WO 00/ 26276 PCT/ US99/ 24744 NMETHOD OF MANUFACTURI NG POLYCARBONATES The
present application is a U S. non-provisional application based upon and

cl ai M ng pwooord2ye f rom Japanese Application Nos. HEl 10- 313¢GAjsobiz4744

- 10- 313706, HElI 10-313707, and HElI 10-313708, which are hereby incorporated
by reference. BACKGROUND OF THE I NVENTION This invention relates to a
manuf acturing nmet hod of pol ycarbonates by an 5 ester interchange reaction.
More specifically, jfT @@SMMIQ@@WE?@)WC AgEg high mol ecul ar
wei ght aromatic pol'ycarbonates wth rnproved col or by an ester interchange
reaction of an aromatic di hydroxy conpound with a carbonic acid diester.
Recently, aromatic pol ycarbonates have been w dely adopted for use as

engi neeri ng pl a$he peesem applmatibn &l Y. Shecmpswisodnal hggilicatxcdsténpomandhani cal

properties . 10 such _.as. high inpact .resistan d r
characteriE?F@@g?H@ﬁ”&@mﬂgﬁﬁmgg%ngfﬁﬁ@bﬁgﬁgfgfgh%ggggﬁégfﬁ$hgﬁg%lcaIIed
phosgene netEnd-30k70mAHE MHIUDLIIG 768, WHREH &re Reteh ¢ aidBEItRiteS bY Eeferdiad

comerci ally, whereby an aromatic di hydroxy conpound such as bi sphenol is
reacted with phosgene by interfacial polycondensation. However, the
phosgene 159%5@58&189Pﬁ§ﬁ?ﬁﬁIéﬂﬁﬂﬁ?@ﬁgin industry is associated with a
nunber of problens, including the highly toxic nature of phosgene, the

need for handli 'Tﬂisqgﬁngiﬁﬁgzlﬁgﬁ% ﬂnﬁﬁﬁct%nggﬁl@{h'éa}o? BbQEAHenans At ed as a by

product, and the pu and environnental isSues assoCiated with

met hylsene esibaniedehangheeastodny evivrespeniBerliyona¢lhtes tammdnifactthig metwdtafon. 20

In additiop. to use . of t.he phosgene t ho i.L .1s _kngwn, t hat an ester

i nter changglg&‘éﬁ‘a@?‘ﬂﬂ Y%?Eg?@?ﬁco%‘y%&%geﬁ Wét%‘ lg}pé?’yae?iccgloai H%F%%/ conpound
and a car haaehsodir@fti6h obieh RGnmAtc allyatdxyEBimpbusdlith agatbbsiceaidaliysér. my be
utilized to manufacture aromatic pol ycarbonates. This method of

manuf acturing aromatic polycarbonates has attracted recent attention

because it is i REKPElsprp@atippelycarpanates bave bk vilsheadopisd fo4se Bhosgene and

met hyl ene ghl;QLd Bic O mESARLIALEcasR dfihdiSeTRliGy nRUNARAFRRUSIET OM 2
moal T ang Ckiftere Al pré‘?’g’gect?geéé ® B oy SRy it g Ramies
10 such as high impact resistance and other excellent characteristics such as heat

resistance and transparency.

The so-called phosgene method of manufacturing aromatic polycarbonates is
used commercially, whereby an aromatic dihydroxy compound such as bisphenol is
reacted with phosgene by interfacial polycondensation. However, the phosgene

15 method currently employed in industry is associated with a number of problems,
including the highly toxic nature of phosgene, the need for handling of large
quantities of sodium chloride generated as a by product, and the public health and
environmental issues associated with methylene chloride, the solvent conventionally

used in this reaction.

20 In addition to use of the phosgene method, it is known that an ester
interchange reaction (melt method) between an aromatic dihydroxy compound and a
carbonate diester using an alkali metal salt as the catalyst may be utilized to
manufacture aromatic polycarbonates. This method of manufacturing aromatic
polycarbonates has attracted recent attention because it is inexpensive. Also, toxic

25 substances such as phosgene and methylene chloride are not required, so it is more

advantageous from a health and environmental perspective.
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To achi eve high nol ecul ar wei ght pol ycarbonates wi th excel |l ent nechani cal
properties when manufacturing polycarbonates by this nelt nethod, the
unr eact ed wooonzeres s such as bi sphenol and di phenyl car bonatreTrussb/247a4
distilled-fromthe highly viscous polycarbonate nelt. This requires that
t he pol ycarbonate products be 5 subjected to high tenperatures of 250 to
330C, under a high vacuum over |ong peri ods under hi gh vacuum However,
the melt method is often associ ated w
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of an al kal'ime " compound Ca yst was carried out foll owed by the addition
of acidic Q;Q;rﬁhﬁwlﬁdﬁ tlaa’fdnﬁniabylo&\c)ngmamcm@ lirtked peagets gRd CW%G%’P%O wever ,

al though the above disclo hods hel ped. 16\ ge2 Such as
col oring, thfeRolyragbensie HP&\W@@ n§t§t| S actl‘é‘g%“?%g ﬁ%ﬁ 8726276

PCT/ US99/ 24,’64@ gy addition, Japanese Patent No. H7- 53704 di scl osed a
met hod of rmhufacturing pol ycarbonates that reduced side reactions and
i nproved col or. That

o]
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X Q=
(X indicates a linear or branched chain hydrocarbon group)

15 As a means to solve these problems, Japanese Patent No. H4-89824 disclosed
the use of (1) nitrogen containing basic compounds, (2) alkali metal compounds or
alkaline earth metal compounds, and (3) boric acid or borate ester compounds as
catalysts. Japanese Patent No. H4-46928 disclosed the use of (1) electron donor
amine compounds and (2) alkali metal compounds or alkaline earth metal compounds

20 as catalysts. Japanese Patent No. H4-175368 disclosed a method whereby melt
polymerization in the presence of an alkaline compound catalyst was carried out,
followed by the addition of acidic compounds and epoxy compounds to the reaction

products.

However, although the above disclosed methods helped to improve problems

25 such as coloring, they did not always produce satisfactory results.
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manuf act uri ng nmet hod of pol ycarbonates described (1) a single conpound
produced from (a) an alkali nmetal conpound or al al kaline earth netal
conpound awmlogixp7éa non 5 volatile acid; or (2) a m xture fPOmUSay24am al kal i
- nmetal compound or an al kaline earth netal conpound and (b) a non-volatile
acid. The described single conmpound or the mxture was then rendered
weakly acidic in an aqueous solution and used as a catalyst. However, the
rate of pol ynerﬁlzaidimn deeinesedthtdny NohHO - 3176¢ Hissleskdembiddd veis  not

conpl etely sat{?s act o t he i nyent or s% successful | y accorrpl i shed
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manuf act uri ng nmet hod for carbonates re nventi on. RAW
MATERI AL FOR PO_YCO\IDENSATI O\I A di hydroxy compound and a carbonic acid
di ester ar BRUSEGUMMARY @&t BHE ANYENTION

This invention is a method to manufacture polycarbonates by means of an

15 ester interchange reaction of a dihydroxy compound and carbonate diester. The
method utilizes a dihydroxy compound and a carbonate diester as raw materials, in
which the total amount of impurities (alkali metal compounds and alkaline earth metal
compounds) is no greater than 1 x 107 mole per 1 mole of the dihydroxy compound.
The reaction is catalyzed by an alkali metal phosphite per | mole of the dihydroxy

20 compound. Preferably, 1 x 107 to 2 x 10" mole of alkali metal phosphite per 1 mole
of the dihydroxy compound should be used. The alkali metal phosphite should be at
least one compound selected from among the group of lithium dihydrogen phosphite,

sodium dihydrogen phosphite, and potassium dihydrogen phosphite.
DETAILED DESCRIPTION OF THE INVENTION

The following are further details of this invention relating to a method for

25 manufacturing polycarbonates.



for the polycondensation. 5 There is no particular restriction on the type
of di hydroxy conpound that can be enployed. For exanple, bisphenol
conpounds wWeprxeent ed by the general formula (1) bel ow cady@s9y24144 Ra) p

- (Rb)g OH X COH (In the fornmula Ra and Rb each represent a hal ogen atom or
a nonoval ent 10 hydrocarbon group and may be the same or different. The p
and gq represent integers fromO to 4. The X represents or -C R and Rd
each represent Rirsg ah %5123 b SHicBabBRNAY 8118 Flat At BE B IDAHIGEQHBn and
may forma cyclic structure. Re is a dival ent hydrocarbon group.) Specific
exanpl es ofus¢dws thg maguigetubng pregingl for peipoubaistes el tedwy thyeinvdiBione pr esent ed by
formula [I] above include the following: 1, 1 -bis(4-hydroxypenyl) nethane;

1, 1- bi s(4- hy, I ; ?ﬂ'Dtﬁ -ﬂ)&groxypenyl ) propane
(hereinafter re ér regA%“oI%Ig 'itﬁlyé%(aeno l\%(fir © 4 WD 00/ 26276 PCT/ US99/ 24744

2, 2- bi s(4- hydroxypenyl ) butane; 2,2-bis(4-hydroxypenyl) octane;

1, 1- bi s(4- hydr oxygibpgriokxy porapaunrel; andh, caibonbd &({ddihytelr % ypeinglryw mdnriane; 5
bi s( 4- hydr axypeny| henyl met hane; 2, 2- bi s(4-hydroxy- | -nethyl penyl)
propane; %?%B%Pélé'éqrﬁk?ﬂ %‘99'- t - butyl penyl) propane;

2, 2- bi s(4- hydr oxy- 3- bronophenyl ) propane and ot her bis(hydroxyaryl)

al kanes; 10 1, TheRii§tdphyiduRXHRERYIbY of Y 9PEH @RRIroxy compound that can

be employed. For example, bisphenol compounds represented by the general formula

(I) below can be used

Ra
(R%), (R°)

e WG o

(In the formula R® and R each represent a halogen atom or a monovalent

10 hydrocarbon group and may be the same or different. The p and q represent integers
from O to 4.
R |
1 —c—
The X represents L or H R and R each represent
18

a hydrogen atom or a monovalent hydrocarbon group, and may form a cyclic

structure. R° is a divalent hydrocarbon group.)

Specific examples of the types of bisphenol compounds that may be

15 represented by formula [I] above include the following:
1,1-bis(4-hydroxypenyl) methane;
1,1-bis(4-hydroxypenyl) ethane;

2,2-bis(4-hydroxypenyl) propane (hereinafter referred to as “bisphenol
A,’);



1, 1 -bis(4-hydroxypenyl) cycl ohexane and ot her bi s(hydroxyaryl)
cycl oal kanes; The X in the bisphenol shown in the above fornula may
represent Vme262®-, -S-, -SO, or -SO2- group, for exanpl ePCIAISI9/24744

-4, 4" -di hyrdoxydi phenyl ether; 4,4'-dihyrdoxy-3, 3" -di net hyl phenyl ether and
ot her bi s(hydroxyaryl) ether; 4,4'-dihyrdoxydi phenyl sulfide;

4, 4" -di hyrdoxy- 3, 3' -di net hyl di phenyl sul fide and other 20

bi s(hydr oxydi aryl ) siPRfbisié;hydrodypeahiybhybuckmsydi phenyl sul f oxi de;

4, 4" - di hyrdoxy- 3, 3' -di net hyl di phenyl sul f oxi de and ot her

bi s(hydroxydi aryl) sulfoxide;, 5 WO Q0/26276 PCTI US99/ 24744
4,4'-dihyrdoxydiphen@?*@%ﬂ%ﬁﬁ@?nﬁpy C&WANG hyr doxy- 3, 3' - di met hyl di phenyl
sul fone and other bis(hydroxydiaryl) sulfone. In addition, the bisphenol

used nmay be a conpound-bigpheaeRyaybprépneul a 5 [I1] below. (Rl)n (OH) z
(In the formula, Rf may represent a hal ogen atom a hydrocarbon group
containing 1 to 10 carbon atons, or a hal ogen substituted hydrocarbon
group. The n represkhtts(4hvimRxEmRpEy M- to 4. If nis 2 or greater, the
groups represented by Rf 10 may be the same or different.) Mre

specifically, the bhﬁghqggh”6ﬁgﬁﬁ§ 9g5§ym%ornula [11] may be, for

exanpl e: resorcinol; a substituted resorcinol conpound such as
3-nethylresorcinol, 3-ethylresorcinol, 3-propylresorcinol,
3-butyl resorcinol, %?%ﬁ*}lb’dr@gmlcmﬁfbvlpewlfpmnlyd;r esorci nol ,
3-cunylresorcinol, 2,3,4,6-tetrafluororesorcinol, and 2,3,4,6 15

tetrabronnresorcinoILlgﬁigﬁp&%kygxggaﬁﬁkﬁ%gﬁﬁn&r a substituted hydroqui none

2,2-bis(4-hydroxy-3-bromophenyl) propane and other bis(hydroxyaryl)

alkanes;
10 1,1-bis(4-hydroxypenyl) cyclopentane;

1,1-bis(4-hydroxypenyl) cyclohexane and other bis(hydroxyaryl)

cycloalkanes;

The X in the bisphenol shown in the above formula may represent and

-0-, -S-, -SO-, or -SO;- group, for example:
15 4,4'-dihyrdoxydiphenyl ether;

4,4'-dihyrdoxy-3,3'-dimethylphenyl ether and other bis(hydroxyaryl)

gther;
4,4'-dihyrdoxydiphenyl sulfide;

4,4'-dihyrdoxy-3,3'-dimethyldiphenyl sulfide and other
20 bis(thydroxydiaryl) sulfide;

4,4'-dihyrdoxydiphenyl sulfoxide;

4,4'-dihyrdoxy-3,3'-dimethyldiphenyl sulfoxide and other
bis(hydroxydiaryl) sulfoxide;



conpound such as 3-net hyl hydroqui none, 3-etyl hydroqui none, 3-

pr opyl hydr oqui none, 3-butyl hydroqui none, 3-t-butyl hydroqui none, 3-

phenyl hyd™@092@fe, 3-cunyl hydroqui none, 2, 3,5, 6-t et ranet hyPICAYER®4Mhone,

- 2,3,5,6-tetra-t-butyl hydroqui none, 2, 3,5, 6-tetrafl uorohydroqui none, and
2,3,5,6- 20 tetrabronohydroqui none. The bi sphenol used nmay al so be a
conpound represented by the formula bel ow such as:

2,2,2',2" -tetrahydrog3.dn hog%ﬁ@§%&ggﬁﬁmgj-l,l'-spirobi-[ | Hindene]-6,6"-
diol. 6 WO 00/26276 PCT/US99/24744" CH3 CH3 OH OH CH3 CH1 OF the above
conpounds, of which 2 or nore can al so be conbi ned by copolynerization to
manuf act ur e pol ycar bornh#'edhyrdpey-bi3spivetinldiphent esémeagdbther fornmul a [1] are
preferable,. jn . partic bi sphenol A. 5 Exanples of the carbonic acid

di ester co%%%ﬁﬁg“yﬁngtggﬁﬁg used include: diphenyl carbonate,

bi s(2, 4-di chl orophenyl) carbonate, bis(2,4,5- trichlorophenyl) carbonate,
bi s(2- cyanophenid 3dditéomb dreatisphednl i6at mbay bophempbynd repuebaoat te, fodntiial vl

car bonat e, cresyl carbonate, dinapthyl carbonate, bis(diphenyl)
carboﬁateﬂ&ﬂ@é%&l carbonate, dinethyl carbonate, dibutyl carbonate and

di cyl cohexyl 10 carbonate, and conbi nations of two or nore thereof; wth

di phenyl carbonate preferred. The carbonic acid diesters enployed nay al so
contain one or a conbination of stmo or nore dicarboxylic acids and

di carboxylic acid esters. Specﬁﬁi‘al for the carbonic acid diester,

di carboxylic acids or the dicarboxyKje—~aajd esters should 15 preferably be
present at 50 nole percent or |ess @ eopL,ef erably in an anmount of 30
nol e percent or |ess. Exanples of t\e A car boxylic acids or dicarboxylic
acid esters include: terephthalic aet+des” isophthalic acid, sebacic acid,
decanedi oi ¢ aci d, dodecanedi oi c acid,

(In the formula, R may represent a halogen atom, a hydrocarbon group

containing 1 to 10 carbon atoms, or a halogen substituted hydrocarbon group. The n
represents an integer from 0 to 4. If n is 2 or greater, the groups represented by R'

10 may be the same or different.)

More specifically, the bisphenol represented by formula [II} may be, for
example: resorcinol; a substituted resorcinol compound such as 3-methylresorcinol,
3-ethylresorcinol, 3-propylresorcinol, 3-butylresorcinol, 3-t-butylresorcinol, 3-
phenylresorcinol, 3-cumylresorcinol, 2,3,4,6-tetrafluororesorcinol, and 2,3,4,6-

15 tetrabromoresorcinol; catechol; hydroquinone; or a substituted hydroquinone
compound such as 3-methylhydroquinone, 3-ethylhydroquinone, 3-
propylhydroquinone, 3-butylhydroquinone, 3-t-butylhydroquinone, 3-
phenylhydroquinone, 3-cumylthydroquinone, 2,3,5,6-tetramethylhydroquinone,
2,3,5,6-tetra-t-butylhydroquinone, 2,3,5,6-tetrafluorohydroquinone, and 2,3,5,6-

20 tetrabromohydroquinone.

The bisphenol used may also be a compound represented by the formula
below such as: 2,2,2',2'-tetrahydro-3,3,3',3'-tetramethyl-1,1'-spirobi-{ 1 H-indene]-6,6'-
diol.



di phenyl sebacata, diphenyl terephthal ate, diphenyl isophthalate, diphenyl
20 decanedi oate, and di phenyl dodecanedi oate. Pol ycondensation of a

carboni ¢ aWPdP0@p¥Et er cont ai ni ng t he above types of di car RGE/VSW/24t44ds
and/ or dicarboxylic acid esters with the previously nentioned 7 WO

00/ 26276 PCTI US99/ 24744 aromati c di hydroxy conpounds can al so be used to
manuf act ure pol yester pol ycarbonates. During t he manuf acture of

pol ycar bonat es, the anmount of the abg%e ¥ es of carbonic acid diesters
shoul d be in an anmount of 0.95 to- 1. s, and nore 5 preferably in an
amount of 1.01 to 1.20 noles, per 1 mol g =thQf the aromatic di hydroxy
conpound. Furthernore, a cepol yner carbonat- can be manufactured by
usi ng one or nore polyfuncti ona ing three or nore functiona
groups per nol ecul e may be uss he above-nentioned aromatic
di hydr oxy conpounds and carbo
pol ycar bonates by 10 copol yneri i 0. These types of pol yfunctional
conpounds shoul d preferably be thoséiHdki ng phenolic hydroxyl groups or
car boxyl groups, with conpounds having three phenolic hydroxyl groups

f d S : 1 -tri d h |
ot ﬁaﬁrer ®l5 575" Gl BATRRAES B Ghicko drmde bl 480 e AthBEYR)
a', -tri s(opelty;m:mact;the rmydn)lfacﬂurélpdllyedrb@’rldﬁﬁnﬂﬁ%phe@ s @Fresented by

a"-trls(4 g hen % .3, D-1riiso Eylbenzene or ogl uci nol ;
4, 6- di met h “’2“& & PreRr AR i RIHAAY | )SP dne- 2 20
1,3,5 tri(4- hydroxyphenyl)benzene

2,2-bis[4, 4- (4, £ xatipghsDrone/disdnyd ﬁm@ﬂfégtgpmwunert%@ﬁ?be u§eg'1mlllde| tic acid;
1, 3, 5-benzene tricarboxylic acid; and pyronellitic acid

diphenyl carbonate, bis(2,4-dichlorophenyl) carbonate, bis(2.4,5-
trichlorophenyl) carbonate, bis(2-cyanophenyl) carbonate, bis(o-nitrophenyl)
carbonate, ditolyl carbonate, m-cresyl carbonate, dinapthyl carbonate, bis(diphenyl)
carbonate, diethyl carbonate, dimethyl carbonate, dibuty! carbonate and dicylcohexyl
10 carbonate, and combinations of two or more thereof: with diphenyl carbonate

preferred.

The carbonic acid diesters employed may also contain one or a combination of
two or more dicarboxylic acids and dicarboxylic acid esters. Specifically, for the
carbonic acid diester, dicarboxylic acids or the dicarboxylic acid esters should

15 preferably be present at 50 mole percent or less, and more preferably in an amount of

30 mole percent or less.

Examples of these dicarboxylic acids or dicarboxylic acid esters include:
terephthalic acid, isophthalic acid, sebacic acid, decanedioic acid, dodecanedioic acid,
dipheny! sebacata, diphenyl terephthalate, diphenyl isophthalate, diphenyl

20 decanedioate, and diphenyl dodecanedioate.

Polycondensation of a carbonic acid diester containing the above types of

dicarboxylic acids and/or dicarboxylic acid esters with the previously mentioned



WO 00/ 26276 PCT/ US99/ 24744 O the above conpounds,
1,1,1-tris(4-hydroxyphenyl) ethane, a, a', a"-tris(4

hydr oxyph@¥Qp0262768 5-trii sopropyl benzene, and the |ike can R6E/URI®IMG

- particular advantage. Wen using these types of pol yfunctional conpounds,
t he amount of 5 pol yfunctional conpound used should generally be in an
anmount of 0.03 nole or less, preferably 0.001 to 0.02 nole, and even nore
preferably Q8 dlayd}ofaylcamﬂ;&ndpeén AR Be ufl tcs hant@tate joypipd; of the
aromati ¢ di hydroxy conpound. The raw materials used are such that the
amount s of peiycarbionates.al conpound and al kaline earth netal conpound
contained in the above-nentioned di hydroxy 10 conpound and the carbonic
acid diester ar I nce is
exhi bi ted (herelq%‘l é%QQI%g%%Q? ?ﬂ%pﬁ%a%?ﬁﬁg ﬁ@%ﬁggpgfm€?§{ g%ﬁ%t) up
to 5 x 10" tartohi. aciddiestersgahdndd baenin amourayd 0196 t<$l]]f3f)|nﬁ:01€snhnd moexhi bi t

cataly |c mance, but ge S tﬂg 1 x 10-' nDIe js.preferred, while in
anot h E‘{eﬁ’g I pn agopgt o @ QB’OIeSnﬁﬂfé P eb‘F“‘éJf %frtﬁ%élfomaf‘ﬁ 2 x 10-7 to
4 x 10- ”Qiﬂ?yd?éxys&%pwﬁhﬁy #ﬁﬁ?férﬁ‘l%relé cBRS1y Rl 5‘019&&%&3&’@&9)& nTATBRHIEY

especi al |y preferred.” There w | bé a decrease in polymerization activity
if the armthyttgmgfonalmmqre pﬁbfmctlw@mnw@n@aahxmrﬁm@ waretfhnetonal  conpound

contained in the dih dr gund nd g arvbonlngII %d di ster is | ess
than 1 x 16°YBidIe™8 ec% %Vn‘?er% r“b?z‘? ‘bé’r EEgPE° ?r8§&? ‘€onmpound, but

the col ori nghyirbty dfiFRRdANH APoddi QNGH URGeM th inan0RLRBS FolyEarbdiREs bymount s
are greater than 5 x 10"" of sodi um hydroxi de per nole of dihydroxy

conpolfhd. TﬁéoaﬁFﬁéﬁ“ﬁhtalytlc anount of the alkali netal conpound and/or
al kaline earth netal conpound in the raw materials can be directly

quantified, usuap]cye R'%Sé bftpgcﬁ'}tlfuﬁ&lona a;%otunﬁs'sshgﬁﬁﬁﬁgfe%ll)y bcg{hfogei E&Ulﬁg[ o a

nmeasure by titration"the effective catalytic equi val ent

m nut e armuﬂu@naﬂfc Isaidoxyingtongs ov(callbowk gettupy, evitlComgeaquénhdwng thteei phenslur m sed
that it is ., curﬂte and i.de eterane t@ amount at which the al kali
metal  conpdtiEPXYh&rYPs Bieke népgﬂ ¢ FGPRR Y 1NE ﬁﬁound contained in the raw

materials effectively act as ester interchange reaction catalysts
(effective catal ytic @mpunAi}- hyufbx@pmyi)ldghatner ns, the effective catalytic

anmount can be deternlned as fol

15 2,2',2"-tris(4-hydroxyphenyl) diisopropylbenzene;
o-methyl-a, a', o'-tris(4-hydroxyphenyl)-1,4-diethylbenzene;
a, o', a"-tris(4-hydroxyphenyl)-1,3,5-triisopropylbenzene;
phloroglucinol;
4,6-dimethyl-2,4,6-tri(4-hydroxyphenyl)-heptane-2;

20 1,3,5-tri(4-hydroxyphenyl)benzene;
2,2-bis[4,4-(4,4'-dihydroxyphenyl)-cyclohexyl]-propane;
trimellitic acid;
1,3,5-benzene tricarboxylic acid,;

and pyromellitic acid.



WO 00/ 26276 PCTI US99/ 24744 I n advance, a calibration curve is produced to
express the rel ationship between the catal ytic anount when the bi sphenol
and the caWVe&MRR7aci d di ester are subjected to an ester i rf@/EPRHH4

- reaction (the anount at which the conpounds effectively act as catal ysts)
and the degree of ester interchange reaction. Here, the ambunt of sodium5
hydr oxi de of the bi sphenol per nole of pure bisphenol is terned the

cat al yti c amountOf théab@ur@mpospdsenal I trists-Rydrbshend) ethbad, «CoNbAIAg4-
substantially no acidic_or basic inpurities. The degree of ester

i nt er changdYdexyphayDechd,SHaisgpropy iehzsae. andrihq ikt ancds, usedit pamticwarount  of

ol i goners, aﬁbﬁ{?%es’ and unreact ed bi sphenol or carbonic acid diester
produced by the Teaction, which can be neasured with a near infrared neter,
10 refractoneter, high performance |iquid chronmatograph, or another such
anal ysis appar aVben uddyg thesstypengf pohduntegnaleoafpoesdsetheiantemnchfange reacti on

when the bi sphengl containing a |.kal i netal conmpound_.and/or an al kali ne
earth §rqr;at alP® 3%‘8’{9%1 %’HHJOP_H%uge@éﬂB@ﬂigén%féli%gﬁi“&‘t' O‘ﬁ‘f’éﬂ{u?ggf’lﬂl%ﬁn‘ﬁ%& above

are subj ectyeeteta812M085{080.02 Ho®d, GRABER rdre pRAEHDRM . ANABI.4 NG R 2FE kARdi ti ons
(tenperature and pressure) as in the ester intérchange reaction conducted

in the prodichd toral emounteofdlag arbmati¢ dihydiory eompeurslan  determine fromthe
above-nentioned calibration curve the anpbunt at which the al kali nmet al

conpound and/ or glkaling. 24 EQd@é&!ch?ﬂfH&h%uﬁ%fagll?ﬁ%étgl {o@ﬁmﬁﬁ&s" hat

materials effectively act as ester 1 nterchange reaction catalys
i s, the effandtalkaéine edrel meiatc@fpaund eontamed irhthe hbspheandonad dilydrexyount havi ng

the s catalyti¢c activity as sodi um hydroxi de per nole of pure.
bi sphihol . CRERPHE 81 %Fgafﬁja%l{cwﬁidcﬁesméregﬁ%eq joBe EBoRRyY MAIh s ¢ hus
been cont rRlheFakals B&inRldhaefaRY: REHA% %h@leh@&tlve%{ayic%gimﬁgp% or

I hydr oxy

al kaline earth netal conpound to the product of refining a
conpound aridSx Kharmolsi dn avé empédinients b ambyntgiu ficidnt &t ¢xdmbit caddytyst al | i zat i on,

or anot her such net hod.usi.ng a manaufact urin apparatus, that i.s very
control | ed pleﬁof%?nr?g’h%‘g 1%%86‘&?%:}&/?@5&18 s prefeed: ﬁg’ﬂﬁl”k%mth% PAERERh dund

and/ or al kad i0veroesat § &r” FRlels fh 2ixnaude 01 @aRbR FGbEumHdfoxiddr0r gani ¢
acid salts, oxides, hydroxides, hydrides, alcoholates, and the |ike of

al kal 1> met #1cs m@igofdikgdrprecasppaund geregiadly psgfesed.i ¢ exanpl es 30 of whi ch
i ncl ude sodi um hydroxi de, potassi um hydroxide, |ithium hydroxide, sodium

There will be a decrease in polymerization activity if the amounts of alkali
metal compound and alkaline earth metal compound contained in the dihydroxy
compound and the carbonic acid diester is less than 1 x 10”7 mole of sodium
hydroxide per mole of dihydroxy compound, but the coloring will worsen and

20 branching will increase if these amounts are greater than 5 x 10”7 of sodium hydroxide

per mole of dihydroxy compound.

The actual catalytic amount of the alkali metal compound and/or alkaline earth
metal compound in the raw materials can be directly quantified, usually by titration,
but it is exceedingly difficult to measure by titration the effective catalytic amount

25 equivalent to a minute amount of sodium hydroxide as above. Consequently, it is
surmised that it is accurate and ideal to determine the amount at which the alkali
metal compound and/or alkaline earth metal compound contained in the raw materials

effectively act as ester interchange reaction catalysts (effective catalytic amount).

In specific terms, the effective catalytic amount can be determined as follows:

9



10 WO 00/ 26276 PCTI US99/ 24744 hydr ogencar bonat e, potassi um

hydr ogencar bonat e, |ithium hydrogencarbonate, sodium carbonate, potassium
car bonat e WO PUHi2{fm car bonat e, sodi um acet ate, potassi um a®ETais8924744 hi um
- acetate, sodiumstearate, potassiumstearate, lithiumstearate, sodium
bor ohydride, Iithium borohydride, sodium borophenide, sodi um benzoate,
potassium 5 benzoate, |ithium benzoate, a disodiumsalt, dipotassiumsalt,

or dilithium sahtadednceld spibesioh cheveds odiietd t6 @k press10E B8RI0ABRIE BbtweeT
lithiumsalt of a phenol, and other such alkali nmetal conpounds; and

cal ci um hyB e3rlidc aparTIReRyae BiRpheol snslghe sarbenic Rgid disticaare sibiestsditam
nydr OXI e GR1ee e A QORAGATRORA G LRI The BNHERGRNEALAQBRLE, oagnesi um
hydr ogencar bonat e, strontium hydrogencar bonat e, calciumc rabonate,

bar i um cardatihats andrdgriegragrof estehiorathangstencunin. tiareahdanatre of sedli@i um

acetate, hariumacetate,, magnesi ym acetate, strontium acetatee, calcium

ot oarnt o, BANHA SrbaPaPRTORRG TRLF b e ciphe®! NSl PE RN Sreiar o

Fur t her nor g pi B8 PALAsTAROANGHR R0 INMBM BRaBRUbAGTMIPHo bfidR drlbased system
wherein the apparatus for manufacturing the raw naterials and the apparatus

for 15 mamprabeurTheglegrre of sstyciaraenagesagiian ginrbscleieymusaniot instence,

Manufact uriong. o BOLYSREARRYE3AY iR RS LRLREL08EM SYSL STy ARl P Lo
elimnate fXxing i n of I npurtties. Fing t Re’nanuf acture” 8

pol ycar bonabésced ®$ elid ReectionNwhith%ah BY @ithéured with @h@hminfri@t mddé] | on agent may
al so be used wth the above-nentioned aromati ¢ di hydroxy 20 conpounds and
car bbhi ¢ defractemetst.dvigh perframargeiquid sspAmawerPhureomsy suse 2BaYsiFy| oxy
conmpound %?EUQ’Q{‘E of introducing term nal groups, represented by the
general fo a[lV] below, that can be introduced as a termnal group to
the end of the manufactured polycarbonate nolecules. 25 Ar O- ... [IV]

I n the formul a,BAmerspmgsendegreenizsionmtérchamge raacaobwhergthe bspbenatiai ning 6 to

50 carbon atoms. There.is no specific, restriction on tte t ype.of .aromatic
ydr ocar boTgHBE A7 At oirahagBR T 4ndiRianelkiTipe i LRPRE MR GhaRd i 5
phenyl gr aiapbonftegid Bithter SaMuRctuRA R ABEV arg Ejdbtedo ahR6tet ink@chadge One of
these aromatic rings may forma ring ,
15 reaction under the same conditions (temperature and pressure) as in the ester
interchange reaction conducted in the production of the calibration curve, we can
determine from the above-mentioned calibration curve the amount at which the alkali
metal compound and/or alkaline earth metal compound contained in the raw materials
effectively act as ester interchange reaction catalysts, that is, the effective catalytic

20 amount of the bisphenol as the amount having the same catalytic activity as sodium

hydroxide per mole of pure bisphenol.

Raw materials for which the effective catalytic amount has thus been
controlled can be obtained by adding an alkali metal compound or alkaline earth
metal compound to the product of refining a dihydroxy compound and a carbonic acid

25 diester by distillation, recrystallization, or another such method using a manufacturing

apparatus that is very controlled in terms of accuracy.

Examples of the alkali metal compound and/or alkaline earth metal compound
include organic acid salts, inorganic acid salts, oxides. hvdroxides, hydrides,
alcoholates, and the like of alkali metals and alkaline earth metals, specific examples

30 of which include sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium

10



11 WO 00/ 26276 PCTI US99/ 24744 saturated with a hydrocarbon aton(s), a
hetero atom and/or different atonms may form cyclic structures. In

addi ti on, WOBY22 onatic rings may be substituted with a hXCEFER924584 al kyl
- group containing I to 9 carbon atons. These types of aryloxy conpounds nmay
i ncl ude: phenol, diphenyl carbonate, 5 p-tert-butyl phenol,
p-tert-butyl phenyl phenyl carbonate, p-tert-butyl phenyl carbonate,

p- cunyl phemalrogancabowdtd pomtiphaitoeasrdtate lithiud i dlokbrmtdonhesd- (4-

hydr oxyphenyl ) chroman, . : o _ )

2,2, 4, 6- t etodaire £HPPOAE, POtassigmpAsopRieAlthm sarh peH PPYIUMCIsEBIRaAOtassium
2,2,3-tri 3.4 0 61 et - 3. (3,5-
G mor iy - RO L DU OB B JETRIn o200 R WA )
chroman, l@oramgtirRiedlithjutn bedohpdniichyddidn b3rdphehidetshyiumbenycknappissng )

chroman, ot her chroma conpoupnds,. as wel.l as. one or .conbi nati.on of the
above’type@”ﬁ?m?ﬂgg@nggﬁﬁﬁﬁ d%}g“ﬁWB§@Lé$W¥ﬁ§vnbﬁwp@UﬂH§“§H6&FB%be present
in amount gt 10nQMAT Oslivdm IR, PotaREi 8RR MitBlim%aR2 1 @hPnol Sarldtier sl more

preferably at 0.02 to 0.1 nole per 1 nole of the aromatic dihydroxy
conpound. dlBali fetaheorapdundy; andreplsimg hydroxislecbarinnt iidsoxade umegnesium chai n

t er m nat or hen the .nolecul ar termnal.s of the polycarbonate that is
obt ai ned V\E‘ﬁrmﬁge’tsgrf)Pﬁl‘ﬂngérom%tehca %P%&Bgm@fﬁcraé%osn&f’é "Yhe above- nenti oned
formul a | Vhydrogenpsrdpedié, ir@dpnediurh Hydrdd@ftearboMate) stidhtiugh Byt fakcafomdtef er abl e

and 20 to 95% being even better. A polycarbonate, to which term nal groups
r epr é8ent ethlEymtBEIONAERPATEIM qaghonaiey MAZHGRUIR 49 OPER PO B EALSHAEN t he

above- ment L G06h dcBhleBarilH Godite ShifRbACR b SR RAANGR 1 ERcl, addi ti o,
even if of Tow nolecular wer ght’, nonstrates excellent ’'nmechani ca
properti essteargte, @aium gharaepmagnasmm staaeeandlProdifGledt?a 6 PCTI US99/ 24744

In addition to the above-nentioned aryl oxy conpounds, one or nore aliphatic
nonocar boxy conmpounds capabl e of introduci ng ope or, nore aliphatic
hydr ocar bon _unf bR @Rre TEReDE AR RS PR AL PR G 0LV be
i nt r oducedwagrefil¥@k BppdrRLETOR M factuPinghd A ek and RelPPLRREHSS a
strai ght-chain or branched al kyl group )
manufacturing the polycarbonates are directly connected. Manufacturing of
polycarbonates by this type of closed system can help to eliminate mixing in of

impurities.

During the manufacture of polycarbonates described in this invention, a chain
termination agent may also be used with the above-mentioned aromatic dihydroxy

20 compounds and carbonic acid diesters.

The termination agent used may be an aryloxy compound capable of
introducing terminal groups, represented by the general formula [IV] below, that can
be introduced as a terminal group to the end of the manufactured polycarbonate

molecules.
25 ArO- ... [IV]

In the formula, Ar represents an aromatic hydrocarbon group containing 6 to
50 carbon atoms. There is no specific restriction on the type of aromatic hydrocarbon
group, which may be a condensed ring structure such as a phenyl group, naphthyl

group, anthranyl group, or the like, or one of these aromatic rings may form a ring

11



RCO 11 O containing 10 to 30 carbon atons which nmay be substituted wth a
hal ogen. Specifically, these aliphatic nobnocarboxy conpounds may i ncl ude
one or a WOMHRERAei on of: undecanoic acid, lauric acid, triREENBRE44CI d,

- pent adecanoic acid, palmtic acid, heptadecanoic acid, stearic acid,
nonadecanoi ¢ aci d, heneicosanoic acid, 10 tricosanoic acid, and nelissic
acid and ot her al kyl nonocarboxylic acids; and nethyl stearate, ethyl

stearate, pclrROLRNMHh 2% E/@l%'é%@n anch(9), B%Etefﬁ%tbﬂﬁlanﬁ%ﬂ* @iffererRaftyhs 88§ BHm, and
phenyl esters of the above al kyl nonocar boxylic acids as wel| as other alkyl

nonocar boxylelic sivictiress tinrdditivhabesetaygraaiicoings mayHst SubstHsiee sathoiajogednpounds

shoul d be presge n 15 amu 0 0.20 nole, preferably at 0.02 to
0. 15 nol e, Orag(yg%rroélpﬁ?ré ‘él%“a%{] O%?er(gn %%m%o 0.10 nole, per nole of the

aromati ¢ di hydroxy conpound. Lbe of the above types of term nation agents
in total anmount thgsaa@pesroﬁdnﬂnxﬁc&nn@irﬂs nperindwdee phiendlhéipharyboabomatei hydr oxy

conpound may r duce th r at nerization. POLY NSATI STEP The
presem i n\Palstt \Pe@“;j'ﬂl%'get“iy e‘bﬂlcﬁé@%‘g SRy lPDEWytlrﬁT‘r Praifs 20
cont ai ni ng ”’SE) i Bﬁ’éﬁ%ﬂfﬁa{ﬁ PRy ﬁ;héﬁ}gtchﬁb%nﬁ@:[@,b,ﬁthﬁleﬁiwufm of an alkali

u

met al or an alkallne earth metal conpound to pol ycondensation in

t he pr esend'e/droor[sfphﬁnwbloyanamﬁs?a‘t 6<§¢tra@mﬂwl;ﬂs&3 5-GRRAWSThROR YPEENFGONDENSATI ON

I n thi t h h
decomposes o aor robe Ry ML p B SR bl rin 2 s BRTERP S (o)
al kal i met afimeth$1- m@y@%mgl)eﬁﬁn@?le&ﬂﬂethpmﬁzpmr@mmem; ctiroinag,
inorgani c salt and/or an al kaline eart tal phosphorous-_ contai ning

i nor glthi ¢ saf2.4.40ueEamesylthe, sdimagthylt2- flbq’ro’@ﬁ%h?@dhﬁ@ﬁ@&{ﬁ et CRFENA) K a| |
met al phosggg{r??ﬁn&sggg QLMLOgnd &Qar&?rﬁitlﬁat%ﬁ'otftl’?e”ﬂ/& @Eé‘ th c% blinggret al

phosphor us-contarnrng I norganic I's a sal phosphoru contalnlng 5
i norgani c acid and an alkall nmetal and/or an al kaline earth netal. Exanples
of alkali These aryloxy compounds should be present in amount of 0.01 to 0.2 mole,

preferably at 0.02 to 0.15 mole, and more preferably at 0.02 to 0.1 mole per 1 mole of

the aromatic dihydroxy compound.

15 If the arloxy compound is used in this amount as a chain terminator, then the
molecular terminals of the polycarbonate that is obtained will be terminated with
groups expressed by the above-mentioned formula IV in a proportion of 1 to 99%,

with 10 to 97% being preferable and 20 to 95% being even better.

A polycarbonate, to which terminal groups represented by the formula [1V]
20 above have been introduced in the above-mentioned ratios, has excellent heat
resistance, and in addition, even if of low molecular weight, demonstrates excellent

mechanical properties such as high impact resistance.



metals include lithium sodium potassium cesium and rubidium while
exanpl es of alkaline earth netals include nmagnesi um cal cium and

stronti umwEMIMTes of phosphorus-contai ni ng i norgani c aciP€3/UsSaAy24Tde

- phosphor ous aci d, phosphoric acid, hypophosphorous acid, pyrophosphoric
acid, triphosphoric acid, and pol yphosphoric 10 acid. A phosphite of an
al kali metal conmpound is particularly favorable as this (c) alkali netal

phosphor us- cont g} Ridifloh RPHE AR -Haktt '
phosphor us- cont ai ni ngoi norggﬁ(i5 c saltto,n@(ﬁs]g cixryiadgng&g?r%él’ gge g%ﬁ\%\llﬁiagqﬁﬁimnccl ude

lithium dinydcagexy pdmoppinds eapabieldd REB)ucmgdinanT dioksya mbgenhyirosyplvnt e
NaH2P(Q8), 15 pot assi i hyd hi t KH2PO3) , i di di hyd
phosphi t& “CRo e ed B iy BaR ottty Brorkeagbety™ ai i cai um

hydr ogen phaspfdtb®. (Li 2HPG3), di sodi um hydrogen phosphite (Na2HPO3),

di pot assi um hydrogen phosphite (K2HPO3), dirubi di um hydrogen phosphite
(Rb2HPCB), di cesium hydrogen phosphite (Cs2HPQB), trilithium phosphite

(Li 2P3B), tri sodi i BABYIBNR represRBs PEERIghPehain PHbRACSH KD EEYBhi t e ( K3PCB),
trirubidi um phosphite (Ro3PC3), apd gricesium phosphite (Cs3PG3). One or a
conbi nation of 2 or nore of these gonpounds may be wused. O these
conpounds, which may be used singlg or in conbination of two or nore,

l'i thi um di Q}SQ{af?ﬂﬁ%‘l@{b@ﬁP&HrtS&m dibh ERREB) mays B en i A% FPIBNo A0S Phi t e
(NaH2PGB3) , and potassi um di hydrogen phosphite (KH2PQ3) are preferable. 25

These types of al kali netal phosphites, which have excellent catal ytic
activity, shoulSpetiéicphe shase aliphatipmonpearbdxy comppongs may mcjude@neondl e, and

preferably at .5 x 10-.7 .5 -6 : Jml.e of .t j oxy
conmpound. fﬁrenb(nca)uoréloﬁ'a\”lgé%ﬁe al a%?‘iﬁgp COZ{rEgAs?%%"E?‘gﬁ‘g?‘lﬁg’ I?eﬁltoard gﬁaﬁ‘?féqﬁgﬁrt and/ or
al kal i ne eaiatrhitic eldahepdddzs pvid atsd, aasatiaaaidngpriadeagaidiacids Adreioregnoleadid,oduced
by su]o(ﬁl ying an alkali 14 WO 00/26276 PCTl US99/24744 nmetal and/or
al kal tthe” edriesanqit asidcyigBeingic asidand athes aHivl oRY R BRSYYE acigtrand snethyl

hydroxi de, ddatdl W M¥ARGH, ﬁd%@)gi Y- AR @ ORREARRNBLE s, Myl RAEASH UM

hydr ogencar bonat'e, "and a phos us-containing inorganic dacid from separate
pat hs to a phemylrestees afahe algiveatkiytmonassbekylor acidd ds wal ascimtebieoht | on vessel ,
and allowing the, 5 alkali netal and/or alkaline earth nmetal conpound to

react with W@CBWBQ}FFO?C&, esters.

These types of aliphatic monocarboxy compounds should be present in
15 amounts of 0.01 to 0.20 mole, preferably at 0.02 to 0.15 mole, and more preferably at
0.02 to 0.10 mole, per mole of the aromatic dihydroxy compound. Use of the above
types of termination agents in total amounts greater than 0.2 moles per mole of the

aromatic dihydroxy compound may reduce the rate of polymerization.
POLYCONDENSATION STEP

The present invention involves subjecting polycondensation raw materials
20 containing the above-mentioned effective catalytic amount of an alkali metal
compound or an alkaline earth metal compound to polycondensation in the presence

of a polycondensation catalyst.
CATALYST FOR POLYCONDENSATION

In this invention an (a) alkali metal phosphite, a (b) compound which

decomposes or volatilizes at a temperature of 100 to 300°C and/or an (c) alkali metal

13



containing inorganic acid in the agitation vessel or nelt polycondensation
vessel. This (c) alkali nmetal phosphorus-containing inorganic salt and/or
al kal i ne “¥QP¥Pp2Aet al phosphorus-cont ai ni ng i norgani ¢ sal t PGION24744

- excellent -catalytic activity, is preferably used in an anmount of | x 10"
to 2 x 10-6 nol, and nore 10 preferably 5 x 10-7 to 5 x 15"6 nol, per nole
of di hydroxy conpound. Wen raw materials are used such that the effective
catal yti c ahmphbrous-coiteiningavorgahie salabisd/osandlkdling eartls predl bhésphan@e, and a
(c) alkali netal phosphorus- con(#}ai—ni ng in rgaﬁni c salt and/or alkaline
earth net aFOHABYIBHBPISATIE AL i tiFhES RGRIGHET for Balveondgnipsierr as a

pol ycondensati on catal yst, a pol ycarbonate with good coloring and little 15

branchi ng can bengakdfi acdiMpRdspMBilseofBi b ik NiSsafiahl Sf kL Qi Yed@ve!l of
activity for practical purposes. Also, a (b) conpound that deconposes or

vol at i | i zesesal phospbapsreanipengnoloictselt iISOED, ofer mhosphwriragintaigiogpound, may

be used as. ta t alo or ong W th the bove- nenti oned .al kal i
nmet al %phosbrhé aleﬁlléc- %:%‘?1? %(?arllrll ér}galf Wgﬁg%l & asnaq{‘alglﬁﬁf%l? %?Fﬁé-g?i‘?{g&ib%%{}%%lh nmet al
phosphor us nzed ichids dithiter NG, oedstiumyBésturs Padi rfibidain, YwhiRtexh@prt one

conpound sel ected fromthe group consisting of ammni um conpounds and
phosphoni uAikebnfpeaithgactals indyds aagnesiugg qaciyn, andssonpwe. Esapplenal sel ect ed
fromthe NS St 0g: - i .guat er nary
Phos phoni U B B B e A8 y
amoni um c oppapbosisho?&usiancd, pglephapborir adidneplosppoundsd, aad eclyplbsbharie t he
gI’OUﬂOCOHSi sting of tetranethyl ammoni um hydr oxi de (Me4NOH), tetraethyl
anmoni-um h?‘afloxi de (Et4NOH), tetrabutyl anmoni um hydroxi de (Bu4NCH), and
tri met hyl benzyl ammoni um hydr oxi de and ot her quaternary ammoni um conpounds.

Exanpl es of quatsesinaphitd bR HemCOMRMAG S JaneduldB/ favorable as this (c)
t et ranet hyl Egosphonl um 30 hydroxi de (Me4POH), tetraethyl phosphoni um

hydroxi de pisgl Pyl phasphorusssoppinng mepereielt/apdo s alkaline carth metal
tet rabut vl BROSABORIUMA A 51 Afic Bt Aottic 3ROSRl I AURUBRIRY Y

phosphoni u onpoun conpounds can used singly
conbi nat i odihyfirdgen pbosphite €.iH, PO essodiim dilyidjogen phauphde t¥iaH,Pdgfonposes or

vol at1i5I | Ze%otaagsil?mtd%q%%g%%%E\gsp%flte %Iglo-lzlg&), rubidium dihydrogen phosphite
(RbH,PO:3), cesium dihydrogen phosphite (Cs H,PO3), dilithium hydrogen phosphite
(L1,HPOs), disodium hydrogen phosphite (Na,HPOs;), dipotassium hydrogen
phosphite (K,HPO;), dirubidium hydrogen phosphite (Rb-HPO3), dicesium hydrogen
phosphite (Cs;HPOs3), trilithium phosphite (Li,POs3), trisodium phosphite (Na;PO;),

20 tripotassium phosphite (K;POs;), trirubidium phosphite (Rb;PO5), and tricesium

phosphite (Cs3PO3). One or a combination of 2 or more of these compounds may be
used. Of these compounds, which may be used singly or in combination of two or
more, lithium dihydrogen phosphite (LiH,PO3), sodium dihydrogen phosphite
(NaH,PO3), and potassium dihydrogen phosphite (KH,PO5) are preferable.

25 These types of alkali metal phosphites, which have excellent catalytic activity,
should be present in amounts of 1 x 107 to 2 x 10 mole, and preferably at 5 x 107 to

1.5 x 10 mole, per mole of the dihydroxy compound.

The (c) alkali metal phosphorus-containing inorganic salt and/or alkaline earth

metal phosphorus-containing inorganic salt may be produced by supplying an alkali

14



5 300C shoul d be used in an ampbunt of | x 10-7 to I x 10-1 nol, and
preferably I x 10-' to | x 10-2 nol, per nole of dihydroxy conpound. The
use of a (WP 0¥¥Ppound that deconposes or volatilizes at aREREPA4dte of
- 100 to 300C and a phosphite of an alkali netal conpound as catal ysts
results in fewer termnal OH groups and in a suppression of color
deterioration during nolding and of the generation of 10 electrostatic

char ges. %anwgalf%xm% rgglofr{?il YEANLens ak! IRArdBe, Berags&aNP! i shed

in aone o age process stage process conprises
manuf act ur hytopide ynmubo}mir@addayodmmthy;dmgeumbmwam peiagsfumt he previ ously

nment i oned d| hydrox conpo d car bonate.di esters,ikn t e, nce of
the above pydroganes Pn%taégaﬂ’ilﬁ FYSEONIAIHRE Or IRl a%%ﬁamva%P ﬁt%fgaqgeconposes

or vol atil{Zes ahaRrbeEReidt Wssel Ok nﬂe@c(bo‘l oﬁ@&@au@n&ém anbalio®ingah&al i net al

phosphor ous-cont al ni ng 71 norgani ¢ salt and/ or al kaline earth netal
phospbor ouslkaknmﬂtaimnd/ngalkmlmeg@nhcn%dlcpmpw@ @dF%b‘ﬁ@éh%alﬁqsﬁhorPéact ion for

bi sphenol co 1P5ﬁ§n%{§afﬂlﬁ8§18q$ honat 1on9&s§e§tg mﬁgl)ggn&% gd Qsléq under

simlar cofdfit FATOUS ycon densat i on
reactions. Specifically, the bi sphenol corrpound and the carbonat e diester
shoul d be reactrad (af alﬁilm&ﬁhplﬁdsphme—ssmamirrgjnbmgnit halt find/ortalistlimge reacti on

at a tenperature of 80 to 250C, referablg‘%? P lﬁeg 12h¢ d nore
pr ef er abl y eath mew! phospheres-capaining nRgABICSAILAgCl gtsoexge SLrde Ed}ef erably for
0 to 4 hourg,, @"%epﬁé&%&bgpds% F%%@Q{abfﬁ%(ﬁ’tbq 250" 8mBpuRs mofhie reacti on

tenperature 1s rail the reaction systemis reduced in
pressir e, thﬂfSrabllylivgmbtoabmuﬁ anal guee niadhobéihywsexy ¢eepdingphenol and t he
carbonic acid diester, and finally the bisphenol and the carbonic acid

di ester are sub) t“gfgﬁt@g‘i‘}ﬁﬁ%lf arel u&gg 4 %%%Kzﬁ tﬁ)cél-f/felé§?g é&%ﬁf_@m%’ﬁdﬁ gfdensati on

reaction at 240 uced pressure o | ess. Because

t he manuf achwimidi&idlelkRathivh speifcanggaad asc)udes raet{almmmhdms -gfntaningal kal i
metal and/or an al kaline earth mstalwils th catalg st f.or c1 den ation,
side 5 reaeergans salhand/ gadkplingaath BskY BRSPBORF-CYM RGNS ‘H‘é‘tg %ﬁﬁo‘ﬁﬁ are

utilized al§a polycondensation catalyst, a polycarbonate with good coloring and little
15 branching can be manufactured while maintaining a satisfactory level of activity for

practical purposes.

Also, a (b) compound that decomposes or volatilizes at a temperature of 100 to
300°C, e.g., a basic compound, may be used as a catalyst alone or along with the
above-mentioned (c) alkali metal phosphorus-containing inorganic salt and/or alkaline

20 earth metal phosphorus-containing inorganic salt. More specifically, at least one
compound selected from the group consisting of ammonium compounds and
phosphonium compounds is favorable, with at least one compound selected from the
group consisting of quaternary ammonium compounds and quaternary phosphonium
compounds particularly favorable. Examples of quaternary ammonium compounds

25 include: one or more compounds selected from the group consisting of
tetramethylammonium hydroxide (MesNOH), tetracthylammonium hydroxide
(EtsNOH), tetrabutylammonium hydroxide (BusNOH), and
trimethylbenzylammonium hydroxide and other quaternary ammonium compounds.
Examples of quaternary phosphonium compounds include: tetramethylphosphonium

30 hydroxide (Me4POH), tetraethylphosphonium hydroxide (EtsPOH), and

15



reduced. A polycarbonate with inproved color can be manufactured
efficiently, while mnimzing the production of branched structures such
as those ™MPP¥3@M ed by the fornulas [VI] and [VI1] shown BSEV@MR2€3441 O \
-/ _ (VM) - OO0\ / X\ / OO0 NI OO\N/ _(MI) O\N [/ XN [ N[ X\ /[
-0 Alternatively, the polycarbonate manufacturing nmethod can be a two
stage 10 process as will now be described through reference to Figure 1.

FI RST STAGEr{REtylplosPiiCONDENSAT (BN BTHParkd other, surlaguaretheryi mlosphionainudi ng t he

above- nenti oned %;h¥9r0§y conBoun and, carbonic agid.dieéter are mxed in
an agi t at i QPPCHAKS: oFNEFHETRS G3T} B USTA FEE Y Hel CHPBIAEPLASO T &RP o a

pol yneri qu,b&n tank and subjected to polycondensation. In the first stage
of the pol ycondensation step, at |east one type of conpound 15 sel ected

from anong ammoni um conpounds and phosphoni um conpounds (as di scussed
above) is used Hys ) camapyrd thatidecowpows 26 278t MEY L USEoIrerarag of Th@tari xi ng of

the pol yC%@@%ﬁ&pgﬂem ig%%t]oﬂhéo ”91{)""?0 Fgﬁ@‘.' Yk, éﬁ%‘sb%ée%b&f’k"f@*be
conductted 1 n a“nitrogen at mosphere at™ at nospheric pressufrée. The first stage
of the polggontehmet, ipenmsteadt dilsydpsef @naiouyd.c Ohduetofd (8t camnpduadpert at ur e of
270C or lower, with 80 to 250C preferabl e, 100 gg 230C nore 5 preferred,
and 120 t Fleromeoses Se¥plalilizes gt aearmeraturc At d 09 05400 6 rind 3rResRIKCRERR shoul d be

0to5 hom%wahc&n Sind abgatag/sterr@shﬁg (e waPRRidaPOB HBMSSar@sRECi al 1y

preferred, ereln the pressure here should be from=atnospheric pressure
to 100 t orsuppressitn af color deterioration during molding and of the generation of

10 electrostatic charges.
PROCESS OF POLYCONDENSATION

Polycondensation may be accomplished in a one or two stage process. The one
stage process comprises manufacturing polycarbonates by melt polycondensation of
the previously mentioned dihydroxy compounds and carbonate diesters in the
presence of the above (a) alkali metal phosphites, the (b) compound which

15 decomposes or volatilizes at a temperature of 100 to 300°C, and/or the (c) alkali metal
phosphorous-containing inorganic salt and/or alkaline earth metal phosphorous-

containing inorganic salt.

The polycondensation reaction for bisphenol compounds with a carbonate
diester can be carried out under similar conditions as those for previously known

20 polycondensation reactions.

Specifically, the bisphenol compound and the carbonate diester should be
reacted at atmospheric pressure during the first stage reaction at a temperature of 80 to
250°C, preferably at 100 to 230°C, and more preferably at 120 to 190°C, and in
general for 0 to 5 hours preferably for 0 to 4 hours, and even more preferably for 0 to

25 3 hours. The reaction temperature is then raised while the reaction system is reduced
in pressure, thus bringing about a reaction between the bisphenol and the carbonic

acid diester, and finally the bisphenol and the carbonic acid diester are subjected to a

16



nitrogen atnosphere preferred. SECOND STAGE OF THE POLYCONDENSATI ON STEP
Next, an al kali metal phosphorus-containing inorganic salt and/or an

al kal i ne W®@0M26276h net al phosphorus-contai ni ng i norgani c s&CT/USY/2dd¢ed as a
- catalyst to the polycondensation product obtained in the first stage of
the reaction, and further polycondensation is conducted. This al kali netal
phosphorus-contai ning i norganic salt and/or al kaline earth netal
phosphor us- cont.ai nj.ng_i nor IW6 .S ol tr amount in
Phe 15 Sutina Crayarear el G GaYer R s e B BRI B2
subsequenggst ages so that the total anount is within the range given
above. It is preferable in the second and subsequent stages of the

pol ycondensation step for the reaction tenperature to be raised while the
reaction syst eﬁ?qf@ser%G@@Hfﬁcﬂlmﬁrr%%%‘tﬁ%fp@gﬁﬂg’@@&‘ef B ERE m@{e ogfi’ége, t hus

bri ngi ng | 81 i a2 theiagRenRhoAREnddAsatar Hani ¢ aci d

di ester, %E%yﬁg?ﬂ%ﬁggééggﬁgﬁ%%ﬁand thg.cgrggﬁ?c agfga diester finally to be
subj ect edreacticms piodt pcandersabhomtiped @lkiagmetal Raporeds3zewilgsdare reduced
pressure of 5 mm or.less, . and preferably 1 I The conmpound
sel ect ed T@Bﬁ%%ggy&mﬁt%mtswgd RUSCISh bﬁh@ﬁﬁ%ﬁ%%@%ﬁggahds that is
used as ayfat #ixiddizing tﬁé(}ﬁofhhdti%h of bagendfsttib@raSugniybosdepssaiiarbyst ep wi | |
vol atilize under the reduced-pressure and heating polycondensation

condi t i ontheifprnuties B8¢ andi[ Whbshoumdsipyent st ages. Accordingly, the

pol yneri zati on can be sustained |onger if the alkali netal
phosphorus-contai ning 18 WD 00/ 26276 PCT/ US99/ 24744 inorganic salt and/or
al kaline earth metal phosphorus-containing igorganic salt is used as a

pol ycondensati on catal yst in the second and glubsequent stages of the

pol ycondensati on step. Wen the conpound sel nong anmoni um
conpounds and 5 phosphoni um conpounds used a ca yst in the fipﬁ@ st age

of the polycondensation step is d w the al kali ngtal

phosphor us- cont ai ni ng i nor ga'm—cos an ay j -@ et al

phosphorus-contai ning i norganic salt used as a cdtal yst M+the second
r

stage of the pol ycondensation Stii}/’he two may act and produce a

hydroxide__—_O :: ) :: O}r— ]
o\ |o—©—
(VID

— oo~ —)—o

Alternatively, the polycarbonate manufacturing method can be a two stage

10 process as will now be described through reference to Figure 1.
FIRST STAGE OF THE POLYCONDENSATION STEP

First, raw materials including the above-mentioned dihydroxy compound and
carbonic acid diester are mixed in an agitation tank or the like, after which they are

transferred to a polymerization tank and subjected to polycondensation.

In the first stage of the polycondensation step, at least one type of compound
15 selected from among ammonium compounds and phosphonium compounds (as

discussed above) is used as a catalyst.

17



of the alkali netal and/or alkaline earth nmetal, but if the conpound

sel ected from 10 anong ammoni um conpounds and phosphoni um conpounds and t he
al kal i met¥¥P 94R38&phor us- cont ai ni ng i norganic salt and/ or RATAVSAGIB4r t h

- metal phosphorus- containing inorganic salt are used in different

pol ycondensati on stages, no hydroxide of the alkali nmetal and/or alkaline
earth netal will be produced. Furthernore, side reactions such as those

gi ven bel ow t hatTHeasixing 4frthepsIpeordeRseDs eavomatdhias Y dcodaes: duay! |
t herefore be suppressed even better, there will be | ess production of the

branched SPPHEDGcaBAUCKSS) BaJuEogs) AppsAlEest RIERGsPhgiEF greaskie, shown above, and
a polycarbonate wth inproved coloring can be manufactured efficiently.

Enpl oyi ng ei t herriffikh@a ARAVER @%@%sgﬁ+ﬁﬂeﬁtd€ﬁg§ab%ﬁﬁuét&d Rossible to

obtain a polycarbonate with e ent coloring erei'nafter referred to as
a 20 pol ycdembperatuge pi H0°Qtor dovwirghith 8D yor2§ 0 °Latre fernbéec tl DO it 330°Theore

manuf act ur i ng. net ho rtalning to the prese invention.is not limted to
Ot ot U G EA PRGBS RS ne BreReRl LYt om0t T ¢
process. Th 0 toeadurQWvidRPRY Ahdils Presrddind ONg YtoliRGsh&isly fRagkt@n My be a
hori zontal type, tube type, or colum type. Furthernore, there are

pr ef er abl y VECT$iB Al Presiyreleary shauld ba from apBosphagesresaire ipolfgitorrheite aar e no

particul ar festdi gt nunber of stages. The intrinsic viscosity
of the pol yéar onat e o‘%{e |%%H%|1’n this manner, as neasured in 20C net hyl ene

chloride, is usually 0.10 to 1.0 dL/g, with 0.30 to 0.65 dL/g being
pr ef er abl e. SECSOMD IDAQEAVBTHEHQISEGONTEMSAW®N STIEP pol ycar bonat e
manuf actured by the nethod pertaining to the present invention, it is

preferable for the branch. structure expr ssec(i).b Jfar Iargﬁg,VI 0,be
present in an arrl\trﬂ)%xr‘l‘tanoafr?k B‘B&taE@}%s QOW%’E%“%‘HB’P@ P%‘f‘%?%ib? %@%@hﬁ}}}ﬁ? or |ess,
and npst pasheidd|phosMBrRRISninih @ forgaaitkalts addeq abh3RGRsShikCt ure
expressed by fornmula 5 [VII] to be present in an anount "of 200 ppm or |ess,

nore pr ef erPebicpndagatipRreduqt eb@ined am therfiyst stagef dreaigpiopandfmter | ess. For
gquantitati ﬁﬁghggﬂ%&%&ﬂ tetdhese branched conpounds, an al kali such as
oXl e ad e(ﬁ (

sodi um hyd e can to the manufactured pol ycarbonates in order
to hydrolyze and generate the branched conpounds represented by the
formulas [VI'] This alkali metal phosphorus-containing inorganic salt and/or alkaline earth

metal phosphorus-containing inorganic salt may be added in its entire amount in the
15 second stage, or it may be added in batches in the second and subsequent stages so

that the total amount is within the range given above.

It is preferable in the second and subsequent stages of the polycondensation
step for the reaction temperature to be raised while the reaction system is reduced in
pressure compared to the first stage, thus bringing about a reaction between the

20 bisphenol and the carbonic acid diester, and for the bisphenol and the carbonic acid
diester finally to be subjected to a polycondensation reaction at 240 to 320°C under

reduced pressure of 5 mm Hg or less, and preferably | mm Hg or less.

The compound selected from among ammonium compounds and
phosphonium compounds that is used as a catalyst in the first stage of the
25 polycondensation step will volatilize under the reduced-pressure and heating
polycondensation conditions in the second and subsequent stages. Accordingly, the

polymerization can be sustained longer if the alkali metal phosphorus-containing
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10 and [VI1'] shown below. The quantities of these conpounds can then be
assayed by high performance |iquid chromatography (HPLC). COOH -o0- X- OH
(VI') -0owW00026276 0- 7>-X-O-CH (VII'") COCH (X represents &CTiusoge47a4

- branched chain hydrocarbon group.) 15 In this invention, the [A]

pol ycar bonat e reacti on product obtained as descri bed above does not have
to be cooled. Instead, imediately after the pol ycondensation reaction, a

derivative such a bel ow, forned frao sl £ ur. cont gl nj aci. i c
conpound WiOF$AM ??iéaa[“\gjéﬂr ﬁg(ag’f‘é %ar@‘rm?tég%hoéﬁgbo ogrs&g“%élrn F\?Ig%rféf{e% Fagtr 1%%‘594 romthe
aci dic ngpewg@or(desga@ibﬂ@ﬁﬁagst altBosdcehihieaibbuas stdves pBheaci di ¢ conpound)
may be added 0 Exanples of the [B] acidic conpound include: sulfurous

aci d, sul palycendgosation stepl f oni ¢ aci d, a sul fine-based conpound, a
sul f one- based conpound, or any related derivative. Specific exanples

I ncl ude: et hyl We@xﬁt&?ﬁ@rﬁb%&'&%%@cteﬁ% 2O CnPBAREPIS RIRALSRO/ 24744

benzenesul f onat'e, ol uene onate, ethyl p-toluenesulfonate and
butyls p- pubsphoss domnmiueds ddel as hBhtabsi ditbe fshpe thhpellygongensagftiai ned in

an anount of 0.1 to 50 ti . | ar and preferably.Q0, 5 tines

(nol ar), &k ingwedgyigs @F&Hﬁeaf} ”66.(‘%03}’8Sll/Hotni‘Sr‘r‘éoélP%m(’ﬁbr}oﬁ%,w %ﬁ%taf%ﬁ/roéspect to the
conbi ned ayouAL Aih HBGI FhdsPhdruQeorhikald iReroemit kilt tRtiak a caniyeoimnte cont ai ned
in the di hydroxy conpound and the carbonic acid diester, and he. al kal i

met al  phospiudistage ofithai pol yegnéensatiparaten. &8 tVoUB®Ereas anfl @roduge 8 ¥Hrogtdct he
above-nentioned, [[A | ycar honat the: agl di oAROdAd kBl i s added in
this anmo@®hths k%lhrbe&gﬁcﬁ?roaﬁka&ng %fé %é’ld&géﬁg%ﬁdgtq%@ F;%fl t he phosphites of
al kajg metglohg lhmhéiamoRgoliiistdie phosphoaiuboctmmunild indybe akkal meetilzed or
weakened [in alkalinity], allowng pohéi:ar bonate ul ti r%a\t ely to be
obt ai ned VihORPhOTSCAREAIRIBE IRQIRANC ?%%4”3{0&& ine ATy S e RIL S | | ty.
Furthermorg, [ § i $Q4h8 1AL pYiyktbndehgiiah@muged, Bb hagiodide
conpounds.C%‘rllﬁénq:lé Y}%%] (l)c;@t wat er addedpt.ght he pol cafgbonat e [A] should be
5to of the alkali metal and/or alkaline earth metal will be produced. Furthermore, side
reactions such as those given below that result from the presence of this hydroxide
15 will therefore be suppressed even better, there will be less production of the branched

structures expressed by formulas [VI] and [VII], shown above, and a polycarbonate

with improved coloring can be manufactured efficiently.

Employing either of the above manufacturing methods makes it possible to
obtain a polycarbonate with excellent coloring (hereinafter referred to as a

20 polycarbonate [A]) at a high polymerization activity.

The manufacturing method pertaining to the present invention is not limited to
what is depicted in Figure 1, and may be either a continuous or batch process. The
reaction apparatus used in conducting this reaction may be a horizontal type, tube
type, or column type. Furthermore, there are preferably at least two polymerization

25 stages, although there are no particular restrictions on the number of stages.

The intrinsic viscosity of the polycarbonate obtained in this manner, as
measured in 20°C methylene chloride, is usually 0.10 to 1.0 dL/g, with 0.30 to 0.65
dL/g being preferable.
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15 1000 ppm preferably 10 to 500 ppm and nore preferably 20 to 300 ppm
The addition of the [B] acidic conmpound and [C] water will further increase
the ef fici¥Ad®Y26236 neutralization of the pol ycondensati on RETAVSPER4744 t he

[ A] polycarbonate and can result in the production of a polycarbonate with
good stability during nelting and superior color, transparency, noisture
resi stance, and weat her resistance. 20 The nolding of the [A] pol ycarbonate
is perfornmed with ap ordi nary knea axial ,

bi ai al _ext rudep tighe SoERBoRySERR A Riale B P AkLE o IRl
effectivel y %‘f? Nl Blerdifle FoaNe Biagcivanicade eXpredsbibyrbirawla ] [oBle aci di c
conpound and ¢ wat er may be added while the éA] B@I car?onat% obt ai ned
by the pol pesmiensasmounto8as0G prm og lesh moerpralerAlytIQPE PER QRleHi % he react or
or extruder, and.th aci di et efredtaY b &rmadgided
separately“ﬁ?t@Fﬁﬁ#f%E@% rpygkﬁ%%9§§9ﬁ§§??ﬁg%?§%s onﬁqhe orger of addition
Si nul tsaneopsrpgdie redent i 4 @fcint ef200Asih bi kees oD} prefsyratly 460 BEMAIdEE to the
pol ycarbonate [ A] product as long as they do not adversely effect the

basi ¢ obj e@ndmstmﬁfefaﬂ?il%5@ﬁvér?ﬁlegﬁ. These additives 21 WO 00/26276

PCT/ US99/ 24744 [ D] include a wi de range of substances that are

conventional I'y %g&%nrti%til%@dﬂéﬁﬁ&@ﬁ@{ 85thE@rbranchad t@hyounfls,poradosiesch Speci fi ¢
exanpl es include: thermal stabilizers, epox unds,.ultrqyiolet

Yy, COIp
absor ber s, sodilnh Inyefeadecaaderadded @dh@)ﬁ&ﬁt‘@?‘ure&rﬂoi%écﬁ OnRtes P s i ppi ng
agents, anti-blocking agen L ubr. ra ighagemnuis [BInat ur al
oil's, synt gﬁoiyzgiapg%egés}tgﬁé %Fg%ﬁ?%%??ng?g%ﬂrg%g&igr?gr anic fi I[I e]r15. Thi s
i nveniq on RLEYVHgShéwiBEIBad Tife @bfititids@iitieye ormprfuads can then porssexaddnat es
with inmproved color, yet at the same ti j.ohi bits side reactions and
M ni ni zes Mﬂkﬁﬂﬁﬁﬁ%ﬁmeﬂﬁwﬂb@P?E@Fﬁﬁﬁﬁyéggbtgduced can be pelletized, and
are ideal for a nunber of applications, including use as general nol ding
materials, as sheets and other 10 construction materials, as headlight
| enses for autonobiles, as eyegl asses, optical |enses, optical recording
materials, and other optical materials, as well as other applications.
These pol ycarbonates are especially ideal f%f" use as an optical nolding
material. The foll ow ng ex S pro%{ffiféif detailed(%§?lanations about
this

OH

_O_Q_X_Q_O_Q_X_Q.OH v

COOH

—— [y

(X represents a linear or branched chain hydrocarbon group.)

15 In this invention, the [A] polycarbonate reaction product obtained as described
above does not have to be cooled. Instead, immediately after the polycondensation
reaction, a derivative such as [B] below, formed from a sulfur containing acidic
compound with a pKa value of 3 or less and/or a derivative formed from the acidic

compound (hereinafter also referred to as the [B] acidic compound), may be added.

20 Examples of the [B] acidic compound include: sulfurous acid, sulfuric acid,
sulfonic acid, a sulfine-based compound, a sulfone-based compound, or any related

derivative. Specific examples include: ethyl benzenesulfonate, butyl

20



15 invention. However, this invention is not Iimted to these working
exanpl es. EXAMPLES Properties denonstrated by working exanples of this
inventi onV@euasured in the follow ng manner. [ Quantit atPiCrassod7ysi s of
- Alkali Metals and Alkaline Earth Metals in Raw Materials] 20 Sanpl es of
the raw materials were placed in a clean bottle and anal yzed by
conventional atom c absorption nethods to determ ne the presence of each

const i t uemenzen@sulidBatepretty! pesludickhifaiate, empby-tdiemrbulfdnRRl aadubapat e
Intrinsic Viscosity(lV)] Intrinsic viscosity was neasured with a Ubbel | ohde

vi sconet ertulyenespidonate. 25 net hyl ene chloride (0.5 g/dl). [Polycarbonate Hue
(Yellow I ndex: YI)] 77 WD 00/26276 PCT/US99/24744 A 3-mminjection nol ded

plate of pol ycaiiég?@:a%i&ﬂ@éorﬁﬁﬁﬂgéﬁ&lé6%&?%@&% LeIPRL AL L. ié@%ﬁ”ﬁgj ection

pressure, 1000 cycle, sec, no enper at ur e, col or
and col or (dioldrgrnedpeferebler0. ( NO-S51t00ds (DR ar)iand morKeresdrekly OKogyoiimeas used to

nmeasure X, Y. and .Z val ues a trapsmttance nethod. . 5 in order to determ ne
Tha el ool et h cGned amysnt gt e dlepy YRR BG S RE Rt | on of

Pol ycar bongtfoted Bdiahednl th&fh?@l%}(%'eoﬁpéurgl HANMY €arBdnit Bad RILEHGhdVWas
dissolved in 3 m of chloroform The ratio (% of termnal OH groups to

the total teoslselhmetalipbespbprusepnianale Geraapls sphgsedianha Gaetiancfitee ed by

carbon-13 - ti G, nanc . i o] s

e e S M

quant i t at iaveudnal the reacfion plolactt(pdlycdrygrase) OA ], clonpiaisphisesrof pikak endidsl by

formulas (1) and (égl bel ow. This was acconplished al kali hydrol ysis of
©

. hy.
the PolycdfBameenhorRI¥saromsfe Bkl tryrakvedys i@a&%*%}ftnlel@HYber f or mance
liquid chrogaiQos fRYYarbsiRkdditimatedy to be obtained with even better water resistance

and residence stability.

Furthermore, [C] water may also be added with the above [B] acidic
compounds. The amount of [C] water added to the polycarbonate [A] should be § to
15 1000 ppm, preferably 10 to 500 ppm, and more preferably 20 to 300 ppm. The
addition of the [B] acidic compound and [C] water will further increase the efficiency
of neutralization of the polycondensation catalyst in the [A] polycarbonate and can
result in the production of a polycarbonate with good stability during melting and

superior color, transparency, moisture resistance, and weather resistance.

20 The molding of the [A] polycarbonate is performed with an ordinary kneader,
such as a uniaxial extruder, biaxial extruder, or static mixer, and these kneaders can

be used effectively whether or not they are vented.

Furthermore, the [B] acidic compound and [C] water may be added while the
[A] polycarbonate obtained by the polycondensation reaction is in a molten state
25 within the reactor or extruder, and the [B] acidic compound and [C] water may be
added separately or simultaneously with no restrictions on the order of addition.

Simultaneous addition is preferred.

Additives [D] may also be added to the polycarbonate [A] product as long as

they do not adversely effect the basic objectives of this invention. These additives
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WO 00/ 26276 PCT/ US99/ 24744 COOH -O | 6~ OH (1) -O I- -O 1- OH (2
COOH Wor ki ng Exanples 1, 10, 33 The apparatus used for pol ycarbonate

pol ymer i z&X@ #M2627cl uded on agitator 5 vessel to mix the r WTASO¥R4TM s, two
prepol yneri zation vessels, and two horizontal polynerization vessels. The
apparatus is shown in Fig. 1. The conditions for each reaction are shown
intable |I below. Table 1 Pressure (ton) Tenperature (C) Mean Resi dence
Time (hr) [Ddgnelador widessege gltsnbgpives that Meessumeod8ly @d¢aia r ogen at nospher e)

Prepol ynerj zat i,o el 1.100.230 1 Prepolynerjzation vessel Il 20 270

0. 5Io Hor i zpooﬁlfcaaf bo&% e§?r§rr% ‘ﬁaﬁegyo?{w&ogg? ﬁ’eﬁ ’:?(%a’@}’lc?s %ﬂ%zé*%ﬁra’@l

pol ymer i zaftatilzeys 2pety ddmpbunds3QhradidietBsorbers mblieBleesRBRN A Idadts oM t he

pi pe directly connected to the bisphenol A nanufacturing apparatus (supply

rate, 36.CKGRHE peerthalipring agents prERlpcking epenat ericRpisnantinespingagdits.ect | y
afters di st diRNsyrttRloN1s "M&s, ordanic KBLAT dnd iﬁ&Qaﬁipﬁllgﬁs' gnated ampunt of

phenol solution of "a catalyst were”conti nuously supp to the agitator
vessel , which was maintained at the tenperature shown above. This mxture
was 15 sequent i Biik ynveutgl predid¢nr matheod pbkfficiatly requifacalrantpolyeaddnitekg/ hr  of

i I i i vessel .| ,. I i zation vessel I,
por 1 zont ar W hraPf EaRH FE 4 BB cal i fibirg i SR AP oy RBITIZER | on vessel

|1, and pdrymehirgz EtheWdttardongtes g@»@hd}&ln:an%@ gildti-0Saina e A0V eniipgr der to
manuf act ure, t he pol ycar bonate. 24 WO 00/ 26?76 PCTI US99/ 24744
of applications, including use as general molding materials, as sheets and other
10 construction materials, as headlight lenses for automobiles, as eyeglasses, optical
lenses, optical recording materials, and other optical materials. as well as other

applications. These polycarbonates are especially ideal for use as an optical molding

material.

The following examples provide more detailed explanations about this

15 invention. However, this invention is not limited to these working examples.

EXAMPLES

Properties demonstrated by working examples of this invention are measured

in the following manner.

[Quantitative Analysis of Alkali Metals and Alkaline Earth Metals in Raw
Materials]

20 Samples of the raw materials were placed in a clean bottle and analyzed by

conventional atomic absorption methods to determine the presence of each constituent

to the “parts per billion” (ppb) level.
[Polycarbonate Intrinsic Viscosity(IV)]

Intrinsic viscosity was measured with a Ubbellohde viscometer at 20°C in

25 methylene chloride (0.5 g/dl).

[Polycarbonate Hue (Yellow Index: YI)]
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The intrinsic viscosity, concentration of term nal OH groups, polycarbonate
col or, and anount of branching of the manufactured pol ycarbonates were then
det er mi nedVO ¥2fesults are shown in Table 2. The al kali nmPCAUSLY{Idinds
-and al kaline earth nmetal conpounds in the 5 bisphenol A and di phenyl
carbonate used as starting materials were less than 1 x 10-7 nole per |

nol e of the di hydroxy conpound. Mre specifically, the anpunts were bel ow
det ect abl e | i mi As3-mypEReHgn Bxdgsl pate 21 polygarbaip s preparEs aypnésy 1 to 9

Pol ycar bongt es €5 @oS0; I f / 0 bl o Working 10
Exanpl e 1, %5“ eré\?\nﬁ{ehz%% ?f lél?%ﬁl? n? getﬁgé{gg’glr@}gclﬁg/gﬁnbﬁﬁfcze%? q%:éaﬁgaql{l/st s. The

resul ts ar emmergsent@IC).nATalrand coldbd¥erdidé A GNPCUOWUINY/NiddH4  Tabl e 2
Cat al yst - Pol vcarbonate Catal yst Amount of IV i Concentration Yl Branched

Branched Kapgoly&ogxo)was ysaf imesurerXy ¥iandiZ GHes Oy rgsind g BsHed

ol / BRA) G[no&g?r o Btetmidedind f&ﬂ)ﬂ hdd{ pp) Vorking Li H2PG3 1.5 0.54 15 0.95
210 <10 exanmple | Wrking LI H2PO3 1.0°0.51 17 0.93 150 <10 exanple 2

Working Li H2PG3 0.5 0.45 19 0.93 90 <10 exanple 3 Wrking NaH2PO3 1.5 0.55
13 0.96 260 <10YlexdRdlkad74 Xi— WHOREMY NaH2PCO8 1.0 0.52 15 0.94 180 <10
exanple 5 Wrking NaH2PG3 0.5 0.46 17 0.93 110 <10 exanple 6 Wrking

KH2PGB 1.5 0. 57[éﬁlcgnt%%ioﬁ%QPgijygarbonate Terminal OII Groups]

A 0.4 g sample of the product was dissolved in 3 ml of chloroform. The ratio
(%) of terminal OH groups to the total concentration of terminal groups was then

10 calculated by carbon-13 nuclear magnetic resonance (NMR).
[Determination of Polycarbonate Branching]

The amount of branching was determined by quantitative analysis for the two
types of compounds represented by formulas (1) and (2) below. This was
accomplished by alkali hydrolysis of the polycarbonate product, followed by analysis

15 with high-performance liquid chromatography (HPLC).
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exanple 7 Wrking KH2PG3 1.0 0.54 14 0.95 250 <10 exanple 8 Wrking KH2PO3
0.5 0.48 13 0.94 180 <10 exanple 9 Conparison NaH2PO4 3.0 0.30 38 Could
<10 <10 eovangie7d not nold Conpari son NaH2PO4 2.0 0.29 41 pCoiSd9/24764 <10

- exanple 2-not nold Conparison KH2PO4 3.0 0.31 37 Could <10 <10 exanple 3
not nold Conpari son KH2PO4 2.0 0.30 39 Could <10 <10 exanple 4 not nold
Conparison LiOH 1.0 0.53 14 1.23 1530 80 exanple 5 Conparison NaOH 1.0
0.55 15 1.24 2120 120 exanple 6 Comparison NaOH 0.5 0.52 17 1.15 11210 70
exanpl e 7 Conparison KOH 1.0 0.56-13 1.28 2370 140 exanple 8 Conpari son
KOH 0.5 0.53 16 1.20 1450 70 exanple 9 Wirking Exanples 10 to 19 and
Conparative Exanples 10 to 20 Pol ycarbon&®®s were manufactured in the sane
manner as in Wrking 5 Exagaphe 1 excepi=that the types of catal yst and the
usage anmounts were yvaried shown )

Working Examples 1, 10, 33

The apparatus used for polycarbonate polymerization included on agitator
5 vessel to mix the raw materials, two prepolymerization vessels, and two horizontal
polymerization vessels. The apparatus is shown in Fig. 1. The conditions for each

reaction are shown in table 1 below.

Table 1
Pressure (torr) Temperature (°C) | Mean Residence
Time (hr)
Agitator vessel Atmospheric Pressure 160 2
(nitrogen atmosphere)
Prepolymerization vessel I 100 230 1
Prepolymerization vessel 11 20 270 0.5
Horizontal polymerization vessel I 2 305 0.5
Horizontal polymerization vessel Ii 0.5 305 0.5
10 The molten bisphenol A from the pipe directly connected to the bisphenol A

manufacturing apparatus (supply rate, 36.0 kg/hr); the molten diphenyl carbonate
from the pipe directly after distillation (supply rate, 34.7 kg/hr); and the designated
amount of phenol solution of a catalyst were continuously supplied to the agitator
vessel, which was maintained at the temperature shown above. This mixture was

15 sequentially supplied (at a supply rate equivalent to 36.0 kg/hr of bisphenol A) to
prepolymerization vessel I, prepolymerization vessel II, horizontal polymerization
vessel I, and horizontal polymerization vessel II, and polymerized under the reaction

conditions shown above in order to manufacture the polycarbonate.



Catal yst i Polycarbonate Alkali netal conpound Conpound that IV Term nal
Yl Branched Branched deconposes or OH group Conpound Conpound vol atilizes
at 100 to womereé276 (1) (2) 300C tration Type of Anpunt of TROI&USIP24MBUNL
- catal yst catal yst catalyst of catalyst (x 106 nol/BPA (dUg) (% (ppm
(ppm Working Exanple 10 Li H2PG3 1.5 Me4NOH 5x10-5 0.52 8 0.95 220 <10
Wor ki ng Exanple 11 Li H2PO3 1.0 Me4NOH 5x105 0.49 8 0.93 150 <10 Working
Exanpl e 12 Li H2I¥iﬁﬂﬁsiMﬁb@ﬁyM&lt&IMdoBte&nﬁﬁl (D(Bng&;Q; pMQtzkdetgatcExanpl e 13
NaH2P03 1.5 I\/b4l\g]—< 5x105..0.5 -96 260 <10 V\Efkl ng npl e 14 NaH2PC3
170 NoANGHOBR T GRS arou of L bingad theypanygn WARRHRTER §O BR AP P sekatmcs 0 5
VBANCH 5x10:8rfindd 9n0r3RJ20 A inV¥bkd 7 Exanpl e 16 KH2POS 1 5 NeANCH
5x10'5 0.55 6 0.97 370 <10 Wérking Example 17 KH2PO3 1.0 Me4NOH 5x105 0. 52
6 0.95 260 <10 Wor ki ng Exanpl e 18 KH2PO3 0.5 Me4NOH 5x10-5 0.45 7 0.94 190
<10 Worki ng Exahpekal gnaglemppgunds@ngalieidrt sxthongacomipopnds @3hd 80 <10
Fonpngggsﬂji \é8g%éngl%gand%f&{%g/faca%@onl\l?eh%gﬁs gax%ng/%%%lé%g‘r% léss Qha% %O

mole per 1 mole of the dihydroxy compound. More specifically, the amounts were

below detectable limits.

Working Examples 2 to 9, Comparison Examples | to 9

Polycarbonates were also manufactured by a process similar to Working
10 Example 1, but with different types and/or amounts of catalysts. The results are

presented in Table 2.
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Conparative Ml ding Exanple 11 NaH2PO4 2.0 Me4NOH 5x10-5 0.26 35
i npossi ble <10 <10 Conparative Ml ding Exanple 12 KH2PO4 3.0 Me4NCH
5x10-5 0. 3P HR26Tpossi bl e <10 <10 Conparative Ml ding ExZEBIUSIVBI7#H2POA
- 2.0 Me4NOH 5x105 0.28 33 inpossible <10 <10 Conparative Exanple 14 Li OH
1.0 Me4NOH 5x105 0.51 7 1.24 1560 90 Conparative Exanple 15 NaCH 1.0
Me4NCH 5x105 0.53 7 1.24 2100 130 Conparative Exanple 16 NaCH 0.5 Me4NCH
5x105 0.50 6 1.161.24 1240 80 Conparaidéye Exanple 17 KOH 1.0 Me4NOH 5x105

0.53 6 1.27 23801150 Cowpar atTve 'EXxanpl € 18 KOrbiWarbndd4NOH 5x10-5 0.51 6
1.21 147(_ 80 Conpat@jst e Mobudkion Bxamchreen®®@n NaHYP04 Bragrhddy 4 POIRchE% 105 0. 27
34 i npossi bI e <10 <10 Cofwrtat Ve <E§earrﬁy‘g‘j“§2b)“|-|ao4 1. oC"@a%be Cg%’iﬁ‘% 0.53 7
1.26 152 Wor king. Exa amIPEPAD The_apparat (o tprm) L (PAPR)

t “the cI {,1H Wé_ 3 05,34 PPRarAEUS—USEH f Apre—poryfgernzat 1 on
0 p g,&‘é‘ rﬁpna S eqw pped W th one agitatilon tank|for m Xing the
raw nat er ow(;.kmgt WO LRLEROl YITET§ Zat ijonst anksj7  and &390 horiszont al <10
pol ynmeri Zakiadple T anks. Thie various [reaction conditions were as given bel ow.
27 \WO 00/[2676:ePOTIUSS/[24748° Tabll &4| Pressure (tOrr) Téhperat u%e Nean
resi dence_Sfmsle (hours)  Agitationlt "g

Working | Nab,pO3 | 7 1590 " 05570 “"1‘3 at "P°(b’.96°' e pressurept6d 2
example 4 ;
Working NaH,PO, 1.0 0.52 15 P 0.94 180 <10
example 5 i
Working NaH,PO, 0.5 0.46 17 [ 093 110 <10
example 6 : ;
Working KH,PO, 1.5 0.57 K i 0.98 380 <10
example 7 i
Working KH;PO, i.0 0.54 T4 095 250 <10
example 8
Working KH,PO, 0.5 0.48 13 0.94 180 <10
example 9
Comparison | NaH,PO, 3.0 0.30 38 Could <10 <10
example 1 not mold
Comparison | NaH,PO, 2.0 0.29 41 Could <10 <10
example 2 not mold
Comparison KH,PO, 3.0 0.31 37 Could <10 <10
example 3 not mold
Comparison KH,PO, 2.0 0.30 39 Could <10 <10
example 4 not moid
Comparison LiOH 1.0 053 i4 1.23 1530 80
example 5
Comparison NaCH 1.0 0.55 13 1.24 2120 120
example 6
Comparison NaOH 0.5 0.52 17 1.15 1210 70
example 7 i
Comparison KOH 1.0 0.56 13 | 128 2370 140
example 8 |
Comparison KOH 0.5 0.53 16 1.20 1450 70
example 9
Working Examples 10 to 19 and Comparative Examples 10 to 20
Polycarbonates were manufactured in the same manner as in Working
5 Example 1 except that the types of catalyst and the usage amounts were varied as

shown in Table 1.

These results are given in Table 3.
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(nitrogen atnosphere) | Prepolynerization tank I 100 1 230 i 1

Prepol yneri zation tank Il 20 270 0.5 Horizontal agitation and

pol yneri zQepR62®nk | 2 300 0.5 Horizontal agitation and PET{USRY24784 i on
~tank Il 0.5 300 0.5 The added anount of phenol solution of 0.5% sodi um
hydr oxi de was adjusted such that the exhibited basicity would be

equi valent to the anount shown in Table 4 5 as NaOH per nol e of bisphenol
A manufactured in the bi sphenol A nafdabladt uri ng apparatus, and nolten

bi sphenol A ffe ra::e: 3.6ca%151"'*9’/ EW) tlhai%hadhgngnl P 'csfq%r%g. d- r:ectllgi froma
pi pe, nol e dir PRy b Tat Sl ei T ot T Fedned KU AT ) | tahiitte TOEliRE
punped difectly froma pipe @af ti@emsssti| | atli ogowand a phemednd golotpbidon of a
catalyst that deconposes at| 1982$2"°300C wer &€bnt i nuous! y'suppl i®d | n the
anount s sNOWT T ¥ TabhBrd T @ Tagkkat i on tank maintained atf the |
tenperature given cab@ve.iatjlﬁext cataget | pfeaimo| sol utioni of the specijfied apount
of alkali|netal phosphifg&egatalyst was | ggntipyously supplged it gy
prepol ymefi#akhd op tank 1, Wij ch wWdS nai Nt ained at[the tenperatare g|ven
above, and&aErsiosishfGad fp ple%_nﬁﬂOiHaﬂﬁ?ghq tnk | 99 prepd® yoeri'2at| on

tank |1, hehlednt aleddl YABN i Zadio@h b@nk| 3 @nds hofizental A5 pol yger | zation
tank 11 ih Wwag prder |at a Teed rate of | 36.0 Ko/ hf, cal ¢ul ated as

bi sphenol &am PG Zat 0n WHNOR QPR o 8%yndet t he 0% act i ®h cond?tions

ororot

gi ven aba\géfnr:}ﬂ)_, TRpAHES.ACt UE e avdekycakPonat:e. The totg anmognt |of gl kal i
nmet al conpowsmds and allkal 1 nel eart R netal conmpound|in the raw materi a
bi sphenol [-A2 ANRE Ayl 10 car Mt o NS L8nf | rhved t §%%be  t W& ampuf® gjve in
Tabl e 4 as Nath. R0Ar Kipng Exanpliesnkl| b@ 32 and: Ceogpar at i,yve |[Exagpl es 21

to 25 Polysanpopat es were nanufactured|in the same nanner as {VWOrki ng
Exanpl e REEESenrtRGagr fhe 4 Ve oPdQat EPvust Snd t+ BE usagd aqouffs Were

varied as sﬁ@% Rupeolabl €0 5. | haese k&sul bs @ares gi veng n| Tajy els. 48 WO
00/ 26276 PCWHiS0D/ 24744

Example 18 KH.POs 0.5 MedNOH 5x10% 0.45 7 0.94 190 <10
Working

Example 19 | NaH.PO: 1.0 BulPOH 5x105 0.51 7 0.93 180 <10

Comparative Molding

Example 10 | NaH:PO« 30 MeNOH 5x10% 0.27 32 impossible <10 <10

Comparative Molding

Example 11 NaH:POs 2.0 MeNOH 5x10% 0.26 35 impossible <10 <10

Comparative Molding

Example 12 KH2PQ. 3.0 MeNOH 5x105 0.30 31 impossible <10 <10

Comparative Molding

Example 13 KH2PQ. 20 Me.NOH 5x105 0.28 33 impossible <10 <10

Comparative

Example 14 LiOH 1.0 MedNOH 5x10°% 0.51 7 1.24 1560 90

Comparative

Example 15 NaCH 1.0 MedNOH 5x105 0.53 7 1.24 2100 130

Comparative

Example 16 NaOH 0.5 MeNOH 5x10% 0.50 6 1.161.24 1240 80

Comparative

Example 17 KOH 1.0 MedNOH 5x105 0.53 8 1.27 2380 150

Comparative

Example 18 KOH 0.5 MedNOH 5x105 0.51 6 1.2 1470 80

Comparative Molding

Example 19 | NaH.PO. 2.0 BufPOH 5x10 0.27 34 impossible <10 <10

Comparative

Example 20 HaOH 1.0 BuPOH 5%105 0.53 7 1.26 1520 80

Working Example 20

The apparatus used for the polymerization of the polycarbonate was equipped
5 with one agitation tank for mixing the raw materials, two prepolymerization tanks,

and two horizontal polymerization tanks. The various reaction conditions were as

given below.
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EooCD Co oOOCD O0o Oi CoOOVCDVCD OVEVVVVXxi:i:xi.i a) ¢ .Ti
co00 EOOO000O00O00O0O0OOCDOCDN co cacccoN-tOcoU?'-
C7) ~ Ch O/@Pup627¢& CD ct' Nr-- U) Oi~ U7 CD CD Cn QU N BCTHS®RY74¢ O oo
NI & 00O NCD~1 U) OCGC?) 00 C7) O 00 0O COOOTr oOoOoOooooo0oOo
OO0OOO0O =00-CD is ropcocoCDhiLOcoCMWLOC=)rnt- cn It E ch
N LONCDCo d) co0O0Oco N CoC'') toM(CdA) O d) l-zr MA? Cr A?
M"I'" V1z~000000000000088B0i. QCO0 0 E000000000
00000O0/0 ui Lo u7 Lo u i |u) Pressutg (t&dr) Lo |uleniperatiirel] Me@nires@enye Cf ) u
i EMOOUE OO CO 0000000000000 00000 o(Cu ZVZ Zmé(BoltsY Z Z Z Z
Z Z Z Z, YZAdidtion tank atmospheric pressure 160 2
(nitrogen atmosphere)

Prepolymerization tank I 100 230 1

Prepolymerization tank II 20 270 0.5

Horizontal agitation and

polymerization tank [ 2 300 0.5

Horizontal agitation and

polymerization tank II 0.5 300 0.5

The added amount of phenol solution of 0.5% sodium hydroxide was adjusted
such that the exhibited basicity would be equivalent to the amount shown in Table 4
5 as NaOH per mole of bisphenol A manufactured in the bisphenol A manufacturing

apparatus, and molten bisphenol A (feed rate: 36.0 kg/hr) that had been pumped
directly from a pipe, molten diphenyl carbonate (feed rate: 35.5 kg/hr) that had been
pumped directly from a pipe after distillation, and a phenol solution of a catalyst that
decomposes at 100 to 300°C were continuously supplied in the amounts shown in

10 Table 4 to an agitation tank maintained at the temperature given above. Next, a
phenol solution of the specified amount of alkali metal phosphite catalyst was
continuously supplied to prepolymerization tank I, which was maintained at the
temperature given above, and was supplied to prepolymerization tank I,
prepolymerization tank II, horizontal polymerization tank I, and horizontal

15 polymerization tank II in that order at a feed rate of 36.0 kg/hr, calculated as
bisphenol A. Polymerization was conducted under the reaction conditions given
above to manufacture a polycarbonate. The total amount of alkali metal compound
and alkaline earth metal compound in the raw material bisphenol A and diphenyl

carbonate was confirmed to be the amount give in Table 4 as NaOH.
20 Working Examples 21 to 32 and Comparative Examples 21 to 25

Polycarbonates were manufactured in the same manner as Working Example

20 except that the types of catalyst and the usage amounts were varied as shown in
Table 5.

These results are given in Table 5.
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- to 35 and-Conparative Exanples 26 to 29 Pol ycarbonates were manufactured
in the sane manner as in Wrking Exanple 1 except that the types of

catal yst and the usage anounts were varied as shown in Table 6. 5 These
results are gi Wéorking Eialnipdest3330 39@nd Qo pambivPEXMUBRIL847Z: 0 0 O LU QN E
00O-0 ~.. QVVVVecotl- ~ fQEOOOV a c 00 CLdoU 0CDQ

go C(()) (r:g (C::IC) N_E Iofyﬁacr)\éoe%}g%%/ge)ma%ugc?ucgemntthg sane %ar%e@as% @oﬁzing © o a tUp

Example 1 except that the types of catalyst and the usage amounts were varied as

N
G
O

shown in Table 6.

5 These results are given in Table 6
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( OYE QQONpOOpoCLaoa aaaaa 5 -61:EO01-¢c)JzzlJd
zzdA) MLO41L .~ N.~(Nr-a .>N.>N d) c) a) c) a) c) Ma) ¢c) O
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x Exm wWwWO0 WC 0 31 WO 00/26276 PCT/ US99/ 24744 CLAIMS 1. A nethod
for manufacturing polycarbonates conprising using an ester interchange
reaction of raw materials conprising a di hydroxy conpound and a carbonic

acid di est&rgﬁ,’\g\\gserei n t he di hydroxy corrpound and the carbonate di ester used
contain no er than a total of 1 x 10-' nole of alkali netal conpounds
or alkaline 5 earth nmetal conpounds as inpurities per 1 nole of the

di hydr oxy conpound. A& meftei ffmetrfandfatmrlnganlytabomﬂtci‘Srr@rrpmsyk%&ﬁmrﬁélteé@ras

described in claim11,. further conprisin | t h hi t
Catal ot iaferchrardisiinn Sl AR S iRt S balFlRngBIOPPLLLE n @

claiml, uhenel id8iceRERvHerdin @@‘d?hﬁﬂ@xﬂcdfnﬁdﬁn@ afidtte cafbohbie didskelusedret al
phosphlte I's used per | 10 nole of the di hydroxy conpound. 4. The nethod
for manuf acineain ng gpretey thantrointdl e51 ¥d Odarale pballali el §pRPounds or alkaline

5 earth metal compounds as impurities per 1 mole of the dihydroxy compound.

2. The method for manufacturing polycarbonates as described in claim 1,

further comprising using alkali metal phosphite as a catalyst.

3. The method for manufacturing polycarbonates as described in claim 1,
wherein between 1 x 10”7 and 2 x 10 mole of the alkali metal phosphite is used per 1

10 mole of the dihydroxy compound.

4. The method for manufacturing polycarbonates as described in claim 2,
wherein the alkali metal phosphite used comprises at least one compound selected
from lithium dihydrogen phosphite, sodium dihydrogen phosphite, and potassium
dihydrogen phosphite.

15 S. A method for manufacturing polycarbonates as described in claim 1,
further comprising using a phosphorous acid salt of an alkali metal and a compound

which decomposes or volatilizes at a temperature of 100 to 300°C as a catalyst.

6. A method for manufacturing polycarbonates as described in claim 5,
wherein the phosphorous acid salt is used at a rate of 1 x 107 to 1 x 10" moles per

20 mole of dihydroxy compound.

7. A method for manufacturing polycarbonates as described in claim 6,
wherein the total amount of the phosphorous acid salt and the compound which
decomposes or volatilizes at a temperature of 100 to 300°C is 1 x 107 moles or less

per mole of dihydroxy compound.
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wherein the al kali metal phosphite used conprises at |east one conpound
selected fromlithiumdi hydrogen phosphite, sodi um di hydrogen phosphite,
and pot aswaen26dienydr ogen phosphite. 15 5. A nethod for naraTasSbUz47Hy

pol ycar bonat es as described in claim1, further conprising using a
phosphorous acid salt of an alkali nmetal and a conmpound which deconposes
or volatilizes at a tenperature of 100 to 300C as a catalyst. 6. A nethod

for manufacturighg po i i LB ¢ n the
phosphor ous acigg sal‘étkXﬁg{oﬁggg&gﬁu%aygfiﬁgyp%g@a%%a%{)pnlgeim\i%iﬁ 5rh)l es per

20 nol e ofwitbrdiy chraophyosplompaaedd saft. compmsedw deaSoonemampbacd sel¢atgy foahycar bonat es
as descrihed in claimb®, erein the total amount of the .phosphorous acid
salt and tigu Iﬁ(ﬁ'ﬂﬂewc’éﬁﬁ]‘teﬂé%ﬂ%é@éyéir%ﬁn@g???‘i‘tfz’iai‘@?%f’rmgmt enper at ure of
100 to 30QfhdBoden’phbShiten0l €s or | ess per nole of dihydroxy compound. 32
WO 00/ 26276 "PCT/ US99/ 24744 8. A nethod for manufacturing pol ycarbonates as
described in claim5, wherein the phosphorous acid salt conprises at |east
one conpound sé ect el methnd fof menifasanthpelyereenapiics ghicriged Bodaioh?.di hydr ogen
phosphi te’wl%rrlgm n é%%?pt)oldl% v&flay(gercgrgggseplap§&ghﬁz% 1P 160 1o OFEE Qgrg ltl%r at

manuf act uring polycarbonates as described in Al m , wherer n the conmpound
whi ch decaeposgscanipondt 3tletted &@8madmrhOfiuncodHdCndvanarphegshoatum | east one
conmpound sel ected from amoni um conpounds and phosphoni um conpounds. 10. A
met hod f orcoR@RURet uri ng pol ycarbonates as described in claim5, 10
wherein the conpound whi ch deconposes or volatilizes at 100 to 300C

conprises at |gast QpeucsRPHAARSLARE BSlyEArostiiak QeqaibYd SRR Sim
conpounds and quaternary phosphoni um conpounds. 11. A nethod for

manuf@ct urvimgeia tipo¢onernupd vdtich desamppsss g velsiiges ahl @stoek00°¢ nempuseaat e
reaction qf_ raw nateri al risi [ [ car bonic
aci d di es'f1 %arsl:{ OWher & h ﬁé‘egﬁ%%”@rﬁ% u%%ég%?ggunf ng‘ﬁn’é C?%EB ‘%:@E%B%ﬁgatg@%% di ester
conpri se ghosphonium compounds.

11. A method for manufacturing a polycarbonate comprising using an ester
interchange reaction of raw materials comprising a dihydroxy compound and a

15 carbonic acid diester:

wherein the dihydroxy compound and the carbonic acid diester comprise an
amount of alkali metal compound and alkaline earth metal compound sufficient to
exhibit catalytic performance and an alkali metal phosphorus-containing inorganic
salt and/or an alkaline earth metal phosphorus-containing inorganic salt is used as a

20 catalyst.

12. A method for manufacturing a polycarbonate as described in claim 11,
wherein said amount of alkali metal compound and alkaline earth metal compound is

1x 107 to 5 x 107 mole of sodium hydroxide per mole of dihydroxy compound.

13. A method for manufacturing a polycarbonate as described in claim 11,
25 wherein said amount of alkali metal phosphorus-containing inorganic salt and/or
alkaline earth metal phosphorus-containing inorganic salt is 1 x 107 to 2 x 10 mole

per mole of dihydroxy compound.

33



amount of al kali netal conpound and al kaline earth netal conpound
sufficient to exhibit catalytic performance and an al kali netal

phosphor usv@emtéaiani ng i norganic salt and/ or an al kal i ne e&ctrhusawe4ii4

- phosphorus-containing inorganic salt is used as a 20 catalyst. 12. A

met hod for manufacturing a pol ycarbonate as described in claim1l, wherein
said anount of alkali netal conpound and al kaline earth netal conpound is

1 x 10-7 to 5 x,10"7 j roX| er i_hydr oxy
compound. 13, Afret raarr e b AR e P RELe ASu e Bbe R eg 1
claim 11, wR&einheideilkalsmed! gigaptidrugtorahikilgiinsrehiat sphasphronksding emtiai ni ng
inorganic salt and/or alkaline earth netal phosphorus-containing inorganic

salt is | WRetgbphpsphprys-gontpinmeippreanipplt pRINRIISS aideEty AROMRBWASEISeted 33 WO
00/ 26276 t : bonat
REGhh YRR B2t o gelibnobbHiR! %ﬁgfqﬂﬁa&wg?ﬁéﬁggg%apmwmr onate as

described 1n clarm1l] erein sal p hor us- cont ai ni ng
i nor gani ¢ &dhydrogaxdplmsplatekal i ne earth netal phosphorus-contai ni ng i norganic
salt conprises at | east one conpound selected fromlithium di hydrogen

Phosphi te. 16, 1 mot RS RO CRAROF BERURE AGoRBarpEarhtrar 0t 8 bed i n
claim1l, fubtHéd do@ipriz@BAlsirt I @mifound titt awmgw@&, drivalatifiee0R oGRS erure

vol atilizes at a_tenperature of 100 to 300C as a catalyst. 16. A nethod
for manuf &ftl@Pitad0d Qe yetlpBnat e as described in claim 11, 10 wherein
sai d conmpound that deconposes or volatilizes at a tenperature of 100 to

300C comprises af | easheROLel ¥RGuAEuFATRYSNLaSBhAE Ledet Ol TR Y
conmpounds and ;?ﬁmsphon? um ((:)onpo,ﬁndsu. %% &Qﬁethod ?o?s manu1 acturll ng a
pol yt@ar bonab@eiasademomionad thahdedoaipeseslor volatidiresi an aganperatorspduifd te hat
deconposes, o ~vol atilizes at t enper at ur f 1 to 15 300C is at,|east
one type. o TtEG BB e g YT T L LS O AT B S RA &
quat er nar yanah@sidniust6apnadeds. 18. A method for manufacturing a
pol ycar bonat e conprising using an ester interchange reaction in which a
di hydr oxy conpound and a carbonic acid diester are o _
17. A method for manufacturing a polycarbonate as described in claim 11,
wherein said compound that decomposes or volatilizes at a temperature of 100 to
15 300°C 1s at least one type of compound selected from quaternary ammonium

compounds and quaternary phosphonium compounds.

18. A method for manufacturing a polycarbonate comprising using an ester
interchange reaction in which a dihydroxy compound and a carbonic acid diester are

the raw materials;

20 wherein said ester interchange reaction is conducted in a multi-stage

polycondensation step of two or more stages;

(a) at least one type of compound selected from among ammonium
compounds and phosphonium compounds is used as a catalyst in a first stage of the

polycondensation step; and

25 (b) an alkali metal phosphorus-containing inorganic salt and/or an alkaline
earth metal phosphorus-containing inorganic salt is used as a catalyst in a second

stage of the polycondensation step.
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the raw materials; 20 wherein said ester interchange reaction is conducted
ina nmulti-stage polycondensation step of two or nore stages; (a) at | east
one type ovooorg2eend sel ected from anong ammoni um conpoundECTANRY9/24744
phosphoni um conpounds is used as a catalyst in a first stage of the
pol ycondensati on step; and 25 (b) an al kali netal phosphorus-containing
inorganic salt and/or an alkaline earth netal phosphorus-containing
inorganic salt is used as a catalyst in a second stage of the
pol ycondensati on step. 34 WO 00/26276 PCT/US99/ 24744 19. A nethod for
manuf acturing a pol ycarbonate as described in claim 18, wherein the first
stage of the pdPycorfdasdwdifonmendpctigngopeliearbenag asalesermedrimtiame 18f 270C
or | ower. f gy . p carpanat e_as, desgcribed in
claim1e i TR dre R BE B e R P Bp 25T S aong
anmoni um 260hpoutsierand phosphoni um conpounds is used in an anmount of 1 X
10-7 to 1 x 10.1 nol; and 10 (b) a salt conposed of an al kali netal
phosphor us-contai ning inorganic salt and/or an al kaline earth netal
phosgﬂorus-con@ i ni “Fﬁ@p QHF@“gaﬁF“?%aH@éﬁngﬁwgﬁm Aothse BFlaimyY810-7 to 1
x 10"6 nolg,cp8k: nol e of di hydroxy conpound. 21. A nmethod for manufacturing
a pol ycarbonate as described in claim 18, wherein the anount of al kal
nmet al compound and/or al kaline earth netal conpound 15 contained as
inpurities in ke rahosstoneityierficompoynd spiertaddian paongrammonfungi hydr oxy
conmpound. c%qoéldz%ﬁ‘[ﬁﬂ {Rbn RN AGLHEL A% ROLYEH f’&a{ 4 éés i§IgGlghbed in
claim 18, erern at reast one ype of conmpound sel ected from ammoni um
conpounds maigandgohosphoni um conpounds is at | east one type of conpound
sel ected from quaternary 20 anmoni um conpounds and quat ernary phosphoni um
conpﬁynds. 35 . . .
(b) a salt composed of an alkali metal phosphorus-containing inorganic
salt and/or an alkaline earth metal phosphorus-containing inorganic salt is used in an

amount of 1 x 107 to 1 x 10" mole per mole of dihydroxy compound.

21. A method for manufacturing a polycarbonate as described in claim 18,

wherein the amount of alkali metal compound and/or alkaline earth metal compound

15 contained as impurities in the raw materials is 1 x 10”7 mole per mole of dihydroxy
compound.
22. A method for manufacturing a polycarbonate as described in claim 18,

wherein at least one type of compound selected from ammonium compounds and
phosphonium compounds is at least one type of compound selected from quaternary

20 ammonium compounds and quaternary phosphonium compounds.
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