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- _ A MANUFACTURI NG METHOD FOR BI SPI HENOLS AND A 10 Mﬂlﬁ?@gfru NG f
~ VETHOD FOR PCOLYCARBONATE . The present § '

i nventi on concern

for manufacturing bisphenol s whi ch makes it possible to efficiently
obt ai n bi sphenol which either does not contain fine particul ate
I mpurities or contains such inpurities onfy in mnute anounts and a

met hod f or

manuf act uri ng pol ycarbonate using bi sphenol 15 obtained by said

met hod. Bi sphenol s such as bi sphenol A and bi sphenol F-(which is
based on fluorenone, an aromatic ketone) have conventionally been

wi dely used as raw materials for manufacturing polynmers such as

pol ycar bonate, epoxy resins, and pol yaryl ate. Anobng the various

pol ymers obtained in this manner from such 20 bi sphenol s,
shows out st andi ng nmechani cal properties such as | npact resistance and

al so shows outstanding thermal resistance, transparency,
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A MANUFACTURING METHOD FOR BISPHENOLS AND A
MANUFACTURING METHOD FOR POLYCARBONATE

The present invention concerns a method for manufacturing bisphenols
which makes it possible to efficiently obtain bisphenol which either does not
contain fine particulate impurities or contains such impurities only in minute
amounts and a method for manufacturing polycarbonate using bisphenol
obtained by said method.

Bisphenols such as bisphenol A and bisphenol F (which is based on
fluorenone, an aromatic ketone) have conventionally been widely used as raw -
materials for manufacturing polymers such as polycarbonate, epoxy resins, and
polyarylate. Among the various polymers obtained in this manner from such
bisphenols, as polycarbonate shows outstanding mechanical properties such as
impact resistance and also shews outstanding thermal resistance, transparency.
etc,, it has been used in a broad range of applications, but in recent years, there
has been a rapid increase in the demand for optical applications in particular,
such as substrate materials for optical disks.

Furthermore, in addition to transparency, polymers used as optical
materials must also have various optical characteristics, and it is very important

that they not contain pm-sized fine particulate impurities, which can cause

as pol ycar bonat e



_etc., it has been used in a broad range of applications, but in recent
vyears, there has been a rapid increase in the demand for optical
applications in particul ar, such as substrate materials for optical
di sks. 25 Furthernore, in addition to transparency, polyners used
as optical mat-eri al s nmust. al so have yarious optical .characteristics,

and it is very inportant- " ‘that they not contain’[err]msized fine
particulate inpurities, which can cause

- 2- optical scattering in the polymer. For exanple, fine particulate

i npurities inopticaloRhitérihg i He \Aga@sﬁérat BSr &karfple) fifle tpartiialdts dnpurities in
het er ogenei ty, "causi ng the dr awback of noi se. Many of these

fine particul spsicalifidhsubstrates giveaisprte optisaldetaregenity exausingithe dravheek of
pol ymer, origi Q,@stel ng from polymerization raw material s contai ning fine
particulate inmpurities. For exanple, in polycarbonates using bisphenol as a

pol ymeri zati on r awMsaiyesfi these ﬁmmm&late:hhpﬁﬁesrlplpdljmas adé Presenidd iy in
present in t he form of |norgan|c or anic i ur|t|e whi ch

cont ami nat & t HBe RelpReh Prigipating’ xom R9 ]ﬁ%‘e atig, fiY ¢ cospaining &ae| y,

bi sphenol is y‘“%““?ﬁ eg by, C EQ@ SRss t he
presence of aﬁm'ﬂgc C & ‘%oE %éﬁlﬁléé:@egb&ga% er%aﬁﬁfi/?rj ﬁ%‘orl caslafg:l dis
used as the acpqumenaatairymw matemajaflhe panticulate i igpusitiel are usuadlynptesdntdri des

or nating fr mcorr on af the manufacturing. I pment .
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eluted 15 fromthe catal yst rra contani nate the bi sphenol .
Bi sphenol s 18 herea¢ting: phenalsand ketmepm the: presendgi erarba@éh@mlxst nkeutunaasesr ed

1 cormer ci ol ghan! Ry iSARbAL hita G0 Rkel Bl B RRAE calfed SndPRnt iiBuRR LikeS
as metal oxides originating from corrosion of the manufacturing equipment may
contaminate the bisphenol. Moreover, in cases where strongly-acidic ion-
exchange resin catalysts are used, organic impurities such as oligomers eluted

15 from the catalyst may contaminate the bisphenol.

Bisphenols therefore contain fine particles, with bisphenols manufactured
in commercial plants generally containing some 500-10,000 fine particles having a
diameter of 2 um or above per g of bisphenol and the number contained
frequently being 1,000 or above, and this content varies widely.

20 For this reason, when bisphenols are used as raw materials for
manufacturing polymers, it is necessary to remove the fine particles from the
bisphenol in advance, and such removal is generally carried out by filtration. For
example, in Japanese Unexamined Patent Application No. H4-325284, a method
is presented in which outstanding results for chemical stability and filtration

25 grade are obtained by using a fluorine resin membrane filter for filtering
bisphenol A.
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_diameter of 2 [err]mor above per g of bisphenol and the nunber contai:ned
“frequently being 1,000 or above, and this content varies w dely. 20

For this reason, when bisphenols are used as raw materials for

manuf acturing polyners, it is necessary to renove the fine particles from

t he bi sphenol in advance, and such regoval is generally carried out by
filtration. For exanpl e, in Japanese Unexam ned Patent Application No.
H4- 325284, a net hod is presented in which outstanding results for

chemical stability and filtration 25 grade are obtained by using a
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phenol's usIn
fluorine resinfilenbthereis the tirdwiack thhe fittetringt beeonhes \difficldttdwad td ithé dighng

becones difficult due to the hj; surface tension of the bisphenols.
For this reasofurfpge tengig é&eb‘gglé@?éﬁ" elg‘?ﬂfgfs reasony, df 3. cOIPIEY ProfedyFe St a

fluorine resinparaBa)8uf il WilicH & fudritle reBBMeABrarR fiffer i FHEl ﬁiﬁgﬁfgua%fn a

sol vent such as phenol at a tenperature of 60-120[err]C, and t
bi sphenol i $ t lseveral howsdn a solvent such as pharohat ateraperiaturgiof 60d2FC, prddbet i on

pl ants, when operations .are..begun usi ng bi sphenol containing | arge
anmpunts of fin '%’3‘??8@?&%“%#%5 ilter tends to becone cl ogged, naking

it necessary to chaFgehbifiofe] i BiEphdrll pesduction \M)ires wekhen dPeraBdns drd Veglift
resin menbrane filters are difficult to reuse once they beco

cl ogged, a newusing bispheral deatainiag, layge amounts afclnn particles. _ﬂ'lerrf?ltef tends the
purpose of e R g Hpkil e ey 5 i ) bl ki
bi sphenol i o whscHubtinglresifil membkarienfittgrsnard diffituit tozmisé ionee they i ldcomeor
onl'y clogged, a new filter must be used, which is uneconomical. ’

The purpose of the present invention, which was developed in light of the
above problems with prior art, is to providé a method for manufacturing
bisphenol in which bisphenol containing no pm-sized fine particles or only

15 minute amounts of such particles can be efficiently obtained and a method for
manufacturing polycarbonate using bisphenol obtained by said method.

The method for manufacturing bisphenols of the present invention is
characterized in that phenols and ketones are reacted to form bisphenols, and the
liquid bisphenols obtained or a mixed solution of said bisphenols and phenols is

20 filtered using a calcined metal filter.
- According to a preferred embodiment of the present invention, in
manufacturing of bisphenol pellets by the following processes:

(a) a process in which a phenol and a ketone are reacted in the presence of
an acidic catalyst to form liquid bisphenol,

25 (b) a process in which catalysts and low-boiling-point substances are

removed from the reaction mixture containing the liquid bisphenol formed,

.-.../



_15 nminute anpbunts :of such particles can be efficiently obtained and a

- met hod for manuf act uri ng pol ycarbonate usi ng bi sphenol obtai ned by
sai d net hod. The net hod for manufacturing bi sphenols of the
present invention i's characterized in that phenols and ketones are
reacted to form bi sphenols, and the l,i qui d bi sphenol s obtained or a
m xed sol ution of said bisphenols and phenols is 20 filtered using a
calcined netal filter. According to a preferred enbodi nent of
the present invention, in manuf act uri ng of bi sphenol pellets by the
foll ow ng processeg ; ) i Lched. d
ket one are react ed??)natpﬁgcep?? eusle‘?],g{éﬁoﬁ %oﬁ(o%@ﬁ%&ﬂasm cﬁﬂg&gg)tf ;H%%Rgio“?g} %ﬂ

l'iquid bi sphera_n‘ljustecSconcentratic(:bgs obtaimesiclsadding whrerthoviag physdls and
o boi 11 ng-poi Nt S4P3LARCES 12 hich hech iR Tul LSO SHaS! bl ®

- 4- . above( ) c6olbd O%RE Sanl BdWHoRh cAmipBIRE CHE YikspheRbIULh@NpREnol is
bi sphenol with an adJf usted concentration is obtained by add?ng or
renovi ng phenoirystallized to

orm g ¢}yury, process i n which the honpgeneous sol ution

obt ai ned as descri ve, | ool ed and. an I L. compound. of

bi sphenol and pheng‘?)d §e r%m&léﬁ\/vgf“éﬁItﬁezgl&r&olsfsgl%tgags&f’ *_x@-?iqm eparaqlon t(oe) a
process in whigtairien addition coripourj 6fisshenol &vd pHenol i@ foRaf AbolRY) t O
obtain an addition gonpound of bisphengl and phenol in the.formof a solid,
(f) a process in vw{g)c#lp’i‘??ésssl&lw]@% soligraddition cormpewnd phlainegd as feseribask d
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sol ution taoobtain (gl pioeesshinsphiechahe phenboli & reawwed £rom the aforementioned
mixed solution to obtain purified bisphenol, and if necessary,

(h) a process in which the purified liquid bisphenol obtained in process (g)
above is pelletizgd,
the liquid bisphenol obtained in process (a) above, the homogeneous
15  solution obtained in process (c), the mixed solution of bisphenol and phenol
obtained in process (f), the purified liquid bisphenol obtained in process (g), or
the molten bisphenol pellets obtained in process (h) are filtered using a calcined
metal filter.
Among the above processes, it is preferable to filter the mixed solution of
20 Dbisphenols and phenols obtained by process (f), the purified liquid bisphenols
obtained by process (g) or the molten bisphenol pellets obtained by process (h).
It is preferred that the filtration grade of the aforementioned calcined
metal filter is 0.1 pm or less.
After filtering, the calcined metal filter may be backwashed or chemically

25 washed and then reused.

In the present invention, the bisphenol is preferably bisphenol A.



(h) a process in which the purified |liquid bisphenol obtained in process
“(9) above is pelletized, the liquid bisphenol obtained in
process (a) above, the honbgeneous 15 solution obtained in process (c),
the m xed sol ution of bisphenol and phenol obt ai ned in process (f),
the purified liquid bisphenol obtained incgprocess (g), or the nolten
bi sphenol pellets obtained in process (h) "are filtered using a cal cined
metal filter. Anong t he above processes, it is preferable to
filter the m xed solution of 20 bisphenols and phenol s obtai ned by process

f), th ified hingdu ' . ' : .
ol on bi Sphenol plTare okUSr o By i BB caLs pRyonats of (RE Fidseh lnftpebR®

y pro
pref erred thatusehbisphéral abtaimedpasatbscrilfed dbova hoa eeastion ome dnatediali ned
metal filter is O0.1.[err]mor I|ess. . After, filteripg, th
cal cined metal fil fl’éé“fﬁ&ylsbae%ﬁmﬁ}&ﬁ%ﬁaﬂ%hémﬁmgf aZBretf%%‘{:gﬁﬂéﬂ‘i’gf"trhen
reused. manufactutigBipHRASTE @BéorHMEaB thePresétantiéritionenol is preferably
bi sphenol A The "net hod for manufacturing

pol ycarbonat e of t Higyreddsatschematin diagram of a fikeatigngdsvicedpr bisphenobuseskin
descri bed abov e%sfﬁ% {eact .on raw materi al . Figure 1 is a

schematic proc . FRgTAm of a preferred method for ~ manufacturing
bi sphenol s accor di nthet dolléwingl a68INtbel AV @PLtifie . eXplanation of P rfietRoll S fér
schematic diagramof a filtration device for bisphenol used in t he

present i nvent fapufacturing bisphengls afshe BUSeR} iD¥eNtioBe a specific expl anation
of the method for y, PAMHAH Y AnBtRRRFRCbEPRIndIL Of Rhe Silent WeRtLAN-

10 phenols and ketones are reacted to form bisphenols, and the liquid bisphenol
obtained or a mixed solution of.said bisphenol and phenols is filtered using a
calcined metal filter. :

Specifically, in the method in which bisphenol formed by reacting phenols
and ketones according to processes (a)-(h) is made into an addition compound

15 with phenol and the phenol is then removed to manufacture bisphenol, the
liquid bisphenol or mixed solution of bisphenol and phenol should preferably be
filtered. A specific example of this preferred embodiment is explained with
reference to the process flow chart shown in Fig. 1.

Process (a)

20 In the present invention, phenols and ketones are first reacted to form

liquid bisphenols. .

In the present invention, for example, the bisphenol obtained by reacting

phenols and ketones may have the formula below:

(R, (RY,

25



In the nmethod for mgnufacturing-bi sphenols of the present invention, 10
¢ phenol s and ketones are reacted to form bi sphenols, and the liquid

bi sphenol obtained or a m xed solution of said bisphenol and phenols is
filtered using a -calcined netal filter. Specifically, in the
met hod in which bisphenol fornmed by reacting phenols and ket ones

according to processes (a)-(h) is nade i o an addition conpound 15 wth
phenol and the phenol is then renoved to manufacture bisphenol, the
l'i quid bi sphenol or m xed solution of bisphenol and phenol should

preferably be filtered. A specific exanple of this preferred

-enbodi nent is explained with reference to the process flow chart shown
in Fig. 1. in the formuld R8@Ad Rb@ke Aflogens or ﬁﬂn&@ﬁeﬂr IBREBEarboY Nand
phenol s and ketones are first reacted to form |qU|d bi sBheniol s

I n the presenthéyrmaybe the sameroraifferent , p and qlarsintegess from Giorde X iby react i ng
phenol s and ket ones y have the fornula bel ow [err]

- 6- in the fgrmula, Ra and Rb are hal ogens or nonoval ent

hydr ocar bon gr oups—arée- —+gey- may be the sane or different, p and q are
integers fromO to 414X is c [err]
R or R° | Re and Rd¢ are hydrogen atoms or monovalent

s hydrocarbon groups or a ring structure may be formed by Re and R4, and Re is a
divalent hydrocarbon group. _
' Spécific examples of the bisphenol of formula above include
bis(hydroxyaryl)alkanes such as:
1,1-bis(4-hydroxyphenyl)methane,
10 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,
2,2-bis(4-hydroxyphenyl)octane,
15 1,1-bis(4-hydroxyphenyl)propane,
1,1-bis(4-hydroxyphenyl)n-butane,
bis(4-hydroxyphenyl)phenyimethane,
2,2-bis(4-hydroxy-1-methylphenyl)propane,
1,1-bis(4-hydroxy-t-butylphenyl)propane,
20 and 2,2-bis(4-hydroxy-3-bromophenyl)propane,
and bis(hydroxyaryl)cycloalkanes such as |
1,1-bis(4-hydroxyphenyl)cyclopentane and
1,1-bis(4-hydroxyphenyl)cyclohexane.
Moreover, in the present invention, bisphenol may be manufactured in

25 such a manner that in the above formula, X is -O-, -5-, -SO-, or -502-, with



are hydrogen atons or nonovalent 5 hydrocarbon groups or a ring structure

imay be formed by Rlerr] and R err] and Rlerr] is a di val ent hydrocar bon
group. Speci fic exanpl es of the bisphenol of fornula above

i ncl ude bi s( hydr oxyaryl ) al kanes such as: ’
1, 1- bi s(4- hydr oxyphenyl ) nret hane, 10 . 1, 1- bi s(4- hydr oxyphenyl ) et hane,

2, 2- bi s(4- hydr oxyphenyl ) pr opane (referred7to in the follow ng as

bi sphenol A), 2, 2- bi s(4- hydr oxyphenyl ) but ane,

2, 2- bi s(4- hydr oxyphenyl ) oct ane, 15 1, 1- bi s(4- hydr oxyphenyl ) pr opane,

1, 1- bi s(4- hydr ox enyl ) n- but gne _ ) . .
bi s( 4- hydr oxyﬁﬁ%‘%‘grﬁspﬁie‘)ﬁ’ﬂﬂ‘i’é’fﬁaﬁ@?t can be manufactured including bis(hydroxyaryl)

2, 2- bi s( 4- hydrognefs dudkeishy! phenyl ) pr opane,

1, 1- bi s(4- hydroxy-t-butyl phenyl ) propane, 20 and

2, 2- bi s(4- hydr oxy- 3Abdthydptreydiphenybethaeand and

bi s(hydroxyaryl)cycl oal.kanes such. a

1, 1- bi s(4- hydr oxyp&é‘ﬁgﬁﬁflﬁ yd%gﬁ?%%hgﬁaenyl ether,

1, 1- bi s(4- lydr OXprdﬁyﬂiﬁbe@mdessuchas: - Moreover, in the present
i nvention, bisphenol may be nanufactured in 25 such a manner that in the
above formula, X i4A-dihydrexydipkgnylseifidegeferr]-, with '

-7 44'-dihydroxy-3,3"-dimethyldiphenyl sulfide,
bis(thydroxydiaryl) sulfoxides such as:
4,4'-dihydroxydiphenyl sulfoxide and

10 4,4'-dihydroxy-3,3'-dimethyldipheny! 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

15  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 above formula may be used. Moreover, if

20 the above bisphenols can be obtained, one may also carry out condensation of
- phenols with formaldehyde, sulfonic acids, etc. -

The following is an explanation of manufacturing of bisphenol A
(abbreviated in the following as BPA), mainly by dehydration-condensation of
phenol and acetone.

25 Phenol is ordinarily used in an excess amount with respect to the acetone,

with the molar ratio of phenol to acetone (phenol/acetone) ordinarily being

about 3/30, and preferably about 5/20.



exénples of conpounds that can be manufactured including bis(hydroxyaryl)

et hers such as: 4, 4" -di hydr oxydi phenyl ether and

4, 4" - di hydroxy-3, 3" - dlnethylphenyl ether, 5 bi s( hydr oxydi aryl)
sul fi des such as: 4, 4" - dlhydroxydlphenyl sul fide and

4, 4" - di hydroxy-3, 3" - dlnethyldlphenyl sul f | de, bi s( hydr oxydi aryl)
squOX|des such as: 4, 4" -di hydYoxydi phenyl sul foxide and 10

4, 4" - di hydr oxy- 3, 3' -di et hyl di phenyl sul f oxi de, and

bi s( hydroxydi aryl ) sul fones such as: 4, 4- di hydr oxydi phenyl

| f d 4 4" -dihyd t hyl di phenyl f
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preferred.  the acidic caBilgsthend® there 4gé ndSpdriadier dauidtidae bnolbavatdrpst, et

obt ai ned by a connnnly known bi sphenol synthesis nethod in whi ch
phenol s and kerdipatlyara sul °mcc@ﬁ‘éé%i§édca|“ﬁnt‘1#ég{%sé¢ﬁ&% kaving, agdegireg of

t | t Ph t th
X1 e aboverysiiue il £edl mUfd 4f Rkl about 1026yt B Snd brltBharly SRR V'
can be obt ai naﬁpubﬂetond;omle%, shoutd/ pmférabmd‘bensadl OFurtliermore, mpirerdll axidvi t h

f or mal dehyde, su fonlc ac f ol S an
expl anat i on ofca h‘ﬁfé’%ﬁ%}csaﬁ’rﬁ’e?ﬂﬂ sulfuric ac1 mgg*sg\ﬁe in the
fol lowing as BPA), Ty Ha'a}én&)[ PN b £ORARNEAok@Rallly carried BHEMHR! 2 8N

acetone. 25 Phenol 1s or |nar| y used I n an exce anount with
respect to thdempetatuxe of from abomtt39 tolaboulWPCr and preﬁérabllymﬁ Glomt abaut&Dsoe

(phenol / acet ong) PEAINEL L | YeuBE W cing front aSital Hraure B bBE] £5/ADIaS, 200Ut
10 In the reaction of the above phenol and acetone, one ordinarily obtains a
liquid reaction’ mixture containing, in addition to bisphenol:A, reaction
byproducts such as unreacted phenol, unreacted acetone, and water produced as
a byproduct.

Process (b)

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

20 carried out. In reactions using a fixed-bed reactor filled with an jon-exchange
resin catalyst, as a reaction mixture is obtained which does not contain the
catalyst, processing to remove the catalyst is not carried out.

Distillation of the reaction mixture is ordinarily carried out at from about
50 to about 300 mmHg and from about 70 to about 130°C. In this reduced-

25  pressure distillation, together with low-boiling-point substances such as acetone
and water, a portion of the phenol is also removed by azeotropy.

Process (c)



- 8- Any conmonl y- known aci di ¢ i on-exchange resin catal yst may
:be used as the acidic catalyst, and there are no particular
restrictions on this catal yst, but ordinarily, a sulfonic acid-type
cati on-exchange resin having a degree of crosslinking in a gel nold of
fromabout 1 to about 8% and preferably grom5S about 2 to about 6%
shoul d preferably be used. Furthernore, mneral acid catal ysts such as
hydrochl oric acid and sulfuric acid may al so be used. The
reacti on of phenol and acetone is ordinarily carried out at a

tenperature of from AbRidgeRlbusObishidHol S8RIHRRT With eﬂckcniuseé@rc@&éem%oﬁ

about 50 to "about 90[err]C,~at a pressure ranging from nor mal
pressure to atebtringd ky thawrdslitigroor tepnoval of phemolshe reaction of the above

phenol and acetone,, one or dtpr:eac ture
containing, in addlﬁq‘%l?gtb‘ ;gtb%ﬁolptl}gnofé%&re%ﬁred a%iby ?soé’ﬁ?gfga%
unr eact ed pherahmpmrt@gedcﬁﬁeaﬁqaan@nc@ﬂfbd@a@fb& Bl 2daid phenol. @ byproduct

Process (b) 15 Catal ysts and | ow boi i ng cggl nt substances are renoved
fromthe reaction In ordes s@teﬁ!@e@%mcwsmlh@e theqaddition spmpaund ¢f bisphedolad

described abovg, henol, 2 homo#&e%ﬁ? OIUNR 6 B wg\-.@ﬁ&% ﬁbgﬂﬂfo% Usodifbet N€

above reaction calpa to renovin g- poi nt

subst ances fr oforinkd, m@cthe onténtiation &yblsphen(ﬂuksﬁm |thist hdrnogmep&@@ﬁﬁ&oﬁor
removi ng the cat alalgt such as washing w t ried out I n

reactions usi nt % &ory aboyt2)toabofit W’éa’}’vﬁ’?lg taﬁ“ficﬂfeféi%\ﬁ from about 30, o5
catal yst, as ad 9aultiq89, H}Wéi%ﬁ}t @ﬁﬁ?éﬁﬁoﬁpb&ﬁngﬂ r)ng%l b ?B?écﬁofﬁﬁe

catal yst, processing to renov 'S not car
Distillation o&forémentiametiadiditiontampoursl or df amikture of this edditicn cimpaumd
about 50 % ﬁbooit 300 mMHg and from about 70 to about 130[err]C. In
this reduced- ssure distil'lation, together with | ow boiling-point
substances such as PyeRésRNE) and water, a portion of the phenol is also
removed by azeotrop_l[l_l Process (c¢)

e homogeneous solu

tion obtained as described above is cooled. and an
addition compound of bisphenol and phenol is crystallized to form a slurry.

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

Process (e)
The slurry obtained as described above is subjected to solid-liquid

20  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 separation,
the crystals of the addition product of bisphenol and phenol are separated from
the mother liquor, which contains reaction byproducts, etc. The separated

25 addition compound (wet cake) may also be washed with phenol, etc.

Process (f)



-9- A honogeneous bi sphenol” solution with an adj usted
fconcentration is obt ai ned by the addition or renoval of phenols.
Anong such phenols, phenol is preferred, and it is preferable, for
exanple, to produce an addition conpound of bisphenol A and phenol. 5
In order to efficiently crystallize the addition conpound of bisphenol A
and phenol, a honogeneous sol ution of bi'Sphenol A and phenol shoul d be
formed, and the concentration of bisphenol A in this honbgeneous sol ution
shoul d be from about 20 to about 50% by weight, and preferably from about

30 to about 4 % o) eneous na C sed of
the 10 aforenentlgréeas\éagﬁacg{%m@%%%% g’%}‘?‘eg s dgsg’%?‘adir 5Q%¥e %nﬁ t%fggB I on
conpound meldedyhenol . Process (d) The honbgeneous
sol uti on obtai ned as _descri bed above is cooled. and an addi ti on

conpound of bi spheMsiitian pregigh srystals senpsated jas degcrikedrahionece.&1 am agditiop

A honobgeneous S hﬁq{ao p

cooled to fro?nﬁ%ggj%pggﬁggﬁuéb'gu B’[‘err’] %ﬁg%ﬁa& érﬁégﬁ{%tggraet%g?abl y be
carried 5 Mtﬂﬁﬂfogabmt&eﬁﬂ‘@rtu@btdimammthxﬂugm(moltdnyniib&ate)extract|on at

reduced pressure. Process (e) The slurry obtained as

descri bed above i sp—’g-%ﬁ-é%\t ed to solid-liquid 20 separation, and an

addi tion conpound gHenBj $9heRBYVed HromN&HROLforémEicHeae thixed solutlon gnolten
Solid-liquid separation of the slurry may be carried out hods such

as centrifugamixiure)rtd obdainpurifidd liquid drisptepokedhe pbenoelhis semowdj filony thed

separation, tal $§ of t dition product bi nol

phenol are seBﬁﬁf{ 8@“‘&% y vacuyig ‘ﬁ%‘? Fr Iegﬁug’r rec\mfrﬁ 'tﬁfnggf'ﬁ ed |on
byproduct 30 etémovihig t&@p{?ﬁe@b!?dw ditillageh,  vaauso dRRillatomn VIS tcafifd bubty &l so
be washed wi t h phenal Process (f)

pressure of from about 10 to about 100 mm Hg and a distillation temperature of

from about 150 to about 190°C. This process is carried out at a temperature
which is at least about 10°C above the melting point of the mixture of bisphenol
A and phenol in the distillation tower.

15 In process (g), it is also possible to remove the phenol present in the
bisphenol by steam stripping, etc., using the methods presented in documents
such as Japanese Unexamined Patent Applications H2-28126 and S63-132850.

Process (h)
In process (g) above for manufacturing bisphenol, liquid (molten) purified .

20  bisphenol is obtained. In the present invention, this bisphenol may be used in
the polycarbonate manufacturing process as is in liquid form, but bisphenol -
which is not continuously fed into the polymer manufacturing process is
ordinarily cooled and pelletized.

Pelletization of the bisphenol is carried out by methods such as

25  atomization, dripping, or spraying of the liquid bisphenol obtained in process (g)

above using a spray dryer, etc. to obtain drops of liquid, and these are then

cooled and solidified using nitrogen, air, etc.



-10- The solid addition product obtained as descri bed above is

: heated and nmel t ed. Addi tion product crystals separated as
descri bed above, e.g., an addition product of bisphenol A and phenol,

is ordinarily heated and nelted at from5 about 100 to about 160[err]Cto

obtain a m xed solution (nolten m xture). Process (Q)

Phenol is renoved fromthe aforeémentioned i xed sol ution (mol ten

m xture) to obtain purified Iiquid bisphenol.- The phenol is renmoved from
t he m xed solution by vacuumdistillation, etc., to recover liquid

bi sphenol .- In 10 ti
oL spheriol 10 10, SR bl 5. BIGR0} Dcdlld kphaBiapte AL bt o7
distillation tecenfinuatsly earofing out fhreaiboab prdcedsed (d)egh bnd if nkéddd ()] C. Thi s

process is carried ﬁut .at a tenperature which is at | east about
10[err] C above thek g point of the m xture of bisphenol A and

phenol in the di stifhhgd pRBeAUFENtiohDin manufdcﬁxrﬂ{goﬁﬁ%is @hol dc{:)ofd?n
possible to renove the phenol present in the bi sphenol by st

stripping, St cprocessidegciibesl a’ed;\haodxqupd disphenol dbtatheduimeatreaction o:salcx’mxad

J U d Patent t] H d_S63-132850.
Procose (hy - serdiion of sGl' waBenol 3y Pensh o8 AR R rodts RiBS: Reticee
l'iquid (nol t engperificafl] eéi\yZQxbsmna@ aﬁ{uﬂg fhe 1efiia mﬂ\enblrbstsﬁae@ iR PrBéess (a)

i nventi on, th|s bISphenO| may be used i n t he pol ycarbonate
manuf act uri ng Prayeethe hamegeneaus sojution pbtainedsin: proressKenthe mixed spfution ofs not

conti nuously ! phdig bl pREMI Bl BHALL By PR, Paif RS
carried ouho byomatdtddi& proedss dg), or the molten bisphenol pellets obtained in process (h)
may be filtered. Among these substances, it is preferable to filter the mixed
solution of bisphenol and phenol obtained in process (f), the liquid bisphenol
obtained in process (g), or the molten bisphenol péllets obtained in process (h).
This filtration is carried out using a calcined metal fiiter.

15 Filters are generally classified based on their entrapment structure into the
depth type, in which solid matter such as particles is trapped after adhering to
pores in the filter, and the screen type, in which solid material is trapped by a
sieve on the surface of the filter, and the calcined metal filter used in the present
invention can be classified as the ordinary screen type.

20 The material used in calcined metal filters may be any metal which does
not undergo separation or corrosion, with examples including nickel, stainless
steel, and nickel alloys such as Hastelloy (commercial name), which are readily
available commercially. |

The filtration grade (pore diameter) of the calcined metal filter used in the

25  present invention varies depending on factors such as the diameter and number

of fine particles contained in the liquid to be processed and the pressure drop of

the filter, but it is preferably about 5 um or less, and from the standpoint of



25 atom zation, dripping, or spraying of the liquid bisphenol obtained in

‘process (Q) above using a spray dryer, etc. to obtain drops of

liquid, and these are then cool ed and solidified using nitrogen, air,
etc. In"the present invention, it is preferable to
manuf acture the bisphenol by - continuously carrying out the above
processes (a)-(g), and i f needed, (h). -12- Filtration I'n
the present invention, in nanufacturing t he bi sphenol .according to the 5
process descri bed above l'iquid bisphenol obtained in a reaction or a m xed

luti f .d_Di ._and I filt d t t
arti e, i8pReTRBEAF hof Bar Rl o otsetes of | ppvL dnispise e i

obt ai ned in proea&esSpreferred. MUY Rr, ﬁmh&s&omgf‘é”'&% eSQs egtg{\fl %‘i‘-g lie%

process (c), the mxed sol ution of bi sphenol
process (f), tHavingadirmeter of hpubizaysh onddss,1i0 is ptﬁfalahlectomse prfileedaviiga or

h I bi d be fil d
among t hose subaranin BRdeSSpAGY BR: o1 dreRshied FraritheabputBRum” * col it on

of bi sphenols and phahel caldbhedl Aetali filt?! SIC@SSprebant IkentidrdlHhg! abl ﬁﬁgﬁ&%on
obtained in procegs (g, or the nolten bis l?1eno| pel |l ets obtal

process (h). PWHM‘F*F#)PB@F‘@NWSF“@Q@H ed out using a cal ci ned
netal filter. 15 r |ed ed on their
entrapnent structur &M exaz élh%?é&h%%l%@{d ml&lé c%mélﬁgﬁff Pre@lc

as particl es i sname)ppaitetetitbyrMattiGex i ng to pores in the filter, and the
scregernt type, in ng_Jﬁsolld materi a pped by a sieve on the
surface of the filter TaHAR VaFEes aoep ‘ﬂ%t‘P f°&'P' spch P%Fh%mﬂfmfﬁ@lmwdéﬂt

e o A o Lt
from about 0.2 to about 0.5 gallons/ min. per ft2 of the filter.

~ The above calcined metal filter shows a high filtration grade, outstanding

heat resistance, and does not have the problems of contamination with fine

particulate impurities due to separation of the filter materials, elution of the

15 binder, etc. Moreover, even in the case of liquid bisphenol having a high surface

tension, there is no need for pretreatment such as solvent immersion treatment.

The filtration process can therefore be simplified. Moreover, as will be

mentioned below, calcined metal filters can be regenerated and reused.

Furthermore, as mentioned above, fluorine resin filters require pretreatment

20 such as immersion in a solvent prior to filtration of the bisphenol, and they

cannot be said to have sufficient heat resistance to withstand the processing-

_ temperature of the molten bisphenol, which is ordinarily on the order of about

185°C. They also cannot be regenerated and reused.

Filtration using this type of calcined metal filter is especially effective at

25 the beginning of plant operation, when many fine particles are contained in the

system and contamination tends to occur readily. Moreover, in cases where the

number of fine particles is high, it is also effective to carry out prefiltering with a



not undergo separation or corrosion, wth exanples including nickel,
*stainl ess steel, and nickel alloys such as Hastell oy (conmerci al
nane), which are readily avai |l abl e conmmercial ly. The
filtration grade (pore dianeter) of the calcined netal filter used in the
25 present invention varies depending onF%actors such as the dianeter and

nunber of fine particles contained the liquid to be processed and
the pressure drop of the filter, but it is preferably about 5 [err]m
or less, and fromthe standpoint of

-12- I mp LN I cle bout
1.0 [err]m or 09¥se @espttn%y};é ri]'?tep r}o]: to fdé&%%&l’\n/g%\é %alci%ggs ta&lﬁiﬁe
necessary to rmabaset pmibile:doaaduce thhai«equencgr dflv@erming”of&he edicinéd iheiﬂfnlt]afﬂ Or
less, it is prefergbl to use a filter havin f||trat|on rade _of
about 0.5 [err]m e RT§58R: iRyentionayyhen $Bet ‘]@’bemﬂsnf ogged and itsThe
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grade (small pore“di aneter reuse n exanpl e of
such a cal c$ netéuneﬂhynfeahs efrbackwhstin@or cbemieal washig oRegeneratibn of therfilter)

mar ket ed by Mtt atlo vari es according to factors such
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ordinarily passed tskpreeiﬁaén Edékﬁragﬂxﬁél afomwme;f is carridd’ Ot 1990% ng fre

about 0.5 gallons/mn. per ft2 of lter. Thé above cal ci ned
metal filter ssrppyaf megiquid ta b@treasﬁdquvéﬂteaanémms\g\ organictselvent such

resi stance, an t

particul ate i mg)sugl ﬁﬁa o dﬁ‘é%;/%d gg%}f? p @:?.fﬁ{&e"ﬁﬂﬂe cg:rp\%{tpd g‘iq'{?tnl on
of the 15 1bi neethe fdw .of e Hauil to Bypfbcusseahausaastmg theofiitet. bITEP AEWOLE
having a high surface . tension, there_ is no need [or pretreatnent such

as sol vent i meFEanghsalyenttshenld take' place under qonditions whichanake. i passiblectoor &
be sinplified. r%&@@ﬁ\%rﬁneaﬁar%lleg cf&%gmg the filter, and it is usually carried out with a

flow volume of from about 0.2 to about 0.5 gallons/min. *ft2 for from about 0.5 to
about 24 hours.

15 Moreover, in chemical washing of the filter, one should preferably use a
combination of an acidic aqueous solution of hydrochloric acid, nitric acid,
phosphoric acid, etc., or an alkaline aqueous solution such as sodium hydroxide
or potassium hydroxide combined with a surfactant as a washing solution.
Specific examples are Oakite 31 and Oakite 32 (commercial names, manufactured

20 by Oakite Co.).

A filter regenerated in this manner exhibits performance which is virtually
identical to that of a new filter.

By means of the method for manufacturing bisphenol of the present
invention, as one can obtain bisphenol which either does not contain um-sized

25 fine particles or contains them only in minute amounts, it allows the filtration
process to be simplified, and it makes it possible to regenerate and reuse the filter

this process, this allows bisphenol to be obtained with a high degree of



mentioned bel ow, calcined netal filters can be regenerated and reused.
Furt hernore, as nentioned above, fluorine resin filters require
pretreatnment 20 such as imersion in a solvent prior to filtration of the

bi sphenol, and they cannot be said to have sufficient heat resistance
to withstand the processing- t.enperatyre of the nolten bisphenol,
which is ordinarily on the order of about - 185[err] C. They al so cannot
be regenerated and reused. Filtration using this type of

calcined netal filter is especially effective at 25 the begi nning of pI ant
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a preferred embodiment of the invention.
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In the bresent invention, the bisphenol manufacturing process and

15 polycarbonate manufacturing process may be carried oﬁt continuously. For
example, the liquid bisphenol obtained in process (g) above and filtered as
described above may be fed into the polycarbonate manufacturing process as is
without being pelletized. Alternatively, pelletized bisphenol may be melted,

filtered, and then fed into the polycarbonate manufacturing process.

20 Specific examples of carbonic diesters include diphenylcarbonate,
- . ditolylcarbonate, bis(chlorophenyl)carbonate, - m-cresylcarbonate,
dinaphthylcarbonate, bis(diphenyl)carbonate, diethylcarbonate,

dimethylcarbonate, dibutylcarbonate, and dicyclohexylcarbonate, and these
substances may also be used in combinations of two or more. Among these

25 substances, diphenylcarbonate is particularly preferred.
The carbonic diester used in the present invention may include a

dicarboxylic acid or dicarboxylic ester. Specifically, the carbonic diester should



about 24 hours. 15 Mor eover, in chenical washi ng of the filter, one

‘shoul d preferably use a conbi nation of an acidi c aqueous sol ution of
hydrochl oric acid, nitric acid, phosphoric acid, etc., or an alkaline
aqueous sol ution such as sodi um hydr oxi de or potassi um hydroxi de
conbined with a surfactant as a washing sgl ution. Speci fic exanpl es
are Oakite 31 and Cakite 32 (commercial nanes, manufactured 20 by Qakite
Co.). A filter regenerated in this manner exhibits performance
which is virtually identical to that of a new filter. By

means of the %hﬁ@ﬁatﬂgaﬂgﬁg(?gé Elﬁg ‘gﬁ H@r%\ﬁifﬂ@ eiel irtdn éxggurﬂro?iﬁg&t 50

[
i nventi on, as one can ob eno Ich elther doés no contrgi'?'nor
[err] msi zed 26ss, dndhpreferably@best rmcbot lssis them only in minute anounts, it

allows the filtration rqoqcess tQ be. sinplified, and it makes it
possible to regeneklﬁ%?‘é‘f’ﬁd’fﬂgﬁgga’i 34 ???%Prgﬁarboxﬁ’ ¢ esteripelade: this all ows
bi sphenol to be obhasmgke Widabboxylit ARiddeqicReasOterephthalic acid, i ic aci
-14- productivity. The bi phenlol otgt al nee e}?n thcea%(ri'elssgﬁ;t‘mlalﬁseaﬁﬁ’on S

particul ar|sy diphepylterephthalate or diphenylisephthalate or manuf act uri ng

pol ycar bonate for ; gl SKS .. . Manuf.acturi.ng .of .gol ycarbppate
In the present i nv%ﬁﬂ'%ﬁ% dlg%f??%f'ctﬁgfﬂftsgdi‘gs ﬁhﬂﬁﬁ?%%?ﬁrr%‘d‘%ﬂg i ?%Bm?a ’

bi sphenol obt apifelic aacide ssubefie daddio e dacidaebbRit faei, "B@nhbdioic HeR( e are

no particular restrictions on this method for manufacturing

pol ycar bonat e, dstegapedioic aqidyndiphenyls sekacaten «liphesyd rdesanesieate,hpr diphenyl and
for exanpl e, ofkidiBNediSiel NE interfacial nmethod or the nelt

pol ycondensati on nethod (‘transesterification nmet hod), but one shoul d

pref erabl yluse mel tandoblptmtidedisatborylic atids hsudhess divhictOpropane|dicarbdiylidse of
poi sonous Sgbséc?&cfic?cliggro%gng g?cs er)‘c?rlig racig,atlBycly?:g%ugaweoc{ici:aqgéxylic acid, 1,2-
cyclopentane dicarboxylic acid, 1,3-cyciopentane dicarboxylic acid, 1,2-
cyclohexane dicarboxylic acid, 1,3-cyclohexane dicarboxylic acid, 1,4-cyclohexane
dicarboxylic acid, diphenylcyclopropane dicarbonate, 1,2-diphenylcyclobutane
15 dicarbonate, 13-diphenylcyclobutane dicarbonate, 1,2-diphenylcyclopentane
dicarbonate, 1,3-diphenylcyclopentane dicarbonate, 1,2-diphenyldicyclohexane
dicarbonate, 1,3-diphenylcyclohexane dicarbonate, or 1,4-diphenylcyclohexane
dicarbonate. The carbonic diesters may contain two or more of these
dicarboxylic acids or dicarboxylic esters.
20 In the present invention, in polycondensation of the carbonic acid diester
and bisphenol as described above, one should ordinarily use from about 1.0 to .
about 1.30 moles of the carbonic diester for each mole of the bisphenol, with an
amount of from about 1.01 to about 1.20 moles being particularly preferred.
Moreover, in manufacturing polycarbonate by the method of the present
25 invention, together with the aforementioned bisphenol and carbonic diester, a
multifunctional compound having three or more functional groups per molecule

may also be used. A compound having a phenolic hydroxyl group or a carboxyl



In the followng, we will describe a nethod for manufacturing

"pol ycarbonate by nelt pol ycondensation of a bisphenol and a carbonic
diester as a preferred enbodi nent of the invention. In the
present invention, the bisphenol manufacturing process and 15

pol ycar bonat e manuf acturi ng process nay Qfé_carri ed out continuously. For
exanpl e, the |liquid bisphenol obtained in"process (g) above and filtered as
descri bed above nay be fed into the pol ycarbonate manufacturing process as
S wi t hout being pelletized. Alternatively, pelletized bi sphenol may be
mel t ed,. fidbabeshoddd efe | 0 &(élg nuf act uring
process. 20 érb pe Sopeci?{e(?:ﬁgl?(lgrrp? elg&gf L%gr olr#@ |g§ ersc%ﬁﬂ%‘ (ertﬁl

di phenyl car bornamepounds  cofitaipiing cthreeo phemolic hydibdxs céoups phey | dricdlanst e,

m cresyl car bonat Burred. S di_.napht h Icagbﬁnate bi s(dj phenyl) car bonat e,
di et hyl car bonaP&rerred. Spgrific, 9 8h4he Prafersd, fenpPeh ircluden d.1,1-tris(4-

di cycl ohexyl cappdd erdDdtHale s ©,2' 2" tristAUR Hﬂﬂ@gyﬁ didh bsSnd N o-
conbi nati ons of tmﬁylf)*: rﬁgre. Anong thésge 25 b?’?%%ces?&g?gheny c%r Bonat e
i s particul ar | sefhybper'ioddris(4-hydroxyphenyiid dediethylbenzene st er usgd',d"birise
present inventjon may incl a. | carboxyljc acid or dicarhoxylic
ester. Specifi h)écprpg;):g ‘EW%%@&{PBP@PX@F&F%oéuﬂ’mgalucmolr 4,6-dimethyl-ddtori n a
di car boxyl i ¢ agi(ahgtrelypReRAXHbbEnES] €8, 5.t ANy ARy BhedybaRasE, 59. r

| ess, and pref er(ab_y ag(g&th% n?% or |ess. (¥hy P eﬁvE)xarrp es 'ofﬁi%‘il)'%

di car boxyl i ¢ até4rditydspxephsoyDicyclobexyd)-piopeheidetrimellitic  acid, &l,3)5-benzene

di carboxylic a 'gﬁ S e thalic acid, isophthalic acid, 5 diphenyl
t erepht hal at e, Ei—(h)r | gﬁgﬁéﬁ’ %‘%‘{oﬁ‘{aﬁh@% cez“,c“E al i phatic dicarboxylic
aci ds suchas succi AimongCitidse, ghut el 6f 21j1krispithydroxpghehyl)ethane or o,a'-o"-

tris(_4-hydroxyphenyl)-l,S,S-triisoprbpylbenzene, etc., is particularly preferred.

The multifunctional compound should preferably be present in the
amount of about 0.03 moles or less with respect to 1 mole of the bisphenol, and
more preferably in the amount of from about 0.001 to about 0.02 moles, with an

15 amount of from about 0.011 to about 0.01 moles being particularly preferred.

In manufacturing the polycarbonate, the. above-mentioned bisphenol and
carbonic diester should be used in solid form, or they may be directly supplied
from these manufacturing devices in molten form. _

As a catalyst for melt polycondensation of the aforementioned bisphenol

20 and carbonic diester, one may use (a) an alkali metal compound and/or alkaline
earth metal compound (sometimes abbreviated in the following as “an alkali(ne
earth) metal compound”). Examples of such alkali(ne earth) metal compounds
include organic acid salts, inorganic acid salts, oxides, hydroxides, hydrides, or
alcoholates of alkali metals or alkaline earth metals.

25 Specific examples of alkali metal compounds include sodium hydroxide,
potassium hydroxide, lithium hydroxide, sodium hydrogencarbonate, potassium

hydrogencarbonate, lithium hydrogencarbonate, sodium carbonate, potassium



pinmelic acid, suberic acid, azel ai ¢ acid, sebacic acid, decanedioic acid,
‘dodecanedi oi ¢ aci d, diphenyl sebacate, diphenyl decanedi oate, or diphenyl

dodecanedi oate; 10 and al i phatic dicarboxylic acids such as

di chl or opr opane di carboxylic acid, 1,2-cyclopropane dicarboxylicacid,
1, 3-cycl obut ane di carboxylic acid, 1, 2- 17 cycl opent ane di carboxylic
acid, 1, 3-cycl opentane dicarboxylic acid, "1, 2- cycl ohexane

di carboxylic acid, 1, 3-cyclohexane dicarboxylic acid, 1,4-cyclohexane
di carboxylic acid, diphenylcyclopropane di carbonate, -
1, 2- di phenyl cy&lr&gﬁg 18hi | - di. ghenvyl cycl obut.ane

di carbonate, 1,2-di 'pﬁgﬁty ﬂ‘%‘ygﬂﬁk%%ﬁ ,%ﬁgfu?n age'%f’c%%%ﬁ%‘?ea,\égta?e’ B3R acetate,
1, 3- di phenyl cyssidiyrendtearater ipotaskiane stearate, Zithivyrh eedralier yolibAX BOfON hydride,

di carbonate, 1,3-dighenyl cyclohexane di carhonate, -or
1, 4- di phenyl C},lgﬁ&ﬁgﬁ%@\’ hféndaq' BEnberen phenylate segime henzeate potassium
contain two orpénzbstedf 1i e I C i ' ear |
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esters. In the present invention, In tion
car boni ¢ act d ydrogenphosphatendilittismgnizbgerphdsplate, isbdiinm\salts, alipotassiuth d

ordinarily use_fro .1.0.10,.,. about 1.30,.nol es of the carbonic
di ester for ea%%tsh%ﬂ%lggms%fssoﬁﬂ’éﬁ? e,"gﬁ#t #pd,spdium Sai‘ﬁd?ﬁfessmm agdout
1.01 to about Lthidinweltest plenblerarticularly preferred.

Moreover, in manufacturing polycarbonate by the nethod of the present 25
i nventi on, toget herang specifis examples of allkaline ganth metal compouads indhute aldumst er

a mul tifu 1 Qf (oFasle Lng three o re.functi.onal OURS per
nol ecul e ﬂg{l/ﬂogl%l() t%e used. r&ﬂé%,npﬂbaé}am%%\/ FX§P°§“$%e%B‘i‘\“é‘“h}B%Wﬁe'gr oup
or a carboxgl calcium hydrogencarbonate, barium hydrogencarbonate, mh@nesium

group shoul d péeferabla)ﬁ/ be used as this nmultifunctional conpound,” with
conpounds cont YHFAg§NEasPenate; strpntium hydregeprarhpratss caleiumy catbonatey barinm

carbonate, magnesium carbonate, strontium carbonate, calcium acetate, barium

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

15 In the present invention, this (a) alkali(ne earth) metal compound should
be used in the amount of from about 5 x 108 to about 2 x 106 moles w;vith respect
to 1 mole of the bisphenol, with from about 1 x 10-7 to about 2.5 x 10-6 moles
being preferred, and the amount of from about 1 x 10-7 to about 1.2 x 10-6 moles
being particularly preferable.

20 The aforementioned alkali(ne earth) metal compounds should preferably
be used in a solution, such as an aqueous solution, a solution of-alcohols such as
methanol or ethanol, or a phenol solution of an alkali(ne earth) metal compound.
Furthermore, bisphenols containing the above alkali(ne earth) metal compounds
may also be used.

25 In the present invention, one should preférably use a combination of the

above (a) alkali(ne earth) metal compound and (b) a basic compound.



preferred. Specific exanples of the preferred conpound include
“1,1,1-tris(4- hydr oxyphenyl ) et hane,
2,2",2"-tris(4-hydroxyphenyl)diisopropyl benzene, a-

met hyl -a, a',a"-tri s(4-hydroxyphenyl)-1, 4-di et hyl benzene, a,a',a"-tris(4-
hydr oxyphenyl )-1, 3,5-triisopropyl benzene, phtorogl uci nol,

4, 6-di nethyl -2,4-6- tri(4-hydroxyphen?ﬁ&-heptane-2,

1, 3,5-tri (4-hydroxyphenyl)benzene, 2,2-bis-[4,4-

(4, 4" -di hydr oxyphenyl ) -cycl ohexyl | -propane, trinellitic acid, 1,3, 5-benzene

tricarboxylic acid, ,and ronmel lit)¢ . ,acid. 10 .. Am t hese,. t he use of
1,1, 1-tri s(4- hydr Oxmgﬁglgﬁé}ﬁ; ths lfaé}cr ompound is a mg:ggen{on .mmg basic
tris(4-hydr oxyREgipuhd Iwiick detdrhp st 3RNdiBE B & eolakletat higld téApdrafiitbsd rivh

preferred. . The nul tifunctional” conmpound should preferably be
present in t he specifiggmplesincluding the composnds bglew ess with respect to 1

nol e of the bi spheng| A . LOqt t r out
0.001 to about 0.02 W00 gggmeﬁp%{%gﬁﬁ%%%%b?&h%ﬁqa 0 @Q’Bﬁsﬁ@ %‘?b)out
0. 01 nol es Bei ngtrpmethytah@ohinn hylesxide (MegNOH), tetracthylammohnivah tHyidpgxitbe
pol ycar bonat e, Ehﬁggﬁgve-nention?d bi sphenol gn& ) cab%?qéﬁ ?iester
shoul d be used (EfHt d fofsRabgiylammenium e hydexdde, syPgdGH). ARdm
these manuf act UknGhABYAAAsnin Bym&l Ardx8dda-CHy (M NOP?A*&cQ catal yst for
mel t polycondensatidﬂ of ‘the a orenZniioﬁg? biggh?%ol' 0 &nd carbonic

di ester, one may usdertialy an axhine$i nsitchl caspoutrimethylaming| k atiiethylamine,
earth netal conpou sonmetines abbreviated in t f.ol | owin ".an

o kali (ne By b SRS RE BRRARY R e ity PR RmiER  aPeh,)
netal conpoy@dstrioctadetyléini@e organic acid salts, inorganic acid salts,

oxi des, hydroxides, hydrides, or ~~~ alcoholates of alkali netals or
al kal i ne earth net als¢sorglgry amines irglieated by e Win ithenferppula, R

a
corpounds 11l Asat RN i compuBTBEERHE BT ol My
| i t hi um hydr ogeoctwliylpat e, sodi um car bonate, potassium
"7 primary amines indicated by the formula RNHJ3 (in the formula, R has the
15 same meaning as indicated above),
pyridines such as 4-dimethylaminopyridine, 4-diethyl aminopyridine, and
4-pyrrolidinopyridine,
imidazoles such as 2-methylimidazole and 2-phenylimidazole,
or basic salts such as ammonia, tetramethylammonium borohydride
20 (Me4NBHy), tetrabutylammonium borohydride (BugNBHy),
- - tetrabutylammonium tetraphenyl borate (BugNB(Ph)g), and
tetramethylammonium tetraphenyl borate (Me4NB(Ph)4).
Of these substances, tetraalkyl ammonium hydroxides, particularly
tetraalkylammonium hydroxides for electronic use which have a low content of
25 metal impurities, are particularly preferable.

The aforementioned (b) nitrogen-containing basic comi:ound should be

included in the amount of from about 1 x 106 to about 1 x 10-1 moles, or



car bonat e, lithium carbonate, sodium acetate, potassium acetate, lithium

; acetate, sodi um stearate, potassiumstearate, lithiumstearate, sodium
boron hydri de, | ithium boron hydride, sodium boron phenyl ate, sodium
benzoate, potassium benzoate, l|ithium benzoate, disodium
hydr ogenphosphat e, dipotassium5 hydr oge_g@_hosphat e, dilithium
hydr ogenphosphat e, di sodi um salts, dipotasSsium salts, and dilithium
salts of bisphenol A and sodiumsalts, potassiumsalts, and | ithium
salts of phenol, etc. and specific exanples of alkaline earth
netal conpoun -5 , e |um
hydr oxl de, st ?%rr?te?un? g%ngﬁ 1 QXQ gﬁuﬁ? 10%?%&‘2%%?%%@% 8 1%% %
hydr ogencar borﬂhéusphremjnem um hydrogencar bonate, strontium

hydr ogencar bonat e, .cal ci um ¢ar bonat bariu car bonat e, magnesi um

carbonate, stronti eV B £ 2doric 3f QM a{'f‘%Vb‘E)‘é?quﬁﬁaca{aié?&etate
Tagnes| um acet at e, Ibitd SACGRIGE (PARHEIA@UbBLAL I Chork! frid THASS
re. 15 n the

conmpounds may be used i'n conbi nati ons ‘of two or

present i nvent berig adidiestexsa) al kali (ne earth) netal conmpound shoul d be
used in the armunt ; from abo }[ me 10%@ % to aboutec_ﬂ?ﬁx 1g-l.err
with respect | fnrﬁ’)(fué‘ f RS ORE A PO GPriq 2 1?5“‘{ rr]
to about 2.5 XhéxﬁnkﬂﬁéﬂollﬂWu@g?generalf&%ﬁlﬂ preferred and the anmount of from
about 1 x 10-[err] to about 172 x 10-6 nol es being particularly
preferable. 20 The aforenentioned al kali(ne earth) nmetal conpounds
shoul d preferabl'y g ed in a solution, such as an aqueous sol uti on,
a solution of-al coho met hanol or ethanol, or a phenol
sol uti on ofioan al kal i (ne eart h) met al conpound. Furt her nor e,

. bi sphenol s cont ai ni t he above al kali ne earth) netal unds
al so be used. 25 trs the, farpgla, gﬂ@gﬁﬁ?“s all%ﬁ P(?Héhéﬁ ?rﬂ’#}éﬂa‘m%ﬂ use

a conbi nation gfy l; i It metal conpound and (b)
a basi c COrrpoun{c?’ gh8up Suchﬁ%\éﬁyl(ﬁdﬁl¥melﬁ@§exeﬁz &93.

Specific examples of this boric acid ester include trimethylborate,

triethylborate, tributylborate, trihexylborate, triheptylborate, triphenylborate,
15  tritolylborate, and trinaphthylborate.

The (c) boric acid or boric acid ester used as a catalyst may be used in the
amount of from about 1 x 10-8 to about 1 x 10"1 moles, and preferably from about
1 x 10-7-to about 1 x 10-2 moles, with respect to 1 mole of the aromatic dihydroxy
compound, with the amount of from about 1 x 10-6 to aboutl x 10-4 moles being

20  particularly preferred.

In the present invention, the melt polycondensation catalyst should
preferably be a combination of (a) an alkali(ne earth) metal compound together
with (b) a nitrogen-containing basic compound, or a combination of (a) an alkali
metal compound and/or alkaline earth metal compound, (b) a nitrogen-

25  containing basic compound, and (c) a boric acid or boric acid ester. |
When one uses a combination of (a) an alkali(ne earth) metal compound

and (b) a nitrogen-containing basic compound in the aforementioned amounts as



An example of this (b) basic compound is a nitrogen-containing basic

- conmpound whi ch deconposes readily or is volatile at high tenperatures, with
speci fic exanpl es including the conpounds bel ow. Anmoni um

hydr oxi des havi ng al kyl, aryl, and aral kyl groups such as 5

t et ranmet hyl anmoni um hydr oxi de (Me4NCH), bgtraet hyl ammoni um hydr oxi de

(Et 4NCH) , t et rabut yl anmoni um hydr oxi de (Bu4dNCH), - and
trimet hyl benzyl ammoni um hydroxide ([err]-CH err](Me)[err] NOH), etc.
tertiary am nes such as trimethylam ne, triethylam ne,

di et hyl benzy It e&y}!a tddifeny tar nd 10
trioctadecyl alrln%gégﬁ%t drie & sg%ﬂ;ﬁlggr}{/dlam ngﬁgglaégtigﬁawgdﬁ‘%?ﬁﬁ?a
R2NH (in the &udnebtain R high-mal¢cwlar-weight polygarbgnatepwithch htghndegxye ofr

ethyl or an ar h hen r..tolu primry
am nes i ndi ca?é@‘%yn%fﬁ EF&? r'r%l’ 5%%?’??5"?“%%%@#%‘? imul a, R has the 15
same nmeani ng as i NThe aheel F@?&bﬁﬁensahon reaction P¥fwedhngie aropiatRSdihydroxy

4- di met hyl am nopyri di ne, i et am nopyr| di_ne,

and
4-pyrrol i dPnofFPARRE, and the carboric agifl fHioieroin gltfcnrea%ncz ofet FtRIYRY BRzhe and
2- phenyl i m dazgl £y HERy
t et ranet hyl ammnl un? to‘?r(‘)%ercf P f‘gﬂfoﬁ'g%%{ F'g{r% ﬁﬁ%ﬂ[ err‘?‘]ﬁ}ﬁ,% Iflown for melt
tetrabutyl amnpolymndensatlbmreahgtdms de (Bu[err]NBH err]),
t et r abut yl ammoni u hen bor at e Bu errINB(Ph)[err]), a d
t et r amet hyl anmoni u ?"éftt“?aig frshynss ’@afth?é’[ Jﬁ%rﬁ%@f’% °°m}’2'““d of

these subst angGRs catbBhicodiblt¥él aftFEARH Bt Wdiﬁ%bﬂ?ﬁo t@%béﬁ&yé@ lo¥ preferably.
t et raal kyl ammoni um hydr oxi des for el ectronic use which have a I ow cont ent

of 25 netW ifrpmabout0 tarabomazaof’ewuh Itl}e feragfezatyine tange of from about 12 4o
f d h
Mol uded i ¢ eoanaRl R P ARRRHD P e f HERRY Y 65 a6 Vopbov o

nol es, or hours, or preferably, from about 0 to about 4 hours, with the period of from

about 0 to about 3 hours being particularly preferred, under normal pressure.
Next, the reaction temperature is increased while maintaining the reaction

15 system at reduced pressure, the aromatic dihydroxy compound and carbonic
diester are reacted, and finally, melt polycondensation of the aromatic dihydroxy
compound and the carbonic diester is carried out at reduced pressure of about 5
mmHg or less, and preferably about 1 mmHg or less, at a temperature of from
about 240 to about 320°C.

20 The polycondensation reaction described above may be carried out
continuously or according to the batch method. Moreover, the reaction
equipment used in carrying out the above reaction may be of the tank type, the
tube type, or the tower type.

By means of the present invention, one can manufacture polycarbonate .

25 containing either no pum-sized fine particles or only a minute amount thereof

which is well-suited for use as an optical material, particularly as a raw material

for optical disk molding.



-19- preferably fromabout 1 x 10[err] to about 1 x 10ferr] nol es,

*Wth respect to 1 nole of t he bi sphenol . Mor eover, (c) a
boric acid conmpound nay be used as a catal yst. Exanpl es of this.
type of (c) boric acid conpound include boric acid and 5 boric acid
esters. As an exanple of a borhf acid ester, one can nention a
boric acid ester havi ng the foll ow ng general formula. B
(OR)[err](OH[err] 10 In the formula, R indicates an al kyl group
such as nethyl or ethyl or an aryl group such as phenyl, and n is the
integer 1, 2, or 3.yarious ot A ' ' Y@&b'g ter

I ncl ude trinethyl boraz?t g,s fer co’f’%%g‘%%{;lrﬁarat g@ﬁ?ﬁﬁsﬁgg?gﬁé?& nate

tri hexyl bor at eas additivgs. y$uahr camaponentraybebwidelye usad with iexampleb ancludingand
tri napht hyl bor at e

The bori.c acid or,boyic.acifd ester used
hs b batalys PHGERTREUN Yt At bies gl b Rided o Bolyeiopie T o
about 1 x 10[ edégendiigeson e Pufpcseadl Yude] Oificiald@yt thermall stabil2py rdgdxyabout
1 x 10[err] noles, with respect to 1 nole of the aromatic di hydrox

conmpound, WSt heQMBOERAsy Wtraviolet absenbets: nlolsé-rsbe%?ng]qgsn%(sekoranssflqtéraqc

nol es bei ng 20 s s r . I

I nvention, t heaﬁi}ﬁ%’ts%% S hg’é nsa h?’%(%&g‘éazﬁe%sf lué) H‘S'ﬁﬁ“& &fégﬁnpg é?%g%'f?’r%le a
conbi nati on of oilg) syatthetick ails,( meaxesr diganive filersc amdo inctgamig efilfees, and theget h

(b) a nitrogen-containin asi ¢ cqnpound, Qr a .conbination of (a) an al kali
met al corrpounds'émfesﬁ}agé&‘) usad i combinations Qf SWQPT MWL a ni trogen- 25

contai ni ng basic cofpeHddoréRentidnedtadiiit lc6mPolifld Cond Rialy Cust GutufSdrithining
10 acidic compounds having a pKa value of about 3 or less or derivatives formed
from such acidic compounds, with specific examples including sulfurous acid,
sulfuric acid, sulfinic acid compounds, sulfonic acid compounds, and derivatives
thereof. Among these acidic compounds, substances such as methyl p-toluene
sulfonate, ethyl p-toluene sulfonate, and butyl p-toluene sulfonate are
15 particularly preferred.

One may also add the above other components to pelletized
polycarbonate and melt-knead the polycarbonate and the additives, or add them
to molten polycarbonate prior to pelletization obtained as a reaction product.
Two or more of these components may be added simultaneously, or they may be

20  added individually, and they may be added as appropriate at any desired stage.

According to the present invention, which includes the simplified
filtration process described above, one can efficiently obtain phenols which either
do not contain pm-sized organic or inorganic particulate impurities or contain
such impurities only in minute amounts. Such bisphenols are well-suited for use

25  as raw materials for the manufacture of polymers such as polycarbonate, epoxy

resin, and polyarylate.



When one uses a conbination of (a).an alkali(ne earth) netal conpound
and (b) a nitrogen-containing basic conpound in the aforenentioned anounts

as - 20- a catal yst,
one can carry out melt polycondensation at a sufficiently rapid rate

and obtain a high-nol ecul ar-wei ght pol yca_5_£>_onate with a high degree of

pol yneri zation activity, achieving an advantageous result. The
melt pol ycondensati on reaction between the aronmatic di hydroxy 5 conpound
and the carbonic acid diester in the presence of a catal yst nay be

carried out under capld KGPSuldEt LoaindukbRERs BPLPLART AR

st age react i onputstaadingy properdéshiusthoxy transpaersy, aoldr tone,t hvat Gadistaikier adidest er
are reacted at from gbout 80 .o about 250] err}iC or preferably. 10 from

about 100 to aBHRF BRRFe ped dies ROt FeNtpiopRITiSHIatecmpyiies yrhith givedisste 120
to about 190Q& kN 1 mirRf ' rom
about O to abogpﬁgﬂ%&&ﬁ&g%{éﬁﬁﬁgﬁ@%%ﬂrﬁ?gbout tsa?gﬁgggattcg& t&"ours,
with the pesi odptinaily omsed notabolyt ir) genembauoldinghovateridlei bgt ardonstrtictiony
preferred, under  normal pressure. . xt, the reaction t ture.is

i ncreased whi | BateRal éFfﬁ)ﬁ@ Sy QBE‘ﬁlyﬁnﬁ%mtgﬂ’%lfesﬁf tasplé‘ifﬁggﬁ{ g‘?‘@%é‘?re,
the aromatic daliphcbids GAARAERES, aRd SpRtidAPRicerding mateAsls Shutdit §s pRALURGly and
finally, nelt pol ycondensation of the aronatic gl hydr oxy corrpoung and

t he carboni c dwelkauiteddorugeras adnoldingmatesiglifos@ppead siskse of about 5

nmHg or | ess, and preferably about ‘1 ""E?a:%élless’ at' a tenperature of from
about 240 to about 320C. 20 The poflyc fdensation reaction described

above may be carri eFhefdllowing iscal¥pebifie R planatiort ol ihe Presgnt ixveiteorey fildans
met hod.  Mbr eov%rf éxatnqgleg,%%% ttl'ileoi?“_/entior’l is not limited to these ex!amples.

In this specification, the number of fine particles in the bisphenol A
manufactured in the examples, the number of fine particles in the polycarbonate,
and the MFR of the polycarbonate were measured as follows.

15 Measurement of number of fine particles

After the bisphenol A was diluted with methanol filtered with a 0.2 um
membrane filter, the number of fine particles measuring 0.5-1.0 um in diameter
was measured using a particle meter (KL-20, manufactured by Rion Co.). The
results were expressed as the number of particles per gram of bisphenol A.

20 The number of particles in the polycarbonate was measured in the same
- - manner as for bisphenol A, except that the diluent solvent used was chloroform
 rather than methanol.
Example 1
Manufacturing process of bisphenol A
25 (a) Phenol and acetone were reacted at a molar ratio of phenol/acetone =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.



eqtji prent used in carrying out the above reaction nay be of the t-ank type,

‘the tube type, or the tower type. : By neans of the present
i nvention, one can manufacture polycarbonate 25 containing either no
[err]msized fine particles or only a m nute anount thereof which is

wel |l -suited for use as an optical materialpz-particularly as a raw materi al
for optical disk nolding. '

-21- Vari ous ot her conmponents may be added as desired to this
pol ycar bonat e as additives. Such conponents may be wi dely used, with

exanpl es i ncl u@)he reactﬁﬁii Sl tionUHIAIHEd abo ke8¢ vacich-aistiRéd A0Irhtefy and
commonl y added to(_g car bonat e dependi ng on the purpose of use,
£8

i ncl udi ng t her 89 ithe E'é‘ieé‘:te‘éﬁweé YE&%’GUWG?Q <iF.t Waxs iemoved e obtaist s
nol d-rel easing %g&&@scqluﬁél,{@%%ﬁ ld@nt istatic agents, slipping agents,

anti bl ocki ng agents, f oggi ng agents, nat ur al oils,
synthetic oils (c)v{&)ﬂaphemﬂ geasi renfovid dram thedrudeosajation obtainedd shovendnd ks €

bst | f As
he af or emert | SHRSFRRROR £ EoRButn A werasitsd f2 a0 By reRont i ni ng 10
aci di ¢ conpounqg) rayi d?Gd@ sBiRiokhd{n Gg)fltsaémé&m%atﬁfn h&fiSte@" asdﬂééci’iﬁ&F ‘ﬁgﬁ

f or med fromsuch acidi c conpoun specific exanples inc
sul furous aci d (homogensoug rspleman) was subjedted to hgatchmnpmunsisg amflxtemalchem:l d

conpounds, and rivativ L these aci dj c ounds,
subst ances suchg1 85t RY c89¥e8|t8hﬁ € Phrid §ﬁ| Hﬁ“e I%?Wd Bfﬁlﬁﬁ’%?g% and
sul f ondt'e, and hylwaségkuﬁrz@d,sm aye 15 particularly preferred.
One may al so add the above ot her one nts to pelletized

pol ycar bonat%e dBbThas! FHKMG‘EP%"@HGF aishition compownd (aytalling portiom) and d

them the mother liquor by centrifugation and vacuum filtration,
(6 After being subjected to solid-liquid separation, the addition compound of
bisphenol A and phenol was heated and melted at 130°C.
(g) The mixed solution obtained as described above (molten mixture) was
15 vacuum-distilled at 100 mmHg and 190°C to remove the phenol, and purified
liquid bisphenol A was recovered.
(h) The purified bisphenol A obtained as described above was then pelletized.
Filtration of bisphenol A
The bisphenol A pelletized in process (h) above was melted at 185°C and
20 filtered as follows using the filtration device shown in Fig, 2.
An SUS 316 calcined metal filter having a filtration grade of 0.2 um . .
(Porous Filter manufactured by Mott Cd .) was installed in the filter housing 7.
First, the process liquid supply valve 4, the filtrate discharge valve 10, and
the air vent valve 11 were opened, foreign matter was discharged through
25 washed-out foreign matter disposal line 5, the valve 6 and the backwash solvent
supply valve 9 were then closed, phenol was pumped by pump 3 at 80°C from
the raw material tank 2 through valve 4, and the system was thoroughly washed.



to molten pol ycar'bonate prior to pelletization obtained as a reaction

: product . Two or nore of these conponents nay be added sinultaneously,
or they may be 20 added individually, and they may be added as appropriate
at any desired stage. According to the present invention, which
i ncl udes the sinplified filtration ppgcess described:above, one can
efficiently obtain phenols whi ch either do not contain [err]msized
organic or inorganic particulate inpurities or contain such inmpurities

only in mnute anmounts. Such bisphenols are well-suited for use 25 as raw

materials for the neauf &@M&e@ﬁer&%&%ﬁh&ﬂ@t@ b%%hBﬁ&U&QH@QE@%m QAW
resin, and polyarylate.

- 22- materighsupply lwlly@ahbmwtmalma xtawa heated and melted jin theent

i nventi on shows

tone, heat res Il'aSVfl arﬂ%tgggls Eag@(dé ag 13% ng S%% tgﬁ C%e éf na’gg s Cﬁég n'%'ﬁ(lf 3 r

0es
particul ate i npivetd sl tei fﬂhargn\mtef haeszhg7 by thelqiurﬁpls aiﬁiaaikafar thedugh
contains such inpurities only in nut e, anpunts, it can be 5 optl mal%

used not onPy W%Mid%hﬁgﬁbm%@&ﬁtmgavs&p in construction
materials such as s n es
for ! autgm)bl I esﬁ}gﬁgﬁol asse‘g@ngL% %atlc é@éé%?g?%fﬁ&gtag?gh{‘ ﬁft% ﬁﬂé

particularly ﬂovwmmmnfwé!cgdihns,{mm perfizuﬁihdﬁlgr material for opti caI
di sks.

a e 0 The
fol lowing is an spedhe FEmbes ok fine RaHidRs yfbe Hubentt pteres fym s hoe
of exanpl es, bub WiahbRuRALLRA, TﬁeB&hl&th%Mﬁ'ﬂa'&&sp exanpl es.

In this speC|f|cat|on t he nunbe fine particles in the bisphenol A

manuf acturet? in the Tbﬂan@t@sbwpl’m@mﬁ continuously fad thepegh the rame material
polyear bonate, (oo Ah [DGeVER RlrekilfiaRR24H AORGLEHY By TR 0e 4
to the filter in filter housing 7 from the raw material tank 2 and the differential
pressure of the outlet filter on the side of the valve 10 was measured. The results
showed a measured increase in differential pressure 5 days after the beginning of
15 bisphenol A supply, and as shown in Table 1, it was possible to remove the fine
particles in the bisphenol A during this time.
Polycarbonate manufacturing process
Bisphenol A filtered as described above (supply rate 36.0 kg/hr) and
molten diphenylcarbonate supplied via a direct line after distillation (supply rate
20 34.7 kg/hr) were continuously supplied to a stirring tank for raw material
mixing maintained at the temperatures shown below, 1 x 10% moles/mol of BPA
of sodium hydroxide was added as a catalyst, and polycarbonate was
manufactured with a target MFR of 11.0 g/10 min.
The polycarbonate polymerization unit was equipped with one stirring
25  tank for mixing of raw materials, two prepolymerization tanks, and two lateral
polymerization tanks, with successive supply to prepolymerization tank I,

prepolymerization tank I, lateral polymerization I, and lateral polymerization



15 Measurenent of nunber of fine particles : After the bisphenol
cAwas diluted with nethanol filtered with a 0.2 [err]m menbr ane
filter, the nunber of fine particles neasuring 0.5-1.0 [err]min dianeter
was rreasured using a particle meter (KL-20, manufactured by Rion Co.). The
results were expressed as the nunber of pagticles per. gram of bisphenol A

20 The nunber of particles in the polycarbonate was neasured in the
same manner as for bisphenol A, except that the diluent solvent used
was chl orof orm rat her than nethanol.

Exanpl e 1 taniinatf 0&ipply fige Bf 86.8 &8/ B ok HIRPAEKD] Aebasfié anﬁaﬁolﬁh@ﬁ‘ﬁhoﬁ\nd
acetone were reacted at a mplar ratio of phenol/acetone =

50[err] C and owafmdﬁﬁl&!égé?réhesqlkwagsmdlbﬁ% aci d-type cat | on- exchange

resin with a degree of crosslinking of 4% as an acidic catalyst to
obtain a m xed sol ution.

- 23- (b)ReBbter r eacti on sol uti on obPmsswed abovelemperatme uu dveliagé fe telnaoh
at 200 mmHg and 120[err] C, and the unreacted aceto byprodutct
etc., were renoved to obtain a crude solution (bi 'sgﬁcénol A) . Hme )

The phenol was $tﬁ’ﬂ'ﬁg/ﬁdkf rom t he crudigsget binfosphiekd ai ned6&bove and pbe 5
concentration o@ |s henol was adj usted to 30% by vvesﬁ (d) The
crude sol ution Tzad °‘b'6?4%’ent ration 289 ¥ ed as deoPi bed abovel0

(honmpgeneous  sopdpdipmdrizefien amPirect ed to hgpbrextracti omqgsi ng an exper nal
heat exchan&er and cooled to 42[err]C, and an addltlon conpound of
bi sphenol A andLateral polapesizatignganklyst al | | Befitorf ornming a Furry. 10 0&8) The

slurry vas sepaf aethdihiAfbntdil 1| O CYTRPYRg (Ccrystaldgsne portion) sand

While monitoring the measured MFR at 2-hour intervals, the pressure of
5 lateral polymerization tank I and lateral polymerization tank II was monitored so
as to operate with as little deviation as possible from the target MFR.
The number of fine particles contained in the polycarbonate manufactured
as described above is shown in Table 1.
Example 2
10 Backwashing of the filter used in Example 1 was carried out.
In Fig. 2, after the supply of bisphenol A from line 1 was stopped, valves
4,10, and 11 were shut, and valves 6 and 9 were opened.
Distillation-purified phenol was discharged from backwashing solvent
(phenol) supply line 8, and the foreign matter trapped by the filter was removed
15 from lin-e 5. -
After backwashing, the same filtration operation as in Example 1 was
carried out. In the same manner as Example 1, the number of fine particles in the
bisphenol A was measured, and the differential pressure of the outlet filter was
measured. The results indicated that after backwashing, the filter showed

20  performance virtually equivalent to that of a new filter. The results are shown in
Table 1.



the nother liquor by centrifugation and vacuum filtration. *(f) After
: being subjected to solid-liquid separation, the addition conpound of

bi sphenol A and phenol was heated and nelted at 130C. (g) The m xed
sol uti on obtained as described. above (nolten m xture) was 15

vacuumdi stilled at 100 mg and 190[err]yg to renove the phenol, and
purified i qui d bi sphenol A was recover ed. (h) The purified

bi sphenol A obtai ned as descri bed above was then pelletized.

Filtration of bisphenol A : The bi sphenol A pelletized in process
(h) above was nelted at 185[err]C and 20 filtered as follows using the
filtration device shown in Fig. 2. ~ An SUS 316 cal ci ned net al
filter having a fi Itratl on grade of 0.ExamplePm (Porous Filter

manuf actured by Mg i st r i

First, the pr ocess IC]UI hmg%flgévg}t&eq’,& EPGFTJ% gtle &H‘EEE ki c\)/falﬂ\‘/ee 10,
aﬂd ) t he a'eghemmted ﬁwer/ezeidreyea&doshenmhs (beerea geriod iof ﬁppmfmdte bﬁéd geﬂ

t hrough 25 was out, forei t he val ve and the
backwash sdl véﬁ?“tgr 15&}19\ égEé“ st‘ﬂg\ E%SBE%I@ AWas therymeasysethed by
punp 3 at 80[ GAIhE diniMmanner o G’ BXABeA | Ahe! ABIP shiiweld Hiat Jhi4f after AN

the system was thoroughly washe
- 24- backwaghing sbh imebothereravasi no evhrked tdecrdase én lfiliep lpenfokmansas f ed

fromthe raw terial suppl. jne 1 to the raw material tank 2, it was
heat ed and rrel%ﬁefeﬁ“{ Sf‘°3’5a%1jﬁh‘€§n al tank 2 at 185[err]C, and nolten
bi sphenol A was punped through Cod %oq\mﬁqﬂag filter in filter housing
7 by the punp 3 and_discharged throug t he bi sphenol discharge line 12

via the val%e 10. The same prauedurmias an T@iaswlenblwaﬁ usesl, texeeptcthat @d PEBES | ow
through the filtebrdle fiter having a filtration grade of 0.2 pm (manufactured’ by Nihon

Memtech Co.) was used instead of a calcined metal filter.
The number of fine particles in the bisphenol A was measured in the same
manner as in Example 1, and the differential pressure of the outlet filter was
15 measured. The results showed that the particle-removing performance of this
filter was identical to that of a calcined metal filter, but due to a sharp elevation
of differential pressure 5 days after the supply of bisphenol A was begun,
filtration was stopped. The results are shown in Table 1.
Comparison Example 2
20 Backwashing of the filter used in Comparison Example 1 was attempted
in the same manner as in Example 2, but the filter failed. |
Comparison Example 3
The number of fine particles in the unfiltered bisphenol A of Example 1

was measured. The results are shown in Table 1.
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fl ow vol ume of 0.3 gallons/nmn. per ft2 of the filter. The
- nunber of fine particles in the bisphenol A discharged fromthe Iine 12
was then neasured. The results are shown in Table 1. 10 The ol ten

bi sphenol A was continuously fed through the raw materi al supply line 1
to the raw material tank 2 and punped by punp ‘3 through valve 4 - to the
filter in filter housing 7 fromthe raw material tank 2 and the

differenti al pressure of the outlejsfilter on the side of the valve 10
was neasured. The results showed a neasured increase in differenti al
pressure 5 days after the beginning of 15 bi sphenol A supply, and as shown
in Table 1, it —B-e—-o—-epve—t-he—+re Pear-tetes— n t he

bi sphenol A duripg thig t§ mej Pol ycar ponat e} manuf actjuri ngjprocess

Bi sphenol A filtp®ed g d scri bed jabove (sfipply tate 36.(Q kg/ hy) and

nol ten di phenyl cpEbonat &lsuppl i ed |via a digect |ljjne afterf distill |l ation
(supply rate 20 &4.@_@ r)| were f{conti nuogisly stipplied tjo a sfirring tank
for rawmaterialé E & g{2rai nt|@ ned at fghe. t ¢nperat ur shewn bel ow, 1
x 10[err] noles/ (@l §fs = of|Ssodi um B¥2dr oxilde was ed 4ds a
(3] .
catal yst, and pol¥cagb EE e nas manuf §ctureq with a fargetf MFR of 11.0
g/ 10 mn. E jhel pol ycar bonat e polfyneri zation unjt wag equi pped
with one stirrin?g 25:zta k for ming of gaw nmatlerials, [wo
prepol ynerizati off tanks, gndjtwo |jateral pal ynmeri zaji on tjanks, with
successi ve suppl Bzat-en—tari—t— pr-eppiyeHi zat,i on tank
11, lateral polyngrigatio nlihand <;ateral go ymerfi zation |
- 25- tank IE af a s§pplly ratp of 36. vkg/hr on a bi $phend A basis,
and pol yneri zat i gi——westeefed—put—under—the—HoHowngreordtt | ons.
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React or Pressure Tenper ature Avérage :
. retention

([err] O time (hrs) Stirring tank Ni t rogen .

at nosphere 160 2.0 Prepol yneri zati on tank

100 torr 230 1. Qg Prepol yneri zation tank |1

20 torr 240 0.5 Lateral polynerization tank
3~5 torr 270 0.5 Lateral polynerization tank |
0.1~1.0 torr 275 0.5 While nonitoring the
measured MFR ajye2rdp@ur intervals, the pressure of 5 Ilateral polynerization
tank | and | ateral polynerization tank Il was nonitored so as to

operate with as |i fltAgnamfactutiog nagthqabﬁxi HbigpherwincomprisimgreactivigRa phenol
The nunber of %'Bﬂg F%O &flkﬁf% co%ﬁ‘ thnatsgﬁxt%%l Xcar bon e lnggrt{fo cgal{(ried

as descri bed &

Example 2 10 bis hensam\gﬁ&m,garmffﬂmgfthé *scﬂ{mb'ﬁ Ed-ouﬁh Exaldive@ metxiFatesar I i ed

out . ang‘l , after the suppyo |sp enol A fromline 1 was
st opped, val ves dmpxaved; method %hmanuéﬁif&l% henelpellpts arhereipened.

Distillation-p q@% ﬁ@ﬁi sol vent
(phenol) supplwdﬁéncgﬁ%‘gﬁan l}e e géogfé&%& ter tra pe%ﬁ? filter was
renoved 15 from|l i(a)aréictmgaphenol andAi ketnnb&cklmpﬂesexg:e of ba asiglicecdtalystrtat | on
operation as |n Exanple 1 wa

carri he nn
Exanpl e 1, the'FBhB& ac&P“f‘F‘%“"ﬁaﬁ"ﬁR‘Fsé%g fﬁ“‘f‘ sph e“°' ?inéﬁ&HqﬂWMmg‘
nmeasur ed, and ﬁ, ?,5 itial pressure of the outlet filter was
measured. The tesults indicated that after backwashing, the filter showed
20  performance wﬂ:buahbymgqvatabaitend low-boliling-pding sulssfarfces from thémacttmsul ts

i‘r e shown in mixture conq:ammg the liquid bisphenol formed,

(c) obtaining a homogeneous solution of bisphenol with an adjusted
concentration by adding or removing a phenol,
(d) cooling the homogeneous solution and crystallizing an addition
compound of a bisphenol and a phenol from the solution to form a slurry,
() subjecting the slurry to solid-liquid separation to obtain from the slurry
the addition compound of a bisphenol and a phenol in the form of a solid,
(f) heating and melting the solid addition compound to obtain a mixed
solution,
(g) removing the phenol from the mixed solution to obtain the purified
liquid bisphenol - -
wherein the improvement consists of filtering the liquid bisphenol
obtained in (a), the homogeneous solution obtained in (c), the mixed solution
obtained in (f), or the purified liquid bisphenol obtained in (g) through a calcined
metal filter.
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- 26- ; ' Exanmpl e 3

- Backwashing of the filter used in Exanple 1 and reusing of the

regenerated filter were repeated six tinmes (over a period of approximately
one 5 nonth), and the nunber of fine particles in the bisphenol A was then
measur ed in the same manner as in Exapypl e 1. The results showed that
even after backwashing six tinmes, there was no marked decrease in
filter performnce. These results are shown in Table 1.

Conmpari son Exanple 1 10 The sane procedure as in Exanple 1 was used,
except that a PTFE 3. The ﬁﬁﬁt&v@ﬁ&néthbﬂ%r ﬁaﬁhﬁ%ﬁmfglﬂﬁ;ﬂ&hbp& daad 2 vileréin?
[err]m (manufagctured by N ho %; used instead of a

cal ci ned net al thejmixgd solution Obtained ‘THQ ‘m}hﬁéﬂf gd PHHEI bisphane] eltaingdiim ég)

bi sphenol A wag.massyed in the same . manner as in Exanple 1, and the
differential pressure of the outlet filter was 15 neasured. The resul ts
showed that the par4 Thbénpmdimgthpdrfbnmnfmminghb;ﬁlenol of Clairh @rwhétain

identical to tRhat, of a . filter, a sharp el evation
of differ entia%ﬁ?‘ég‘é’ﬂ;ﬁ‘@q Q%PEEP&O%%@ ?BS) B&PBP%‘ghenol A was begun,
filtration was st OFBJe'ﬂhe Tﬂl%r&ﬁeﬂmrﬁe?h@d CfSERMR 4 AvhEadihethk- mixed solutlon of

Conpari son Exanple 2 Backwashi ng of the filter used

Conpar i son Exahﬁpbemlmd phenehpbtaihed in (f), the purifeddiqridh bispherol |obtd'ﬁxedmi e 2,
but the fllter

a Conmpari son Exanple 3
The nunber ‘é) 6J‘g‘§r'?°“§ﬂé’§sphﬁ“?ﬂ£‘(hm’e|f&“§%'d bi sphenol A of Exanple 1
was measur ed . The reJhelrfiethod of UNMA 1 WhdrelH @e hiltrafon grade of the calcined metal

filter is 1.0 um or less.

ﬂ

7. Thie method of Claim 1 wherein, after filtering, the calcined metal filter
is backwashed or chemically washed and then reused.

8. The method of Claim 1 wherein the bisphenol is bisphenol A.

9 A method for manufacturing polycarbonate wherein bisphenol A
obtained by 1.'eact'mg phenol and acetone to form bisphenol A in a solution or a
mixed solution of bisphenol A and phenol, and filtering the solution through a
calcined metal filter.
is reacted with diphenylcarbonate by the melt process.

10. The method of Claim 9 wherein the filtration grade of the calcined
metal filter is 1.0 pm or less.

11. The method of Claim 9 wherein, after filtering, the calcined metal filter
is backwashed or chemically washed and then reused.

12. A method fbr manufacturing polycarbonate wherein bisphenol A
pellets obtained by reacting phenol and acetone to form bisphenol A by an
improved method for manufacturing bisphenol A wherein purified liquid

bisphenol A is cooled and made into pellets comprising;

* c L M $ *



_27- [err] . . - 28- Ve claim
:1 A manufacturing nethod for a bisphenol conprising reacting a phenol and a
ketone to form bi sphenol in a solution or a m xed solution of said

bi sphenol and phenol, "and filtering the sol ution through a cal ci ned netal

filter. 2. An inproved nethod for qgayfacturing bi sphenol pellets
wherein purified Iiquid bisphenol is cooléed and nade-into pellets
conpri si ng: (a) reacting a phenol and a ketone in the presence of an

acidic catalyst to forma reaction mxture conprising |iquid bisphenol,

catal yst and | ow bqi{ | | S ; ) gl ' lyst
and | ow boi | i ng- poi%rﬂ &éségggg%?:{éosl #%%?%ﬁ? }I}ag}ﬁ Flé)eﬁer%éx fuﬁ;&(}:{gﬁ% zf? n %g%t he
l'i qui d bi sphenfurnf 2rexedon mixture camprisihyg liguidrysphdnolAgeatalgstansdowt bailingf

bi sphenol with an, adjusted concentration by adding or renoving a phenol,
(d) cooling thB°‘ﬁ‘6ﬁ‘§%fgarﬂ§8%s solution and crystallizing an addition conpound

of a bisphenol and @) piRGGNg Ich@AIst BRd IOWLBiIAE-HSint SibBranced HbhVthe reaction (©)
subjecting the slurry to solid-I"iquid separation to obtain fromthe slurry
the addition covsoaeconstiningthe tiquidobisphanohAdnemed. in the form of a solid,
(f) heating and nel {c} %gtatirrﬁretg N 3%0&9:940% YIS i}lgpltle?‘lof)l)\t Yith &n rgd}(ues ed
concentration by adding or removing phenol, .

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

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

(f) heating and melting the solid addition compound to obtain a mixed
solution,

(g) removing the phenol from the mixed solution to obtain the purified
liquid bisphenol A

wherein the improvement consists of filtering the liquid bisphenol A
obtained in (a), the homogeneous solution obtained in (c), the mixed solution
obtained in (f), or the purified liquid bisphenol obtained in (g) through a calcined
metal filter. _

13. The improved method for manufacturing bisphenol of Claim 12
wherein the mixed solution obtained in (f) or the purified liquid bisphenol
obtained in (g) are filtered. |

14. The improved method for manufacturing bisphenol of Claim 12
wherein (h) the purified liquid bisphenol obtained in (g) is pelletized.

15. The improved method of Claim 14,wherein the mixed solution of
bisphenol and phenol obtained in (f), the purified liquid bisphenol obtained in
(g), or the molten bisphenol in (h) are filtered.

IO |



sol ution, (g) renoving'the phenol fromthe m xed solution to obtain
*the purified 1liquid bisphenol 5 ~ wherein the inprovenent consists of
filtering the |iquid bisphenol, obtained in (a), the honpgeneous sol ution
obtained in (c), the m-xed solution obtained in (f), or the purified

|'i qui d bi sphenol obtained in (g) through;a,calcined metal filter.

- 29- §1An§fﬁ g bhﬁﬁﬁ aim 2
wherein the m xed sol ution :&& hﬁﬁ%ﬁ@@i\hﬂ A fied |gﬁPghg|Qsphenol

obtained in (g) are filtere met hod for
rranufacturlngﬁkﬁsmmm of Claim 2 wherein (h) the purified liquid

bi sphenol obt ai ned s, pelletized. . The |nproved nmet hod of
C ai m 4, wherei n t hé m\é&e} andl ot kesone Are reastedntn ?%ma bispharal, and dhe diquidh (f)

the purified |Hiﬂ}ﬂeﬂopbl§lﬁgﬁa$ﬁgor§§ext%ﬁo@‘§ﬂ10t*dﬁ é@ald b1utiBR 2HA'd Elﬂ{bnpl nﬂﬂ?{}l 1

(h) are filtere aim1 erein
grade of the dhtaigheal caleiretd rhetat ﬁ!te:i o 6bi@ir| bisphenalrwhiek snakes it possible the

thod of 1 i ft | ¢i ned | filter i
backuashed Jor SR e Bibieneh b, Afher des” hof ' SRt k. raekeateor
Gl ai m 1 wher eiihguRRied iof BHRERS siiéh PFRtRBNlin minute amBufts"Eid '@ thebifid for

manuf act uri ng poI ycar bonat e wherei n bi sphenol A obtained by reacting phenol
and acetone tdnpapfactyringhpelyrarhonate susing (hisphenol obtainede bytus umethadofThe

bi'sphenol A angBAEAoLa@ et fie L8GHAP AS TR SR BE OO [P of Gbs! Mgt 2

filter.
filtering, the calcined metal filter can be backwashed or chemically washed and

10  then reused. The bisphenol should preferably be bisphenol A.

Figure 2



isr eacted with di phenyl carbonate by :t:he' melt process. 10. The
smethod of Caim9 wherein the filtration grade of the calcined netal

filter is 1.0 [err]mor |ess. - 11. The 'nethod of Caim9 wherein,
after filtering, the calcined netal filter is backwashed or chem cally
washed and then reused. 12. A method for manufacturing pol ycarbonate

wher ei n bi sphenol A pellets obtained bi/ %eacti ng phenol and acetone to
f orm bi sphenol A by an inproved net hod for manuf acturing bisphenol A
wherein purified liquid bisphenol Ais cooled and made into pellets
conpri si ng: : Figurel = - 30- _ (a)
reacti ng phenol and acetone in the presence of an acidic catalyst to forma
reaction m xture conprising liquid bisphenol A catalyst and | ow boiling-

poi nt subst ancPgenol (ARstgnemoVvi ng cat al yst and | ow boi | i ng- poi nt
substances fromthe reaction m xture containing the liquid bisphenol A

f or med, (a) OMPEmn@dfimiagﬁmws sol ution of bisphenol A wth an
adj usted concentration by adding or renoving phenol, (d) cooling the
honogeneous? sol ut i okiHHe BR4st al | i zi ng an addi ti on conpound of bi sphenol A
and phenol from,t he |uttop to forma slurry, (e) subjecting the
slurry to soli gg-)l iq %'osvgh)ggﬁﬂt?](yﬁtto obtain fromthe slurry the addition

heating and mel (i ng rha aRf eaaae oflow BallfleThoing SubRahtes such a5 wrkstid on,
(g9) renoving tlecetpheant vater t he m xed solution to obtain the purified
Crude BPA solution
10 () Concentration adjustment by removal or addition of phenol
BPA/phenol solution with concentraéioEn of 20-50 wt %
(d)  Cooling (precipitation of BPA/ phenol addition compound)
Slurry o
(e)  Solid-liquid separation
15 BPA/ phenol addition compound
(Solid)
()  Heating/melting
Molten substance
(8) Removal of phenol
20 - . Bisphenol A - -
(h)  Pelletization



i quid bi sphenol A wherei n'the inprovenent consists of filtering the
“I'iquid bi sphenol A obtained in (a), the honbgeneous solution obtained in
(c), the m xed solution obtained in (f), or the purified |iquid bisphenol
obtained in (g) through a calcined netal filter. 13. The i nproved
met hod for manufacturing bisphenol: of Claim1l2 wherein the m xed sol ution
obtained in (f) or the purified liquid bisphenol obtained in (g) are

filtered. 14. The inproved nmethpzl for manufacturing bi sphenol of
Caim12 wherein (h) the purified Iiquid bisphenol obtained in (g) is
pel l eti zed. 15. The inproved nmet hod of C aim 14, wherein the m xed

solution of bisphenol and phenol obtag ebn (f), the purified liquid
bi sphenol obtained in (g), or the nolt bi sphenol in (h) are filtered.
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