<1 " - . POLYCARBONATES AND PROCESSES FOR THE PRODUCTI ON 1[o00tz-2
THEREOF “ .Field of the Invention 5 The present inventi%%Srelates
to pol ycarbonat es and processes for the production thereof re par-
ticularly, it relates to polycarbonates having ex- cellent col or tone,
heat "resi stance and water resis- ance and processes for the
production thereof. 10 Background of the Invention Because
of their excellent nechanlcal charac- teristics, such as |npact
strength, and bec2DE¥ECA ' ROGESSEBe FIOR <RH 19:318:
transparency, 15 polycarbonates are mndelé used for various purposes

Known as processes for the production ol y- carbonates are
processes which involve a direct re- action of aromatic dihydroxy
conpounds such as bi sphenol s wi th phosgene (interface processes), and
20 processes ia.whic r t 6 SAEdoxy conpounds such - as bisphenol s
and carbonic 4

5 " The present invention relates to polycarbonates

and processes for the production thereof. More par-
Eiculariy, it Eelaﬁes fo'polycarbonates having ex-
cellent color tone, heat resistance and water resis-
'tandé and processes for the production thereof.
10 |
r . ven
Because of their excellent mechanical charac-
teristics; such as impact strengtn, and because of
their.excellent heat resistance and transparency,
15 polycarbonates are Widely used for various purposes.
Known as processes for the production of the poly-
carbonates are processes which involve a direct re-
action of .aromatic dihydroxy compouhds such as
bisphenéls with phosgene (interface processes), and
20 processes in which aromatic dihydroxy compounds such
as bisphenols-and carbonic ac%d diesters such as
diphenyl carbonate are allowed inimolten state to
undergo estgr interchange reaction (polycondensation
reaction).

25

¥




di pienyl "carbonate are allowed in nolten state to ' undergo ester -

I nt erchange teaction (pol ycondensati on - reaction). 25 I n
processes for the production of polycarbon- ates by ester interchange
of aromatic di hydroxy com . ' 2 pounds
with carbonic acid diesters, the reactants -are normal ly heated at a
tenperature of from250 to 330 [e”Zr]C. under reduced pressure and
allowed in nolten state-to undergo the ester interchange in the pres-
5 ence of cata Fa8uGh 28 %Q@Bbﬁl&a'ééld' W3Rk, thealidacRuries,
hydr oxi des, rides and al cohol ates metals. These processes are

advant ageous Om:re normrailapbl@dat@mtawrwdtlentpaa*ﬁme::éroiessm:nl Bstohaio
pol ycar bonat es are‘produced in relatively low costs. 10 These processes
i nvol vi ng the BedbtiCGhn whdepe reduced prgsisureli andr e anggoindsmadittent he

carbonic acid di sters in en state, however, have posed a prob-
lemin that’ théﬁﬁﬁ?c&Pb&ﬂé%%gﬁrg&ﬁxﬁp%?g interchange in the pres-—

5 ence of catalysts such as organic salts, inorganic
salts, oxides,. hydroxidgg, hydrides and alcoholates
of metals. These processes are advantageous over
the aboie-mentioned interface processes in that
polycarbqnates are produced in relatively low costs.

10 These pfocesses involving the reaction of the aro-
matic dihydroxy compounds with the carbonic acid di-
esters in molten state, however, have posed a prob-
lem in that the polycarbonates produced are
generally poor in color tone, heat resistance or

15 water resistance.

With a view of solving the problem we conducted
extensive research and eventually accomplished the
present invention on the basis of our finding that

20 excellent heat resistance and water resiStance can
be provided by reducing terminal hydroxy groups of
polycaibonates-being formed by end capping them with

specific compounds.

25 Object of the Invention
The invention is. intended to solve the problem

associated w1th the p§1or art as mentioned above,
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genérally poor
Wth a view bf solving the problemwe conducted

in color tone, heat resi stance or 15 water resistance.

eventual Iy acconplished the present invention on the basis of our
finding that 20 excellent heat resistance and water resistance can

provi ded by reducing term nal hydroxy @roups of pol ycar bonat es bei ng
formed by end capping themwth speci fi ¢ conpounds. 25  bj-ect of the

| nventi on

associ ated w tﬁ“ﬁﬁe;{g?l‘%}?ny%e ! Onf :Téﬁiqnéﬁgg%g‘r}éf%ﬁmivse £R° PE8PLER pro-
S oduction of Petred ) £hae eﬂaegyb%éélbﬂ RI©VH88 yRiPrbonat 8eSSesphBl et he

pr.oducti on of
excel | ent coIo

bo ates Ca
ba%lﬁeabdwéémam@@sl wmaiwingesxtabient 5color

Summary of the InQ%ntlon A first process for the production of

pol ycar -

10

15

20

25

tone, heat resistance and water resistance.

Summary of the Invention
A first prﬁcess for the production of polycar-
bonates according to the.invention comprises melt
polycondensationlof an aromatic dihydroxy compound
and a carbonic acid diester, characterized by car-
rying out said. poiycondensation in the presence of
from 0.05 to 15 mol %, based on 1 mole of the aro-
matic dihydroxy compound, of an phenol haviqg from
10 to 40 carbon atoms by using a catalyst comprising
(a) a nitrogen containing basic compound, and
(b} from 10-8 to 1073 mole, based on 1 mole of
the aromatic dihydroxy compound,'of an alkali

metal or alkaline earth metal compound, and Op-

' tionally

(c) boric acid or boric ester,

thereby ﬁroducing a polycarbonate having hydroxy
terminal groups not exceeding 30 % of the whole ter-—
minal groups éhereof‘and an intrinsic viscosity

(M} of from 0.3 to 1.0 dl/g, as measuied in methy-

lene chloride at a température of 20 °C.

ext ensi ve research and

of producing pol ycarbonates havi ng



bonat és.according to the invention conprises nelt pol ycondensati on of
an aromatic di hydroxy conpound 10 and a carbonic acid diester, :
characterized by car- rying out said polycondensation in the presence.
of « fromO0.05 to 15 nmol % based on 1 nole of the aro- matic

di hydr oxy conpound, of an phenol having from 10 to 40 carbon atons by
using a catalyst conprising 15 ) a nitrogen containing basic
conmpound, and (b) from10[err] to 10[err] nole, based on 1 nole .

of the ar@nebiend IHbeXy s aBIUere Yrdduetkahl o polycafl: al

or alkaline earth netal conpound op- tionally boric

acid or boric pshates accd:h@iﬁlgy tpasottwm ngnargrot yoar tmcmpeliws Negngelr oxy
term nal groups not exceeding 30 % of the whole ter- m hal groups

t her eof andeﬂpodwmonﬂensaQMQntyf Zn promdtiof ditnd0oZyt ccompadinid, as
measured in nethy- | ene chlorjde at a tenperature of 20 [err]C

4 | /\s%EQn@rﬁbEB§§ﬂ%ﬂc?ﬁ€°ﬁﬁ&ﬁw??@RQH“?mI9E§FﬁCterlzed by

S5 carrying out said polycondensation in the presence
of from 0.05 to 15 mol %, based on 1 mole of the
aromatic dihydroxy coﬁpound, of a carbonic acid
diester having from 17 to ‘50 carbon atoms by using a
catalyst comprising

10 (é).a nitrogen céntaining basic compound,
(b) from 10-8 to 10-3 mole, based on 1 mole of
the aromatic dihydroxy compound, of an alkali
N metal or alkéline earth metal compound, and‘op-
tionally

15 (c) boric ac1d or boric ester,
thereby producing a polycarbonate hav1ng hydroxy
terminal groups not exceeding 30 % of the whole ter-
minal groups thereof and an intrinsic viscosity
[M] of from 0.3 to 1.0 dl/g, as measured in methy-

20 lene chloride at a temperature of 20 °C.

A third process fér the production of polycar-
bonates according to the invention comprises melt
polycondensation of an aromatic dihydroxy compound

25 and a diphenyl carbonate combound, characterized by
carrying out said polycondgnsation in the presence

~of from 0.05 to 15 mol %, based on 1 mole of the



bonat es .according to the invention conprises nelt ’ pol ycondensati on of

an aromatic di hydroxy conpound and a di phenyl carbonate conpound,
characterized by 5 carrying out saird pol ycondensation in the presence

of from0.05 to 15 nol % based on 1 nole of the _aromatic di hydroxy
conpound, of a carbonic acid di ester having from 17 to 50 carbon atons
by using a cat al yst conprising 105 (a) a .nitrogen containing
basi ¢ conpound, (b) from10-8 to 10-3 nole, based on 1 nole of

the aromati c di hydroxy compound, of an al kali metal or al kaline

earth netal corgoomatiznd dbhydroxyi eempountdy of (&) cggibenas dasid
boric ester, . thereby producing a olgc r bonat.e havi ng hydroxy,

terninal gr oup@%?tﬁ%cé@i‘fwgisér%“bflfh%, wﬁél £3xpon ato B¥&H§s a
t hereof and an intrinSic Vi scosit. [[err]] of from0.3 to 1.0 dl/g, as

measured in neﬁﬂ@ga ¥5tléﬁgm%ﬁ%8}%§b at a tenperature of 20 [err]C.
Athird process for () BrQduGiddih OboRPEYGANG basiBoRsodkgor ding to

the invention conprises ne pol ycondensati on of an aromati c di hydroxy
compound 2§ and a @iphepph q@-Bogat & CompIl, babakhderl zedlby of

carrying out said polycondensation in the presence
. the aromatic dihydroxy compound, of an alkali
metal or alkaline earth metal compound, and op-
' tionally
(c) boric acid or boric ester,

10 théreby producing a polycarbonate having hydroxy"
terminal groups not exceeding 30 % of the whole ter-
minal groups thereof and an intrinsic viscosity

N [M] of from 0.3 to 1.0 dl/g, as measured in methy-
lene chloride at a temperature of 20 °C. |

15 '

| A polycarbonate according to the invention is .

characterized in thai: from 10 to 30 % of its

terminal groups are hydroxy groups.

20 Further a polycarbonate according to the
invgntion is characterized in that from not more
than 30 % of its terminal gioups are.hydroxy groups
and that it has a sodium content of not more than 1
ppm and a chlorine content of not more than 20 ppm.

25
Detailed d ipt i £ ] . i



of from.0.05 to 15 nol % based on 1 mole of the . - _

5 ~aromati c di hydroxy conpound, of a carbonic acid" di ester havi ng
from13 to 16 carbon atonms by using a catal yst conpri sing (a)
a nitrogen containing basic conpound, 5 (b) from10[err] to 10[err]
nol e, based on 1 nole of the aromati c di hydroxy conmpound, of an

al kal i metal or al kaline earththetal conpound, and op-

tionally . (c) boric acid or boric ester, 10 thereby producing a
pol ycar bonat e havi nghieydsgs¥essest €l NgkeBaditsg Npl laxcL£eBong t3¥s Ye@f- t he
whol e ter- m nal groups thereof and an intrinsic viscosity

[[err]] of fromdx®ing tc0 théginvemehsor edih bet hiy-lustratet thl de-de
at a tenperature of 20 [err]C. 15 A pol ycarbonate according to
the invention it®il. characterized in that from10 to 30 %of its

term nal groups are hydroxy groups. 20 Further a polycarbonate
according to the

5 + - In the first process according to present in-
vention, the polycarbonates are prepared by_nmlt
polycondensation of an aromatic dihydroxy compound
and a carbonié diester in the presence of a phenol

having from 10 to- 40 carbon atoms.

10
The aromatic dihydroxy compounds used herein
are those which are represented by the following
-, general formula [I]
15 HO <E§>% X (O) OH .. [1I]

Ry

wherein X is —%—, —?-, -0-, -8-, SO- or -SO0;-,
R, R3

20 Ri and R2; each represents a hydrogen atom or a
monovalent hydrocarbon group, R3 is a divalent hy-.
drocarbon group, aﬁd the aromatic nuclei may be sub-
stituted by a mbnovalent hydrocarbon group or
groups.

25

Useful aromatic dihydroxy compounds as illus-

trated above include in the concrete



knvention is characterized in that fromnot nore than 30 % of its

term nal groups are hydroxy groups and that it has a sodium content of
not nore than 1 ppm and a chlorine content of not nore than 20 ppm

25 - Det ai | ed description of the invention

6 The processes fo r prepari-ng pol ycarbonates ac- cording to
the invention will be illustrated in déP tail. 5 In the first
process according to present in- vention, the pol ycarbonates are

prepared by nmel; s (nyBPbYXGANALISAI kaned ANCR’ ARRMY Ls ¢ brgavox eereayn
.and a carbonickﬁf%gt%r In~the pfesence of a phenol @ ha??ng fron1lg ?o 40

carbon atoms. mk}hane, 1,Thebasqueihgddblydiioenyytdedams, uLed Hetsi(d-
are those which are represented by the foll ow ng general formula [I]
hydroxyphenyl)propane, 2,2-bis(4-hydroxyphenyl) bu-
tane, 2,2?bis(4-hydroxyphenYl)octane, bis(4-hydrox-
5 yphenyl)phénylmethéne, 2,2-bis(4-hydroxy-1-
methylphenyl)p:opane!_ l,1-bis(4-hydroxy-t-
butylphenyl)propane, and 2,2-bis(4-hydroxy-3-bro-
mophenyl)propane; bis (hydroxyaryl)cycloalkanes such
as 1,1—(4—hydroxypheny1)cyclopentane and 1,1-bis (4-
10 hydroxyphenyl)cyclohexaneajdihydroxyaryl ethers such
as 4,4'-dihydroxydiphenyl  ether and 4,4'—dihydroxy?
3,3'-dimethylphenyl ether; dihydroxydiaryl sulfides
N such as 4,4'-dihydroxydiphenyl sulfide; and 4,4'-di-
hydroxy-3,3'~dimethyldiphenyl sulfide; dihydroxydi-
15 aryl sulfoxides such as 4,4'-dihydroxydiphenyl sul-
foxide and 4;4'*dihydroxy—3,3'—dimethyldiphenyl sul-
foxide; and dihydroxydiaryl sulfones such as 4,4'-
dihydroxydiphenyl sulfone and 4,4'-dihydroxy-3,3'-

dimethyldiphenyl sulfone.

20

Of the compounds as exemplified above, particu-

larly preferred is 2,2-bis(4-hydroxyphenyl)propane.

Useful carbonic diesters which can'be'uséd
25 nherein include, in the concrete, diphenyl carbonate,
ditolyl carbonate, bis(chlorophenyl) carbonate, m-

cresyl carbonate, dina?hthyl carbonate,



15 . - [err] - wherein X is [efr] 20 Rferr] .and Rerr],

each rgpresehts a hydrogen atomor a nonoval ent hydrocarbon group, R3
is a divalent hy- drocarbon group, and the aromatic nuclei my be sub-
stituted by a nonoval ent hydrocarbon group or groups. 25 Usef ul
aromati c di hydroxy conpounds as ill us- trated above . include I n
the concrete ' 8 ' 7

bi s( hydroxyaryl ) al kanes such as bi s(4-hydroxyphenyl) nmet hane,

1, 1- bi s(4- hydr oxyphenyl ) et hane, .2, 2-bi s(4;. d

tz) _, 2E gi s ( g- hydr 8§§dﬁ%§r?$ Carb‘?%ﬂgl?f(z,dz%%ﬂ{/iy héﬁf%%ﬁi%én)yf’?%@fé}ﬁ%y .

i s(4-hydr ox- t ' 25 [l ¢ -
nethy!phenyl)pF@ﬁgﬁg?ggg'l, ﬁ%%é?ﬁ-ﬁégrogg?fﬁz ahbﬁ&?@?%ﬁgﬁﬁyﬁﬁ?%péﬁ%f and
2, 2- bi s(4- hydr gXyra3-&r o- mophenyl ) propane; bi s(hydroxyaryl)cycl oal kanes

such
5 Of the diesters as exemplified above, particu-

larly preferred is diphenyl carbonate..

The carbonig diester used herein may contain a
minor amount, e.g, up to 50 mol %, preferably up to

10 30 mol %, of a dicarboxylic acid or its ester.

Such dicarboxylic acidsland esters therebf are
not partiéularly restric;ed by their numbers of car-
bon atoms, and éxamples of them include, for exam-

15 ple, terephthalic aéid, isophthalig acid, diphenyl
terephthalate and diphenyl isophthalate. When such
a dicarboxylic écid or its ester is conjointly used,
polyestérpolyc§rb6napes are produced instead of the
polycarbonates. The invention contemplates the pro-

20 duction of such polyesterpolycarbonates.

In preparing polycarbonates by carrying out the

first process accdrding to the present invention, it

is desirable that the above-mentioned carbqnic di-

25 ester 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.



as 1, 1-(4-hydroxyphenyl)cycl opentane and 1, 1- bIS(4- 10

hydroxyphenyl)cyclohexane di hydr oxyaryl ethers such as
4, 4[ err] -di hydr oxydi phenyl ether and 4, 4[err]-di hydr oxy-
3,3[err]-dinmethyl phenyl ether; dihydroxydiaryl sulfides such as

4, 4[ err] -di hydr oxydi phenyl sulfide; and 4,4'-di- _
hydr oxy- 3, 3[ err] -di net hyl di phenyl sul fi &; dihydroxydi- 15 aryl
.sul f oxi des such as 4,4[err]- dihydroxydiphenyl sul - f oxi de and

4, 4[ err]-dihydroxy-3 3[err -diet h Idi henyl suj -. f oxi de;
di hgldroxydi aryl sul f 3flest fggr 4[%?? LEE g%FFhfa‘?‘\%xyIaFﬁﬁ‘é-’r’F;)“+lemf@.#e

and 4, 4[err]-di S\PéXr%'olﬂaf{I ccor&i g dw‘%en‘%{] ?W i ef E?\ edPfdt

O the conpound exenp ove particu

2, 2-bi s(4-hydro &Whh@%n of the aYdldticCRilRMLoLLCUdh i ch
can be used 25¥here|n I nclude, in the concrete, hlphéhy agrgonatéﬁouwg

ditol yl carbonatmd btbéchdaximphioylacichrdbester s carxthr@@ybut Giai beRat e,

di napht hyl car bonat e, bi s
(di phenyl) chr bmfeenéieetm@/l feamdha®8, tal nkbhyol %, c@rmﬁareblda bfitpin

.car bqnate and q' CXjCl oge§ylm§ r%, and more preferably from 1 to 5 mol
%, based on 1 mole of the aromatic dihydroxy com-
pound, of an phenol havihg from 10 to 40, pfeferably
from 15 to 40 carbon.atomsu

10

| Suitable phenols which can be used in the first
process according to the invention are monohydric
phenols includihg, for example, o-n-butylphenol, m-
n-butylphenol, p-n-butylphenol, é—isobutylphenol, m--

15 isobutylphenql, p-isobutylphenol, o-tert.-butylphe-
nol, m-tert.-butylphenol, p-tért.-butylphenol, o-n-
pentylphenol, m—n—pentylphenbl, p-n-pentylphenol, o-
n-hexylphenol, m-n-hexylphenol, p-n-hexylphenol, o-
cyclohexylphenol, m—cyclohexylphenol, p-cyclo-

20 hexylphenol, o-phenylphenol, m-phenylphenol, p-
phenylphenol, o~h—nonylphenoi, m~-n-nonylphenol, p-n-
nonylpheﬁol, o—-cumylphenol, m—cumylbhenol, P-
cumy;phenol, o-naphthylphenol, m-naphthylphenol, p-
naphthylphenol, = 2,6-di-tert.-butylphenol, 2,5-di-

25 tert.-butylphenol, 2,4-di-tert.-butylphenol, 3,5-di-
tert.-butylphenol, 2,5-dicumylphenol, 3,5-

. dicumylphenol, chromanyl compounds such as



bonate. . 5 , Of the diesters.as exenplified above, particu- larly
preferred is di phenyl carbonate. .The carbonic diester used herein
may contain a. m nor anount, e.g, up to 50 nol % preferably up to 10
30 nol % of a dicarboxylic acid or its ester. Such di carboxylic
acids and esters thereof are not particularly restricted by their
nunbers of car-- bon atons, and &fanples of theminclude, for exam
15 ple, terephthalic acid, isophthalic acid, diphenyl terepht hal ate
and di phenyl isophthal at'e. When such a dicarboxylic acid or its ester
is conjointly used, pol yest er pol ycar bonat es are produced i nstead of
t he pol ycar bonat es. T-giinvention contenpl ates the pro- 20 duction
of such pol yesterpol ycarbo In preparin%é ycarbonates by
process according to the p invention, it

est ™% used in an
~26 r@ baseron 1
ound) .

and monohydric phenolssof the formulas:

P 10O

and _<:>
| (OHKO)-on
15 | - {O)

Of the phenols illustrated above, binucleus
phenols ha#ing two aromatic rings such as p-
cumylphenoi and p-phenylphenol are particularly pre-
ferred.
20
In the first process for the production of
polycarbonates according to the invention, it is
essential to carry out the melt polycondensation of
~ the aromatic dihYdroxy'coﬁpound and the carbonic .
25 acid diester in the presence of 0.05-15 mol %, based
on the aromatic dihydroxy compound, of the phenol

mentioned above. By doing so, intended sequestering



9 ~ - ~ Inthe first process for the production of polycar bonat es

according to the invention the nelt pol ycondensati on of the aronatic
di hydr oxy conpound and the carbonic acid diester is carried out in the
5 presence of fromO0.05 to 15 nol % preferably from 0.5 to 7 mol %
and nore preferably from1 to 5 nol % based on 1 nole of the aromatic
di hydroxy com pound, of an phenol 1having from 10 to 40, preferably
from15 to 40 carbon atons. : Sui t abl e phenol s which can be used

in the first ess ac ord n o the jnventjo e

phenol s i ncl udi®g, pl?%& q:eemﬁlﬂ tthut YEShEns! éf fa érgg?&yaglheno
p-n-butyl pheno'be?n'gsoggtrﬂé)@e?ﬁloc dsl5sh§9.’t3}5i/éﬁ{i§% 1@&&9&99% vt ghegol |
o-tert.-butyl phe utyl phenol, p-tert. -butylphenol 0- n-

pentyl phenol , r@ﬂoaa@tyl@he@@dtls)f@cpemyylmuohn@ wat e rn-resisphends,

m n- hexylphenol p- n- hexyl phenol , o- cycl ohexyl phenol ,
rncyd(ﬂmxyIMKmnd theyclade &6 ne@nppemmcomdgnequnmnmarkedly in-
m phenyl phenol , p- phenyl phenol , o-n-nonyl phenol, m n-nonyl phenol,
p- n- 5 creases.

All of the amount of the-phenol to be used may
be added to the reaction system prior to the reac-
tion, or a part of the amount of the phenol to. be

10 used may be added to the reaction system prior to
the reaction with the remaining amount addéd during
tﬁe reaction. In some cases, the reaction of the
aromatic dihydroxy compound with the carbonic écid
diester may be started in the absence of the phenol,

15 and after the reaction has proceeded to some extenﬁ
all of the amount_of the phenol may be added to the

reaction system.

The second process for the production of poly-
20 carbonates in accordance with the invention will now

be described in detail.

In the second process for the production of
polycarbonates according to the invention the melt
25 polycondensation 6f the aromatic dihydroxy compound

and the diphenyl carbonate compound is carried out.



nonyl phenol , o-cunyl phenol, m cunylphenol, p- “cuny! phenol ,

o- napht hyl phenol, m napht hyl phenol, p- . . naphthyl phenol, 2,
6-di-tert.-butyl phenol, 2, 5-di- 25 tert.-butyl phenol,
2,4-di-tert.-butyl phenol, 3,5-di- - tert.-butyl phenol, .

2, 5-di cunyl phenol 3, 5- " di cunyl phenol, chromanyl conpounds such as
10 [err] Id nonohydri ¢ phenols of the

formulas: 10 [err]
in the presence of a carbonic acid diester having

from 17 to 50 carbon atoms.

As the aromatic dihydroxy compound those de-
5 scribed hereinbefore with respect to the first pro-

cess can be used.

As the diphenyl carbdnate compound there can
normally be used carbonic acid diaromatic esters
10 having from 13 to 16 carbon atoms. Examples of such-
compounds include, for example, diphenyl carbonate,
triphenyl carbonate, ditolyl carbonate,
bis(chlorophenyl) carbonate and m—-cresyl carbonate.
Of these, diphenyl carbonate is particﬁlarly pre-

15 ferred.

The dipheny; carbonate compound used herein may
contéin a minor amount, e.g.,up to 50 mol %, prefer-
ably up to 30 mol %, of a dicarboxylic acid or its

20 ester. Such dicarboxylic acids and esters thereof
are not.particula;ly restricted by their numbers of
carbon atoms,and examples of them include, for exam-
ple, terephthalic acid, isophthalic acid, diphenyl
terephthalte and diphenyl isophthalate. When such a

25 dicarboxylic acid or its ester is conjointly used,

polyesterpolycarbonates are produced instead of the



O the phenols illustrated above, binucleus phenol s having two aromatic

rings such as p- cunyl phenol and p-phenyl phenol are particularly pre-
ferred. 20 In the first process for the production of :

pol ycar bonates according to the invention, it is essential to carry out
the nmelt pol ycondensation of the aromatic di hydroxy conmpound and the
carbonic 25 acid diester in the presdrke of 0.05-15 nmol % based on
the aromati c di hydroxy conpound, of the phenol menti oned above. By

doing so. i ntendef, seueSLerdg Tne inventonCbdMISAXY sbUTORL BLaups

of the polycarﬁ% eing fornmed proceeds sufficiently, leading to a

product of “satigfaci8hY oFeaty AIp¥aALLstieaSippaebonatesnd the rate of
mel t polycondensé??on ngrke&Ty ?%- S,5 creaség. Al'l of the anpunt

-OE the phenol to be used may be added to the reaction systemprior to
Hhe reac In the second process according to the ipven-
5 tion, it is desirable that the above-mentioned
diphenyl carbonate compound is used in an amount of
from 1.01 to 1.30 molés; preferably from 1.02 to
~1.20 moles per mole of the_above4mentioned arbmaticl_
dihydroxy'compound. |
10
In the second process according to'the inven-
tion, the aromatic dihydroxy cémpound is melt poly-
cbndensed with the diphenyl carbonate comfound in
the presence of a Ci7 - Cso carbonic acid diester,

15 which may be represented bf the formula:

A-0-C-0-8B

o

wherein A is an organic group having from 6 to 25
carbon atoms, and B is.an organic group having from
20 10 to 25 carbon atoﬁs with the proviso that the to-
tal number of carbon atoms in.the molecule does not

exceed 50.

More particularly, suitable Ci7 - Cso carbonic
25 acid diesters which can be used herein may be repre-

sented by the folldwing formulas.



tion, or a part of the amount of the phenol to be 10 used may be added to

the reaction systemprior to the reaction with the remini ng anount
added duri ng the reaction. In sone cases, the reaction of the

aromati ¢ di hydroxy conpound with the carbonic acid di ester may be
started in the absence of the phenol, 15 and after the reaction has
proceeded to sone extent all of the anount of the phenol nmay be added
to the reacti on system : The d@cond process for the
production of poly- 20 carbon in accorjflance with e invention wll
now be described in det a;@— O — I +he 'rocess for the
pr oduct.i on of" pol ycar bonat’e ccording to the inves¥iobbthe nelt 25
pol ycondensati on of the agoﬂhtlc di hydr oxy conpound and t he di phenyl

carbonate conpound is carried out 1%

in the presence of a carboni poecbq Leftt%an‘%qn%ﬁue:féaT yu}o 50 car bon-

at ons.
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As the aromatic dlhydroxy conpound those de- 5 scribed hereinbefore with

respect” to t'he first pro- cess can be used. . As the diphenyl
car bonat e conpound there can normal |y be used carbonic acid diaromatic
esters 10 having from 13 to 16 carbon atons. Exanples of such

cofrpounds i nclude, for exanple, diphehyl carbonate, tri phenyl

car bonat e, di tol vyl car bonat e, bi s(chl orophenyl ) carbonate and

m cresyl carbonate. O these, diphenyl carbonate is particularly pre-
15 ferred. | The di phenyl carbonate conpound used herein may

contain a m noghawsH  RE- Gs UA H&é%b&ﬁkﬁ%npéﬁ havimpl yrom to 88 no
% of a dicarboxylic acid or its 20 ester. Such dicarboxylic acids and

esters thereof37 cardyen natopar.ticularly restricted by the|r nunber s of
carbon atons, and exanpl es of theminclude, for exam ple, terephthalic
aci d, |sophthallc a0|q% ti phenyl terephthalte and @i pheg yh_s

isophthalasp When 25 dicarboxylic acid or_ite ester is conjointly
used, bol yest )pol ycat_eso aLeoorpdécm@Zd of the
| I -
0

wherein R7 is a hydrocarbon group having from 1 to
30 carbon atoms, and R® is a hydrocarbon group hav-
10 ing from 2 to 20 carbon atoms with the proviso that
the total number of carbon atoms in the molecule

does not exceed'SO.

Examples of preférred Ci7 — Csg carbonic acid

15 diesters which can be used in the second. process ac-
cordiﬁg to the invention include, for example, car-
bobutoxyphenyl phenyl carbonate, butylphenyl
methylphenyl carbonate, butylphenyl ethylphenyl car-
bonate, di-butoxyphenyl carbonate, biphenyl phenyl

20 carbonate, dibiphenyl carbonate, cumylphenyl phenyl
| carbonate, di-cumylphenyl carbonate, naphthylphenyl
phenyl carbonate, di-naphthylphenyl carbonate, car-

" bopropoxyphenyl phenyl carbonate, carboheptoxyphenyl
phenyl carbonate, -carbomethoxy—tert.—butylphenyl

25 phenyl éarbonate, carbopropoxyphenyl methylphenyl
carbonate, chromanyl phenyl carbonate, dichromanyl

carbonate.



13

pol ycar bonates. The invention contenplates’'the pro- duction of

is nmelt poly-
presence of a Cl7 - C50 carbonlc acid diester, 15 which may be

represented by the_fornul a

or gani ﬁ groupf havi A§ fFBﬁl GSF(S:°2'1§31 PIoGe?%8o ° 2 h
20,10
070UD V11, o0y AP Be 2% ROERERPTE O £ RN FR LRt

10

15

20

25

condensed with the dlphenyl carbonat e conpound in.

essentlal to carry out the melt polycondensatlon of
the aromatic dihydroxy compound and the diphenyl
carbonate compound in the presence of 0.05-15 mol %,
based on the aromatic dihydroxy compound, of the Ci;
- Cgo carbonic acid diester mentioned above. By do-
ing so, intended sequestering of hydroxy terminal
groups of the polycarbonate being formed - proceeds
sufficiently, leading to a product of satisfactory
heat ‘and water resistances, and the rate of melt

polycondensation markedly increases.

Al; of the amount of the Ci17 - Cso carbonic acid
diester to be used may be added to the reaction sys-—
tem prior to the reaction, or a pait of the emount
of the Cj7 — Csg9 carbonic acid diester to be used may
be added to the reaction system prior to the reac-
tion with the remaining amount added during the re-

action. In some cases, the reaction of the aromatic

dihydroxy compound with the diphenyl carbonate com- -

" pound may be started in the absence of the Cj9 - Cso

carbonic acid diester, and after the reaction has
proceeded to some extent all of the amount of the
Ci17 - Cso carbonic acid diester may be added to the

reaction system.

n’g%For&hearBrB\g{lq"sc%\?‘loBr gﬁﬁl c

such pol yest er pol ycar bonat es. - In the second process according to
the inven- 5 tion, it 1is desirable that the above-nentioned

di phenyl carbonate conpound is used in an anount of from1.01 to 1.30
nol es, preferably from1.02 to 1. 20 nol es per nole of the

above- nenti oned aromatic di hydr oy conpound. 10 In the second
process -according to the inven- tion, the aromatic dihydroxy conpound

t he



More particularly, suitable CJerr] - Cerr] carbonic 25 acid diesters

whi ch can be used herein may be repre- sented by the foll ow ng
formul as. _ [err] wherein R err] is a
hydr ocar bon group having from3 to 5 36 carbon atonms. - ° [err]
wherein R err] is a hydrocarbon group having from1l to 19 carbon atons,
and R err] is a hydrocarbon group havi? ing from3 to 19 carbon atons -
with the proviso that the total nunber of carbon atons in the nol ecul e

15 doew not exceed 50. | [err]

The third process for the production of poly-
carbonates in accordance with the invention will now

be described in detail.

" In the third process for.the prodﬁction of
polycarbonates according to the invention the melt
polycondensaﬁion of the arcmatic dihydroxy compound
and the diphenyl carbonate compound is carried out

10 in the presence of a carbonic acid diester having

from 13 to 16 carbon atoms.

As the aromatic dihydroxy compound those de-
scribed hereinbefore with respect to the first pro-

15 cess can be used.

As the diphenyl carbonate compound those de- .
scribed hereinbefore with respect to the second pro-
cess can be used. '

20

In the third process according to the inven-
tion, it is desirable that the above-mentioned
diphenyl carbonate compound is used in an amount of

- from 1.01 to 1.30 moles, preferably from 1.02 to
25 1.20 moles per'mole of the above-mentioned aromatic

dihydroxy compound.



wherein Rl err] is a hydrocarbon group having from1 to 30 carbon atons,
and R err] is a hydrocarbon group hav- ing from1l to 20 carbon atons

wi th-the proviso that the total nunber of carbon atons in the nolecule is
wi thin the range between 17 and 50. [err] .

15 wherein R err] is a hydroca%Pon group having from4 to 37
carbon at ons. [err] 18 \wherein Rl err] is a hydrocarbon
group having from1l to 30 carbon atons, and R err] is a hydrocarbon

group hav- 10 ing Exempld® 8¢ ©YRbY] Alcimbohil HEi@ravest di@twhich the
total nunber of carbon atons in the nolecule does not exceed 50.

Exanpl es of prefaarrkeé Qsed] in Cthe [thardorprogeiss abcdimdimgs twhi thecan
be used in the second, process ac-

invention as a sequestering agent include, for exam-

ple, diphenyl carbonate, phenyl tolyl carbonate énd

5 ditblyl carbonate. Thus, cases wherein the seques-.

tering agent is the same as the diphenyl carbonate

ieactant are contemplatéd'in the third procesé éc—
cording to the invention. |

By carrying out the melt polycondensation of

10 the aromatic dihydroxy compound and the diphenyl

carbonate cdmpound in the presence of 0.05-15 mol %,

based on the aromatic diﬁydroxy compound, of the

C13-C16 carbonic acid diester which may be the same

as or different from the diphenyl carbonate com-

15 pound, intended sequestering of hydroxy terminal

groups of the polycarbonate being formed proceeds

sufficiently, leading to a product of Satisfactory

heat and water resistances.

20 All of the amount of the Ci13-Cig carbonic acid
diester to be used may be added to the reacti;n sys-—
tem prior to the reaction, or a part of the amount
.0of the C313-Cig carbonic acid diester to be used may
be added to the reaction éystem prior to the reac-

25 tion with the remaining amount added during the re-

action. ‘In some cases, the reaction of the aromatic

dihydrdxy compound with the diphenyl carbonate com-



cording to the invention include, for exanple, car- bobut oxyphenyl
‘phenyl carbonat.e, butyl phenyl met hyl phenyl carbonate, "butyl phenyl

et hyl phenyl car- bonat e, di-butoxyphenyl carbonate, biphenyl phenyl
20 .carbonate, dibiphenyl carbonate, cunyl phenyl phenyl - car bonat e,

di - cunyl phenyl carbonate, napht hyl phenyl phenyl carbonate,

di - napht hyl phenyl carbonate, car- 19bopr opoxyphenyl phenyl carbonate.,
car bohept oxyphenyl phenyl carbonate, carbonethoxy-tert.-butyl phenyl

Lo Doyl SnerBReh sbak DY SPEAMIEIVLn Y BREMce o SHEHEc
roman e te, (o} :

i6 e égrggi §C3@1 r %%%iéyr uﬁhpﬁ%%5§i9ﬂéﬁre ction has
pol ycar bonat es accord?ng to‘?he inventfon, 1t is essential. to carry

out the nmelt pelyeuisrdatidonseie &xtBAtarHIRigr dt Rrdranyusenpeend pad
t he di phenyl carbonate conpound in the presence of 0.05-15 nol %
based on the aCereili ddydomdyc casfaundiestdhem@ly7 be added to the

5 . reaction syStem.

In the first, second and third processes ac-
"cording to the invention, a combined content of
chlorine contained in the starting materials should

10 preferably be not more than 20 ppm, and more prefer-

ably not more than 10 ppm.

The term "chlorine content" means chlorine

which is presert in-thé form of salts such as sodium

15 chloride and potassium chloride, and which is pre-
sent in the form of organic 'compounds such as
pheny1¢h16roformate and methylene chloride. The
chlorine content can be determined by an analysis

such as ion chromatography.

20
If the pombined content of the chlorine con-
tained in the starting materials is not more than 20
rpm, color'toneéof the produced polycafbonate desir-
ably tends to become excellent.
25

The combined content of chlorine contained in

the staiting materials can be easily reduced below



- ([err] carbonic acid diester nentioned above. By do- i ng so,

‘i ntended sequestering of hydroxy terminal 10 groups of the polycarbonate
bei ng forned proceeds sufficiently, leading to a product of

sati sfactory heat and water resistances, and the rate of nelt

pol ycondensati on markedly i ncreases. 15 Al'l of the anmpbunt of the
Cerr] - Cerr] carbonic acid ~. dizeter to be used may be added to the
reaction sys- temprior to the reaction, or a part of the anount

f th - boni, i d .di to b d dded
o he et o oL e EERG A L BB S BT py g

t added ' h - | , ¢h ' th
arout 2000 gL NG I ores BRI EROIETY 67960, 66, oA Wl (he

pound may be starke aﬂﬂl){h?r%‘?ée?‘% ¥o theoll eahl kdperbk a teﬁ@ietxcauc

acid diester, ‘and after the reacti on has 25 proceeded to sonme extent al

of the anpunt hréhef frow| @8rito IY&rel, cpremferablivd fkemt 80 twy 10
added to the reacti on system 17
°C, and more preferably from 80 to 90 °C. :

Examples of the aqueous weak alkaline solution
which can used herein include, for examplé, those of
sodium hydroxide, potassium hydroxide, lithium hy-

10 droxide, sodium carbonate, potassium carbonate, am-
monium hydroxide, sodium hydrogencarbonate, potas-
sium hydrogencarbonate and tetramethylammonium hy-
droxide. Of thesé, aqueous solutions of sodium hy~-
drogencérbonate,.sodium carbonate, potassium hydro-

15 gencarbonate and potassium carbonate are preferred.

The carbonic acid diester or diphenyl carbonate

and the diphenyl carbonate compound so washed with a

hot weakly alkaline édueous solution is uéed in the

20 melt polycondensation gither directly or preferably

after having been distilled.

Further, in the preéent invention, it is also
advantageous to usé the starting materials having

25 the.cohbined content of sodium ion reduced to
preferably not more than 1.0 ppm, and more prefer-

ably not more than 0.5 ppm. By doing so, polycar-



The third process for the production of poly- ' carbonates in accordance

with the invention will now be described in detail. 5 In
the.third process for the production of pol ycar bonat es according to
the invention the nelt pol ycondensati on of the aromatic di hydroxy
conpound and the di phenyl carbonate conpound is carried out 10 in the
presence of a carbonic acid diester Bdving from1l3 to 16 carbon atons.
As Lhe aromatic dLhydroxy conmpound t hose de- - scri bed herei nbefore

with respect to the fir roz, 15 ¢ b d. \ _

di phenyl car bg’r?«ﬂaet%ﬁnﬁimﬁufﬁgsg d’e'ﬁg’%%%rasc??gég hteor%?nlgzeaf%rgé\?viéﬁg
respect to th&aﬁﬁﬁ?nd pro- cess can be used. 20 In the third
process accor 0 the inven- tion, it-is desirable that the

above-nenti oned di phenyl carbonate conpound is used in an anount of
from1.01 to 1.30 noles, preferably from1.02 to 25 1.20 noles per nole of
t he above- nenti one@thar smdlium ion content in each of the starting
5 materials may be determined by atomic-a_bSorption
spectroscopy or induced coupling plasma emission

spectroscopy.

The content of sodium ion in each starting ma-

10 terial can be reduced by purification methods such

as aistillation or recrystallization. 1In particu-

lar, tﬁe sodium ion content in the aromatic dihy-

droxy compound can be reduced by a method comprising

forming an adduct of the aromatic dihydroxy compound

15 With a monohydric phenol, separating the adduct and

distilling off the monohydric phendl from the
adduct. | |

In the process for the production of pocharf

20 Dbonates according to the invention by melt polycon-

densation of an aromatic dihydroxy compouhd and a

carbonic acid diester or by melt polycondensation of

an aromatic dihydroxy compound and a diphenyl car-

bonate, the process for the production of polycar-

25 Dbonates is carried out by using a catalyst compris-
ing:

. (a) a nitrogen containing basic compound, and



di hydr oxy conpound. ' : 18 Exanpl es
of CJerr]-Cerr] carbonic acid diesters which can be used in the third
process -according to the i nvention as a sequestering agent include,
for exam pl e, diphenyl carbonate, phenyl tolyl carbonate and 5
ditolyl carbonate. Thus, cases wherein the seques- tering agent is
the sanme as the diphenyl carbonate reactant are contenplated in the
third process ac- cording to the2i2nventi on: By carryi ng out .
the nelt polycondensatlon of 10 the aromatic di hydroxy conpound and the

di phenyl carbo 3 dlﬁogg%ggllﬂekga;gfﬁgﬂﬁgryhé)é§&g§ felt 24

based on the aronat I"oxXy conpound, Cerr]-Cerr]
carbonic acid leSt@émﬂBh%@"WBy be the sane as or different fromthe

di phenyl carbonate com 15 pound, intended sequestering of hydroxy
term nal groups of the polycarbonate being forned proceeds
sufficiently, leading to a product of satisfactory eat and ter
resi st ances. Useful nitrogen containing ba51c compouM% as
5 component (a) of the catalyst includes, in the con-
crete, tetraalkyi-, aryl- or alkarylammonium hydrox-
ides such as tetramethylammonium hydroxide (Me4NOH),
tetraethylammonium hydroxide (Et4NOHf, tetrabutylam—
monium hydroxide (Bug NOH) and trimethyibenzylammo~
10 " nium hydroxide ]
( <::>——CH2(Me)3NOH), tertiary amines such as
trimethylamine,  triethylamine, dimethylbenzylamine
and triphenylémine; secondary amines represented by
RzNH (in the formula, R is alkyl such as methyl or
15 ethyl, or aryl such as phenyl or tolqu); primary
‘amines represented by RNH2 (in the formula, R is as
defined.above); or basic salts such as ammonia, te-
tramethylammonium borohydride (Me4NBH4), tetrabuty-
lammonium borohydride (BugNBH,), tetrabutylammonium

20 tetraphenyl borate (Bug4NBPh4) and tetramethylammo-—-
nium tetraphenyl borate (Me4NBPhy). ‘

Of the nitrogen-containing basic compounds as
exemplified above, particularly preferred are te-

25 ‘traalkylammonium hydroxides.



20 All of the amount of the CJerr]-Clerr] carbonic aci d di ester

to be used nay be added to the reaction sys- temprior to the
reaction, or a part of the anpunt of the Jerr]-Cerr] carbonic acid
di ester to be used may be added to the reaction systemprior to the
reac- 25 tion with the remai ni ng anount added during the re- action.
In some cases, the reaction of the aRdmtic di hydroxy conpound with

t he di phenyl carbonate com 19 . pound

naylxastartedirlﬁ?%fﬁ§e§§§é¥‘tE%égfr%hﬁéigéétifsg%%ﬁ@ﬂéﬁﬁx*ﬁ)of.

diester, and after the reacfion has nme ‘extent a

the amount of oifhethe c&tanilstd ehch e HPNiich aehd deesicfet®y hsoadded to
t he 5 reaction system In the first, second and third processes

ac- cor dhngitoxide, nvethissium hguroreildegnt Bathdfum hydotdxidee
contained in the starting materials should 10 preferably be not nore than
20 ppm and nmscsiinmf dydrogengppanatepr Pattass ignpgrydrogencarbghe term
"chlorine gontent" neans,chlarine )
ate, lithium hy rogencarbonate, sodium carbonate,
potassium carbonate,. lithium carbonate,.sodium ac-
etate, potassium acetate, lithium acetate, sodium
stearate, potassium stearate, lithium stearate,
sodium borohydride, lithium borohydride, sodium
10 borophenylate sodium benzoate,_potassiqm benzoate,
lithium benzoate, disodium hydrogenphosphate,
dipotassium hydrogenphosphate, dilithium hydrogen-
phosphate, disodium- salt of BPA, dipotassium salt of
BPA, dilithium salt of BPA, sodium phenylate, potas-

15 sium phenylate, lithium phenylate.

Furthermore, useful alkaline earth metal com-
pound as component (b) of the catalyst includes in
"the concrete calcium hydroxide, barium hydroxide,

20 magnesium hydrdxide, strontium hydroxide, calcium
hydrogencarbonate, barium hydrogencarbonate,_magne—
sium hydrogencarbonate, strontium hydrogencarbonate,
calcium carbonate, barium carbonate, magnesium car-
bonate, strontium carbonate, calcium acetate, barium

25 acetaté, magnesium acetate, strontium acetate, cal-

. cium stearate, barium stearate, magnesium stearate

and strontiun stearate.



mhlch is present in the formof salts such as sodi'um 15 chloride and

pot assi um chl oride, and which is pre- sent in the formof organic
conmpounds ‘such as phenyl chl or of ormat e and rmet hyl ene chl ori de. The
chl orine content can be determ ned by an anal ysis such as ion

chromat ography. 20 I f the conbined content of the chlorine con-
tained in the starting materials is nog nore than.20 ppm color tone
of the produced pol ycarbonate desir- ably tends to becone excellent.
25 The conbi ned content of chlorine .contained in the starting
materials can be easily reduced bel ow 20

20 o by vesh ng Wil GO UREST JRLAY PELBlpdf Oons oSt Hafic,
(EPhos 5 PRbosng 1" 25, AR [ipL0 4 10°ulSpamp srdutony o
from 10-5 to 10-2 mole, per molé of the aromatic di-
5 hydroxy_compound. The amount of the alkali metal or
alkaline earth metal compound (b). is from 1078 to 10-
3 mole, preferably from 10-7 to 10-4 molé,ﬁmore
preferably from 10-7 to 10-3 mole, per mole of the
arométic dih&droxy compound.
10 '
The use of the nltrogen contalnlng basic com-
.pound (a) in amount of 10-%-10-1 mole based on 1 mole
of the aromatic dihydroxy compound is de51rable, be-
cause the rates of the ester interchange and poly—
15 merization reactions are increased and, the result-

ing polycarbonates are excellent in color tone, heat

resistance and water resistance.

Furthermore, the use of the alkali metal or al-

20 kaline earth metal compound in an amount of 10-8-10-3
based on 1 mole of the atomatic dihydroxy compound

is desirable, because the polymerization activity,
particularly the rate of polymerization is markedly
increased and, the resulting polycarbonates are ex-

25 cellent in color tone, heat resistance and water re-

sistance.



Exanpl es of the aqueous weak al kaline solution . which can used herein
i ncl ude, for exanple, those of sodi um hydr oxi de, potassi um hydr oxi de,
l'ithiumhy- 10 droxide, sodium carbonate, potassium carbonate, am

nmoni um hydr oxi de, sodi um hydrogencar bonate, potas- Si um

hydr ogencar bonat e and tetranet hyl ammoni um hy- droxide. O these,
aqueous sol utions- of sodi um hy-- rogencar bonat e, sodi um carbonat e,
pot assi um hydro- 15 gencar bonat e andpgotassiun1carbonate are preferred.
The carbonic acid diester or di-phenyl carbonate and the di phenyl

car bonat e conpound 60 Waghed yethwsed irhotheeaitycalsel anecarikEngs to
solution is used in the 20 nmelt pol ycondensation either directly or

preferably - thefiavdmbhiony bempuiising| adcombinationFgf Hehe pa e
present invention, it is also -  advantageoys tqQ use . the starting
material s havigen gentaknisenhasic eomraindof(alsAndnd Lkt r8fuddd to

pr et S[Jﬁ]bl VBQOL;@”;‘:@,%@;%% , OmRRTh infBLRL &) "are £ REGHTY &4 han

5 polymerization activity.

They can form high molecular weight polycarbon-
ates which are exqéllent in heat resistance and wa-
ter resistance and improved in color tone and trans-

10 parency.

A preferred catalyst which can be used herein
comprises '
(a) a nitrogen containing basic compound,
15 (b) an alkali metal or alkaline earth metal
compound, and

(c) boric acid or boric acid ester.

Useful nitrogen containing basic compound as

.20 compdnent (a) of the catalyst and useful alkali
metal or alkaline earth metal compound as component

(b) of the catalyst are those as exemplified previ-

ously.

25 ' Usefui boric acid or boric acid ester as compo-
nent (c) of the catalyst includes boric acid and

boric acid esters.represented by the general formula



21 bonates of further inproved col or tone can be pre- par ed.

The sodiumion content in each of the starting 5 nmaterials may be

determ ned by atom c-absorption spectroscopy or induced coupling

pl asma -em ssi on spect roscopy. . The content of sodiumion in
each starting ma- 10 terial can be reduced by purification nethods such

as distillation or recrystallization. |n particu- | ar, the sodiumion
content in the aromatic dihy- drd&? conpound can be reduced by a

met hod conprising - form ng an adduct of the aromatic di hydroxy conpound

15 with a nonogy@R)G, PReAY 1 SRRY aEl'xéngl‘?n@ﬂQUCtR amg alkydi duthi g of f
the nonohydric phenol” from In the process for

t he production méthellycatid ewxybpnatrema,crosdk:mg i phenyventard hy inel t
pol ycon- -densation of an aromatic di hydroxy conmpound and a

carbonic acid diesBepror3)oy nelt pol ycondensation of an aromatic

di hydroxy conpound and a di phenyl car- bonate, the process for the
production of polycar- 25 bonates is carried out by using a catalyst

conpri s- 5 Concretely, such boric ‘acid ester as illus-
traﬁed above includes trimethyl borate, triethyl bo- .
rate, tributyl borate, trihexyl borate, triheptyl
borate, triphenyl borate, tritolyl borate and tri-
naphthyl bﬁrate. .
10 '
The preferred catalyst comprises froﬁ 10-% to
10-! mole, preferably from 10-3 to 102 mole, based
on 1 mole of the aromatic dihydroxy compound, the
nitrogen containing basic compound (a),from 10-8 to
15 10-3 mole, preferably from 10-7 to 109 mole, and
' more preferably from 10-7 ro 10-5 mole, 'based on 1
mole of the aromatic dihydroxy compound, of the al-
kali metal or alkaline metal compound and from 10-8
to 10! mole, preferably from.10‘7.to 10-2 mole; and
20 more preferably from 1076 to 10-% mole, based on 1

mole of the aromatic dihydroxy compound, of the

boric acid or boric acid ester (c).

The use of the nitrogen containing basic com-
25 pound (a) and the alkali metal or alkaline earth
metal compound (b) in amounts of from 10-6 to 10-1

‘mole and from 10-8 to 10-3 mole, respectively, based



i ng: . _(a) a nitrogen containing basic conpound, and

22 (b) an alkali netal or alkaline earth netal conpound. .
Useful nitrogen containing basic conpound as 5 conponent (a) of the '
catal yst includes, in the con- crete, tetraal kyl;, aryl- or

al kar yl ammoni um hydr ox- | des sucq%is t et ramet hyl ammoni um hydr oxi de
(Me4NCH) t et raet hyl anmoni um hydroxi de (Et4NCH), tetrabutylam

noni um hydroxi de (Bu[err} NOH) and trinethyl benzyl ammp- 10 ni um hydr oxi de
[err]; teftiagh aMmASe &8CRheASaromatiird ngihyldawne, compioetriy/| asi ks --

di et hyl benzyl am ne and triphenyl am ne; secondary am nes represented
byI EQNH (Eﬁifbléomuﬁzthéasamalqﬁasunb as moted aboves ethyl, or
aryl such as phenyl or toluyl);, primary = amines represented by RNH2 (in
the fornula, Ris afhe usgefPRedPubbferCif Bésiléoﬁapfsa%gah%%%yfﬁz)a,(

e tramet iyl ammoni U hor o AE e {HEENEE101P 314 Yased on 1
5 mole of the aromatic dihydroxy compound is desir-

able, because ths resulting po}ycarbonates are ex-

cellent in color tone,.ﬁater resistance, and heat

resistance and a decrease in the molecular weight

of the .polycarbonates) when heat aged, is re-

10 'strained.

It has been found that the-preferred catalyst
comprising a combination of the nitrogen containing
basic compound (a), alkali or alkaline earth metal

15 compound (b) and boric acid or its ester (c), is
much higher in polymeriiation'activity and produc-
'tive of higher molecular weight polycarbonates which
are more excellent in heat resistane and water re-
sistanceland more improved in color tone and trans-

20 parency, than with the catalyst comprising the ni-
trogen-containing basic compound (a) and the alkali
metal or alkalihe metal compound (b), and contaiﬁing

no boric acid.or boric ester.

25 : In the processes according to the invention the
_polycondensation reaction of the aromatic dihydroxy

compound. with carbonic diester or of the aromatic



| anmoni um bor.ohydride (Bu[err]NBH err]), tetrabutylanmoni um 20

tetraphenyl borate (Bu[err]NBPh[err]) and tetranethyl ammo- ni um
t-etraphenyl borate (Me[err] NBPh[err]). . O the nitrogen-containing
basi ¢ conpounds as exenplified above, particularly preferred are te-
25 traal kyl ammoni um hydr oxi des. : 23

Useful al kali nmetal conpound as conpéh%nt (b) of the catal yst includes,
in the concrete, sodium hydr oxi de, potassi um hydroxide, lithium

hydr oxi de, dSRYHYDAY IESRERATPOREL R, PPREAYIMIWHHBHBRE BSfipoun At €,
| i thi um hydr ogencar bonate, sodi um carbonat €, pot assi um car bonat e,

l'i thium carbongig, beodtdirded outetwdider pehasssameacedatet iloddi kmown
acetate, sodium stearate, potassium stearate, |ithium stearate,

sodi um bor ohydfdde,thei thame bvealotdione, Sqrdifirelbyrophbeyl fi&sdodi um
benzoate, potassium benzoate, | i thi um benzoate, disqQdium

hydr ogenphosphit@gde of BhgoPYernAeassteModFRatearated R HPdeien-

phosMﬁue,Sduﬁﬁ&gghimgrgésggé é%pgt%%%ﬁggg L}éﬁof from 80 to 250

°C., preférably from 100 to 230 °C., more preferably
from 120 to 190 °C., for up.to 5 hours, preferably
up to 4 ﬁours,-moretpreferably from 0.25 to 3 hoﬁrs.
In the second stage, the reaction is continued while
10 reducing the pressure and elevating the temperature,
and completed eventually under a réduced pressure of
1 mmHg or lower amd at a temperature of from 240 to

320 °C.

15 - The polycondensation reaction as illustrated
above may be carried out either continuously or
batchwise. An apparatus in which the above-
mentioned reaction is carried out may be of a type
of tank, tube or column.

20

The polycarbonates in’accordanqe with the in-

vention will now be discribed in detaii.

A polycarbonate according to the invention is
25 characterized in that from 10 to 30 % of its

terminal groups  are hydroxy groups.



BPA, dilithiymsalt of BPA, sodium phenylate, potas- 15 sium phenyl ate,

| i t'hi um phenyl at e. Furt hernore, useful alkaline earth netal com
pound as conponent (b) of the catalyst includes in the concrete

cal ci um hydroxi de, barium hydroxide, 20 nagnesi um hydroxi de, strontium
hydr oxi de, cal ci um hydr ogencar bonat e, bari um hydrogencar bonat e, nmagne-
si um hydr ogencar bonate, strontium hydrogencar bonat e, cal ci um
carbonat e, barium carbonate, nagnesi car - bonate, strontium

carbonate, calciumacetate, barium 25 acetate, nagnesium acetate,
strontium acetate, pgdther &1 Upbihassabendaei uacsteardhirg nignesthm

Stearate and strontium stearate. _ .
The armpunt of itrihweent fibageins cohaaiagitrer baetic in thabmp@tndneze itthapo@0
10[err] to 10[err] nole, preferably from10[err] to 10[err | e, per
mol e of the arfonePref@rably EKy@mox) &Smdand- &ﬂ%emﬁiﬁ%e%#§#¥TgFﬂﬂi
metal or 16 to 20'%,,of its terminai groups are hydroxy
5 groups and that it preferably has a sodium content
.of not hore than 1 ppm, -more preferably not more
than 0.5 ppm and a chlorine content of not more than
20 ppm, more preferably not more than 10 ppm. |
Such a polycarbohate is particularly excellent
10 in color tone, heat resistancé and water resistance.
This is believed that whilg hydroxyl,terminal groups
of a polycarbonéte provides reactive sités, the
~ reduced chlorine and sodium contents prescribed
| herein suppress undesirable reaction of hydroxyl
15 terminal groups thereby preventing the polycarbonate
from being badly discoiored.

In addition, in cases that the polycarbonate
according to the invention contains not more than 1
ppm of a total content of alkali metal such as

20 1lithium, potassium and cesium and alkaline earth
metal such as beryllium, magnesium and calcium, the
polycarbonate is excellent in color tone, water
resistance and heat resistance.

The polycérbonate according to the invention

25 has an intrinsic viscosity [N] of from 0;3 to 1.0

| dl/g, as measured in methylene chloride at a temper-

ature of 20 °q.



al kal i ne earth netal conpound (b) is from10[err] to 10[err] [err]

nol e

preferably from 10[err]

to 10[err] 'nole, nore preferably from

10[err] to 10[err] nole, per nole of the aromati c di hydroxy conpound.

10

The use of the nitrogen containing basic com pound (a)

anount of 10[err]-10[err] nole based ga 1 nole of the aromatic

di hydroxy conpound is desirable, be-

cause the rates of the ester

i nt erchange and poly- 15 nerization reactions are increased and, the

result-

resi stance and water resistance. Furthernore, the use of the

alkali netal or al TheQpRidlviosrkenahen@tctordapguritb i hhen innemtioh is

10[err]-10[err] based on 1 nole of the aromati¢ di hydroxy conpaqund
i for the (pEamsFE

i's desirable,

i ng pol ycarbonates are excellent in color tone, heat

or

cBBs¥ahe $BF YRS AP B nPROGEASS tR

rate of polymgr)zaLhen i Zg@(r:e%ql Ye . rgic)ilﬂo%;ee ,zﬁg’sahnlgl%ﬁggg{asseg%t ha¢e_

pol ycar bonat es  are ex-

wat er

re-

5

10

15

20

25

ent | a ce and
iafta8RC8n some Examples, by the processes according

to the invention in which condipions including the
éodium and chlorine contéﬁts of the starting materi-
als and the amount of the sequestering agent are
suitably selected. Further, it will be produced by
so-called interface processes, if conditions, in
particular the sodium and chlorine content of the
starting aromatic dihydroxy compound to be reacted
with phosgen and the amount of a sequestering agent

to be used are suitably selected.

Effect of the Invention

By the first; second and_third_proceSses ac-
cording to the invention in which melt polycondensa—
tion of an aromatic dihydroxy compound with a car-
bonic acid diester or diphenyl carbonate compouhd in
the presence of a spécific amount of a selected se-
questering agent using a specific cataiyst, there
can be produced polycarbonates having hYdroxy terni-
mal groups not exceeding 30 %, preferably not ex-
ceeding 20 %, more preferably from 10 to 20 % based
on the whole terminal groups thereof and an intrin-

sic viscosity [M] of from 0.3 to 1.0 dl/g, as mea-

in

YFEE Qe



25 . . The catalyst used in the process according to the invention

conprising a conbination of the nitro- gen contai ni ng basi ¢ conpound

(a) and al kali or al- kal i ne earth netal conpound (b), are found higher
in 5 polynerization activity. They can form.hi gh nol ecul ar

wei ght pol ycar bon- ates which are excellent in heat resistance and

wa- - ter resistance and inproved in color tone and trans- 10 parency.
A preferred catal yst which can be usedlherein conpri ses (a) a
nitrogen containing basic conmpound, 15 (b) an alkali netal or

al kaline earthgfed. in metq££€ﬁﬁowﬁﬁofﬂge at a téﬁ%ekgﬂﬁtécb%<&o

boric acid ester. nitrogen containin asi ¢ conpound as

20 component (% .of rhe cpbalysdrivodatweas ubtﬂixﬂhable bet @heor falrketd | ne
earth nmetal conpound as conponent (b) of the catalyst are those as

exenplified preecond andudilyird piocessiesf ricoorddrari toorther iinwend
ester as conpo-

tion are excellent in heat resistance and water re-

S sistance (resistance to hydrolysis). Moreover, they

are excellent in color tone and tensile strength

even after immersion in boiling water.

The polycarbonate according to the invention,
10 which has specific amounts of hydroxy terminal
groups end-capped and reduced chlorine and sodium
contents, 1is excellent in color tone, heat resis-
tance and water resistance (resistance to hydroly-
sis).
15
Examples
The invention will now be further described
with reference to the following exampies. It should
be appreciated, however, that the invention is in no

20 way limited by the examples.

Methods for measurement of physical properties

employed are as follows.

25 Intrinsic viscosity (IV):
‘The intrinsic viscosity of a sample was mea-

sured at 20°C.on a solution of the sample in methy-



nent (c) of .the catal yst includes boric acid and - boric acid esters

represented by the general formula 26
B(OR)[err] (OH)[err] (in the forrmula, R is alkyl such as met hyl and
ethyl, or aryl such as-phenyl, and n is 1, 2 or 3) 5

Concretely, such boric acid ester as illus-" trated above includes
trimethyl borate, triethyl bo- repe, tributyl borate, trihexyl borate,
triheptyl " borate, triphenyl borate, tritolyl borate and tri-

napht hyl borate. 10 . The preferred catal yst conprises from10-6 to
10[ err] ol e, IrreechBior¥dem(00[5a4941}t ousdna rd %bb@}ohﬁﬁﬁﬁ viscemer nol e
of the aromati,c di hydroxy conpound, the nitrogen containing basic
comrpound (eQ,f??ﬁnlO[err] to 15 10[err] nole, preferably from1l0[err] to
10[err] nole, angd nore preferably from 10[err] to 10[err] nole, based
on 1 nol e of the aromatic di hydroxy conpound, of the al- kali

metal or al kalgge 1Bt Yaepound and from 10-8

5 A press sheet of a sample having a thickness of
2 mm was measured for Lab-.values.by the transmission
method using Color and.Color Difference Meter ND-
1001 Dp, manufactured and sold by Nippon Denshoku
Kogyo K.K., and the measured b value was used as a

10 measure of yellowness

Heat aging test (1): _
Pellets of a sample were dried at 120°C under
400 mmHg'for 12 hours,'and 4;5 g of the pellets thus
15  dried was weighed on Petri dish made of Teflon hav-
ing diameter of 40 mm and kept for 16 hours at 250
°C in a gear oven (GHPS-212 manufactured and sold by
Tabai Seisakusho K.K., air repiacement ratio 71.6
times/hr.), and then cooled to room temperature.
20 The sample so treated was formed into a press sheet
of a thickneSs bf 2 mm,- and measured for hue (b

value) and IV.

Heat aging test (2):
25 A press sheet of a sample having a thickness of
3 mm was kept for 1,000 hours at 140 °C in a gear

oven, (GHPS-212 manufactured and sold by Tabai



to 10-1 -nole,. preferably from 10[err] to 10[err] nole, and 20 nore

preferably from10[err] to 10[err] nole, based on 1 nol e of the
aromati ¢ di hydroxy conpound, of the boric acid or boric acid ester
(c)-. The use of the nitrogen containing basic com 25 pound (a)
and the alkali netal or alkaline earth metal compound (b) in anmounts
of from10-6 to 10-1 mol e and frgogn 10[err] to 10[err] nole,
respectively, based 27 on 1 nole of
the aromatic di hydroxy compound is de-- sirable for the sanme reasons as
not ed above. Selsakuﬁ'h@ ude- 5f rbor@é Yaci Hedl deEMERE| d Tk dp (071 in

an anount of from 10lerr] tq 1 nol e ed on 1
aromatic di hyd 2hﬁthd%% & n °°°§S§ thﬁﬁQ@[?Emﬂéﬁﬂﬁ?ﬁ&°
pol ycar bonat e €0 BX 1 (@ t 4l LN t esy d
heat resi git%\cefanaje sgeg{rée%ge |grné&ﬁ%9 sgc‘ﬁ g&m&i’%%t %eségglﬁfpﬁgp
pol ycar bonat eand Wege Neat 1 Adedss iindéef wdd HdPéR%dted in accor-
5 dance with the following equation..
YI = (71.53.a + 178.82 b)/L

= (100/Y) X (1.277 X - 1.060 Z)

Test for water resistance (1):

10 A dumbbell of 5 mm width X 5cm length was
punched out from a_press sheet of 0.5mm thickness,
immersed in boiling water, and withdrawn therefrom
after the lapse of 1 day, 3 days and 7. days, respec-
tively. Within 1 hour after the removal, the

15 dumbbell thus treated was subjected to tensile.test
with Instron 1132 under the conditions a distance of
30 mm between zippers, a rate of pulling of
50mm/min, and a range of measurement of 50 kg,
thereby measuring a value of elongation (%)

20
Test for water resistan¢e1(2):

| A press sheet of a sample having a thickness of
3 mm was immersed in water kept in an autoclave,
which was held. in an oven at a teﬁpefature_of 125

25 °C. for 5 days. The press sheet so treated was mea-
sured for a haze, by means of NDH-200 supplied by
Nippon Denshoku Kogyo K.K.



It has been found that the preferred catalyst - conprising a conbi nation

of t-he nitrogen containing basi ¢ conmpound (a),. alkali or alkaline
earth metal 15 conpound (b) and boric acid or 'its ester (c), is much
hi gher in polynerization activity and produc- tive of higher nolecular
wei ght pol ycar bonat es whi ch are nore excellent in heat resistane and
wat er re- si stance and nore inpr,oved in color tone and trans- 20
parency, than with the catal yst conp F%ing the ni- t rogen- cont ai ni ng
basi ¢ conmpound (a) and the al kali . metal or alkaline netal conpound
(b), and containing no boric acid or boric ester. 25 In the
processes according to the invention the '~ pol ycondensation reaction of

the aromatic §ondkbikgns foxdrpeuRdepainat ek bofi préisstsheest :of the
aromatic _ 28 dih*dr%§¥ conmpound with
di phenyl car bonat eFE&ffouileets ¥oFeePLEPARRA o®S uhdrl AWe, sdpless

" "M skl PRSP oS ALY wedd abi L
5 for 12 hours at 120 °C under 400 mmHg, maintained
for 10 minutes uﬁder nitrogen atmosphere.
Thereafter, the pellets were pressed for 5 minutes
at 280 °C and 100 kg/cm2, and then pressed for 5
minutes at room temperature.- |
10
Terminal structure :
Terminal OH groups'and terminal structure were
determined on a solution of 0.4 g of a sample in 3
ml of chloroform at a temperature of 40 °C., using
15 13C-NMR (GX-270 supplied by NIPPON Electronic
Industries K.K.). The concentration of terminal OH

groups was expressed in % based on the content of

the whole terminal groups.

‘20 Concentration of terminal OH groups:

On a solution of 0.25 g of a sample in 10 ml of
methYlene chloride, the concentration of terminal OH
groups was detefmined by measureing an absorption at
OH reoups éppearing in the proximity of 3580 ‘cm~1,

25 wusing FT-IR (FT-IR 4300, supplied by SHIMAZU
SEISAKUSHO K. K.), followed'by calculation.

Sodium content



5 anbi ent pressure at a tenperature of from80 to 250 C., preferably
from100 to 230 [err]C., nore preferably from120 to 190 [err]C., for
up to 5 hours, preferably up to 4 hours, nore preferably fromO0.25 to
3 -hours. In the second stage, the reaction is continued while 10
reduci ng the pressure and el evating the tenperature, and conpl et ed
eventual |y under a reduced pressure gfs 1 mmHg or lower and at a
tenperature of from-240 to 320 [err]C. 15 The pol ycondensati on
reaction as illustrated above may be carried out either continuously
or bat chwi se. SOGAMM aGRALANS °ﬁ1amHPéNmQ%ewaémﬁﬂﬁermln%ﬁw@?oned

d b k, t b ol 20
rTﬁZCLLf’Sc;be%‘é 63" {STom cBbusht F b B ymer Wit & ¢ bR ERAL FAl e
di bad i il
s 25 ohara erlza; ?Pthap%rcwéﬁs Q% 00% ﬁfgﬁ%é@r%eo dgfﬂ on

Is 25 charac 30 na groaps
are hydroxy gpe4@THI 180-80, supplled by HITACHI SEISAKUSHO K.

5 K.).

Chlorine content :
Fifty g of'a polymer was gasified and dissolQed
in water in accordance with Schoniger's methos, and
10 the chlorine content was determined with a critical
value of 0.05 ppm by ion chromatography (using Ion
chrophatograph 2000i supplied by DIONEX K. K.).

Example 1

15 A 100 ml glass reactor was charged with 47.08 g
(0.220 mole) of diphenyl carbonate (having a sodium
content of less than 0.05 ppm and a chlorine contenf
of 24.0 ppm, supplied by Farbenfabriken BAYER A.
G.), 45.600 g (0.200 mole) of Bisphenol A (having a

20 sodium content of less than 0.05 ppm and a chlorine
content of 16.4 ppm, supplied by G .E. Company),
2.12 g.(0.0l mole, that is, 5.mol'%/'Bisphenol A) of

p-cumylphen'ol 0 I

25 and 3.72 mg (3 x 107% mole/mole of Bisphenol A) of
boric acid H3BO3 (guaranteed reagent supplied by

WAKO K. K.) under a nitrogen atmosphere, and the



29 i Further a polycarbonate according to the I nvention is
characterized in that not nore than 30 % preferably from5 to 25 %
more preferably from 10 to 20 % of its term nal groups are hydroxy 5
groups and that it preferably has a sodi um content ~of not nore than 1
ppm nore preferably not nore than 0.5 ppm and a chlorine content of
not nore than 20 ppm nore preferd8@y not nore than 10 ppm

Such a polycarbonate is particularly excellent 10 in color tone, heat

resi stance and water | st i Thi s, | ' i |
termnal gr oupg‘lXturrﬁs%’[f‘sspgﬂéce?&reodong?egbf%%ﬁ&%?%@%‘ggi ?gg}ygs,q%ﬂggh@(yl

reduced chl ori ng 30l SOgliuH GO LREPeR! GREAd DEE Ni £diT 8 Pentipacos 30
ac ydr oxy

undesirable re I'on- of 15 term nal groups thereby preventing the

pol ycarbonate pjinufegm gl nghkaddyddogcameepperiod thera wedie i addeich
cases that the polycarbonate . according to the invention contains not
more than 1 toppheofreatboal IHmM&nmgofofil Rall5 ndt Ageeensasopption

lithium potassium and cesium and al kal i ne earth netal such as

beryl lium fagekitetasmethylammarian hydiaxtdendipaNORgs }edt B

color tone, Walglvo codeT KRS Y R°¥0/©%h818"Sr MeNOH/mole of
Bisphenol A) and 0.50 mg (3 x 1074 mole/mole of

Bisphenol A) of sodium hydrogencarbonate NaHCO3

(guaranteed reagent by WAKO K. K.), and the mixture
10 was for further 30 minutes at a temperature of 180

°c. under a nitrogen atmosphere to effect the ester

interchange reaction.

The reactor was then heated to a temperature of

15 210 °C. and evacuated to a pressure of 200 mmHg.
The reaction mixture was maintained under these con-
ditions for 1 hour and then at 240 °C. and 200 mmHg

for 20 minutes. The pressure wés slowly reduced to

150 mmHg, and the mixture was maintained at 240 °C.

20 for 20 minutes under this pressuré, for_furfher 20
minutes under 100 mmHg, and for 0.5 hour under 15
mmHg. Finally, the température was raised to 270 °C.

and the pressure .was reduced to 0.5 mmHg, and the
reaction was continued under these conditions for

25 2.0 hours.



The .pol ycar bonate according to the invention 25 has an intrinsic
viscosity [[err]] of from0.3 to 1.0 dl /g, as neasured in nethyl ene
chl oride at a tenper- ature of 20 [err]C

30 The pol ycarbonate according to the invention is in no
way ‘restricted by processes for the production thereof. It can be
produced, as illustrated here- 5in t%er in sonme Exanples, by the
processes accordi ng to the inven n in which conditions including the
sodi um and chl orine contents of the starting materi - als and the
amount of the sequesbay grBeeNt @l tavindUidrabiny SQEClp0FUFABer opit
w Il be produced by 1 so-called interface processes, if conditions, in
particul ar thetaddiedh arthehlosnbentondbénttefmilmal OH sgaohipw aformshiec

di hydr oxy conpound to be reacted wi th phosgen and the anmount of a
sequest eri ng apaeduct was e %sed are suitably selected. - 15

The results are shown in Table 1.

. : . - . .
Example 1 was repeated except that each of the
sequestering agents indicated in Table 1 was used in
an amount indicated in Table 1.

10 The results are shown in Table 1.



Ef fect of the Invention By the first, second and third processes

ac- . cording to the invention in which nelt pol ycondensa- tion of
an aromatic di hydroxy conpound with a car- 20 bonic actd diester or
di phenyl carbonate conpound in the presence of a specific anount of a
sel ected se- guestering agent using a specé%ic catal yst, there
can be .produced pol ycarbonat es havi ng hydroxy terni - mal groups not
exceeding 30 % preferably not ex- 25 ceeding 20 % nore preferably from
10 to 20 % based - on the whole term nal groups thereof and an intrin-
sic viscosity [[err]] of fromO0.3 to 1.0 dl/g, as nea-
31 sured in nethylene chloride at a tenperature of 20 [err] C.
The pol ycar bonat es obt ai nabl e by the first, second and third processes
according to the ihverg & t&on are excgjlent in heat resistance and
wat er re- 5'si§}ancg§(6§ﬁist ce t® hydrol ysi g).,Mreqver, they are
excel lent in col gr|tor® dgegsile strengrhg % ®veh ter imersion in
boiling water. ;| % J S W s 2 o & o
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10 which has specific
heat resis-
sis). 15

groups end-capped and reduced chlorine

in color tone,

contents, is excellent
tance and water resistance (resistance to hydroly-

The polyecarbonate éccording to the invention,
of hydroxy term nal

anmount’'s
and sodi um

c

>.—

+— —~
= —_ O —

. n
= § 3Es
-— 0 » oL

§e) m.ai n .

m S0 em\ €9 19 99 S9 89 (%) AI Jo uoysuaax

C X « OC 8T 0 . 6L o 9¢" 0 ¥c°0 ¥e'o- (B/71P)AY '
5% %53 Y c6 7°06 9°06 £°16 §°68 szey
O OOVDT Cu—.— ’ (dep ¢ x03 xaiem
.hm mlht nV.v,..H (@] 5 . burrroq Uy UOTEIIWWAY JaJe)
O O - C—_ L0 g8'0 8°0 870 6°0 szZeq
o °2aS°5 . (Terayuy)
S ) m. — (z) soueisyssy xajem
dbw em S5 m ayqepyou ou ¥y £l 1 4 €717 . £° 0z Aep L
+ +— F O o ®tqeprouw jou T°9¢ L°ye 23 S T1¢ Aep ¢
L e " — ayqepyou jou 1°vS §°29 7°¢€S T°¢s Xep {
— © s{qepiouw Jo0u 7°¢t6 S 10T €796 56 Aep o (X0 IB3em
- SUTTTOq UT UOIsIawuWy I93)e)

c
.W,m VJ% o (x) udyiedborz
@ w m.ﬂ. O (1) soueasysal Jaley
> 0o Q = 9L°GT YT ET TR A 8L°TI £€C° 21 (1x)any
O-NO~O : . (0,097 3& SInOY 000°'T Ia3je)
cZ mwmwmw sv°z 19°2 £5°1 T ys'1 LL°Z (IX)omK
— .0 <N _ (Tey3Iyuy)
7, B (z) sSoSUR3IEYSII JeAR
52825 eraeprom lou Vi § € 9°1Z 76l (sntea q)anH
g— = 6270 9y 0 0s°0 8v 0 Y0 (6/1P)AT
m T »n W%M ‘ ﬁuoonw 3B BaNOY 91 ISyje)
_ X .- O = (1) oouelsyisesI eal
.m. @ - o wn S 1 .
— .
VOO > W {x)sdnoab
W n.H o C. . w 0 € S € 0 TeuywmIa) Axoxpiy jo JUI3IU0)
N 0 o°r Tt 01 0°T 't (snTea q)anH
ocovcw — . . . . .

o—>@c S 620 isto §s°0 £5°0 050 (6/1P)AX
— - — 1

Fo—ov-am o Y9 vl ze'st €2°61 LL et . §9°1LY (udd)uazuod 19
T“oS5€E m O ~Ti¢ ¥0°'¢ 0z'¢ so'¢ . 1 2 88 A {udd)1us3ucd ey
O N — =) . satygadoad redysdAyg
“ 868 2t xawe v ardwexy ¢ aydwexz ¢ ardwexy T ardwexy
°f %o 3
tt m —_ Q {panuyiiuocd) [ a1qel
L m. )

n o - .

[« I ) m @© ©

— O LT n

m.r >0 0 > O
) mhl ©cC

33080 8®



ter. . Hue (b value): = 5 A press sheet of a sanple having a

t hi ckness of 2 mm was neasured for Lab.values by the transm ssion

met hod using Col or and Col or Difference Meter ND- 1001 Dp,
manuf act ured and sol d by N ppon Denshoku Kogyo K. K., and the measured
b value was used as a 10 neasure of yellowness Heat aging test (1):
Pellets of a sanple were dried at 128Perr] C under 400 mmHg for 12
hours, and 4.5 g of the pellets thus 15 dried was wei ghed on Petri dish
nmade of Tefl hav- ing di aneter of 40 nm and kept for. 16 hours at 250"
[err]Cin a ggéﬁﬂ¥%gﬁr§(34PS-212 manuf act ured and sol d by Tabai

Sei sakusho K. K., %rlb@plrﬁfe@'&tséai:éﬁcyoﬁ was c¢haegeld .yithndls ha6s
cooled to roomtenperature 20 The sanple so treated was forned into a

press sheet g (aﬁzﬁztMdm@mssﬁﬁdiphﬁpyﬁMCamhnn&Mefdﬁ&m@ @s used

val ue) and | V. Heat aging test (2 heet of
sanpl e havi ngia Examplkes 1619: ‘?5 5@0rr$ﬁ\)/v&9 A "f‘@ileip(ﬁfgsﬁgﬁe %f?o&?l@

err]Ci a

[ ] nsa gesame asovt?ge G_lfg ZéczaHBT‘éf aﬁ‘,”eﬁﬁ% S&' d(d)}'OIa%le,
that is, 5 mol %/ Bisphenol A) of 2-carbomethoxy-5-
tert.-butylphenyl phenyl carbonate

@ v

_ COOCH3
10 and 3.72 mg (3 x 104 mole/mole of Bisphenol A) of

boric acid H3BO3 (guaranteed réagent supplied by
WAKO K. K.) under a nitrogen atmosphere, and the
mixture was heated to a temperature of 180 °C. and
stirred with'a stirrer made of Ni for a period of 30
15 minutes. At the end of the period there were added
to the reactor 36.48 mg of a 15 % aqueous solution
of tetramethylammoniun hydroxide Me4sNOH supplied by'
TOYO GOSEI K. K. (3 x 10-% mole of Me4NOH/mole of
Bisphenol A) and 0.50 mg (3 x 10-% mole/mole of
20 Bisphenol A) of sodium hydrogencarbonate NaHCO3
(guaranteed reagent by WAKO K. K.), and the mixture .
was for further 30 minutes. at a.tempéiature of 180
°Cc. under a nitrogen atmosphere to effect the ester
interchange reaction.
25
The reactbr was then heated to a temperature of

210 °C. and evacuated to a pressure of 200 mmHg.



33 . Sei sakusho K. K., air replacenent ratio 71.6 times/hr.), -.and
then cooled to roomtenperature. Hue of the so heat aged press sheet
was det erm ned and the.yel l owness index was cal cul ated in accor- 5
dance with the foll ow ng equation S Yl =(71.53.a + 178.82
b)/L (100/Y) x (1.277 X - 1.060 2) Test for

wat er resistance (1): 10 A dunbBel | of 5 Mmwidth x 5cmlength was
punched out from a press sheet of 0.5mmthickness, inmrersed i-n boiling

water, and wit %@V\Peﬁgﬂ 3 Ch‘irixtureafm;a’f'sr rﬁ@fntﬁﬁ?ﬁa&fuﬁdéﬁy,tﬁeéié‘Y&o%ﬂd 7
days, respec- trvely. thin 1 hour after the renoval, the 15

‘dumbbel It hus tdﬁ_aiéﬁsV\&For.SUDJ h@'&:ﬂﬂ Andt eheid eate@40 °C. wahd 1260 r mHEL32
under the conditions a distance of 30 nn1betmeen'2|p8ers a rate of
g

pul ling of f@ONEOmmi,nutrelsa r &ty pressang cwast vfovdykgFeducedt k& eby
neasuring a megbOf eg@“ﬁ%aotﬁ; mixture was maintained at 240 °C.
5 for 20 minutes under this pressure, for further 20
minutes under 100mmHg, and for 0.5 hour under 15
mmHg. Finally, the temperature.was raised to 270 °C.
and the pressure was reduced to 0.5 mmHg, and the
-reaction was contlnued under these conditions for
10 2.0 hours.
Polycarbonate having an IV of 0.51 was ob-
tained. The content of terminal OH groups of the

product was 1 %.
15 . The results are shown in Table 2.

EXamples 6 to 8 and Comparative Examples 2
Example 5 was repeated‘except-that each of the
sequestering agents indicated in Table 2 was used in

20 an amount indicated in Table 2.

The results are shown in Table 2.

- Example 9
25 Example 5 was repeated except that in place of the
2-~carbomethoxy-5-tert.-butylphenyl phenyl carbonate,



20 Test .for water resistance (2): A bress sheet of a sanple

havi ng a thi ckness of 3 mmwas imersed in water kept in an autocl ave,
which was held. in an oven at a tenperature of 125 25 [err]C. for 5 days.
The press sheet so treated was nea- sured for a haze, by neans of

NDH- 200 supplied by Ni ppon Densh®Ru Kogyo K. K.

34 Conditions for the preparation of press sheet: Press
sheets were pr e f okl , okher\w sg ifqe ets
of a sanple \/veqa}e)él r?‘é_’?se gé ﬁ.}gfl 1%?%3?811%?0112%@[eq!;]glgﬁgeggaoga& rJ

mai nt ai ned até Oowat0 addit £6neNdes wdddogen at nosphere. Thereafter
the pellets were pressed for 5 m nutes at 280 [err]C and 100
kg/cnferr], and then pressed for 5 m nutes at roomtenperature. 10

Termnal structure .
The results are shown in Table 2.



Term nal] OH groups and termnal structure were det.erm ned on a

solution of 0.4 g of a sanple in 3° m of chloroformat a tenperature
of 40 [err]C., using 15 13C-NWR (GX-270 supplied by N PPON
El ectronic I ndustries K K ). The concentration of term nal OCH
groups was expressed in % based on the 48ntent of t he whol e term nal
gr oups. 20 Concentragt_-g(zn of term nal OH groups: On a solution af
0.25 g of a sarrpl § m’él@ M of nmet hyl ene chl oride, the concentration
of ternminal OH vva%det er m nésl % meagurej ng an absorption at
OH reoups appearsr rED NEI Mty of %5 n{errg 825 using FT-1R
(FT-1R 4300, supplii ed Slgy"SAKU HOgK. 'K). fol | oned by
cal cul ati on. 3 ocﬁ yrp gent ent e 35
Sodi um content of la pd yierfwas deternined on ashes from 20 g of the
pol ymer with a crijtical Val of 0.05 ppm by atom c-absorption
spectrscopy (using [ @ . '
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H TACHI 180- 80, sﬁppl ied by H TACH SElISAKUSHO K. 5 K.). Chl ori ne

content : Fifty g of a poI ymer was gasified and dissol ved in
wat er in accordance with Schoniger's methos, and 10 the chlorine content
was deternined with a critical - val ue ‘Pé 0. 05 ppm by.i on chromat ogr aphy
(using lon chr ophat ograph 2000i supplTéed by DI ONEX K. K.).
Exanple 1 15 A 100 mM gl ass reactor was charged with 47.08 ¢
(0.220 nole) of diphenyl carbonate (having a sodi um content of |ess
t han 0.05 ppm andja chl orine content of 24.0 ppm supplied by
Far benf abri ken BAYER A G),.,45.6Q0 @ (0.200 nole) of Bisghenol A
(having a 20 sa&fliogmceament of fess ttham 0. 05 pptreand & chl®wi ne
content of 16.4 fnf Sufipf Ped by B2 E. Coffpany), 37" 2. P2 g B01 nol e,
that is, 5 nol %°|Bi sphenol A) of p- cunyl phenol _ [err]
25 and 3.72 ng (3 x 10[err] nol e/nole of Bisphenol A) of boric acid
Herr]BJerr] (guaranteed reagent supplied by WAKO K. K.) under a
nitrogen at m)spher e, and the '
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36 .. mxture was heated to a tenperature of 180 [err]C. and stirred
wth a stirrer nade of NN for a period of 30 m nutes. At the end of the
peri.od there were added to the reactor 36.48 ng of a 15 % aqueous
solution 5 of tetramethylamoni un hydroxi de Me4NOH supplied by TOYO
GOSEI K. K (3 x 10[err] nole of Me4NOH nol e of Bi sphenol A) and 0.50
mg (3 x 10[err] nol e/ nole of Bisggznol A) of sodi um hydrogencar bonat e
NaHCJ err] (guar ant eed reagent by KO K K), and the mxture 10 was
for further 30 mnutes at a tenperature of 180 [err] C. under a nitrogen
at nosphere to Bkamplle EQ est er i nt er change reaction The
reactor was then heated to a tenperature of 15 210 [err]C and evacuated
to a pressure of 200 Afldy.ml glape reacetion Hﬁﬂtﬁ%aﬁﬂ§4nﬂhFﬁl%ﬁﬂu%ﬁer

oS o ees SR B ot bR IS AR A AL e PRI,
RO RO e ol e S e
under 15 5 gbhgerft nalf y15tite ppaperobuad ned by swdshd iy Odiphényl
| - carbonate éupplied by ENNY K. K..twice with hot wa-
ter of pH 7 and 80 °C. followed by distillation in a
yield of 90 %), 136.8 g (0.600 mole) of Bisphenol A
(having a sodium contenf of less than 0.10 ppm and a
10 chlorine content of 0.8 ppm, supplied by Japan G .E.
Plastics Corporation), 6.36 g (0.03 mole, that is, 5
mol %/ Bisphenol A) of p-cumylphenol
©HS)-o u
and 3.0 mg (0.025 x 10-% mole/mole. of Bisphenol A)
15 bf a 3 % adqueous solution of boric acid H3BO3 under
a nitrogen atmosphere, and the mixture was heated to
a temperature-of 180 °C. and stirred with a stirrer
made of Ni for a period of 30 minutes. At the end of
the period ther; were added to the reactor 91.2 mg
20 of a 15 % aqueous solufion of tetramethylammoniun
hydroxide Me4NOH supplied by TOYO GOSEI K. K. (2.5 x
10-4 mole of MesNOH/mole of Bisphenol A) and 12.0 mg'
(2.5 x 10'4 mole/mole of Bisphenol A) of sodium hy-—
drdxide, and the mixture was for further 30 minutes
25 at a temperature of 180 °C. under a nitrogen atmo-

sphere to effect the ester interchange reaction.



and-t he pressure was reduced to 0.5 mmHg, and the : reacti on was
conti nued under these conditions for 25 2.0 hours.

37 Pol ycar bonate having an 1V of 0.50 was ob- tai ned. The
content of term nal OH groups of the product was 0 % . The
results are shown in Table 1. 5 Examples 2 to 4 and Conparative
Exanples 1 Exanpl e 1 was repggted except that each of the
sequestering agents indicated in Table 1 was used in an anount
indicated in Table 1. 10 The results are shown in Table 1

- The reactor was then heated to a temperature of

38

10

15

20

25

210 °C.- and evacuated to a pressure of 200 mmHg.
The reaction mixture was maintained under these con-
ditions for 1 hour and then at-240 °C. and 200 mmHg
for 20 minutes. The pressure was slowly reduced to
150 mmHg, and the mixture was.maintained at 240 °C.
for 20 minutes under this pressure, for further 20
minutes under 100 mmHg, and for 0.5 hour under 15
mmHg. Finally, the temperé;ure was raised to 270 °C.
and the pressure was reduced to 0.5 mmHg, and the
;eact;on was continued under these conditions for

2.0 hours.

Polycarbonate having an IV of 0.50 was ob-
tained. The content of terminal, OH groups of the
product was 14 %.

The results are shown in Table 3.

Example 11 , _
A 500 ml glass reactor was charged with 136.1 g

(0.636 mole) of diphenyl carbonate (same as used in
Example 10), 136.8 g (0.6001mole) of Bisphenol A
(same as used in Example 10); 9.960 g (0.03 moie,
that is, 5 mol %/ Bisphenol A) of p-cumylphenyl

phenyl carbonate <::>* :
- IROE
)

: -0 .



[err] .. 39 Jerr] [err]

40 Exanple 5 A 100 m gl ass reactor was charged with 45. 368

g (0.212 nole) of diphenyl carbonate (sane as used in Exanple 1), :
45.600 g (0.200 nole) of Bisphenol A 5 (sanme as used in Exanple 1), 3.280
g (0.01 nol e, that is, 5 nol % Bisphenol A) of 2-carbonethoxy-5-

tert.-butyl phenyl phenyl carbonate 47

and 3.0 mg (o.oés x 104 mole/mole of Bisphenol A)

of a 3 % aqueous solution of boric acid ﬁ3BO3 under

a nitrogen atmosphere, and the mixture was heated to

a temperature of 180 °C. and stirred with a stirrer

5 made df Ni for a period of 30 minutes. At the end of
the period there were added to the reactor 91.2 mg

of a 15 % aqueous solution of tetramethylammoniun
hydroxide Me4NOH supplied by TOYO GOSEI K. K. (2.5 x
10-4 mole of Me4NOH/mole of Bisphenol A) and 12.0 mg
'10' (2.5 x 104 mole/mole of Bisphenol A) of sodium hy-
éroxiée, and the mixture waé for further 30 minutes

at a temperature of 180 °C. under a nitrogen atmo—

sphere to effect the ester interchange reaction.

15 The reactor was then heated to a temperature of
210 °C. and evacuated to a preSSure of 200 mmHg.
The reaction mixture was maintained under these con-
ditions for 1 hour and then at 240 °C. and 200 mmHg
for 20 minutes. The pressure was slowly reduced to

20 150 mmHg, and the mixture was maintained at 240 °C.
for 20 minutes under this pressure, for further 20
minutes under 100 mmHg, and for 0.5 hour under 15 .
mmHg. Finally, the temperature was raised to 270 °C.
and the pressure was reduced to 0.5 mmHg, and the’

25 ieaction was continued under these conditions for

2.0 hours.



[err] J0 and 3.72 mg (3 x 10[erf]. nol e/ nol e of -Bi sphenol A) of

boricc acid Herr]BJerr] (guaranteed reagent supplied by WAKO K. K.)
under a nitrogen atnosphere, and the m xture was heated to a
tenperature of 180 [err]C. and stirred with a stirrer nade of N for a
period of 30 15 mnutes. At the end of the period there were added
to the reactor 36.48 ng of a 15 % aquequs sol ution of
t et ramet hyl anmoni un hydr oxi de Me4NOH plied by TOYO GCSEI K. K. (3 X
10[err] nole of Me4ANOH nol e of Bi sphenol A) and 0.50 ng (3 x 10[err]
nol e/ mol e of 20 BpgpRANOEbBhatd S8k BAghy drogancadndt &SNaHeEB ob-
(guarant eed reagent by WAKO K. K. ), and the m xture. : was for further
30 minutes at gatiergperatThe aforiBént of[ dreiBinaddePHa grou@fenodt nbBphere
to effect the ester i nt erchange reaction. 25 _ The reactor was
t hen heat ed t opaxadingierwasr-d 4of%. 210 [err]C. and evacuated to a
pressure of 200 ghe results are shown in Table 3.4 1

5

Example 12

Example 11 was repeated except that in place of
the p-cumylphenyl phenyl carbonate, diphenyl carbon-
ate in an amount indicated in Table 3 was addition-

10 ally used. Polycarbonate Having an IV of 0.52 was
| obtaiﬁed. The content of terminal OH groups of the
product was 14 %.

The results are shown in Table 3.

15 Example 13
Example 10 was repeated'except that the reac-
tion at 270 °C. under 0.5 mmHg was carried out for
2.2 hours. Polycarbonate having an IV of 0.52 was
obtained. The'content_of terminal OH groups of the
20 product was 7 %. '

The results are shown in Table 3.

Example 14

Example 12 was repeated except that the reac-
25 tion at 270 °C. under 0.5 mmHg was carried out for

2.2 hours; Polycarbonate having an IV of 0.52 was



The reaction m xture was nai ntai ned under .t hese con- ditions for 1

hour and then at 240 [err]C and 200 mrHg for 20 m nutes. The pressure
was-slowy reduced to 150 mmHg, and the m xture was mai ntai ned at 240
[err]C. 5 for 20 mnutes under this pressure, for further 20 m nut es
under |100nmHg, and for 0.5 hour under 15 mmHg. Finally, the :
tenperature was raised to 270 [err]C . and the pressure was reduced to
0.5 mHg, and the reaction was c¢bfiti nued under these conditions for

10 2.0 hours. - Pol ycar bonate having an 1V of 0.51 was ob- _
tained. The cosihgaineld.t ermhealcdAt&neuBE aeiM@nal ORI gdéipyasfl he 15
The results are shown in Table 2. Exanples 6 to 8 and nparative

Exanpl es 2 producExagd €7 5%5was repeat ed except that each of the
sequestering agents indicated in Table 2 was used in_ 20 an anount
i ndi cated in Tabl eThe results ame shownt $rarkaBhewd.in Table 2.

Exanple 9 25 Exanple 5 was repeated except that in place of the
2- car bonet hoxy-5-tert.-butyl phenyl phenyl carbonate,

5 Example 15
Example 10 was repeated exéept that the reac-
tion at 270 °C. under O.S mmHg was carried 6ﬁt for
2.5 hours. Polycarbonate having an IV of 0.53 was
obtained. The content of terminal OH groups of the
10 product was 2 %.

‘The results are shown in Table 3.

.$ can
‘Example 12 was repeated except that the reac-
15 tion at 270 °C. under 0.5 mmHg was carried oﬁt for
2.5 hours. ~Polycarbonate having an IV of 0.56 was
obtained. The content of terminal OH groups of the
'product was 2. %. .
The results are shown in Table 3.
20
Example 17
- Example 12 was repeated except that the NaOH
‘was used in an amount indicated in Table 3 and the
reaction at 270 °C. under 0.5 mmHg was carried oﬁt
25 for 2.2 hours.

The results are shown in Table 3.



42 '0.01 nmole (5 nol % Bi sphenol A) of di phenyl carbon- ate was

additional ly used. The results are shown in Table 2. [err]
43 -[err] . 44 [err]
50
Example 18

Example 12 was repeated excepf that the NaOH
was used in an amount indicated in Table 3 and the
reaction at 270 °C. under 0.5 mmHg was carried out

5 for 1.8 hours.

The results are shown in Table 3.

Examples 19 to 22
Example 12 was repeated except that instead of
10 the NaOH sodium compounds indicated in Table 3 was
used .in an amount indicated in Table 3. '

The results are shown in Table 3.

Comparative Example 3 _

15 Example 12 was repeated except that the cata-
lyst was replaced as indiéated in Table 3 and the
reaction at 270 °C, under 0.5 mmHg was carried out
for 1 hour. |

The results are shown in Table 3.

20 .
Comparative Examples 4 and 5
Example 12 was repeated except that the
diphenyl carbonate in amounts indicated in Table 3
was édditionally used.
25 The results are shown in Table 3.

- ive E le 6



45 . Exampl e 10 - A 500 ml glass reactor was charged with 141. 24
g (0.660 nol e) of diphenyl carbonate (having a . sodi um content of |ess
than 0.05 ppmand a chlorine 5 content of 15.0 ppm obtained by washing
di phenyl carbonate supplied by ENNY K. K .twice with hot wa- ter
of pH 7 and 80 [err]C. followed by distillation in a yield of 90 %,
136.8 g (0.600 nole) of Bisphenol A 531  (having a sodiumcontent of |ess
than 0.10 ppmand a 10 chlorine content of 0.8 ppm supplied by Japan G

. E. Pl astics Corporation), 6.36 g (0.03 nole, that is, %
Bi sphenol A) of p- RmyPpAdries of a polycarbona[%ﬁ ]Prepagﬁeal 3by ngn

0.025 x 10 | e/ nol B 5 _of % f

bor i o aci d Lféilnf%‘éféq”? Brbse s "RERR, MY spBAni o pAliE BERHEEE [R0R) ¢

was heated to ¢ yep L O@”Hﬂag#;ner:o“ é8 ga‘%{ ]Qhél{}én%;“ hhedTyi tdga gt sorer
|

made of Ni for°3 nut es. e end of the period there
were added to §hgqg,eagt erfdiralUhydr®ky2 Hortedteaus §01%y i an sbdium
tetranethylannonlun hydr oxi de- Nb4hK¥isuppI|ed by TOYO GOSEI K. K. (2. 5
X 10[ & r] conterntt OE4N@dsotkranf BiSpbpmolandd anchlodimg contepts x

10[err] nole/nol e of Bisphenol A) of sodium hy-
of 30 ppm) are shown in Table 3.



droxi de, *and the nixture was for further 30 minutes 25 at a t enperature of

180 [err] C. under a nitrogen atno- sphere to effect the ester
i nt erchange reaction. - 46 The
reactor was then heated to a terrperature of 59 210 [err]C. and evacuat ed
to a pressure of 200 nmHg. The reaction m xture was nai ntai ned under
t hese con- ditions for 1 hour and then at 240 [err]C. and 200 mrHg 5
for 20 m nutes. The pressure was slowy reduced to 150 mmHg, and the
m xture was mai ntasmed at 24 [err]C for 20 m nutes under this
pressure, for further 2 mgutesgunger 169 nmwHg, and for 0.5 hour
under 15 mHgg, |Fi né@l | henterrpel'ag.ur% WaIS 8a|esed to 270 [err]C. 10
and the pressure V\ﬂi‘ re Hto 0.5 r’r%d'—’igp aBd ¢hes’ o reaction was
continued under th&ge ons for = 2.0 hours.
Pol ycar bonat e havi ng annlv of 0.50 was ob- 15 tained. The content ,of
t erm nal OH groups off the product was 14 % The results are -
shown in Table 3. & - @ w
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Exarrﬁl e.11 20 = A 500 ml glass reactor was charged with 136.1 ¢

(0.636 nole) of diphenyl carbonate (same as used in " Exanple 10), 136.8
g (0.600 nole) of Bisphenol A - (sane as used in Exanple 10), 9.960 ¢
(0.03 nol e, - that is, 5 nol % Bisphenpk A) of p-cunylphenyl 25
phenyl carbonate [err] ' T 47 and
3.0 ng (0.025 x 10[err] nol e/ nol e of Bi sphenol A of a 3 % aqueous
solution of boric acid Herr]BJerr] under = a nitrogen atnosphere, .and
the m xture wasf heated to a tenperature of 180 [err]C. and stirred with

a stirrer 5 qeof N for agperiogd @f 30 m nutes. At the.end of _the
period there were:adde® to ther2act®r V1.2 ng".’."f:". of Za 13;% agueous
sol ution of tefr &8t HyPdhmoni uf = "hylroxi des BB4ROH SuppFied by TOYO

L% H
GOSElI K. K (2B x 10[err] nol e of Me4NOH nol e of Bi sphenol A) and
12.0 ng 10 (25 x 10[err] nol e/ nole of Bisphenol A) of sodium hy-.
droxi de, and tHe m xture was for further 30 m nutes at a tenperature
of 180 [err] C.~lunder a nitrogen atno- :
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sphere to effect the ester interchange reaction. 15 The reactor was

then heatéed*to.a tenperature of 210 [err]C. and evacuated to a
pressure of 200 nmHg. . The reaction m xture was nai ntai ned uhder these
con- ditions for 1 hour and then at 430 [err]C and 200 mrHg for
20 m nutes. The pressure was| sl owm edu 28 150 mmHg, and the
m xture was maintai ned at 240 [eg: ]‘@ ° far 208 m anutesounder this
pressure, for further 20 | niglitgs under LDE > &dsfor 0.5 hour
under 15 mHg. Final | thqa erature”wars .al%e(‘f t8 270 [err]C
and the pressure was reduc to O. and the«v 25 reaction was
conti nued under these conditfons for 2.0 hours. _ _ '
48 Pol ycar bonat e havi ng an~lV of O. 20 was_ ob- tai ned. The
. ©~
content of termnal - OH groypp of§§ ° prgdq,ct °was %4 %/o _ The
results are shown in TableZ3 £3 8o w 8 a o
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Exanmpl e. 12 Exanpl e 11 was repeated except that in place of
t he p-cunyl phenyl phenyl carbonate, di phenyl carbon- ate in an anount
indicated in Table 3 was addition- 10 ally used. Polycarbonate having an
IV of 0.52 was obt ai ned. The content term nal OH groups of the
product was 14 % Tfje results are shown in Table 3. . 15 Exanple 13
Exanpl e 10 was repea‘t ed except that the reac- - tion at 270 [err]C.
under 0.5 nmmHg was Ggrrohednout for e 8:2«hours._ _Pqlycarbonage having an
IV of 0.52 was g;bga; ng(i The cgatent. o.t ter m.nal, JOH groupssof the 20
(~4]
product was 7 % & ThHe resul f's are shown ™ Tabl e 3. Exanpl e
14 Exanpl e |12 was repeated except that the reac- 25 tion at 270
[err]C. under 0.5 mmkig was carried out for 2.2 hours. Polycarbonate
having an IV of 0.5Xwas ' :
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49 .obtained. The content of term nal OH groups of the product was
7 % ' The results are shown in Table 3. 5 Exanple 15

Exanpl e 10 was repeated except that the reac- tion at 270 [err]C. under
0.5 nmmHg was carried out for - 2.5 hours. Polycarbonate having an |V of
0. 53 was obt ai ned. The content of term nal OH groups of the 10
product was 2 % The results are shown in Table 3. Exanpl e

- 16 Exanpl e 12 was repeated except36hat the reac- 15 tion at 270
[err]C. under 0.5 nmmHg was carried out for . 2.5 hours. Polycarbonate
having an IV of 0.56 was °~ = obtained. The content of term nal OH groups
of the product was 2 % The results are shown -i.n Table 3. 20
Exanpl e 17 Exanpl e 12 was repeated -except-that the NaCH was
used in an amount indicated in Table 3 and the reaction at 270 [err]C.
under 0.5 mmtdg was carried out 25 for 2.2 hours. The results are
shown in Table 3.
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The

Exanpl e

| yst was replaced as indicated

reaction at 270 [err]C,

The
Exanpl e 12

sodi um conpounds i ndi cat ed

in Tabl e 3.

20

reaction at 270

1.8 hours.
in Tabl e 3.

under 0.5 mrHg was carried

té%j

Conparative Exanple 3 15

5 for
Exanples 19 to 22
i ndi ca

i.n Table 3 and the
10 the

Exanpl e 12 was repeated except that the NaOH
The results are shown

i ndi cat ed
i nst ead of
used i n an anobunt

in Table 3..
in Table 3.
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for

Exampl e 18

[err]C. under 0.5 mrHg was carried out

results are shown
12 was repeated except that the cata-

was used

was repeated except that
in Table 3 was

results are shown

in Table 3 and the
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Conpar ative: Exanpl es 4 and 5 Exanpl e 12 was repeat ed except

that the di phenyl carbonate in anobunts indicated in Table 3 was
additionally used. 25 The results are shown in Table 3.

Conpar ati ve Exanple 6 51 )

Properties of a polycarbonate prepared by an .interface process from

Bi sphenol A and phosgene and suppbi®ed by G .E. Conpany (having an |V of
0.50 dl /g, a term nal hydroxyl content of 0 % a sodium 5 content -of

| ess than 0.5 £§n125g a szQEine cont ent of 30 ppm) are shown in Table
3. [err]

Example 12 was repeated except that instead of
the NaOH compounds indicated in Table 4 was used in
an amount indicated in Table 4.

5 | The results are shown in Table 4.
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57 [err]

coelerr]

56

60
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58 -Exan‘pl es ¥23- 25 Exanpl e 12 was repeated exbept that instead of
NaCH conpounds indicated in Table 4 was used in an anmount 1T ndicated in

Tabl e 4.
59

.10

15

20

25

30

t he

Th | t h in Tabl e 4.
S e R i

61 -
CLAINS

1. A process for the production of a polycarbonate by
the melt polycondensation of an aromatic dihydroxy compound
and a carbonic acid diester wherein said polycondensation is
carried out in the presence of from 0.05 to 15 mol %, per
mole of the aromatic dihydroxy compound, of a phenol having
from 10 to 40 carbon atoms or a carbonic acid diester having
from 13 to 50 carbon atoms using a cégalyst comprising

(a) a nitrogen-containing basic compound,

(b) from 10”® to 10"® 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 ester,
to produce a polycarbonate in which not more than 30% of the
terminal groups are hydroxy terminal groups and which has an
intrinsic viscosity [n] of from 0.3 to 1.0 dl/g, as measured
in methylene chloride at a temperature of 20°C.

2. A process according to claim 1 wherein the boric
acid or boric ester (c) is present.

3. A process according to claim 1 or 2, wherein said
phenol has from 10 to 25 carbon atoms.

4, A process according to claim 1, 2 or 3 wherein said
phenol is_a binuclear phenol.

5. A process according to claim 1 or 2 wherein said
phenol is p-cumylphenol.

6. A process according to claim 1 or 2 wherein the

compound is a carbonic acid diester of 13 to 16 carbon atoms
or a carbonic acid diester of 17 to 50 carbon atoms.

7. A process according to any one of the preceding
claims wherein the polycarbonate has a sodium content of not
more than 0.5 ppm and ‘a chlorine content of not more than 10
ppm. . '

8. A process according to any one of the preceding
claims wherein from 5 to 25% of the terminal groups of the
polycarbonate are hydroxy groups.
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CLAI V5 1. A process for the production of -a—poelycarbonate by @ the .

nmel t pol ycondensation of an aronmatic di hydroxy corrpound and a carbonic
acid di ester wherein said pol ycondensation is Lﬂllwmmnﬂmmm
presence of fromO0.05 to 15 nol % per 5 nole of t r oxy
conpound, of a phenol having from 10 to 40 carbon”at bms" o a®caf bonic
acid di ester having from13 to 50 car%)gn atons using a catal yst

conpri sing (a) a nitrogen-containing basic conmpound,

(b) from10[érr] to A0fempdsitimre cqmpriming of ppA¥cagbonate vhereiat i c
dlhydrogy COSEQB?dIOOan§O§|3@Jﬁhé“¥é¥mﬂﬂél groups aredhidkbrg Qﬁbﬁﬁsnﬁtai
conpound, an p i on 22 C 0
produce a pol ¥ ar bona%‘ XFﬂp%T%hmho‘iémr%n“t AR §8§(¥9? PHRQEL Wﬁéwin not
groups are hydwogey thannBfdl ofjrthpsterrinti Gronps &ﬁelbypﬁPanFE“Wscom ty

[[err]] of §r@xiQ. polgcarPofhtg hasingas woiun conteethypfenetciboei tbaat a
tenperature of, Z%Lnerrg chld 1ne( 3&8{9%%3%010&% | RgahO26! Bbﬂ‘ 1 wherein

the boric o™ orlc es ‘50‘ gg
according to elllal m 1 &r compPoRbEEeH AGGQF %ﬁé’né‘llal’r&‘s 10, UHFEB‘ 0 E%mcar bon
at ons. 4. to 25A plfot‘.hsstacnmdi nprdupsiceli bhe, pRlyca3bahetei Areai d
phenol is a blhr%(‘tl %rg A process accordi ng to claim1 or 2
wherein said he ol I's g %lghenol 6%) 1ai A €8SS cg? % QP
claim1l or ¥ \M‘?er ei n fhEom °§b£% n%lc‘f%rda*% ot i i §§feé 3°to 16
carbon atons - to @0%aofaibenteratnal dgesups afe hydrexy0 QG&MP@'n at ons.

13. A composition according to any one of claims 10 to

12 having a sodium content of not more than 0.5 ppm and a

chloripe content of not more than 10 ppm.

15 14. A composition according to any one of claims 9 to 13
when produced by melt polycondensation processes.



7. A qypcess according to any one of the precedlng cl ai ms wherein
t he pol ycarbonate has a sodi um content of not 30 nore than 0.5 ppmand a
chl orine content of not nore than 10 ppm 8. A process according
to any one of the preceding clainms wherein from5 to 25% of the_ term nal

groups of the " polycarbonate are hydroxy & oups. THIS SHEET H S BEEN |

- 62 - 9. A conposition conpr|3|rmhggjnycmparbonate wherfei n
to 30% of the ternminal groups are hydr oXy gr oups. 10. A leorposit

conprising a polycarbonate mhereln not or e than 30@6of th

e term na
groups are hydiBBQCEHBESUFOR SILHE o 809 ¥2um cont ent of

not nore than 1 ppntand a chlorlne content of not nore than 20 ppm

11. A conposition according to claim10 wherein from5 to 25% of the
termnal groups of the polycarbonate are hydr oxy groups.- 10 12. A

- conposition according to claim 11l wherein from 10 to 20% of its term na
groups are hydroxy §4Pfosed Uferein® £PEPPHJIdOSsaECESH NGhie0 PPy dwre- of
claims 10 to 12 having a sodium content of not mbre than 0.5 ppmand a
chlorine costentieh not ponsddeboh@teEn bgsmelt podyoondensatm ancefi ng

to any one of clains 9 to 13 when produced by nelt polycondensatlon
processes. an aromatic dihydroxy compound -and carbonic acid

diester or a diphenyl carbonate compound wherein

said pol&condenéation is cafried out in the presence

of from'OtOS to 15 mol %, based on 1 mole of the

10 aromatié dihydroxy compound, of-a phenol having from
10 to 40 carbon atoms, a carbonic acid diester hav-

'ing from 17 to'50 carbon atoms.or a carbonic acid

N diester having from 13 to 16 carbon atoms, using a
catalyst cjémprising (a) a nitrogen containing basic

15 compound, (b) from 10-8 to 10-3 mole, based on 1 mole

. ofthe aromatic dihydroxy compound, _of an alkali
metal.or alkaline earth metal compoﬁnd, and (c)
boric acid or boric ester. Also disclosed is a
polycarbonate inwhich from 5 to 30 % of its terminal

20 grouos are hydroxy groués and it has a sodium con-
tent 6f not more thén 1.ppm and a chlorine_content

of not more than 20 ppm.
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//W . SEARCH REPORT | Application No. 9600063-3

EXT OF THE ABSTRACT

PROCESS FOR THE PRODUCTION OF POL YCARBONATES

Disclosed herein are processes for production of polycarbonates by melt polycondensation of
an aromatic dihydroxy compound and a carbonic acid diester of a diphenyl -carbonate
compound therein said polycondensation is carried out in the presence of from 0.05 t - 15 mol

" %, based on 1 mole of the aromatic dihydroxy compound, of a phenyl having from 10 to 40
carbon atoms, a carbonic acid diester having from 17 to 50 carbon atoms, or a carbonic acid
diester having from 13 to 16 carbon atoms, using a catalyst comprising (a) a nitrogen
containing basic compound, (b) from 10 to 10 mole, based on 1 mole of the aromatic
dihydroxy compound, of an alkali metal or alkaline earth metal compound, and (c) boric acid
or boric ester. Also disclosed is a polycarbonate in which from 5 to 30 % of its terminal groups
are hydroxy groups and it has a sodium content of not more than 1 ppm and a chlorine content
of not more than 20 ppm.
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