[err]1 C was visually neasured using APHA
standard colorinetri¢ so¢lution. 25 urify of Bi sphenpol A
Purity was neasured by hi gheperf petmgrcd<t ijoui fchr opmit ogr ¢ghy (HPLC) .
Col or tone of pol ycafbomgt eg( yel 3\7\3&9 Gh g: "ir":I) b ? Al
i nj ecti on-nol ded tes1gpi’f§ce33 mmien [Ehijeknessiwas mphded Wt h af30
cyl i nder tenperature]|gf QOErr] [~ 4% i|P &% i bt pregSure ¢ 1,000 Hg/cm a
cycle time of 4%8seconds, apd g ngl d ftenperature of 100[erq]C| the X
Y, and Z val ues 8 - 14-
were neasured by the|B ahsniessi-ofecmpahdes usi nlot he NB- 100]4DP Cgl orjand
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Col or Difference Meter manufactured by N hon Denshoku Kogyo KK, and

yel lowi ng i ndex [YlI] was neasur ed. Yl =100 (1.277 X - 1.060
2)IY 5 MFR of pol ycar bonat e This was neasured at a
tenperature of 250[err]C and a |load of 1.2 kg according to the nethod
of JIS K-7210. In the exanpl es, bisphenol A and pol ycarbonate
wer e conti nuously manuf actured, essentially by the follow ng process.
10 Manuf act uri ng process of bi sphenol (a) Phenol and acetone
were reacted at a nolar ratio of phenol/acetone equal to about 5 at

50[err] C and ordinary pressure using a sulfonic acid-type cation-

exchange resin with a degree of crosslinking of 4% as an acidic catalyst to
obtain a mxed solution. 15 (b) The re&xaiple50l uti on obtai ned above was
vacuumdi stilled at 200 mrHg and 120[err]C, and the unreacted acetone,
byproduct water, et cBisphenel Acwasy manufactured igithgisame manger avinExamplsf4,
1

bi sphenol A T re r he eruude sql uti

obt ai ned above, e’é%e&%%tﬁaeme%@gkco\gﬁﬁ?a %&g\“ %ﬂ%wﬁgaﬂﬁ}elﬁ&eﬁxto
30% by wei ght. 207 f{iblesThs bisphenslol Alt a9ndibediufi0 dalts pe@NaRIM It IBPA,2dhst ed
as descri bed above honmogeneous sol ution) was subjected to heat
extraction usi ngolfcatbarate, syashmanufactured asing dhis bisphensd| Ad The 2a0]ltsaae an

addi ti on compou o] ol A and phenol was crystallized, formng
a slurry. ?g?%ﬁgﬁ%ﬁt}?y was separated into an addition conpound

(crystalline portion) 25 and the nother Hxagijslé 6by centrifugation and vacuum
filtration. (f) After being subjected to solid-liquid separation, the
addi ti on conmpound of Bisphene} Apwas smannfaotaredhianthie same mennerasmdExarhpledd, at

vacuum di sti 1 e8Pt 155 MRSV 3hy Prstiaii® Fphaieb i VR edimtmrbi 8 g
ol ten bi sphenoli0A wasted &FOb&PAEnol A as disodium salt per mole of BPA, and
polycarbonate was manufactured using this bisphenol A. The results are
shown in Table 2.
Example 7

Bisphenol A was manufactured in the same manner as in Example 4,
except that the basicity of the manufactured bisphenol A was adjusted to 8 x
107 moles of bisphenol A as disodium salt per mole of BPA.

In manufacturing polycarbonate using this bisphenol A, in order to
compensate for polymerization activity, the 0.5% sodium hydroxide phenol
solution was added to the reactor for manufacturing polycarbonate (stirring :
tank) in an amount of 4 x 107 moles as disodium salt per mole of BPA. The
results are shown in Table 2.

Comparison Example 4

Bisphenol A was manufactured by the same method as in Example 4,
except that the basicity of the manufactured bisphenol A was adjusted to
2x10% moles of bisphenol as disodium salt A per mole of BPA, and
polycarbonate was manufactured using this bisphenol A. The results are

shown in Table 2.



(h) " The mol t en bi sphenol A obtained in process (g) above was nmade into

liquid drops using a spray dryer and cooled and solidified with
nitrogen to obtain bi sphenol A pellets. Pol ycar bonat e
Manuf acturi ng Process 5 The device used for polynerization of
pol ycar bonat e was equi pped with one stirring tank for mxing of the raw
materials, two prepolynerization tanks, and two | ateral polynerization
tanks. The reaction conditions were as feohlLows. React or
Pressure Tenper at ur Aver age
e (O retention tine
(hrs) Stirring tank Ni t rogen 160
2.0 at nosphere Prepol yneri zati on
tank | 100 torr 230 1.0 Prepol yneri zation tank |1
20 torr 240 0.5 Lateral polynerization 3~5
torr 270 a5 _tankj | Ldt er al |pollymeri zati on
0.1~1.0 torr 275 « 0. Stk E 1S Fromt he
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10 bi sphenol A was fed from ss (g) via a direct line or pelletized
bi sphenol M—kg/ hr) and nol ten di phenylcarbonate fed
via a di rect l'ine ﬁé‘enﬂélﬁdwd lation (supply rate 34.

conti nuously supfﬂJ e&-{a stirring tank maintai nedm mm}m IHIII
t enperature, and e of 36.0 ,, kg/hr on a brSphenol M [Fasi*s,
the m xture was su to 15 prepolynerization tank I,

prepol yneri zation tank I I | ateral polymerization tank 1, and | at er al
pol yneri zation tank I1, and pol yneri zation was carried out under the
above conditions to manufacture pol ycar bonate having a target MR of
11.0 g/ 10 min. -16-

While nonitori nthehtamreasured MFR at 2-hour intervals, the pressure of

| at eral pol ynerizatio and | ateral polynerization tank Il

“moni t or ed sd-as tg g}oﬁlt 6}3%1'“ g3 Qégg?i‘é YO’FFaﬁgn%BsEl?eS'\Fg@aW@m
the target MFR yat sing: Exanple 1 5

Manuf act uri ng of eb| sp en ? In process (c) above, a 0.5% sodi um

hydr ochl ori de phenol ad:dmglmnthmblsphenﬁiddbﬂmed by creading dhetplemol rand eheum

having an adj usted conce tratlo and henol A wth an adjusted
basicity correspEieRhgn ERWPB‘Fn‘éoiaii‘G gpﬂhmetalrﬁan&o\md bi-sphenol

A as disodium sal t pearndr%]ﬁstﬂ{g {ARAdaR fty Wthe Biphehdl WhereBy Mt iP&quVAlnt to

an amount of from about 1 x 10 to about 1 x 106 moles of bisphenol as
disodium salt with respect to 1 mole of bisphenol.

2. The method for manufacturing bisphenol of Claim 1 wherein the
basicity of the bisphenol is determined based on the degree of
transesterification when the bisphenol and a carbonic diester are subjected to
transesterification using the alkali metal or alkaline earth metal contained in
the bisphenol as a transésterification catalyst.

3.A method for manufacturing bisphenol comprising:

(a) reacting a phenol and a ketone in the presence of an aciiiic_: catalyst
to form a reaction mixture comprising bisphenol, catalyst and low boiling
substances

(b) removing from the reaction mixture the catalysts and low-boiling-
point substances,

(c) obtaining from the reaction mixture remaining after the catalysts
and low-boiling-point substanceshave been removed a homogeneous solution
with an adjusted concentration of bisphenol by adding or removing phenol,

(d) cooling the homogeneous solution obtained and crystailizing an
addition compound of bisphenol and phenol to form a slurry,

(e) subjecting the slurry to solid-liquid separation to obtain an addition
compound of bisphenol and phenol in the form of a solid,

(f) heating and melting the solid addition compound to form a molten
mixture containing phenol and

(g) removing the phenol from the molten mixture;

THIS SHEET HAS BEEN
REPLACED




In this case, while continuously neasuring the basicity of the pelletized
bi sphenol A obtained in process (h) above, the basicit j d_by
controlling the amount of the 0.5% sodi um hydroxi de phenol sol uti on added

in process (c) above so that the basicity corresponH 'm,’mmi"mm of
2 X 10-[err] 15 noles of bisphenol A as disodiumsalt "
Manuf acturing of pol ycarbonate Us ng nol ten bi spchenLoI "A S
continuously fed in fromprocess (g) via a direct line, polynerization
of the above pol ycarbonate was carried out continuously for 14 days to
manuf act ure pol ycarbonate. 20 The bi sphenol A and the pol ycarbonate
were sanpled at 2-hour intervals, and the purity and color tone of the
bi sphenol A and the color tone, = and MFR of the pol ycarbonate were
eval uated. The resul tWhegein anahzali metal spmpound or alkaline earth metal compound
Exanple 2 25 : I O | y. mnufactured in the sane

e s oA PR 0nk3E G RD QTR

manner as in excep . 5% sodi um hydr oxi de phenol

solution was added 4. THeometiwdd! forymahtifactutirgs bisphendl o Claimt 3)ewhénein Yheras
fl owi ng) containing the addi ti on conpound c;]?{ét al s obtained in process

(d), and pol ycarasepunt ofidhe alkali metal semppundor ling parthametal compound

Example 1. The refild S BhEoRPHEbriihe bEA of the bisphenol finally obtained.

5. The method for manufacturing bisphenol of Claim 4, wherein the
bisphenol is bisphenol A.

6. The method for manufacturing bisphenol of Claim 5, wherein the
basicity of the bisphenol A is adjusted to within 10% of a specified basicity
value selected from the range of from about 1 x 10 to about 1 x 106 moles of
bisphenol as disodium salt with respect to 1 mole of bisphenol.

7. The method for manufacturing bisphenol of Claim 1, wherein the

"l
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Exampl e 3 Bi sphenol A was continuously manufactured in the sane

manner as in Exanpl e 1, except that the:0.5% sodi um hydr oxi de phenol
‘'sol uti on was added via a tube for renoving the addition conpound
crystals obtained by 5 centrifugation and vacuumfiltering in process (e),
and pol ycar bonate was manuf actured in the sane manner as in Exanple 1.
Exanpl e 4 Bi sphenol A was conti nyqusly manufactured in the sane
manner as in Exanpl e |, except that the 0.5% sodi um hydroxi de phenol

solution was added 10 to a dissolving tank for the addition conpound .
crystals .in process (f), an¥ETHODpBORCMANGFACTURENG BESPHEENQEed in the sane
manner as in Exanple 1. The results are shown in Table 1.

Conpari son Exanple 1 Bi sphenol A was continuously manufactured by
the above 15 manufacturing process wit hd\st@etii ng an al kal i (ne earth)

met al conpound. The I one_3a Lt I §.,D] o] own
in Table 1. ﬁ ‘N§§1°%V lféure 'ﬁﬁ@gﬁnﬁgeﬁmgﬁgéﬂeﬁ& {'%ggﬁogtg’tﬁﬁg%{s %‘/ﬁped
in from process Ketidnes, chathétefized (BCin thatién \atieali mietad dofrfsbund! and /e dkalird Ng
tank, disodiumsalt of bi sphenol A was added_in an anount of 4 x

10[ err] nol es wicanthy mepad compoundnisiasidesl tpdbisphenehehtained by raagtisig e pheveakt e
ti | f act 4
s "con 0Ll RTACLULSH 0 A8, 00l of o o Bt AP

Conpari son Exanfieeduivalent to an aBloupb@f0l xAl0# o ek UiEChinlaadof Bisphenslasee

manner as in Exanple 4, 25 except for the fact that neasurenent of the
basi city of the disoditun salt svith respegt tpAcmole of bispherplt provides a bisphepohin of

the al kal i h tal . d i i
process (1)t nevhicky T ir A i of oA SRl SullObes BRIRERY red )
the specified anpyftifaefurthg< bisiiRinbl, §8!tst Yyproductsli dedhompraliiced during

bi sphenol A per nole of BPA, and pol ycarbonate was
purification, allowing bisphenol with outstanding color tone, thermal

resistance, etc., to be obtained.

Figure 1



30 " manufactured using this bisphenol A The results are shown in Table 1.
-18- Conpari son Exanple 3 Bi sphenol A was
manuf actured in the sane manner as in Exanple 4, except that the basicity
of the bisphenol A manufactured was adjusted to an anmount corresponding to
2 x 10[err] noles of bisphenol A as disodiumsalt per nole of BPA and

pol ycar bonat e was manufactured using this bisphenol A The results are
shown in Table 1. When the anount of the alkali or alkaline earth
met al compound used is high, as in Conparison Exanple 3, the color tone of
t he bi sphenol A and yel |l owi ng i ndex (YI}/éf t he pol ycarbonate are inferior.

Figure 1
Phenol Acelone
|
a) : In presence of acidic catalyst

Reaction mixture

(b) ) F--~= Removal of catalyst

Distillation (removal of low-boiling-point substances
uch as unreacted acetone and water)

—_ Crude BPA solution

(c) Concentration adjustment by removal or addition of phenol

2
3
o
c.
g BPA/phenol solution with
2 concentration of 20-50 wt %
*_-_,..: (d) Cooling (precipitation of BPA/phenol addition compound)
§
E_—-i Slurry
E
-_';_: (e) Solid-liquid separation
8
1_-5 BPA/phenol addition compound
< . (Solid)
(f) Heating/melting

-t Molten substance|

(q)

" Removal of phenol

Purified bisphenol A

Basicity corresponding to a concentration

1 x 10% to 1 x 10" moles of BPA-disodium
salt per mole of bisphenol
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Exanpl e 5 - " Bisphenol A was _manufactured in the sanme nman
Exanpl e 4, except that _the basi CIEI/ of the manufactured bisp 5 gfﬁGEMENT SHEET
“ per nole of

—

—+

"adjusted to 4 x 10- [e henol A as di sodi um sa
BPA, and polycar bonat d using this bisphenol{A Phg j5% 2000
are shown in Table 2.

22
We claim:
1. A method for manufacturing a bisphenol by reacting a phenol and a
ketone comprising:

adding to the bisphenol obtained by reacting the phenol and the ketone,
an alkali metal compound or alkaline earth metal compound,

thereby adjusting the bastcuty o be equivalent to a blsphenollblsphenol
disodium salt mixture comprising an amount of from 1 X 10®%to 1 X 10°®
moles of bisphenol disodium salt with respect to 1 mole of bisphenol.

"
2. The method for manufacturing bisphenol according to Claim 1 wherein the
basicity of the bisphenol is determined based on measuring the degree of
transesterification when the bisphenol and a carbonic diester are subjected to
transesterification using only the alkali metal or alkaline earth metal contained in
the bisphenol as a tranesterification catalyst.
3. A method for manufactunng bisphenol comprising:

(a) reacting a phenol and a ketone in the presence of an acidic catalyst
to form a reaction mixture comprising bisphenol, catalyst and low
boiling substances

(b) removing from the reaction mixture the catalysts and low-boiling-
point substances,

N (c)  obtaining from the reaction mixture remaining after the catatysts

and low-boiling-point substances have been removed, a
homogeneous solution with an adjusted concentration of bisphenol
by adding or removing phenol,

(d)  cooling the homogeneous solution obtained and crystallizing an
addition compound of bisphenol and phenol to form a slurry,

(e)  subjecting the slurry to solid-liquid separation to obtain an addition
compound of bisphenol and phenol in the form of a solid,

(f) heating and melting the solid addition compound to form a molten
mixture containing phenol and

Thxs Sheet Has Been Rep
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Exanpl.e. 6 Bi sphenol A was manufactured in the sanme mann -y :
Exampl e 4, except that—the—basicity of the nmanufactured bi sptmiﬁthﬁNT SHEET

adjusted to 8 x 10[ isgphenol A as di sodi um sal
BPA, and pol ycar bongmﬁﬂlmmmﬂfed using this bisphenol
are shown in Table 25" ¢ v W s * Exanpl e
Bi sphenol A was manufactured in the sanme manner as in Exanpl g

that the basicity of the manufactured bi sf@¥enol A was adj ustgd to 8 x

10-[err] noles of bisphenol A as disodiumsalt per nole of BPA. T
manuf act uri ng pol ycarbonate using this bisphenol A in order to conpensate
for polynerizatipn activity, .the 0.5% sodi um hydraxi de, phepel ,,sol uti on was
addeg tg the rea@®or 5RO m%@lﬂ%ﬂcﬁﬁ'@%gﬁ/@?ﬂéﬂﬁﬂ f?é‘f)PE M8 ank) in an
amount of 4 x 10[ err]bigBh@ROlas di sodi um sait per nole of BPA. The results
are shown in Table 2. : Conpari son Exanple 4
Bi.sphenol A was manufwhereirdnialkalitaetal compeuhdoralkaline agipmetal, except
that the basicity of ¢dmpoumdissaddedeid dtileastanel of {c)éd), fe) ars(frthareby x
10[err] moles of bi spadjusiingthebasictiy o the lbisphepol torwittsin di0IBBAa spedified
pol ycarbonate was mangqisioilehEBasisity dallié whish Rodiidlert to the bagRitytof aar e
shown in Table 2. bisphenol/bisphenol disodium salt mixture comprising from about 1

X 108 to about 1 X 10°® moles of bispheno! disodium salt with

respect to 1 mole of bisphenol.

4. The method for manufacturing bisphenol according to Claim 3, wherein
the amount of the alkali metal compound or alkaline earth metal compound
added is controlled based on measuring the basicity of the bisphenol finally
obtained.

S. The method for manufacturing bisphenot according to Claim 4, wherein
the bisphenol is bisphenol A.

6. The method for manufacturing bisphenol according to Claim 1, wherein
the bisphenol is bisphenol F.

This Sheet Has Been R

il
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Tf/e:r] coto W claim 1. A net hod for manufacturing a bi sphenol by
reacting a phenol and a ketone conpri sing:

-3-

impurities in crude bisphenol varies, and that for this reason, by adding a specified
amount of an alkali metal compound and/or alkaline metal compound, it is
possible to obtain bisphenol having sufficiently outstanding properties. They
perfected the present invention based on this finding.

The purpose of the present invention is to provide a method for
manufacturing bisphenol in which there is no residue of the organic catalysts
ordinarily used in manufacturing bisphenol, so that byproducts are not produced
during purification, allowing bisphenol with outstanding color tone, thermal
resistance, etc., to be obtained.

The presént invention comprises a method for manufacturing a bisphenol
by reacting a phenol and a ketone comprising:

~ _ adding to the bisphenol obtained by reacting the phenol and the ketone, an
alkali metal compound or alkaline earth metal compound,

thereby adjusting the basicity to be equivalent to a bisphenol/bisphenol
disodium salt mixture comprising an amount of from 1x10® to 1x10° moles
of bisphenol disodium salt with respect to 1 mole of bisphenol,

wherein the basicity of the bisphenol is determined based on measuring the
degree of transesterification when the bisphenol and a carbonic diester are
subjected to transesterification using only the alkali metal or alkaline earth metal
contained in the bisphenol as a transesterification catalyst.

A preferred embodiment of the present invention is a method for

N~ manufacturing bisphenol comprising:

(a) reacting a phenol and a ketone in the presence of an acidic catalyst to
form a reaction mixture comprising bisphenol, catalyst and low boiling
substances,

(b) removing from the reaction mixture the catalysts and low-boiling-point
substances,

(c) obtaining from the reaction mixture remaining after the catalysts and
low-boiling-point substances have been removed, a homogeneous

| REPLACEMENT SHEET
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addlng to the bi sphenol obtained by reacting the phenol and th
al kali - met al conmpound or al kaki ne earth netal conpound
thereby adjusting the basicity to be equivalent to a bisphenol

di sodi um salt m xture conprising an anmount of from 1x
1x10[ err] noles of bisphenol di sodi_um sal t with respe t to 1 nole
of bi sphenol, wherein the basicity of the bisphenol is deter

on neasuring the degré@'L@P"W@M@ﬂPWPG#‘M@'SPH@"thymdmIOFand a

carbonic diester are suRiGREPHehd, transesterification using only the alkali
netal or alkaline earth netal contained in the bisphenol as a -
transesterificati ofdkgeeling4dhe homogeneons salutieniobtaineeand caustaliizinggri sphenol

conpri si ng: ( ahddifiéit EbrhBoundritBRphedd] Gnd I%héﬁ&@@fdrﬁa 4 §6mp resence of an
acidic catalyst to forma reaction mxture conpris bi sphenol ,
catal yst and | ow bé®) F‘P@]e‘ﬁiﬁgéh%tﬁ'é'& to solid-liquid separatinn §o ﬁ@taf"r@h@d nreact i on
m xture the catal ystscafifodrd6fidipheRsl /! gheno! in the fogf'm of & 8fd, ances,

(c) obtaining fromthe reaction m xture renal ni ng ter the'catalysts and

| ow- boi(l i heatingiand raeiting teseyd nd%orbe@npmmdo&rm amee®geneous
solution with m,xtu,@rboﬁfg,m Fﬁg,%pn‘ﬁﬁnt ration of bisphenol by adding
or renoving phenol, coo e honobgeneous sol ution obtai ned
and crystallizing & mvmg)the phenol from thegnoliepumistuse toopkiaindhm bisphenobhenol
to forma slurry, (e) subjecti ng the slurry to solid-liquid
separation to obtain an addition co of bi sphenol and

phenol in t heWherain an alkall gistal compoun 0( alyalwe@@ﬂhgn%talcpqmoundgs addeddnpt d
addi tion conmpigseloneof (6], [@)2(e) o (ff IhdFeby Héjfisting the basicity of the bisphenol to

within 10% of a specified equivalent basicity value which is equivalent to the
~ basicity of a bisphenol/bisphenol disodium salt mixture comprising from 1x10 to
1x10°° moles of bisphenol disodium salt with respect to 1 mole of bisphenol.

The amount of the alkali metal compound and/or alkaline earth metal
compound added should preferably be controlled based on the basicity of the
bisphenol finally obtained.

In the present invention, the bisphenol should preferably be bispheno! A.

Figure 1 is a schematic process flow diagram of a preferred method for
manufacturing bisphenols according to the present invention.

The following is a specific explanation of the method for manufacturing
bisphenol according to the present invention.

In the method of the present invention, in manufacturing of bisphenol by
reacting phenols and ketones, an alkali metal compound and/or alkaline earth
metal compound is added to bisphenol obtained by reacting a phenol and a
ketone, and the basicity of the bisphenol is adjusted so as to be equivalent to an
amount of 1x10® to 1x10”° moles of bisphenol as disodium salt with respect to 1
mole of bisphenol.

In the present invention, bisphenol is produced by reacting a phenol and a
ketone according to processes (a) through (g) below, and after the formation
of an addition compound of the bisphenol and phenol obtained, the phenol
is then removed to purify the bisphenol. In this process, an alkali metal
compound and/or alkaline earth metal compound should preferably be added
prior to removing the phenol from the addition compound in order to obtain
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tont ai ni ng phenol, and (g) _renoving the phenol fromthH
mxture<to obtain the bIS henol : wherein an alkali metal co

al kal i ne earth nﬁmm l“ﬂladded in at |east one of (c)f (d) (e) or
(f), thereby adj y of the bi sphenol to w thifn P; m
speci fied equival ent ba5| cl ty val ue whi ci2i s equi valent to the ba5| Ci

a 23
bi sphenol / thenol di sodium salt m xture conprising from 1x10[err] to
1x10[ err] A sphenol disodiumsalt with respect to 1 nole of" )
bi sphenol . : The net hod for manufacturing bi spheno: ka;:cordl ng Lo d a: m
2, wherein he apopunt of the alkali netal conpound or al kaline earth neta
conpound adlted i A meshrd tor manufastusing g-Pisrhesal byrgacting aalenol and aketone

bi sphenol f¢gmprsihgobt ai ned. 4. The met hod for manufacturing bi sphenol
according to aim3, wherein the bisphenol is bisphenol A 5. The

nmet hod for manufacturing bi sphenol according to Claiml, wherein the

adding to the bisphenol obtained by reacting the phenol and the ketone, an alkali
metal compound or alkakine earth metal compound,

thereby adjusting the basicity to be equivalent to a bisphenol/bisphenol disodium
salt mixture comprising an amount of from 1x10° to 1x10"® moles of bisphenol
disodium salt with respect to 1 mole of bisphenol,

W, wherein the basicity of the bisphenol is determined based on measuring the degree of
transesterification when the bisphenol and a carbonic diester are subjected to
transesterification using only the alkali metal or alkaline earth metal contained in the
bisphenol as a transesterification catalyst.

2. A method for manufacturing bisphenol comprising:
(a) reacting a phenol and a ketone in the presence of an acidic catalyst to form a
reaction mixture comprising bisphenol, catalyst and low boiling substances,
(b) removing from the reaction mixture the catalysts and low-boiling-point
substances,
(c) obtaining from the reaction mixture remaining after the catalysts and low-
boiling-point substances have been removed, a homogeneous solution with
\/- an adjusted concentration of bisphenol by adding or removing phenol,
(d) cooling the homogeneous solution obtained and crystallizing an addition
compound of bisphenol and phenol to form a slurry,
(e) subjecting the slurry to solid-liquid separation to obtain an addition compound
of bisphenol and phenol in the form of a solid,
(f) heating and meiting the solid addition compound to form a molten mixture
containing phenol, and
(g) removing the phenol from the molten mixture to obtain the bisphenol;
wherein an alkali metal compound or alkaline earth metal compound is added in at least
one of (c), (d), (e) or (f), thereby adjusting the basicity of the bisphenol to within 10% of a
specified equivalent basicity value which is equivalent to the basicity of a
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bisphenol/bisphenol disodium salt mixture comprising from 1x10°® to 1x10° moles of
bisphenol disodium salt with respect to 1 mole of bisphenol.

3. The method for manufacturing bisphenol according to Claim 2, wherein the
amount of the alkali metal compound or alkaline earth metal compound added is
controlled based on measuring the basicity of the bisphenol finally obtained.

4. The method for manufacturing bisphenol according to Claim 3, wherein the
bisphenol is bisphenol A.

5. The method for manufacturing bisphenol according to Claim 1, wherein the
bisphenol is bisphenol F.
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