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TI TLE . PROCESS FOR PREPARI NG POLYCARBONATES

FI ELD ©F THE | NVENTI ON This invention relates to processes for
preparing polycarbonates and nore particularly to processes for preparing
pokycarbonates whi ch have hi gh nol ecul ar weights, excellent heat

resi stance and mater resi stance and, noreover, which have been inproved in
cal or tone. BACKGROUND COF THE | NVENTI ON Because
of their excellent nechanical characteristics, such as inpact resistance,
and because of their excellent heat resistance and transparency,

pol ycarbonates are wi dely used for various purposes. Known as the nethod
for the preparation of polycarbonates as referred to above is a process

(interface nmethod) which involves a direct reaction of aromatic dihydroxy
conpounds ‘ . TITLE

PROCESS FOR PREPARING POLYCARBONATES

FIELD OF THE INVENTION

This invention relates to processes for preparing
polycarbonates and more particularly to'processes for
preparing poiycarbonates which have high molecular
weights, excellent heat resistance and water resistance

and, moreover, which have been impréved in color tone.

BACKGROUND OF THE INVENTION

Because of their excellent mechanical
chara&teristics, such as impact resistance, and because of
their excellent heat resistance and transparency,
poclycarbonates are widely used for various purposes.
Known as the method for the preparation of polycarbonates
as referred to above is a process (interface method) which
involves a direct reaction of aromatic dihydroxy compounds
‘such as bisphenol with phosgene, or a process in which
aromatic dihydroxy cohpouﬁds_guch és bisphenol and
carbonic diesters such as diphenyl carbonate are allowed
in molten state to undergo ester interchange reaction
(ﬁolycondensation reaction}). ‘

In a process for preparing polycarbonates by ester

interchange reaction of aromatic dihydroxy compounds with



such as bi sphenol with phosgene, or a process in which aromatic di hydroxy
conpounds Buch as bi sphenol and carbonic diesters such as di phenyl
carbonate are allowed in nolten state to undergo ester interchange

reaction (polycondensation reaction).. In a process for preparing
pol ycar bonates by ester interchange reaCt #oif of aromatic di hydr oxy
conpounds with - 2- carboni c diesters,

usually the reactants are heated under reduced pressure at a tenperature
of 250-330[err] C and allowed in nolten state to undergo the ester
I nterchange reaction in the presence of catal ysts such as organic acid

salts, inorgapLepghid aﬁ‘lﬁ'&erg)ﬂ d88a1yd Ry Qﬁ%c‘%raxg%grdﬂe%égtemﬂér or

al cohol ates. Thi's process 1s advantageous over the ve- ment |1 oned

interface net hpdghBelinglesBRir¥Catbandetpesatude RIERYEB AR Hifd all V&ked
|l ow cost. In this process, however, the aromatic di hydroxy conpound and

the carboni c aghdmdieehcstate teaanhdeérigo Whle! @atiratihterdithride® reaction
pol ycarbonate being fornmed is exposed to el evated
in the presence of catalysts such as organic acid salts,
inorganic acid salts, oxides, hydroxides or hydrides of
me%als or alcoholates. This process is advéntageous over
the above-mentioned interface method in that
polycarbonates can be prepared at a relatively'lov cast.
In this process, however, the arométic dihydroxy compound
and the carbonic acid diester are reacted in molten state,
and the pdlycarbonate being formed is exposed to elevated
temperatures for a prolonged period time, and in .
conseqdence, there has been posed such a serious problenm
that the product assumes a yellow colof, and becomes poor
in heat resistance or water resistance. For this reason,
polycarbonates prepared by this procéss have hardly found
application in field such as pléstic glass and lense where
materials having a good color tone are required.
Furthermore, Japanese Patent Laid-Open-to-Public
Publn. No. 51719/1985 proposes a process for‘preparing
polycarbonates, which involves the use of catalysts
comprising nitrogen containing basic compounds and boron
compounds, and the desired polycarbonates assuming a
’

relatively pale color are obtained by the proposed process

when the catalysts as proposed are used therefor.



tenperatures for a prolonged period tinme, and in consequence, there has
been pdsed such a serious problem that the product assunes a yellow col or,
and.becones poor in heat resistance or water resistance. For this reason,
pol¥ycarbonates prepared by this process3have hardly found application in
field such as plastic glass and | ense where materials having a good col or
tone are required. Furt hernore, Japanese Patent

Lai d- Open-to-Public Publn. No. 51719/1985 proposes a process for preparing
pol ycar bonat es, which involves the use of catalysts conprising nitrogen
cont ai ni ng basi ¢ conpounds and boron conpounds, and the desired

pol ycar bonaleweverunthg Bropesgd fatplysts dovelvad HithihRFIRI¢Hhe
proposed process _when the catal ysts as proposed are ngd t herefor.

- 3- Fbﬁk?@rFhPHeaﬁﬁo&8§é&“b&P&WF&Fé?%%ﬁﬂﬂuifziﬁﬂ1¥§ probl em that they
are low in polyneri Lon,acti.vity. Vth t ' sol ving such
probl ens as nenti oﬁg%haﬁgﬁeyi\ﬁg %’&3381"&&%)& é:tr?s ipv!jel’ebr]\éésng%vr% and °

mentioned above, we conducted extensive research and
eventually have accomplished the present invention on the
basis of our finding that the purpose intended can be
attained by carrying out the polycondensation of aromatic
dihydroxy compounds with carbonic diesters either using’
starting monomers having a reduced content of a specific

impurity or in the presence of a specific catalyst.

OBJECT OF THE INVENTION

The present invention is intended to solve such
problems associated with the prior art as mentioned above
and an object of the invention is to provide processes for
preparing polycarbonates, said proceéses being capable of
obtaining the polycarbonates which have high molecular
weight and are excellent in heat resistance and water
resistance and, moreover, which are improved in colof

tone.

SUMMARY OF THE INVENTION

A first process for preparing polycarbonates
according to the invention by melt polycondensatibn of

aromatic dihydroxy compounds and carbonic acid diesters



eventual | y have acconplished the present invention on the basis of our
finding that the purpose intended can be attained by carrying out the

pol ycondensation of aromatic dihydroxy conpounds with carbonic diesters

ei ther using starting nononmers having a reduced content of a specific
impurity or in the presence of a specifid4c—catal yst.

OBJECT OF THE | NVENTI ON The present invention is intended to solve
such problens associated with the prior art as nentioned above and an
object of the invention is to provide processes for preparing

pol ycar bonat es, said processes being capabl-e of obtaining the

pol b t whi ch h hi | | i t d i heat
Pos! ot ance. SRBSVABSRORPEEK By otz ST AhsraRd DX, APLIRE, et oagtlo] 1 108
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di esters
falling within the following range.

Hydrolyable chlorine content: not more than 3 ppm
A second process for preparing polycarbonates
according to the invention by melt polycondensation of
aromatic dihydroxy compounds and carbonic acid diesters
used as starting monomers, is characterized by using an
aromatic dihydroxy compound and a carbonic acid diester,
the combined content of hydrolyzable chlorine, the
combined content of sodium ion and the combined content of
iron ion in said monomers respectively falling within the
following ranges.
Hydrolyzable chlorine content:not more than 3 ppn
Sodium ion content :not more than 1.0 ppm
Iron ion content :not more than 1.0 ppnm
In the first process for preparing polycarbonates
according to the invention there are used as starting
monomers an aromatic dihydroxy compound and a carbonic
acid diester having a combined content of hydrolyzable
chlorine not more than a specific level. In the second
process for preparing polycarbohates according to the
inventiqn there are used as starting monomers an aromatic

dihydroxy compound and a carbonic acid diester having a



-4- used as nononers, is characterized by using an aromatic di hydroxy
conpounti and a carbonic acid diester, the conbined content of hydrolyzable
chlqgrine in said nmonomers falling within the foll ow ng range.

Hydrol yabl e chlorine content: not nore than 3 ppm A second process
for “preparing pol ycarbonates according to the invention by nelt

pol ycondensati on of aromatic di hydroxy conmpounds and carbonic acid
diesters used as starting nonomers, is characterized by using an aromatic
di hydr oxy conmpound and a carbonic acid diester, the conbined content of
hydrol yzabl e chl orine, the conbined content of sodiumion and the conbi ned

content of don®ined of HAlrb IRHHR SCHRHPRE | V€| dohBihé@dcvht8h® blfe

fol I ow ng ranges. Hydrol yzabl e chl orine content:not nore than 3 ppm
Sodi um i on ediemi fon and a combined ecditent. Of ppron ionl reapeochigeldtent
:not nore than 1.0 ppm In the first process for preparing

pol ycar bonated meseortdiany speaifid nlevelsn tBrerthese predegsest fhereg
nononers an aronatic dihydroxg conmpound and a_carbonic acid diester having

a conbi ned GRft A%t BAERAKAD Frbonates hich 48, BOthaRsUmEpecific

level. ln.tm%é§§¥¥§Lle colors such as yellow, and which are excellent

in color tone, heat resistance, water resistance and
boiling water resistance.

A third process'for preparing polycarbonates
according to the invention by melt polycondensation of
aromatic dihydroxy ‘compounds and carbonic acid diesters,
is characterized ﬁy using a catalyst comprising

{a) a nitrogen containing baéic compound, and

™ {(b) from 1078 to 1073 mole, based on 1 mole of the
aromatic dihydroxy compound, of an alkali metal or
alkaline earth metal compound.

A fourth process for preparing peolycarbonates
according to the invention by melt polycondensation of
aromatic dihydroxy compounds and carbonic diesters, is
characterized by using a catalyst comprising

{(a) a nitrogen containing basic compound,

8 3 nole, based on 1 mole of the

(b) from 10 ° to 10
aromatic dihydroxy compound, of an alkali metal or
alkaline earth metal compound, and
(c) boric acid or boric acid ester,

The third and fourth processes according to the



process for preparing polycarbonates according to the invention there are
used as#*starting nononmers an aromatic di hydroxy conpound and a carbonic
acid diester having a conbi ned of hydrol yzable chlorine, a
conmbi ned content of sodiumlon and a conbi ned content of iron ion
respectively not nore than specific |evels. By these processes there 'can
be prepared polycarbonates whi ch do not &ssune undesirable colors such as
yell ow, and which are excellent in color tone, heat resistance, water

resi stance. and boiling water resistance. A third process for
prepari ng pol ycarbonates according to the invention by nelt

pol ycondensati on of aromatic di hydroxy conmpounds and carbonic acid

O roeen contaPREEShThaFesR) sl RP8aRsR kYU dcbleiling 4o mea{?) 2
10[err] ”D|epo??§?gdgﬂsédnﬂk@h05 ?bonic acid@ﬁngféiCHJ“@Hé”ﬁ&éﬁﬁﬂﬁwnd

of an al kal i I ne earth nmetal conpound
of specific catalysts, are productive of polycarbonates
which have high molecular weight, excellent heat

resistance and water resistance and, moreover which are

improved in color tone.

DETAILED DESCRIPTION OF THE INVENTION

The processes for prepariné polycarbonates of the
present invention will be illustrated below in detail,

In the present invention, the polycarbonates are
prepared from aromatic dihydroxy compounds and carbonic
diesters as starting materials.

The aromatic dihydroxy compounds used in the
present invention are tﬁose which are represented by the

following general formula [I}]

HO—-@—X—@——OK .. LI3

R

. 1
wherein X is -C-, -?—, -0-, -8-, SO- or —802-.
R, Rg
R1 and Rz'are each a hydrogen atom or a monovalent

hydrocarbon group, R3 is a divalent hydrocarbon group, and

the aromatic nuclei may by substituted by a monovalent



A fourth process for preparing polycarbonates according to the invention
by nel # pol ycondensation of aromatic di hydroxy conpounds and car bonic

diesters, is characterized by using a catalyst conprising (a) a
ni trogen contai ni ng basi c conpound, (b) from10 [err] to 10 [err]
nol-e, based on 1 nole of the ~-aronatic di hydroxy conpound, of an
al kali metal or al kaline earth netal conpound, and (c)
boric acid or boric acid ester: The third and fourth processes
according to the - 6- i nvention

wherein an aromatic di hydroxy compound is nelt polycondensed with a
carbonic acid diester in the presence of specific catalysts, are
product i ve hydyegtaxkenogeeeR onhgEeUR8ve hi gh nol ecul ar wei ght, excell ent

peal resistance ang Lolf' arenati e Efngiioxy coRpSuntd’ 81 IGusdtFRFd
-above include in the concrete bis(hydroxyaryl) alkanes
such as bis(4-hydroxyphenyl)methane, 1,1-bis{4-
hydroxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl)propane,
2.2-bis(4-hydroxyphenyl)butane, 2,2-bis{4-
hydroxyphenyl)octane, bis{4-hydroxyphenyl)phenylmethane,
2,2—bi§(4—hydpoxy-1-methylpheny1)propane, 1,1-bis(4-
hydroxy-t-butylphenyl) propane, and 2,2—bis(4-hydfoxy-3—
bromophenyl)propane; bis(hydroxyaryl)cycloalkanes such as
1.1-(4—hydroxyphenyl)c?clopentane and 1,1—bis(4—'
hydroxyphenyl)cyclohexane; dihydroxyaryl ethers such as
4,4'-dihydroxydiphenyl ether and 4,4'-dihydroxy-3,3'~
dimethylphenyl ether; dihydroxydiaryl sulfides such as
4.4'-dihydroxydiphenyl sulfide and 4,4'~dihydroxy-3,3'-
dimethyldiphenyl sulfide; dihydroxydiaryl sulfoxides such
as 4,4'—dihydroxydipheﬁyi sulfoxide and 4,4'-dihydroxy-
3,3'-dimethyldiphenyl sulfoxide; and dihydroxydiaryl
sulfones such as 4,4'-dihydroxydiphenyl sulfone and 4,4'-
diﬁydroxy—s.3'—dinethy1dipheny1 sulfone.

Of the compounds ashéiémplified above:
particularly preferred is 2,2-bis{4-hydroxyphenyl)propane.

Usef&l carbonic diesters include in the concrete
diphenyl carbonate, ditolyl carbonate, bis{chlorophenyl)

carbonate, m-cresyl carbonate, dinaphthyl carbonate,



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The processes for preparing

pol ycafbonates of the present invention will be illustrated belowin
detail. In the present invention, the polycarbonates are prepared
from aromatic di hydroxy conmpounds and carbonic diesters as starting

mat eri al s. The aromatic dihyd?&&y'conpounds used in the present

I nvention are those which are represented by the follow ng general formula
[1] [err] = wherein Xis [err] Rlerr] and Rlerr] are

each a hydrogen atom or a nonoval ent hydrocarbon group, Rerr] is a
di val ent hydrocarbon group, and the aromatic nuclei may by substituted by

a nmonoval egis(diphenyl) carbonate, diethyl carbondte, dimethyl
carbonate, dibutyl carbonate and dicyélohexyl carbonate.
0f the diesters as exemplified above, particularly
'preferred is diphenyl carbonate.

The carbonic diester used herein may contain a
minor amount, e.g, up to 50 mol%, preferably up to
30 mol%, of a dicarboxylic acid or its ester. Examples of
such dicarboxylic acids and esters thereof, include, for

- example, terephthalic acid, isophthalic acid, diphenyl
terephthalate anﬁ diphenyl isophthalate. When such a-
dicarboxylic acid or its ester is conjointly used

N polyesterpolycafbonate is prepared.

In preparing polycarbonates by carrying out the
process of the present invention, it is desirable that the
above;mentioned carbonic diester is used in an amount of'
1.01 to 1.30 moles, preferably 1.02 to 1.20 moles based on
1 mole of the aforementioned aromatic dihydroxy compound.

In the first and second processes according to the
invention a comﬁined content of hydrolyzable chlorine
contained in the aromatic dihydroxy compound and the
carbonic acid diester should be not moré than 3 ppm,
preferably not more than 2 ppm, and more preferably not
more than 1 ppn.

The term "“hydrolyzable chlorine" means chlorine

which is present in the form salts such as sodium chloride



-

hydr ocar bon group or groups. - Useful aromatic di hydroxy conpounds
as, illustrated above-include in the concrete bis(hydroxyaryl) al kanes
such as bi s(4-hydroxyphenyl) et hane, 1, 1-bis(4- hydroxyphenyl)ethane,

2, 2- bi s(4- hydr oxyphenyl ) propane, 2, 2-bi s(4-hydroxyphenyl) but ane,

2, 2-bi s(4- hydroxyphenyl)octane, bis{4 hydroxyphenyl)phenyl net hane,

2, 2- bi s(4- hydroxy- 1- net hyl phenyl ) propane, 1, 1-bi s(4-

hydr oxy-t - butyl phenyl ) propane, and 2 ,2-bis (4-hydroxy-3-

br onophenyl ) pr opane; bi s(hydroxyaryl)cycl oal kanes such as

1, 1- (4- hydr oxyphenyl ) cycl opent ane and 1, 1-bi s(4-

hydr oxyphenyl ) cycl ohexane; di hydroxyaryl ethers such as

4, 4' - di hydPoLy BofAeiume chdoride .4 A qgmbm &mrolmmmw phenyl

et her; di hydroxydi aryl s Ifldes such as 4, droxgdlpheng sul fide and
4, 4" - di hydyr‘g‘%? %’ rﬁﬂal‘sﬁﬂ%d@a $3Hre%94di Beyein

35 i met ﬁsﬁd?’ﬁhentgriilngom ?Oax'%aﬂ‘ar” A ERRraRETe - St ones such as
4,4 -di hydbﬁ%ﬁﬂd&%ﬂptﬁéld}o% %r@c"t of %fb’dn{a% rg - ‘S’i{'EtQX%d' phenyl

sul f one conpounds as exenp fle ove Eularly

preferred is 2, 2- big( 4 ey dompipizR )Q?noc[l A enyI b drohézamto #. Cg{lgonl C

di esters |nclude in the concrete onat onat e,
bi s(chl oropbatgihed in the starting monomers exceeds 3 ppm, color

L tone of the product tends to become poor.

It is also desirable in the present invention that
a hydrolyzable chlorine content of the starting carbonic
acid diester is not more than 2 ppm, preferably not more
than 1 ppm, and more preferably not more than 0.5 ppn.

Conventionally, the starting aromatic dihydroxy
compound and carbonic acid diester (in particular carbonic
acid diester prepared by the so-called phosgen process)
are purified by distillation or recrfstaliization, and
thereafter subjected to melt polycondensation. However,
it is generally difficult to reduce the combined
hydrolyzable chlorine content of the sfarting nonomers by
mere distillation below the desired level. This is
especially.true with carbonic acid diesters prepared by
the phosgen process which may contain hydrolyzable
chlorine in the form of phenyl chloroformate.

It has been found that even wi&h carbonic acid
esters preéared by the phosgen process the content of

hydrolyzable chlorine can be easily reduced below 2 ppmn by



carbonate, mcresyl carbonate, dinaphthyl carbonate,
- 8- ¢ bi s(di phenyl) carbonate, diethyl carbonate, dinethyl carbonate,
di butyl carbonate and dicycl ohexyl carbonate. O the diesters as
exenplified above, particularly preferred is diphenyl carbonate.
The carbonic diester used herein may contain a mnor anmount, e.g, up to 50
nol % preferably up to 30 mol[err], of;g dicarboxylic acid or its ester.
Exanpl es of such dicarboxylic acids and esters thereof, include, for
exanpl e, terephthalic acid, isophthalic acid, diphenyl terephthalate and
di phenyl isophthal ate. When such a dicarboxylic acid or its ester is
conjointly used polyesterpolycarbonate is prepared. I n preparing
pol ycarbonates by carrying out the process of the present invention, it is
desirabl e tvwwéhitp withvketewatenechaeinyoai pHdo€stteon $.0sdwd 9 0gn anount
of 1.01 to 1.30 noles, preferably 1.02 to 1.20 noles based on 1 nole of
t he af or eneprre Heeably ofmerc? df hydr 8x§, candonntte preferably from 7.0
to 8.0, and kept at a temperature of from 78 to 105 ¢,
preferably from 80 to 100 °C, and more preferably from 80
to 90 °c.
Examples of the agqueous weak alkaline solution
which can used herein include, for example, those of
sodium hydroxide, potassium hydroxide, lithium hydroxide,
sodium carbonate, potassium carbonate, ammonium hydroxide,
sodium hydrogencarbonéte, potassium hydrogencarbonate and
tetramethylammoniun hydrokide. O0f these, agueous
solutions of sodium hydrogencarbonate, sodium carbonate,
potassium hydrogencarbonate and potassium carbonate are
preferred.
The carbonic acid diester so washed with a hot
weakly alkaline aqueous solution is used in the melt
polycondensation either directly or preferably after
having been distilled.
Incidentally, in the cases of carbonic acid
diesters prepéred by processes other than the phosgen
process, such as carbonic acid diester prepared fron
dialkyl carbonates, it is sometimes possible to reduce the
hydrolyzable chlorine content by mere distillation to 2

ppm or below.

It is also advantageous to use the aromatic



In the first and second processes according to the invention a conbined
content of hydrolyzable chlorine contained in the aromatic di hydroxy
conpound and the carbonic acid diester should be not nore than 3 ppm
preferably not nore than 2 ppm and nore preferably not nore than 1 ppm

The term "hydrol yzabl e chlorine" nmeang ghl arine which is present in the
formsalts such as sodium chloride -O-

and potassiumchloride. A content of hydrolyzable chlorine contained in
each starting material used herein can be determ ned by analysis, for
exanple, lon chromatography of an extract of the material wth water.

I f the conbined content of hydrolyzable chlorine contained in the startisng
nonomers exgeRgardxppobmpouar andnearboniie pedduciidstats having onet poor.

It is also desirable in the present invention that a hydrolyzable chlorine

content of bhaysthet cogbdaedocionteadi o filihasinerlyzanks eibier ipgredppad
preferably not nore
to not more than 3 ppm, but also the ‘combined content of

sodium ion reduced to not more than 1.0 ppm, preferably
not more than 0.8 ppm,.and more preferably not more than
0.6 ppm. Further it is also advantageous to use the
aromatic dihydroxy compound and carbonic acid diester
having the combined content of iron ion reduced to not
more than 1.0 ppm, preferably not more than 0.8 ppm, and
more preferably not more than 0.6 ppm. By doing so,
polycarbonatés of further improved color tone can be
prepared.

The sodium ion content and the iron ion content in
the aromatic dihydroxy compound and the carbonic acid
diester may be determined by atomic—absorption
spectroscopy'or.induced coupling plasma emission
spectroscopy.

Suitable procedures to reduce the sodium'ion .
content and the iron ion content in the aromatic dihydroxy
compound and the carbonic acid diester include washing
with a hot weakly alkaline aqueous solution, distillation
and recrystallization.

The melt polycondensation of thelaromatic
dihydroxy compound and the carbonic acid diester in the

first and second processes according to the invention can



than 1 ppm and nore preferably not nore than 0.5 ppm

Conventionally, the starting aromatic di hydroxy conpound and carbonic acid
diester (in particular carbonic acid diester prepared by the so-called
phosgen process) are purified by distillation or recrystallization, and
thereafter subjected to nelt polycondensation. However, it is generally
difficult to reduce the conbined hydrol%zable chlorine content of the
starting nononmers by nere distillation below the desired |level. This is
especially true with carbonic acid diesters prepared by the phosgen
process which nmay contain hydrolyzable <chlorine in the formof phenyl

chl or of or mat e. It has been found that even with carbonic acid

oo S e LR B R e SRR £y "R ©
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reaction concerned or in the presence of novel catalysts
proposed herein.

Examples of known catalysts, for example, those

described in Japanese Patent Publications 36-694 and 36—
13942, include acetates, carBonates. borates, oxides,
hydroxides, hydrides and alcoholates of various metals
including alkali metals such as lithium, sodium and
potassium; alkaline earth metals such as magnesiunm,
calcium and barium; and other metals such as zinc,

" cadmium, tin, antimony, lead, manganese, cobalt and
nickel. Further, combinations of a nitrogen containing
basic compound with boric acid or esters of boric acid or
phosphorﬁs compounds may be aléo used as catalysts in the
first and second processes according to the invention.

These catalysts may be used in an amount; based on
1 mole of the aromatic dihydroxy coﬁpound. of nqrmally

from 10~ ° 5 2

to 10~ mole, preferably from 10 > to 10 2 mole.
The third and fourth.processes according to the
invention in which preferred catalysts are used will now
be described.
As mentioned previously, in the third process for
preparing polycarbonates of the present invention,

preparation of the polycarbonates by melt polycondensation



to 8.0, and kept at a tenperature of from78 to 105 [err] preferably from

80 to I00 [err] and nore preferably from80 to 90[err]C. Exanpl es
of the aqueous weak al kaline solution which can used herein include, for
exanpl e, those of sodi um hydroxi de, potassi um hydroxide, |ithium

hydr oxi de, sodi um carbonat e, potassi um carbonate, anmmoni um hydr oxi de,
sodi um hydr ogencar bonat e, pot assi um hydgg®gencar bonate and

t et ramet hyl anmoni um hydr oxi de. O these, aqueous solutions of sodium
hydr ogencar bonat e, sodi um carbonate, potassi um hydrogencarbonate and

pot assi um carbonate are preferred. The carbonic acid diester so
washed with a hot weakly al kaline aqueous solution is used In the nelt
pol ycondensation either directly or preferably after having been
distilled. of the aranatiredihygroxy compounds andcihBofRrbedil€ diesters

prepared by Processes ot her than the phosgen process, such as carbonic
aci d di est SHeFRRS ot rFRFXied PUY | PXaRBIRG: Bscatplysts GRBPrHed Ngossi bl e to

betow o TGP o PR Sentathind BRpie mpaRauiy (ki 2 PPT O
(b) an alkali metal or alkaline earth metal
compound.
Useful nitrogen containing basic compound as
component{a) of the catalyst includes in the concrete
tetraalkyl-, aryl- or alkarylammonium hydroxides such as

tetramethylammonium hydroxide (Me NOH), tetraethylammonium

4
hydroxide (Et4NOK), tetrabutylammonium hydroxide_(Bu4N0H)
and trimethylbenzylammonium hydroxide
(<::>——CH2(Mé)3NOH); tertiary amines such as
trimethylanine, triethylamine, dimethylbenzylamine and
triphenylamine; secondary amines répresented by RZNH {in
the formula, R is alkyl such as methyl or ethyl , or aryl
such as phenyl or toluyl); primary amines represented by
RNHz {in the formula, R is as defined above); or basic
salts such as ammonia, tetramethylamnonium borohydride
(Me4NBH‘). tetrabutylammoniun borohydride(Bu4NBH4).
tetrabutylammonium tetraphenyl borate(3u4NB?h4) aﬁd
tetramethylammonium tetraphenyl borate (Me4NBPh4).

0f the basic compounds as exemplified above,
particularly preferred are tetraalkylammonium hydroxides.

Useful alkali metal compound as component (b) of

the catalyst includes in the concrete sodium hydroxide,



di hydr oxy conpound and carboni c acid diester having not only the conbi ned
content of hydrolyzable chlorine reduced to not nore than 3 ppm but also
t he conbi ned content of sodiumion reduced to not nore than 1.0 ppm
preferably not nore than 0.8 ppm and nore preferably not nore than 0.6
‘ppm Further it is also advantageous to use the aromatic di hydroxy
compound and carbonic acid diester Hai‘hg the conbined content of iron ion
reduced to not nore than 1.0 ppm preferably not nore than 0.8 ppm and
nore preferably not nore than 0.6 ppm By doing so, polycarbonates of
further inproved color tone can be prepared. The sodi umion
content and the iron ion content in the aromatic di hydroxy conpound and

the car bonke+3eisd und hgHrdhc ide, DG WHLG] HREGLYa&! 0gb&1@RSOr Ption
spectroscopy or inducéd coupling plasma eém ssion spectroscopy.

Sui t abl e phydaediyentdr®onatiee gdtasEwilin Mydrogenddfiénatéd, t Dethiqia i on

content. in the aromatic di hydroxy
hydrogencarbonate, sodium carbonate, potassium carbonate,
lithiur carbonate, sodium acetate, potassium acetate,
lithium acetate, sodium stearate, po{assium stearate,
lithium stear;te, sodium borohydride, lithium borohydride
and sodiumborophenylate, sodium bénzoate. potassiun
benzoate, lithium benzoate, disodium hydrogenphosphate,
dipotassium hydrogenphosphate, dilithium
hydrogenphosphate, disodium salt of BPA, dipotassium salt
of BPA dilithium salt of BPA, sodiunm phenylate, potassium

. phenylate, lithium phenylate.

Furthermore, useful alkaline earth metal compound
as component (b) of the catalyst includes in the concrete
calcium hydroxide, barium hydroxide, magnesium hydroxide,
strontium hydroxide, calcium hydrogencarbonate, barium
hydrogenéarbonate, magnesium hydrogencarbonate, strontium
hydrogencarbonate, calcium carbonate, barium carbonate,
magnesium carbonate, strontium carboqate, calcium acetate,
barium acetate, magnesium acetate, strontium acetate,
calcium stearate, barium stearate, magnesium séearate and
strontium stearate.

The nitrogen cdntaining basic compound (a) as

exemplified above is used in an amount of 10_6 - 10—1

mole, preferably 10 ° - 10”2 mole, based on 1 mole of the



compound and the carbonic acid diester include washing wth a hot weakly
al kal i ne aqueous solution, distillation and recrystailization.

The nelt pol ycondensation of the aromatic di hydroxy conpound and the
carbonic acid diester in the first and second processes according to the

i nvention can - 15 - - 12 - be carried out
ei t/her in the presence of any catalysts that have heretofore been known as
bei ng useful in the reaction concerned or in the presence of novel

catal ysts proposed herein. Exanpl es of known catal ysts, for
exanpl e, those described in Japanese Patent Publications 36-694 and 36-
13942, include acetates, carbonates, borates, oxides, hydroxides, hydrides
and al cohol aa€erehentiiicnes mroalatic ddhydroxyaldomipourst aland uthe salkalhi um
sodi um and potassium al kaline earth netals such as nagnesium _cal ci um
and barium uedadther adkedines ear ths meited compaundn () Rs gxerphifiedad,

manganese, cobalt and _ ' -8 -3
above is used in an amount of 10 - 10 mole, preferably
10_1 - 10“'4 mole, particularly preferably 10-7 - 10"5

mole, based on 1 mole of the aforementioned aromatic
dihydroxy compound.

The use of the nitrogen containing basic compound
(a) in amount of 10_6 - 10—1 mole based on 1 mole of the
aromatic dihydroxy compound is desirable, because the
rates of the ester interchange and polymerization
reactions increased and, the resulting polycarbonates are
excellent in color tone, heat resistance and water
resistance.

Furthermore, the use of the alkali metal or

alkaline earth metal compound in an amount of 10"'8 -

1073

based on 1 mole of the aromatic dihydroxy compound is
desirable, because the polymerizafion activity,

| particularly the rate of polymerization markedly increases
and, the resultiné polycarbonates are excellent in color
tone, heat resistance and water resistance,.

The catalyst which é;ﬁprisés such a combination of

the nitrogen containing basic compound (a) and the alkali
'metal or alkaline earth metal compound {b) in the manner

is illustrated ébove has a high polymerization activity

and can form high molecular weight pblycarbonates, when it



ni ckel. Further, conbinations of a nitrogen containing basic conpound with
boric acid or esters of boric acid or phosphorus conpounds nay be al so
used as catalysts in the first and second processes according to the
i nventi on. These catal ysts npyjpe_used in an anount, based on 1
nol e of the aromatic di hydroxy conpound, of normally from 10[err] to 10
nol e, preferably from10[err] to 10 [err] nple. . The third and
fourth processes according to the invention in which preferred catal ysts
are used will now be described. As nentioned previously, in the
third process for preparing polycarbonates of the present invention,
preparati oni®fusdd jwlpracbboihgsthy nelt polycondensatiion of the
- 13 - of the aromatic di hydroxy conpounds and the carbonic diesters
i s carried axpenayigsdhhydrenyatgnpoundpandi agrbonic die@tera nitrogen
cont ai ni ng basi c_conpound, and (b) an al kali, netal or alkaline
earth net ajaccording to the process for preparing polycarbonates of
the present invention. In addition to that, the
polycarbonate obtained thereby is excellent in heat
resistance and water resistance, and what is more, it is
improved in color tone and excellent in transparency.
4 Furthermore, in the fourth process for preparing
polycarbonates of the present inventidn. preparation of
the polycarbonates by melt polycondensation of aromat;c
dihydroxy compounds and carbonic diesters is carried out
by using a catalyst comprising
{(a) a nitrogen containing basic compound,
{b) an alkali metal compound or an alkaline earth
metal compound, and
{e) boric acid or-boric acid ester,
Useful nitrogen containing basic compound as
e component (a) of the catalyst and useful alkali metal or
alkaline earth metal compound as component (b) of the
catalyst are those as exemplified previously with respect
to the third process according to the invention.
Useful boric acid or boric acid ester as component
(c) of the catalyst includes boric acid and boric acid
* esters represented by the general formula B(OR)n (03)3_n

{(in the formula, R is alkyl such as methyl and ethyl, or



conpound. Useful nitrogen containing basic conpound as
conponent (a) of the catalyst includes in the concrete tetraalkyl-, aryl-
or al karyl ammoni um hydr oxi des such as tetramnethyl ammoni um hydr oxi de
(ME4ANOH), tetraethyl ammoni um hydroxige14ﬁg[err]NCH), t et rabut yl amoni um
hydroxi de (Bu[err] NOH) and trinmethyl benzyl ammoni um hydroxide [err];
tertiary am nes such as trinethylamne, triethylam ne, dinethylbenzylam ne
and triphenyl am ne; secondary am nes represented by Rlerr]NH (in the
formula, Ris alkyl such as nethyl or ethyl , or aryl such as phenyl or
toluyl); primary am nes represented by RNH2 (in the formula, Ris as
defined abqitg)l siclhafs Ppheéityl s &ndhn afs A PNbA, sjetranet hyl amoni um
borohydride (Me[err]NBH err]), tetrabutylammoni um

bor ohydri de(Bu[ er r |0dii¢metely, swih Sbodt i/ caeDai esteet aspiddubtrated
borate(Bu[err] NBPh[err]) and tetranmethyl anmoni umtetraphenyl borate

( Me[ er r | NBRHaste |includes trigiethpl fesratepnpoietibydsbexstpli tirdtudlydve,
particul arl referred are_ tetraal kyl anmmoni um hydr oxi des. Usef ul
al kal i met °’%}’rﬁmm%&"%n‘b‘bﬁ%¥ﬁ' (Bikeptyhecberasieystripbenyds in the

ncr ium hydr oxi
concrete S%dclrua e.ydtzg:f(tlgle?l borate and trinapthyl borate.

In the fourth process for preparing polycarbonates

of the present invention, the nitrogen containing baéic

compound (a) is used in an amount of 10 ° - 10~ ! mole,

preferably 10"° - 1072 mole based on 1 mole of the

aromatic dihydroxy compound, the alkali metal or

alkaline earth metal compound (b) is used in an

amount of 10 ° - 10”2 mole, preferably 10”7 - 10~ % mole,

7 5

and more preferably 10 ° - 10 ° mole based on

1 mole of the aromatic dihydroxy compound, and the boric

acid or boric acid ester (c) is used in an amount of
-8 -1 7 -2

10 © - 10 ° mole, preferably 10 ° - 10 “ mole,
and more preferably 108 - 1()-4 mole based on 1 mole of
~ the aromatic dihydroxy cohpound.

) The- use of the nitrogen containing basic‘compéund

{a) in an amount of 10~ ° - 1071

mole based on 1 mole of
the aromatic dihydroxy compoﬁﬂd'is'desirable, because the
rates of ester interchange and polymerization increase
and, the resulting polycarbonates are excellent in color

tone, heat resistance, and water resistance.

The use of the alkali metal or alkaline earth



- 14 - pot assi um hydr oxi de, |ithium hydroxide, sodium

hydr ogencar bonat e, potassi um hydrogencarbonate, |ithium hydrogencarbonate,
sodi um car bonat e, potassium carbonate, |ithium carbonate, sodium acetate,
potassi um acetate, [|ithium acetate, -sad #m stearate, potassium stearate,
|ithium stearate, sodium borohydride, |ithium borohydride and

sodi unbor ophenyl at e, sodi um benzoate, potassium benzoate, |ithium
benzoat e, di sodi um hydrogenphosphate, di potassi um hydrogenphosphat e,
dilithium hydrogenphosphate, disodiumsalt of BPA, dipotassiun1sa|t of
BPA dilithiumsalt of BPA, _sodjium phenyl ate, potaaslun1-phen ate, lithium
phenyl at e, metal °°mn%%émoié* %é"iﬂ“’%ﬂ ef i 1 eart hOnet a?‘xhﬁ Bﬁﬁe as

f d h id
bar | um hyd Bk iﬁa@fésﬁ i efmé‘qx%oaﬁxF%a“ﬁé%ﬁsx?aeﬁeaﬁ}eﬁﬂr ¢
hydrogencagg Ao Y IAYP 2%p39¥§$€n1car onatﬂ%gg EsEUE ¥dr oggacar bonat e,

stronti um rogencar bona arli um car bonate
magnesi um Ci%réaqrtatx@ PUTA BERLOED U Coxddl FhiN BRCEBL6r -tBARL UM acet ate,

magnesi um acetate, strontium acet at e,
water resistance and heat resistance.
Furthermore{ the use of boric acid or boric acid
ester (c) in an amount of 10_8 - 10_3 mole based on 1 mole
of the aromatic dihydroxy compound is desirable, because
the decrease of the molecular weight after heat aging was
restrained and,nthe resulting polycarbonates are excellent
in color tone, water resistance, and heat resistance.
The catalyst used in the third process according
to the invention comprising a combination of the
nitrogen containing basic compound (a), and alkil metal
compound (b), and the catalyst used in the fourth process
- according to the invention comprising a combination of the
nitrogen containing basic compound (a), alkil metal or
alkaline earth metal compound (b) and boric acid or its
ester (c), are found much higher in polymerization
activity than known catalysts for fhe same melt
polycondensation. They can form high molecular weight
polycarbonates which are excellent in heat resistance and
water resistance and improved in color tone and

transparency.

In the third and fourth processes for preparing



calcium stearate, barium stearate, nmagnesium stearate and strontium

st.ear at e. The nitrogen containing basic conpound (a) as

-6 -1 exenplified above is used in an anount of 10[err]-10[err] nole,
preferably 10 [err]-10[err] nol e, based on 1 nole of the

15 af orenenti oned aromatic dihyﬁr&?y’bonpound, and the alkali netal
or alkaline earth netal conpound (b) as exenplified above is used in an
anount of 10 [err] - 10[err] nole, preferably 10 [err] - 10 [err] nole,
particularly preferably 10 [errr] - 10 [err] nole, based on 1 nole of the
af orenenti oned aromati c di hydroxy conpound. ' The use of the

nitrogen oBRgkAkBGraANC SRATROUAY o kiie ATMNAGH, 10F ofé lprefdrisar]

nol e based nole of.-the aromatic roxy conpound is desirable,
because thgpatakfe @tartandsatonatiiy 1N BRIy ARlpoEid Zand osarbeasti ons

I ncreased and, the resulting polycarbonates are excellent. in color tone,

heat resi sddestenhavet eonbitidicontents of hydrolyzable chlorine,
sodium ion and iron respectively falling within the range
prescribed hereinabove, but such is not always necessary.

In the first and second processes for preparing
polycarbonatés according to the invention, the melt
polycondensation may.be carried out in the presence of any
suitable catalysts including not only those which have
heretofore been'used for the same reaction, those
described hereinbefore with respect to the third and
fourth processes according to the invention, but also
catalysts comprising a combination of the above-mentioned
nitrogen containing basic compound (é), and alkil metal or
alkaline earth metal compound {(b) or a combination of the
above-mentioned alkali metal or alkaline earth metal
compound (b} and boric acid its ester (c).

The polycondensation reaqtion of the arcnmatic
dihydroxy compound with carbonic diester in the processes
according to the invention may be carried out under the
same conditions conventionaiif known as those commonly
employed therefor. Concretely, a first stage reaction of
the aromatic dihydroxy'compound.with carbonic diester is

carried out under ordinary pressure at a temperature of 80—

250°C, preferable 100-230°C, and more preferably 120-



Furthernore, the use of the alkali netal or alkaline earth netal conpound
I n"an amount of 10[err]- 10[err] based on 1 nole of the aromatic di hydroxy
conpound is desirable, because the polynerization activity, particularly
the rate of polynerization markedly incpgases and, the resulting

pol ycarbonates are excellent in color tone, heat resistance and water

resi st ance. The catal yst which conprises such a conbi nati on of

the nitrogen containing basic conpound (a)and the alkali rmetal or alkaline
earth metal conpound (b) in the manner s illustrated above has a high

pol ynerizationjactivity and can form high nol ecul ar wei ght pol ycarbonat es,
when it 190 C, for 0-5 hours, preferably 064- hours., sanga@prien practicing
the nmelt polycondensati on of the aromatic di hydroxy conpound and carbonic
di ester, apreferaplyoO:R8-3rbeurs.f ofupseguentd Ypoltheast®esisf the
present | nvention. In_addition to that, the polycarhonate obtai ned
thereby is @%RerfERe ARdhthe reacstieRntempgyalirs ifglavated thg what is

more, it ' Scarry out the reaction of the aromatic dihydroxy compound

with carbonic diester, and finally the polycondensation
reaction of the aromatic dihydroxy compouﬁd with carbonic
diester is carried out under reduced pressure of less than
1 mmHg at a temperature of 240-320°C.

The reaction of the aromatic dihydroxy compounds
with carbonic diesters as illustrated above may be carried
out by either continuous or batchwise process.
Furthermore, reaction apparatuses in which the above-
mentioned reaction is carried out may be of a tank, tube

or column type.

EFFECT OF THE INVENTION

By the first process for preparing polycafbonates
according to the invention wherein an aromatic dihydroxy
compound and a carbonic acid diester used as starfing
monomers have a combined content of hydrolyzable chlorine
not more than a specific levéi.-or-havé. in addition to
such a combined level of hydrolyzable chlorine, a combined
content of sodium ion and a combined content of iron ion
respectively not more than specific levels, there can be

prepared polycarbonates which do not assume undesirable



I nproved in color tone and excellent in transparency. Furt her nore,
I the fourth process for preparing. polycarbonates of the present

i nvention, preparation of the polycarbonates by nelt pol ycondensation of
aromatic di hydroxy conpounds and carbojy c_diesters is carried out by

using a catalyst conprising (a) a nitrogen containing basic
conpound, (b) an alkali netal conpound or an al kaline earth
nmet al conpound, and (c) boric acid or boric acid ester.

Useful nitrogen containing basic conpound as conponent (a) of 'the catal yst
and -useful alkali metal or alkaline earth netal conmpound as conponent (b)
of the catcallgats anech s yeklaxemmd fwletchrexcelient winhcpdopeteneto t he
third process according to the invention. Useful boric acid or
boric aci d hestterressi stanrmematex ) registpneeangsboi Adnpgdwatesric acid and
boric acid esters represented by the general fornmula B(OR)[err]
(OH)[err]-Fesistang®fornula, Ris alkyl such as methyl and ethyl, or
- i The third and fourth processes according to the
invention wherein an aromatic dihydroxy compound is melt
polycondensed with a carbonic acid diester in the presence
of specific catalysts, are productive of polycarbonates
which have high molecular weight, excellent Eeat
resistance and water resistance and, moreo@er which are
improved in color tone. ‘
The present invention illustrated below with
reference to examples, but it should be constructed that
the invention is in no way limited to those examples.
{Testing method)
Methods of measurement of physical properties
employed are shown below.
Intrinsic viscosity (IV): The test specimen was
measured for intrinsic
viscosity at 20°C in
ggthylene chloride using a
Ubbeloﬁde's viscometer.
Hue (b value): The test specimen of a press sheet of a
2mm thickness was measured for Lab values

by the transmission method using Color and

Color Difference Meter ND-1001 Dp



aryl such as phenyl, and nis 1,2 or 3). Concretely, such boric

acid ester as illustrated above includes trinmethyl borate, triethyl
borate, tributyl borate, trihexyl borate, triheptyl borate, triphenyl
borate, tritolyl borate and trinapthyl borate. In the fourth

process for preparing polycarbonates -ofygthe present invention, the
nitrogen containing basic conmpound (a) is used in an amount of 10 [err]-
10[err] nole, preferably 10[err] - 10[err] nole based on 1 nole of the
aromati ¢ di hydroxy conpound, the alkali metal or alkaline earth netal
conpound (b) is used in an amount of 10[err] - 10 [err] nole, preferably
10[err] - 10 [err] nole, and nore preferably 10 - 10 nol e based on 1
nol e of the aronmmatic di hydr apudactoured amdd sdial ey | Nippen dDenshokuc acid
ester (c) is used in an anount of 10[err].- 10[err] nole, preferably 10
[err]- 10[err] mole, and n¥ogye &.&-ablandidjhe measyred dpryalue wasg| e
based on 1 nole of the aromatic di hydroxy conpound. Theuse of the
nitrogen containi ng basi c cHAKSP@S @R index, e iMlowReaBierr] - 10[err]

because ¢ heXepk BO13° dertr | ML GE TP RASHARSSIFEn MREF cBedodand,

t he resqlting pol ycar bonat es %¥3f?8ugléﬂ1e£'k6%§£ﬁg for 12 hours, and
4.5 g of the peliets-thus dried was kept
for 16 hours at 250°C in a gear oven
{GHPS-212 manufactured and scld by Tabai
Seisakusho K.K., air replacement ratio
71.6 times/hr.), and then coocled to
room temperature. The test specimen
thus treated was formed into a press
sheet of 2mm thick, and measured for
hue(b value) and IV,

Boiling water test: A dumbbell of 5 mm width x 5 cm
length was punched out from a press
sheet ofvo.smm thickness, immersed
in boiling water, and withdrawn

.therefrom after the lapse of 1 day,
'3 days'and 7 days, respectively.
Within 1 hour after the removal,
the dumbbell thus treated was
subjected to tensile test with
Instron 1132 under the conditions a

distance of 30mm between zippers, a



tone, heat resistance, and water resistance. The use of the alkal
netal or alkaline earth nmetal conpound (b) in an anmount of

10{ err] - 10 [err] nol e based on 1 nole of the aromatic di hydroxy
conpound is desirable, because the rate of polynerization increases and,
the resulting polycarbonates are excellent in color tone, water

resi stance and heat resistance.: — 23 Furthernore, the use of boric acid
or boric acid ester (c) in an anount of 10[err] - 10 [err] npDle based on 1
nole of the aromatic di hydroxy conpound is desirable, because the
decrease of the nolecul ar weight after heat aging was restrained and, the
resul ting pol ycarbonates are excellent in color tone, water resistance,
and heat resistance. The catajéét used in_the third process

according to the invention conpri&tifPh Rbhbing: PEn3ERn/RAD. nAPABen

cont ai ni ng basic conpound (a), and alkil_nmetal _co un ) ...and the
catal yst used in the fourth procé%%ng?ugfnfﬁﬂﬁufsmgﬁg ngéﬁtFSn conpri si ng

a conbination of the nitrogen CO@ﬁéﬂéB§Whé§§ﬁfiﬁa”HOUQQuéabf al kil netal

or
elongation (%).

Conditions of preparation
of press sheet: Pellets of the test specimen
were dried for 12 hours at
120°C under 400mmHg,
maintained for 10 minutes
under nitrogen atmosphere.
Thereafter, the pellets were
pressed for 5§ minutes at 280°¢
and 100kg/cm2. and then
pressed for 5 minutes at roon
temperature for cooling.
Hydrolyzable chlorine content:Five g of a material was
dissolved in 10 ml of
toluene. After addition of
10 ml of an eluent (2.8 mM
‘of Nanéos 2.25mM of Na,CO,),
the solution was extracted
with water. The chlorine
content of the extract was
determined by ion

chromatography{using Ion



al kaline earth metal conpound (b) and boric acid or its ester (c), are
found nmuch higher in polynerization activity than known catal ysts for the
same nelt polycondensation. They can form hi gh nol ecul ar wei ght

polfycar bonates which are excellent in heat resistance and water resistance
and inproved in color tone and transparency. In the third and
fourth processes for preparing 24 - 19 -

pol ycar bonat es according to the i nvention, it is preferred that the
starting aromatic di hydroxy conpound and carbonic di ester have conbi ned
contents of hydrol yzable chlorine, sodiumion and iron respectively
falling within the range prescribed hereinabove, but such is not always
necessary. In the first and second processes for preparing

pol ycarbonates accordi.ng to the invention,chsspli@tdgraphyzoodgnsati on nay

be carried out in the presence of any suitable catalysts including not

only those which have heretofore been usesuppliédcbgaDEONBXCKLEKNR) .t hose

Sodiun ion content: Sodiunm conteht_ot a material was

determined on 20 g of the materiai by
atomic—-absorption spectroscopy (using
HITACHI 180-80).

Ion content:Iron content of a material was determined on
20 g of the material by induced coupling
plasma emission spectroscopy (using NJA ICPA
575 éupplied by Nippon Jarrelasch K.K.). |

Exanmple 1

Diphenyl carbonate supplied by BAYER A.G. having

a hydrolyzable chlorine content of 5.9 ppm was washed with

hot water at a temperature of 80 °c and a pH of 7.0, and

distilled under reduced pressure at a yield of.QO % to
provide diphenyl carbonafe having a hydrdlyzable chlorine
content of 0.3 ppm.

In a glass reactor 51.36 g(0.24 mole) of the so
treated diphenyl carbonate, 45.6 g (0.2 mole) of stphenol'

A having a hydrolyzable chlorJne content of 0.2 ppm

4 pole/mole

supplied by GE corporation and 3.1 mg(2.5 X 10
of ﬁAP) of boric acid 83803 {guaranteed reagent supplied
by WAKO K.K.) was stirred using a stirrer made of Ni,
under a nitrogen atmosphere at a temperature of 180 °¢ and

under a pressure of 760 mmHg for a period of 30 minutes.



descri bed hereinbefore with respect to the third and fourth processes
according to the invention, but also catalysts conprising a conbination of
t he above-nentioned nitrogen containing basic conmpound (a), and al ki

nmetal or alkaline earth nmetal conpound (b) or a conbination of the
above-nentioned al kali nmetal or al kal +ngesearth netal conpound (b) and
beric acid its ester (c). The pol ycondensati on reaction of the -
aromatic di hydroxy conpound with carbonic diester in the processes
according to the invention nmay be carried out under the sane conditions
conventionally known as those comonly enployed therefor. Concretely, a
first stage reaction_of the aromatic_ di hydroxy conpound with carbonic

di ester is Atathecendupfukher PeFdPAateprcysree added tadieymgastsar go-
220 - Sch g, o CI8KoFebamAs v anpeBi b BUARE A o Uhd mor e
Pt an!Y fpgease e PSRBT vy 60D BB R VY A e
mole of Me,NOH/mole of BPA) and 0.42 mg (0.25 X 1074
mole/mole of BAP) of sodium hydrogencarbonate NaHCO3
guaranteed reagent supplied by WAKO K.K., and the mixture
was stirred for further 30 minutes at a temperature of 180
°C under nitrogen atmosphere to effect.the ester
interchange reaction.

The reaction mixture was then heated to a
temperature of 210 °c and the pressure was sloﬁly reduced
to 200 mmHg. The mixture was maintained under these
conditions for 1 hour, and further maintain;d for 20
minutes at 240 °C and 200 mmHg. The pressure was then
slowly reduced to 150 mmHg, and the mixture was maintained
at 240°C for 20 minutes under this pressure and for
. . further 20 minutes under 100 mmHg, fgr 0.5 hour under

i5mmHg. Finally, the temperature was then raised to 270
°c and the pressure was reduced to 0.5 mmHg, and the
reaction was continued under these conditions for 2.5
hours. Polycarbonate having an intrinsic viscosity of

0.55 was obtained. The b value of the product was 1.3.

The results ére shown in Table i.

Examples 2 and 3

Diphenyl carbonates (DPC) having hydrolyzable



carry out the reaction of the aromatic di hydroxy conmpound wth carbonic
diester, and finally the polycondensation reaction of the aromatic
di-hydroxy conpound with carbonic diester is carried out under reduced
pressure of less than 1 mHg at a tenperature of 240-320[err]C.

The reaction of the aromatic di hydroxy,conpounds w th carbonic diesters as
illustrated above may. be carried - out 3& ei t her conti nuous or batchw se
process. Furthernore, reaction apparatuses in which the above nentioned
reaction is carried out may be of a tank, tube or columm type.

EFFECT OF THE | NVENTI ON By the first process for preparing

pol ycarbonates according to the invention wherein an aromatic di hydroxy

conpound agg)ér £46008bA1AA! dofll AHEH reHCd ohS cUrtidrity) 1nP{iEEs frve a
combi ned content of hydrol yzabl e chlorine not nore than a specific |evel,

or have, i|ivablldi 1i wareoprepaired darhihecdamey alamie s oly ZBbdspral prine, a
conbi ned content of sodiumion and a conbi ned content of iron ion

respecti veeycept tbat thenregevefriyc Viedd of IR atttheestagepaf ed

polycarbonates whi ch do not assune undesirable :
distillation under reduced pressure was varied. Using the

so prepared DPC polycarbonates were prepared following the
proceduies of Example 1.

The results are shown in Table 1.
Example 4

Example 1 was repeated except that the purified
BAYER DPC was replaced with DPC obtained by distillation
of DPC supplied Eni'company which had been prepared from

. dimethyl carbonate.
The results are shown in Table 1.

Comparative Example 1

Example 1 was repeated except that the
unpurified DPC as such was used in the melt
polycqndensation.

The results are shown in Table 1.

Comparative Example 2

Example 1 was repeated except that instead of
the purified BAYER DPC undistilled by DPC supplied Eni
company was used in the melt polycondensation.

The results are shown in Table 1.



- 21 - colors such as yellow, and which excel lent in color tone,

resi st.ance, water resistance and boiling water
third and fourth processes according to the

di hydroxy conpound is nmelt polycondersed with a carbonic acid diester

the presence of s

heat

resi st ance. The*

i nventi on wherein an aronatic

in

pL-oduct-i-ve—af—rpeicar bonat es
whi ch have hi gh nollecul ar ®eiPhg, ==.excellent heat ¥ r@si 4t ancp and water
resi stance and, norjeover W@ ch @r'g inproyed in qplﬁr tjone. The
present invention ijlustrated b®l gw with jrefererftedto |exanpl es, but it
shoul d be constructld that’*themlﬁyentlon isinmyllimjed to those
exanpl es. (Testing Met-hpds—of measurdrent{ of physi cal
properties enployed are shoWh belo@ Injrinsi% viscedity {1V): The test
speci men was _ § ?,:’gmaasugedfoﬁintr nsic _
viscosity at 20 Cih e - 2 methyl ene|chl oride using
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Ubbel ohde' s visconeter. Hue (b value): The test specinen of a press sheet

of a ., 2mm t hi ckness was neasured for Lab val ues

by the transm ssion nethod using Col or and Col or
Difference Meter ND-1001 Dp - 22 -
manuf act ured and sol d by N ppon Denshoku Kogyo K. K., and
the nmeasured b val ue was taken as an index of yel owness.
Heat aging test: Pellets of the test sp&&imen were dried

at 120[err] C under 400mtHg for 12 hours, and 4.5 g of
the pellets thus dried was kept for 16 hours at 250[err]
Cin a gear oven (GHPS- 212 manuf actured and sol d by
Tabai Sei sakusho K. K., air replacenent ratio .

71.6 times/hr.), and then cooled to roomtenperature.
The test s 5 thus treated was forned into a press

sheet of 2mmt hi ck, aﬂ‘ckorreaas%@dmi Oflass reactor was charged a

nixture comprising 47.9 g (0.22 mole) of diphenyl
carbonate used in Example 12,'45.6 g (0.26 mole) of.
Bisphenol A used in Example 12 and 3.7 mg (3 x 1074
mole/BPA 1 mole) of boric acid H3BO3 (guaranteed reagent,
a product of Wako Shiyaku). The mixture was then heated
in N2 atomospheré at 180°C, followed by stirring with a
nickel stirring rod for 30 minutes. Thereafter, the
reactor was charged with a mixture comprising 36.5 mg

4

(Me,NOH 3 x 10~% mole/BPA 1 mole) of a 15% aqueous

solution of tetramethylammonium hydroxide Me4N0H {a

4 nole/BPA 1

product of Toyo Gosei) and 0.50 mg (0.3 x 10
mole) of sodium hydrogencarbonate NaHCO3 (gugranteed
reagent, a product of Wako Shinyaku), and the contents of
the reactor was stirred in Nzlatomosphere at 180°C for 30
minuteé to effect ester interchange reaction.
Subsequently, the reaction was continued
continuously for 1 hour at 210°C and a pressure gradually
reduced to 200 mmHg, for 20 minutes at a temperature
raised up to 240°C, for 20 minutes at a pressure gradually
reduced to 150 mmHg, for 20 minutes at a pressure reduced
to 100 mmHg, and for 0.5 hours at a pressure reduced to 15

mmHg. The reaction was finally carried out for 2.5 hours

at a temperature raised to 270°C and a pressure redued to



hue(b value) and IV. Boiling water test: A dunbbell of 5 mMmmw dth x 5 cm

| engt r was punched out from a press sheet of 0.5mm
t hi ckness, inmersed in boiling water, and w t hdrawn
théerefromafter the | apse of 1 day, 3 days and 7
days, respectively. Wthin 1 hour after the renoval,
t he dunbbell thus treated was - - 29 - subjected to tensile
test with Instron 1132 under the conditions a

di stance of 30nm between’ zi ppers, a -
23 - rate of pulling of 50mimn, and a

range of neasurenent of 50 kg, t hereby neasuring a
val ue of el ongation ([err]}. Conditions of

preparatio®.5 mm Hg, whereby a polycarbonate having IV of 0.58 was

obtained.
The results obtained are shown in Table 2.

Examples 6-11 and Comparative Examples 3-7

The same procedure as described in Exaﬁple 5 was
repeated except that in palce of the sédiun
hydrogencarbonate, tetramethylammonium hydroxide and boric
acid used in Example 5 in amounts as shown in Table 2,
there were used nitrogen containing basic compounds,
alkali metal compounds(alkaline earth metal compounds) and
boric acid or boric acid esters in amounts as shown in

~, Tables 2 and é, réspectiyely.
The results obtained are shown in Tables 2 and

3, respectively.



Pellets of the test specinen

of press sheet:
were dried for

400mTHg,

120[ err] C under

10 m nut es

12 hours at

mai nt ai ned for
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] pmmn : W m S EX.S EX.6 Ex.7 Ex.8 Ex.9 2x.10 Ex.11
- v
2 > Me  NOH Me , NOE Me ,NOH Me NOH Bu, NOH Bu, NBph, (o)cH, (c,) jN0B
IS S . 8 2 1
o = 3 3 3 3
mW@@ooator. © HaHCO - C,yHgzCOOLL .G, H, COONa NaOH NaHCO, NaHCO, NaHCO
S = N 0. 0.2 0.2
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Prysical propertiespfOthe product EX.5 EX.6 Bx.7 EX.8 £X.9 EX 1
RS 0.58 - 0.56 0.57 0.57 0.53 0.50 .
E = . 1.2 1.0 1.1 1.0
Bufis vajue) < 1.0 1.1 1.0 . .
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m<mw~\ ¥ o 0,50 0.49 0.48 0.48 0.48 0.40 .
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- 24- chr ophat ogr aph 2000i -
supplied by DIONEX K K. ). Sodiumion content: Sodiumcontent of a nateri al

was determ ned on 20 g of the material by
at om c- absor pti on spectroscopy (using3 H TACHI 180-80).
lon ccontent:lron content of a material®was determined on 20 ¢
of the material bytmdoced—coupttn Prasie enl Sar
spectroscopy (usifg NJA ICPAg & S 5 2 B Z&@syppl i &4 bﬁNl% Jprrel asch
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of BAP) of boric acid Herr]BJerr] (guaranteed reagent supplied by WAKO

K. K. ) .was stirred using a stirrer made of Ni, under a nitrogen atnosphere
at a tenperature of 180 [err]C and under a pressure of 760 nmHg for a
peri od of 30 m nutes. - 25 - At the

end of the period there were added to the “reactor 30.4 ng of 15%

t et ranet hyl ammoni um hydr oxi de Me[ err] NOH aqueous sol uti on supplied by TOYO
GOSEl K. K. - (2.5 X 10[err] nole of Me[err] NOH nol e of BPA) and 0.42 ng
(0.25 X 10 [err] nole/nole of BAP) of sodi um hydrogencarbonate NaHCJ err ]
guar ant eed reagent supplied by WAKO K. K., and the m xture was stirred for
further 30gxamplesiat a tenperature of 180 [err]C under nitrogen
atnosphere 10 effect the ester interchange reaction.

reaction mxture masDﬁbbnnNdapeahnnaxeIaummiiﬂdnhycﬁﬁiﬂ®A%e$r]kﬂﬁﬁ§9the

pressure was slowy reduced_ to mMHg. The m xture was nalﬁ?alned under
t hese conéth§H§1YGFbieh&M'°%%ﬂ?1Qﬂﬂﬂﬁ§'rﬁﬁrﬁ%ﬂrﬁﬁPf%ﬁsiﬁas utes at 240
[err] C and 2Q0 . The pressure was the

twice with hot water at temperature of 80 °c and a pH of
7.0, and distilled under reduced pressure at a yield of 90
% to provide diphenyl carbonate having a hydrolyzable
chlorine content of less than 0.1 ppn.

In a 500 ml glass reactor 143.8 g(0.672 mole) of
the so treated diphenyl carbonate, 136.8 g (0.600 mole) of
Bisphenol A supplied by GE plastics Japan Ltd. ﬁaving a
hydrolyzable chlorine'content of less than 0.1 ppm and 3.0
mg(H,BO, 0.025 X 10 * mole/mole of BPA) of 3% boric acid

™ HsBO3 aqueous solution stirred using a stirrer made of Ni
was heated to a temperature of 180 ¢ under a nitrogen
atmosphere, followed by stirring for 30 minutes. At the
end of the period there were added to the reactor 91.2 mg
of 15% tetramethylammonium hydroxide Me4NOH agueous
solution (2.5 X 10~* mole of Me,NOH/mole of BPA) and 24.0
ng (NaOH 0.010 X 10~ ¥ mole/mole of BPA) of 0.1 % sodium
hydroxide NaOH aqueous solution,'and.the mixture was
stirred for further 30 minutes at a temperature of 180 °c
under nitrogen atmosphere to effeet the ester interchange
reaction.

The reaetion mixture was then heated to a

temperature of 210 ¢ and the pressure was slowly reduced



slowy reduced to 150 mmHg, and the m xture was nmaintained at 240[err]C
for 20 m nutes under this pressure and for further 20 m nutes under 100
nmHg, for 0.5 hour under |5mHg. Finally, the tenperature was then raised
to*270 [err]C and the pressure was reduced to 0.5 mmHg, and the reaction
was continued under these conditions—fgs 2.5 hours. Polycarbonate having
an intrinsic viscosity of 0.55 was obtained. The b val ue of the product

was 1. 3. The results are shown in Table 1. Exanples 2 and 3
Di phenyl carbonates (DPC) having hydrol yzabl e
- 26 - chlorine, sodiumion and iron ion contents indicated-in Table

1 were prepared in the sanme manner as in Exanple 1 except that the
recovery WeelabofmilRE. at Théemixtyeeowasdpalinthinednundesr thefced pressure
was vari ed Using the so prepared DPC pol ycarbonates were prepared
fol | owi ng Qmiﬁmdtméslogoﬂanﬁp further maintafmned O t30 are shown in

Table 1. minutes at 240 °C and 200 mmHg. The pressure was then
slowly reduced to 150 mmHg, and then the mixture was
maintained at 240°C for 20 minutes under this pressure and
for 0.5 hour under 15mmHg. Finally, the temperature was
then raised to 270 °C and the pressure was reduced to 0.5
mmHg, and the feaction was continued under these
conditions for 2.5 hours. Polycarbonate having an
intrinsic viscosity of 0.55 (dl/g) was obtained
substantially quantitatively. The b value of the product

~ was 0.7.
The results are shown in Table 4 and Table 6.

Examples 13 and 14

Diphenyl carbonates (DPC) having hydrolyzable
chlorine, sodiun ion.and iron ion contents indicated in
Table 4 were prepared in the same manner as in Example 12
except that the recovery yield of DPC at the.stage of
‘distillation under reduced pressure was varied. Using the
s0 prepared DPC polycarbonatgs_were.prepared following the
procedures of Example 12. |

The results are showﬁ in Table 4.

Example 15

Example 12 was repeated except that the purified

DPC was replaced with DPC obtained by distillation of DPC



Exanpl e 4 Exanple 1 was repeated except that the purified BAYER
DPC was replaced with DPC obtained by distillation of DPC supplied Eni

company whi ch had been prepared from dinethyl carbonate. The
results are shown in Table 1. Conparative Exanple 1 Example 1
was repeated except that the wunpurified DPC as such was used in the nelt
pol ycondensat i on. The resul t3# ate shown in Table 1. Conparative
Exanpl e 2 Exanple 1 was repeated except that instead of the
purified BAYER DPC undistilled by DPC supplied Eni conpany was used in the
mel t pol ycondensati on. The results are shown in Table 1

[err] - 28 -

supplied Eni company which had been prepared from dimethyl
carbonate.
The results are shown in Table 4.

Example 16

Example 12 was repeated except that the 0.1 %
sodium hydroxide NaOH aqueous solution was replaced with

50.4 mg (NaOH 0.02 X 10™ %

mole/BPA'l mole) of 0.2 % sodiunm
hydrogencarbonate NaHCO3 aqueous solution.
The results are shown in Table 4.

Example 17

Example 12 was repeated-except that the 0.1 %

N sodium hydroxide NaOH aqueous solution was replaced with

4

'34.8 mg (NaOH 0,02 X 10 * mole/BPA 1 mole) of 1 % Lithium

Stearate °17H35°°°Li agueous solution.

The results are shown in Table 4.

Examg}e 18

Example 12 was repeated except that the 0.1
%sodium hydroxide NaOH aqueous solution was replaced with
43.2 mg (@—CObNa 0.01 X 10”% mole/BPA 1 mole) of 0.2 %
sodiun benzoafe agqueous solution.

The results are shown in Table 5.

Examgle 19

Example 12 was repeated except that the 0.1

%sodium hydroxide NaOH aqueocus solution was replaced with-

42.6 ng (NaZHP04 0.005 X 10-4 nole/BPA 1 mole) of 0.1 %



Exanpl e 5 Into a 100 mM gl ass reactor was charged a m xture
conpri.sing 47.9 g (0.22 nole) of diphenyl carbonate used in Exanple 12,
45.6 g (0.20 nole) of Bisphenol A used in Example 12 and 3.7 ng (3 x 10
note/ BPA 1 nole) of boric acid Herr]BO[err] (guaranteed reagent, a
product of Wako Shiyaku). The m xture @&s-then heated in Nerr]

at onosphere at 180[err] C, followed by stirring with a. nickel stirring rod
for 30 m nutes. Thereafter, the reactor was charged with a m xture
conprising 36.5 ng (Me[err]NOH 3 x 10[err] nol e/ BPA 1 nole) of a 15%
aqueous sol ution of tetranethylannnniun1hydroxide Nb[err]NCH (a product
of Toyo Gosei) and 0.50 ng (0.3 x 10[err] %ﬁ@ nol e) of sodi um
hydrogenca¢b§ﬂﬁiﬁmNBYEEPEFPPhegﬁgPéﬁt@8&9°P€b Y oduct of Wako

Shi nyaku), and the coptents t he reactor re¢ed in Nerr]

at omosphere at 180 [EBF]EeP tharﬁ %P t%ﬁ%i%éié %ster i nt er change
reaction 1e. 2 Subsequently, the reaction was conti nued
continuousE¥—£8+—&—gdur at 210[err]C and a pressure gradually reduced to

200 mmHg, for 20 m ngianplle 32l WEEIRpEaRed dcBbtIPthat 2¢Re M. 10or 20
m nutes at a pressure gradually reduced to 150 mmHg, for 20 mnutes at a

pressure rgduagdm hYakdKkidesac dqudous BdMik Fomtwas preplacedrwitbed to
w 39.9 mg (NaOONa 0.005 X 10~ %Y mole/BPA 1 mole) of
0.2 ¥ disodium salt of BPA in tetrahydrbfuran solution.
The results are shown in Table 5.

. Comparative Example 8

Example 12 was repeated except that the
unpurified DPC as such was used in the melt
polycondensation.

The results are shown in Table 5.

Comparative Exanmple 9

Example 12 was repeated except that instead of
the purified DPC undistilled by DPC supplied Eni company
was used in the melt polycondensation.

The results are shown in Table 5.



at a tenperature

wher eby a pol ycarbonate having IV of 0.58 was

0.5 nm Hg,

mrHg. The reaction was finally carried out for 2.5 hours
raisec to 270[err]C and a pressure redued to

6- 11 and Conparative Expnpl es
described in Exanple 5 pas
cont ai ni ng basi ¢ conpoupds,

- 29_
obt ai ned.

C
% c -
— & m
m. .md t.m o Table 4
s So £-2 a2es
Evm o wnw C m (7]
n n > o0Cc
O |[O O
co o gt . | Ex.17
[\ me.m.u o|” ‘Starting material Ex.12 Ex.13 Ex.14 Ex.15 BEx.16 .
-~ [T AW ant
i - Q|® gPC Hydrolizable Cl (ppn) <0.10 0.13 . 0.25 <0.10 <0.10 <0.10
m StaRtBg|® Na ion (ppm) <0.05 = <0.05 <0.05 <0.08 <0.05  <0.05
FlagaiL|Ss Fe ion (ppm) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
c © O —_ (@]
—|ge 0o mymvwquH A Hydrolizable Cl (ppm) <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
o ; <0.05 <0.05
S =] P Na iop (ppm) | <0.05 <0.05 <0.05 <0.05 . .
m Ve OO .ml. - w Fe ion (ppm) <0.05 <0.05 0,05 <0.05 <0.05 <0.05
s_n.mwm o m.m mw<amp\nv . 0.55 0.54 0.54 0.55 0.56 0.56
(D) — X C [¢D)
= O+ 9k % value 0.7 0.8 0.9 0.7 0.8 0.7
5] 52 ._|%5at resistance 250°cxXi6hr IV(di/g) 0.51 0.49 0.50 .0.50 0.52 0.52
Anm mcmum/_mm.m color tone b value | 17.8 19.2 20.3 7.5 18.3 18.2
o] PRYERE (G
mg.@mm.m_ma Boiling water resistance
w om_u m.aH longation (%) after in boiling water .
cvuwmw xS for 0 day | 99.3 98.2 105.2 102.1 103.0 107.3
0TS . 1 day | 95.2 90.3 83.4 96.3 90.4 93.5
> — > . >N
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S oo ®
223 5
_S¢< Conp. Conmp.
M.md =zl Starting material Ex.18 Ex.19 Ex.20 Ex.8 Ex.9
Lo DPC Hydrolizable Cl (ppm) <0.10 <0.10 <0.10 5.90 .12
M.m = | Starting Na ion (ppn) <0.05 <0.06 <0,05 0.10 0.92
Btmm material Fe ion (ppm) <0.05 <0,05 <0.05 0.40 1.05
m,wd clE Bisphenol A Hydrolizable Cl (ppn) <0.10 <0,10 <0,10 <0.10 <0,10
C ol :
So@ o Na ion (ppm) | <0.05 <0.08 <0.05 <0.05 <0.,08
Wmo,nnw“ Fe ion (ppm) | <0.05 <0.05 <0.05 <0.05 <0.05
wmznwm Iv(dl/g) 0.54 0.53 0.55 0.56 0.56
em._m..mn b value 0.7 0.6 0.7 1.5 1.6
- X
T o o ‘Heat resistance 250°CX16hr IV(dl/g) 0.51 0.51 0.51 0.46 0.47
c o._ ' .
g% 3 mmgﬁuomw color tone b value | 17.0 16.9 17.4 30.5 31.2
5 5 5 properties Boiling water resistance .
Oy C
__r° © ° of the. Elongation (%) after in boiling water . |
mme% product - for 0 day [102.4 99.5 103.2 93,2 95.4
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2® o 7 day | 76.4 72.4 74.5 13.4 14,7
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In a 500 mM gl ass reactor 143.8 g(0.672 nole) of the so treated di phenyl
carbonrate, 136.8 g (0.600 nole) of Bisphenol A supplied by CGE plastics
Japan Ltd. having a hydrolyzable chlorine content of |less than 0.1 ppm and
3.0 ng(H3BAB 0.025 X 10[err] nol e/ ol e of BPA) of 3% boric acid

H err]BO[err] aqueous solution stirred_using a stirrer nmade of NI was
heated to a tenperature of 180 [err]t:ﬁﬁdér a nitrogen atnosphere,
followed by stirring for 30 mnutes. At the end of the period there were
added to the reactor 91.2 ng of 15[err] tetranethyl ammoni um hydroxi de

Me[ err] NOH aqueous solution (2.5 X 10 [err] nole of Me[err] NOH nol e of
BPA) and 24.0 ng (NaOH 0.010 X 10 [err] nole/nole of BPA) of 0.1 % sodi um

hydr oxi de sl FEBICPLS3 6 Chnd | @OmpaPat iV€ Bkhpigs"d9-13i rred for further
30 ninute§'5T‘5'TEﬁﬁETaTUtE‘UT‘T%ﬂ—fETTT—fr—un%er—nfrrugen at nosphere to
effect the ester intTHe sdige preés6duPe. as described TRE Exddpleon 21 xiure
was then heated to a tenperature of 210 [err]C and the pressure was

slow y redaedepeated except that in palce of the- sddium hydroxide,
tetramethylammonium hydroxide and boric acid used in
Example 12 in amounts as shown in Table 4, there were used
nitrogen containing basic compounds, alkali metal
compounds(alkaline earth metal compounds) and boric acid
or boric acid esters in amounts as shown in Tables 6-9 and
10, respectively.

Ths results obtained are shown in Tables 6-9 and

10, respectively.



to 200 nmmHg. The m xture was mai ntai ned under these conditions for 1 hour,
and further maintained for 20 mnutes at 240 [err]C and 200 nmHg. The
pressure was then slowy reduced to 150 mrHg, and then the m xture was

mat ntai ned at 240 C for 2Q minutes uRdé? This pressure and for hour
under 15mHg. Finally, the terrperatt;,lmatﬂwgs< ghgnﬂ sed% o 270 gker]1C and
t he pressure was. reduced tjo 0 5’_ Yafdat e.;rg |cﬂ1"k/\/¢§sgcbpi’ :.':ued under
these conditions for 2.5 }hqufsy %‘Cyﬁ:@qoﬁagecf@vg‘ £i !ilﬁ:
viscosity of 0.55 (dl/g) a& &b¥ rrecf. ,Slgbstanx.l‘a quants gamy, y. The b
val ue of the product was 0.7, & g & g & § Th8 §es|R}s frme SRo¥na|n| Tabl e 4
and Table 6. Exanples 13 |amd21gd ¢ 8 Q" Ex phef®| ga&rbgnatgs {DPO)
havi ng hydrol yzabl e chl or|i ef §oﬂi.ur§i§on and iropd ong.co@t eng.s nili cat ed
in Table 4 were prepared{in the sdie anner ¥as i (@ Exgapl ¢ 125 ekcppt that
the recovery yield of DPClat the st@ge f destil|gfi g ur@er greguged
pressure was varied. Using the so ff)r;é[i’ared C ppllcar bonat eS wer g
prepared followi ng the prjocedures of;:lfxanpl e 12. g Thelrgsults
are shown in Table 4. - Exalrrple 15 a g Exafpl e 12 was repg¢aled d
except that the purified g 9
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DPC was replaced with DPC obtained by distillation of DPC

- 34 -, supplied Eni conpany which had been prepared from di net hyl
car bonat e. The results are shown in Table 4. Exanple 16
Exanpl e 12 was repeated except that thé@.-1 [err] sodium hydroxi de NaCH

aqueous sol ution y . ol e/ BPA
1 nole) of 0.2 [efr] sodium @%r?%ﬁaaﬁb@g HCGB Saquédus 5P ut ) on.
The results are shown in Tablae # 0 @(W@lZ was
repeat ed except tHat « ke +0.d oi. Sodeuh yﬁr Na©HEa @Lgsascﬁ- on was
replaced with 348 pgyd NaGHD. m%&m[%relunﬂle BPE B i) @A [prr]
Lithium Stearate C[%ri&[{brq]qugva&@mw‘sol utifo® & B & Bl* Irhe
results are shownl}in lmem4'§ gxgmgleg@g 'g 5 g = ggg
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sodi um
o%sodi um

nol e/ BPA 1 nole) of 0.1 %

of 0.2 [err]
The results are shown in Table 5.

%sodi um hydr oxi de NaOH aqueous
Exanpl e 12 was repeated except that.the 0.1

0 .005 X 10[err]

hydr oxi de NaCOH aqueous sol ution was replaced with

sol uti-on was replaced with 43.2 ng [err]
-4 42.6 ny (Na[err]HPCIerr]

benzoat e aqueous sol ution.

Exanpl e 19

Exanpl e 12 was repeated except that the 0.1

(73]
() m Table 8
e [
= " (@] - Ke}
nwmm.Hﬁmﬁ Ex.27 Ex.28 Ex.29
() Gop®nent | Bu,Nox Bu,NBPh, {0)~CH,, (CH,) 4NOH
© amount (10~ ~4n0le/BPA) 2.5 2.5 E
:@@m onent LiOH NaOH NaOH
S a @,assipo ~4pole/BPA) 0.010 0.010 0.010
.Lmnvmommmsmﬁ .. H,BO, — H,BO,
0.025 — 0.025
lw Wn.m&m—ﬁ:o Bon\mmE .
) ) S (7] .
FPhysleal properties of the product | Ex.27 Ex.28 Ex.29
S 1viar/é) 0.56 0.57 0.55
T sug(8 yalue) 0.7 . .8 .
? fegtufesistance (250°C, 16hr.after) S
P > .
+ m&wﬁm\uv 0.51 0.52 . 0.51
W&.@F value) _ 17.2 17.7 17.4
mm.mo;ubn water resistance
mw%emm_mw.._.m elongation (%) after
.Ww Mvwﬁwumpu water immersion |
FEZ Wbmé after 103.4 99.5 101.5
w.mm&umﬁ after 94.17 95.3 93.3
K] mm%éwwm after 84.9 83.3 84.1
125 13ays after 74.6 76.17 72.6
© (@] >
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The

Exanpl e

pol ycondensat i on.

Conpar ati ve Exanple 9

Exanpl e 12 was repeated except that the
i nstead ot 4bhe purified DPC undistilled by DPC

in Tabl e 5.
conpany was used in the nelt pol ycondensati on.

LY

Conpar ati ve Exanple 8

unpuri fd ed DPC as such was used in the nelt

The results are shown
12 was repeated except that

suppl i ed Eni
results are .shown

= Table 9
)

1} Catalyst Ex.30 Ex.31 Ex.32 BEx.33 Ex.34
mm“wvnosvoamad Me ,NOH Me NOH Me , NOH Me , NOH Me  NOH
1 amount(10 *mole/BPa) 2,5 2.5 2.5 2.5 2.8

(b)Conponent zmmooo NaOH NaOH KOH LiOH
amount (10 *mole/BPA) 0.250 0.250 0.010 0.010 0.010
(c)Component mumo 3 uumow —eee S ———
amount (10 *nole/BPA) 1,000 1.000 —_—
_{ Physical properties of the product Ex.30 Ex.31 BEx.32 EX.33 Ex.34
) IV({dl/g) ' 0.61 0.63 0.55 0.56 0.55
M Hue(b wvalue) . 1.1 1.1 0.7 0.8 0.2
| Heat resistance Cmoon. 16hr.after)
Q| Iv(di/g) 0.55 0.56 0.49 0.50 0.49
o™ - : . .
Hue(b value) 21,3 22.4 15.2 15.7 - 15.1
_ Boiling water resistance ’
Tensile elongation (%) after
boiling water immersion
0 day after 103.1 101.2 104.7 102.5 98.7
e . 1 day after 86.7 87.3 90.2 93.4 83.4
o 3 days after 57.4 45.4 81.4 85.8 79.2
e 7 days after 24.2 23.3 64.2 9.5 . 61.8
©
T
c
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Exanpl e

ni trogen cont ai ni ng
conpounds)

The sane procedure
I n pal ce of the sodium

therd3were used’
conpounds(al kal i ne earth net al

net al

t et ramet hyl anmoni um hydr oxi de and boric acid used in
al kal i

Exanpl es 21-36 and Conparative Exanples 10-14
as deseribed in Exanple 12 was repeated except that

12 in anounts as shown in Tabl e 4,

basi ¢ conpounds,

hydr oxi de,

©
[« 0)]
o
o Table 10
"))
O o .
Caalyst EX.35 Ex.36 Ex.18 Ex.19 EX. 20
_m—q..ao&voaonnl Me  NOH Me ROH Me , NOH Me NOH Me NOH
T Geount (10™ mole/BPA) 2.5 2.5 . 2.5 2.5 2.5
biCosponent . GypHysC00Ma Gy .c00Lt  (O)—CooNa Na,HFO, Nao—{OQYKO)—ona
— mxw:u«.pou mole/BPA) 0.010 0.010 0.010 0,005 - 0.005
memowuounnnn. —_— —_— HyBO, H4BO, H4BO,
C amount(10 mole/BPA) — — 0.025 0.025 0.025
(2] wm : ' .

bysical properties of the product Ex.35 Ex.36 Ex.18 Ex.19 Ex.20
cmmwuu\nv 0.53 0.52 0.54 0.53 0.55
m:%? value) 0.7 0.7 0.7 0.6 0.7

ent reaistance (250°C, 16hr.after) :

WHd1/g) 0.48 0.417 0.51 0.51 0.51
| HiR () value) 15.4. 15.3 17.0 16.9 17.4
Tm@w&ﬁ water resiatance
Rﬂ%—unwn elongation (%) after
Wvo.ummnn water immersion .
mwmmn@ day after .99.8 97.1 102.4 $9.5 103.2
7 1 day after 92,5 85.4 96.4 93.2 95.4 °
= 3 days atter 83.4 80.0 89.7 89.1 88.3
T 7 days after 67.3 63.2 76.4 72.4 74.5
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-44- CLAI M5 1. A process for preparing a
pol ycarbonate by the nelt pol ycondensation of an aromatic di hydroxy

campound and a carbonic acid diester, characterized in
content of hydrolyzable chlorine in said aromatic di hydmﬂnlmmﬂnﬂ)nm IH“I
* C L M S *
o . - 44 -
CLAIMS

1. A process for preparing a polycarbonate by the melt
polycondensation of an aromatic dihydroxy compound and a
carbonic acid diester, characterized in that the total
content of hydrolyzable chlorine in said aromatic dihydroxy
compound and carbonic acid diester is not more than 3 ppm.
2, A process according to claim 1, wherein there is
used a carbonic acid diester which has been washed with
water having a pH 6.0-9.0 and kept at 78 to 150°C to reduce
its hydrolyzable chlorine content to not more than 1 ppm.
3. A process according to claim 1 or 2 wherein the
total content of sodium ion and the total content of iron
ion in said aromatic dihydroxy compound and carbonic acid
diester are not more than 1.0 ppm and not more than 1.0 ppm,
respectively.

N 4. A process for preparing a polycarbonate by the melt
polycondensation of an aromatic dihydroxy compound and a
carbonic acid diester, characterized by using a catalyst

comprising
(a) a nitrogen-containing basic compound,
(b) from 1078 to 1073 mole, per mole of the aromatic

dihydroxy compound, of an alkali metal or alkaline
earth metal compound, and optionally
{c) boric acid or a boric acid ester.

5. A process according to claim 4, characterized by
using, per mole of the aromatic dihydroxy compound,
(a) from 10~% to 107! mole of the

nitrogen-containing basic compound,
(b) from 10~° to 1073 mole of the alkali metal or
alkaline earth metal compound, and optionally

{c) from 10~8 to 107! mole of the boric acid or
boric acid ester.
6. A process according to claim 4, characterized by

using, per mole of the aromatic dihydroxy compound
(a) from 10”3 to 10”2 mole of the



conmpound and carbonic acid diester is not nore than 3 ppm 2. A
process according to claiml1l, wherein there is used a carbonic acid diester
whi ch” has been washed with water having a pH 6. 0-9.-0--and- -kept--at 78 to
150[err]C to reduce its hydrol yzable chl-orine content to not nore than 1

ppm 3. A process according to claiml or 2 lmg Eu I tontent
of sodiumion and the total content of iron ion |mmcn Llwl ﬂ |ydroxy
conpound and carbonic acid diester are not nore than 1.0 ppmand not nore
than 1.0 ppm respectively. 4. A pgocess for preparing a polycarbonate
by the nelt polycondensation of an aromati¢ di hydroxy conpound and a
carboni ¢ acid di estritregenweeriainingbasiacemRArA®yst conpri si ng

(a) a nitrogen-cont gyi pgoRashT! cesPeMY. mole of thébalkadin mBtRer ok to
10[err] nole, per nole of the aromatjc di h arox .CQ ?ﬁgnd, of an
alkali metal or al kdtkakine earth meta}, ﬁ%’PB?“E‘Brrpﬂﬁ d?péﬁangg Fonal | y

(c) boric acid or a(&)prff:olaciol'%sterloB. mole éfptbeeberaccerddngrto claim
4, characterized by, using r |l e of the aromatic di hydroxy conpound,

(a) from 10[err] tobﬁ’f)f"er?fgg ﬁgF%?bf t he ni t r ogen- cont_ai ni ng

basi ¢ conpotind, A procéds accordidngete] claimo4pechprasterdzeth®yal kal i
metal or . kal i r : Bhbonall. y
(c) from 10ufle??] ?%i‘%ngr?E Eg?ggg§hiegggg$iﬁgd§g?g gr np ’ boric acid
ester. 6. A préebssraBcdPdi ngot d0cl amate, o€n&hScteri zed by using, per

nol e of the aromatigjgdiBydhox¥neaiR9Hdbasic compbahdf,rom 10[err]  to
10[err] nole of the

-7 -5 . - 45-
ni t r ogen- cont ai ni ng(BhsfEOBoRBoung® 10 ~ mole,pfy khe pdkald "*‘%‘afo Yerr]
mol e of the alkali gkkakiae earth meahRakiompoaadt,h amet aptdemzddid, and
optionally C rom 1Q-perr o410 Lerr | e itdhe By igy acid or
boric acid ester. 7%‘:3 LOoR é ocestgl ygcorg]f)r]fg to]é:' cl Al nk%%fzf,lé(;haérlacteri zed by
boric acid ester.



usi ng, per nole of the aromatic di hydroxy. conpound, (a) from

10[errd to 10 [err] nole of the ni trogen-contai ni ng basic
conpound, (b) from10[err] to 10[err] nol e of the alkali neta
or = al kal i ne earth netal conpound, and optionally (c) from
10 [err] to 10 [err] nole of the boric acid or boric acid ester.
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ABSTRACT

PROCESS FOR PREPARING POLYCARBONATES

A process for preparing a polycarbonate by the melt
polycondensation of an aromatic dihydroxy compound and a
carbonic acid diester is characterized by using an aromatic
dihydroxy compound and a carbonic acid diester wherein the
total content of hydrolyzable chlorine falls within a
particular range. Another process for preparing a
polycarbonate by the melt polycondensation of an aromatic
dihydroxy compound and a carbonic acid diester, is
characterized by using a catalyst comprising (a) a

nitrogen-containing basic compound, (b} aromatic dihydroxy
compound of an alkali metal or alkaline earth metal
compound, and optionally (c) boric acid or a boric acid
ester,



