; €3eTVT$W6TVSCI- | 2606 METHOD OF MANUFACTURI NG POLYCARBONATES 3 May 2003
The present agpl.ig@kion is a U S. non-provisional application babey20p3n
and claimng priority from Japanese Application Nos. HEl 10-3l3705, HEI

10- 313706, HEI 10-313707) and HEl 10-313708, which are hereby incorporated
by reference. BACKGROUND OF THE I NVENTION This invention relates to a

manuf act uri ng net hod i e reaction.
More specifically, i tﬁ%ﬂg{)}éﬁg&f VW%G?%H?@&%M@% gh nol ecul ar
wei ght aromati c pol ycarbonates with inproved color by an ester interchange
reaction of an aromatic di hydroxy conpound with a carbonic acid diester.

Recent |y, aronati cTipqirgsent dppliedtien ihales. hewprovisiaiay ampdioftioachab@ upsnanads

engi neering pl,astics.i ny field ecause of ir excellent mechanical
o opert1 es 1(ETuR Sidely SR e Beiahn Sa® i G HarO € humn 0eHe oo,

char act eri st iKBI BM8{B789, HIGHET ©531 13708 Gehidshe hERBY RRE/DENed HHRfSSiceal | ed
phosgene net hod of manufacturing aromatic pol ycarbonates i s used

comercially, r t i oxy conpound such as bi sphenol is
reacted with %gﬁgﬁuﬁﬁ %&ﬁfé&%‘%ycondensati on. However, the
phosgene 15 nethod currently enployed in industry is associated with a

nunber of probl ensThid Metitnidated® bm&mﬁctam%]@etﬁaa Hf follarineRe6Pen  he need
for handling of |ar guantities of sodiumchloride generated as a by

e . ) . ,
product , > and @@Wél%ﬂghqnse Faslieth Max seesiicadlinib ralaips toggnamufactinginagthetl of t h
met hyl ene chlgei f8lechBEwst a ' J ' ' eaction. 20 In
addition to qsée of the ghgé%ag%amg%?ﬂoﬁ?é % lﬁ%ﬁ%&% v%(ﬂ%c%lmabﬁ' At:a"s Sg:rr
i nt er change rintgeahprge reansion ofren hrotatib dihwedenry esmpeunderiihca chirbynde oid diestesppound
and a carbonate diester using an alkali nmetal salt as the catal yst nay be
utilized to manuf ggl, ' wid of
manuf act uri ng aronat ?‘g%bg{og{ggtr: Bglﬁ’g{}éés( @%gggﬁeﬁég&%%&?%ﬁ%@%% Bt i on
because it i sngmestpwdasties inhany, fidldediecaidb of thesteacrtlest meuhhniasl ppdypesene and

neal th Sha ertor SHghTaeleh SRS Foul okdond FRaSeBR N6 o achi cve

hi gh nol ecul aesistericglahd pahsperhdpnat es wi t h excel | ent nmechani cal properties
when manuf acturing pol ycarbonates by this nelt method, the unreacted

nmononers such as hisphenol. and di phenyl _carbonate nust be distilled from
the highly vi scou?%ﬁ??%@ﬂg‘ﬂﬁﬁe@eﬁﬁﬁw of Hlagufagiyring awmafig polyrarbenatssdar bonat e
products be wsedi@jn@fiéreially Owidrely dneiitrahted dihRfosf co%%uﬁ@s&:ﬁggbisiiﬂgﬁ[ is2 high

vacuum over Iongﬂ peri ods under, hi gh vacuum However, the melt method is

of ten associ dt¥FdWithphasgenedydnterfaciglpobisprdenastion) Hemeveuticiphgsgene t er ns of a
bal ance; Het WO ent BmPlogB ARSI A 29865 8B witll Dl he alkal i
metal acting as a categ?gstpiog the es%{’gr ?S%égﬁgﬁggnﬁ‘é‘?%t%ﬁ" éﬁaé’th
occurrence ofindudieg thedighly toxiosnatire afplibeganebibx peat foohandting dDlatdee

Kol be- Schm tt .90, q: Th .5l de reactiqns oduce branched

pol ycar bonat &5 [“?ggeg 3 ﬁ%\/‘\iﬁurf' ﬁﬁ? ﬂée g%lP rr?‘gei%aas yéW? ‘,[“Cg §H‘g p‘itpélgﬁcr @?%th Artked
product s and eneuaenantd] dssiesGisaiciatdiewiftomythalehe Bitbedq HatdbrEt donPaltivaaiiponat e
Resins," Ni kkan, K ggo Shi nbun, Sept. 30, 1969.) o / o/ ~/ (X indicates a
li near or br é‘ﬁ‘?‘f‘rf@g B R&CH°hydr ocar bon group) 15 As a neans to sol ve these
probl ens, Japanese Patent No. H4-89824 disclosed the use of (1) nitrogen

cont ai g basi ¢ Goaquitictn,usé 3) thabkedpbnd MERbd, GORRASKH thabhn &deal i ne earth
nmet al conpounds, andFéP%;i boric acid or borate ester conmpounds as catal ysts.

Japanese Pat &HErcRgnge 89 fpelfmsthpdihevegnan ssemaic difyyjdresyeeomponndiands  ani ne
conpounds andaddnatdtestet i e al conpounds
20 as catal ys?s. %tapanes%@a?{eﬂgﬂﬁg%ﬁ}-ﬁfg&%gﬁﬁsg@Ig%ggg&gmﬁ hod wher eby
mel t pol yner imaanfaghire aromiatic pelyeasbanatess This nadtheal dfmenoGopoingdranadtiel yst was

carried out, ition of acidic.conpounds and epox
conpounds topg’ﬁ)ég‘?é%g?%ﬁtag‘g‘S‘ggg%“S?‘ "E!S%é% ecause 1y ﬁpet“ﬁlge'aggi?eg’éf scl osed
met hods2shel peubstamcesyueibueplpsgdricant nidthyteneRhRside aleiot Rguiréd) 8y itdé oot  al ways
produce sati sfac ors/ ;ﬁ@sul %\s. 2 8CJ-12606 3 May 2003 In addition,
Japanese Pat 8AYanKggeoysAram 9 biaalth and epuisonmental perspechve-nanuf act ur i n

pol ycarbonates that reduced side reactiops and inproved col ormmm]mwm"lm’”m
manuf act uri ng nmet hod of pol ycarbonates described (1) a single

produced from (a) an alkali metal conpound or al al kaline earth reba+
conpound and (b) a nonvolatile acid; or (2) a mxture from (a) an al kali
met al conpound or an al kaline earth nmetal conpound and (b) a mmwmmmm&
acid. The described single conpound or the m xture was then r |y
acidic in an aqueous solution and used as a catal yst. However, thewhate of
pol ymeri zati on achi eved by that disclosed nethod was not conpletely
satisfactory. 10 W (the inventors) successfully acconplished the present

S Y o .




8CJ-ié606 OH 3 May 2003 O the above conpounds, of which 2 or nore can al so
be conbi ned by copol yneri zati on to manuf acture pol ycarbonat es, 3 klay 2003

bi sphenol s r&pr-¢&3@6t ed by fornula [I] are preferable, in particular,

bi sphenol A. 5 Exanples of the carbonic acid diester conpound that can be
used include: diphenyl carbonate, bis(2,4-dichlorophenyl) carbonate,

bi s(2,4,5trichlorophenyl) carbonate, bis(2-cyanophenyl) carbonate,

bi s(o- ni t rophenyl To a¢tiberrgtemokitlal weightgoboadbegtenwith exopllent ardshamcad,

di napt hyl carbonate, bis(diphenyl) carbonate, .diethyl .carbonat i met hyl
carbonate, dPIRENFS WQ?‘bB‘%‘é‘{fgCtB‘ﬁ%g %ql}gfs;lr@gﬁtg%. Y thi%mgléﬁﬁgﬁgt tB? st gdteqd

combi nations Hﬁholtn% s@6h AiShbitR RO Hipheyl barBbrkemydt be distanfremphehighiyed. The
carboni c aci Iesters enployed may al so contain one or a conpination of
two or nore discasipokyhibonate mgl. This requitgs Bk pelyaepenabespraducts heci fical |y,
for the carboni.c acid.di [ b bdsnhigh vihgnddverldagxylic acid
esters éhoul8ﬁﬁ%x%ﬁg?@gggﬁégggn%fggégg%%¥)gﬁﬂﬁbfi %eycent_or Iegs, and nore
preferably i peridisanteriglofacBinmblosveper themteltonethabis ofteix amsptiatsd Bhtht hese

di carboxylic acids or dicarboxylic acid esters .include: te t hal.i,c acid)
i sopht hal i ¢ BEbiEMsIBRgRIPENg EXH! enfapaiisdn SRR 9 k&‘a“&%gegﬁ‘:"ﬁ%“e a"ﬁg'!uq%‘lag‘ééhd,

di phenyl sebagadcaiar dehe NMYhis sedue phinRallali enectd iaptiaiysla dagdyshinthe edter, di phenyl
20 decanedi oate, and di phenyl dodecanedi oate. Pol ycondepsati on of a

at i
carboni ¢ aci inteickange reashion aidthsgequprencat e rsasianssichips deegboxylationgnd 4
and/ or @y car L At S TR irOdiik YradiBRdd gohRdrbbnatedi3 CHg
3 May 2003 8%§ﬁ§§E§§@@?gH§??§Bd?ﬁ?ﬁ?gﬁgéﬁgﬁggﬁnds cgn al so be uggd to
manuf act ur e uslshewn ér tho doryuda baew), @snerave eiopplinked prasucts ged cauge gtloring of

pol ycar bonat es, the ampunt of th Gy i il déesters

shoul d be inﬁgﬂxiﬁaﬁwpmgpﬂﬁﬁggf¢§°$a§§§ﬁ%¥§§?méﬁg§§%f§&§%§§§?§P5E?§ in an

amount of 1.@0, t989). 20 noles, per 1 nole used of the aromatic di hydroxy

conpound. Furthernore, a copolymer polycarbonate can be nmanufactured by

using one or nore polyfunctional conpoynds having three or nore functional

groups per nol ecule may be used in addjtio t he above-nentioned aromatic

di hydroxy conpounds and carbonic acid 8st to manufacture

pol ycar bonates by 10 L%@@Q&at Thesa-types tgol yf uncti onal

conpounds shoul d preferab e tho avi 4 nol woxyl groups or

car boxyl groups, w th conpounds havi ng thre&—ghenol | droxyl groups

preferred. Speci fi(¥ indieated ebnedaney hraeched chiain hydroeatbpnigielindxyphenyl ) et hane;

15 2,2',2"-tris(4-hydroxyphenyl) diisopropyl benzene; a-nethyl-a, a',

a' -tris(4-hydroxyphenyl)-1, 4-di , ' . ;

a"-tri st54 hydr oxyphe %F%n-sk %plgé ?\%&Yﬂs{%g%gg aggszeelf]aée;nt gﬁl I&)I‘r1 38?3%4&11?%?5;&

4, 6- di met hyl Re dse®f{( 1) idogepdontiniizchagic)comppuraia a2 alk@hmetal compounds or

1, 3,5-tri (4-hydroxyphenyl )benzene; L

2, 2- hi s[ 4, 4- @Kaline §ITH PG Wﬂ}% and, () BRES Y OTLRURG SeT ©OMPOEPIS i ¢ aci d;

1, 3, 5- benzeng;talyseaThoietd FatcHe N, HAGo DS digTodellitid whe @€ (1) eleBtron 8tbr 12606 3

May 2003 O the "above conpounds 1,1,1-tris(§-h q%gxyp%§n¥“% et hane, a,

a,', a. "-tri smnegemeoupdnand/(2) alkalgmstal compouy %@% 75 g3t mgaheampeupis o ¢ an

be Usedéé 0 paafstch%‘}ysé? J%%Mgéétﬁfbﬂ% NYBA 15563%idcRREE hépRa “ﬂferdb?|mgltl1n0tl onal
S, po

conpoun t he ‘anount yfunctional conpound used shoul d generally be
in an anount piyeriatiominghopresenss of ar dlkainglspypouriratalyst wapearrigd @t and even

aromati ¢ ai hyaheYs voisSuuOR o Rqie AfEe ER: BlockDBohBy, BRY Aoty Ne

amounts of aldeadiictdret al conpound and al kal ine earth netal conpound
contained in the above-nentioned di hydroxy 10 conpound and the carbonic

acid diester are ljimted t he, anpunt.. i C tal yti eis
axchi bi tod (her ei nePveraiBpyeing s cihlo el R et Bl SeBRRES 15
to 5 x 38-i nRLRas bSloRRE LRy aRhGTRRays pRoduo®sutisfastofyf fesulent to exhi bit
catal ytic performance, but |ess than X 10-i nole is preferred, while in

anot her enmbodinent 1 x 10-i to 5 x 10-i nole is preferred with 2 x 10-i to
4 x 10'" nole of sodiumhydroxide 1 S per nole of dihydroxy conpound
especially preferred. There will be a decrease in polynerization activity
if the anounts of alkali netal conpound ahd al kaline earth netal conpound
contained in the di hydroxy conmpound and the carbonic acid diester is |ess
than 1 x 10~~ nol e of sodi um hydroxi de per nole of dihydroxy conpound, but
the coloring will worsen and 20 branching will increase if these anounts
are greater than'5 x 10-' of sodi um hydroxi de per nole of dihydroxy
conpound. The actual catalytic anount of the alkali nmetal conpound and/or
al kaline earth nmetal conpound in the raw materials can be directly
quantified, usually by titration, but it is exceedingly difficult to
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term nation agent nmay al so be used with the above-nentioned aromatic

di. hydroxy 20 gompssusds and carbonic acid diesters. The term nat3 May@2968t
used nmay be an aryl oxy conpound capabl e of introducing term nal groups,
represented by the general fornmula [IV] below, that can be introduced as a
termnal group to the end of the manufactured pol ycarbonate nol ecules. 25 A
ro- . . . [IV] I 0 ¢ chdrocarbon
group cont ai ni ng 61?1tg£§iﬁg1 b fa%%eg Enth?@%ﬁéf}é/blﬁg%ﬁ%m% ae%‘rﬁ51 estriction on
t he type of amemd’acrtumhg/phlwabdmams gmowpucemldehemynd)ﬁldan@wtdﬂlaﬁl@ﬂ Thdd

structure such as: hen u ht h ant hranyl group, or the
|i ke, or one fm‘f 5‘8 g‘i}?ﬁ? Epﬁr%aé& \étsﬁgh‘?‘tﬁ )  Aigeterompgend arodesd3 May
2003 sat ur at effomi (b uncaliidheeBdoRPduAl @Ml%)k,auﬁe aeihehQalRbRFLAREARI ek hbgr ent

at ons rrag formc clic structures. In addition, these aromatic rrngs may be
substituted w¢ rPla agid) jdhe mixtareifipm v auplialy metal ampoundtos ag abkalinmeartat ons.

These types ofe@l &’dn‘i}%@ﬁn&gﬂa’%@ on %Mitl en?/ﬂ% Etgfhgéi t'smgfe cgﬁtg&tmqg BOnat e,

p-tert-butyl phenol tert tyl phenylp ona phenyl

carbonate, p- @mﬁyﬁp\r?erﬁmn rel}ﬂﬂmﬂrﬁ%%h@mﬁmhmﬁwmboln&b:emd used as a
2,2,4-trimethy ( [ OX n
2,4,6-tetrane %lftStl ﬁh%%‘éer %g %%@quﬁcﬁgp%ﬁ%ﬁgﬂyﬁh‘%ﬂ‘rsf)]ﬁﬁerﬁi method was
,2,3-trinet h}dtc&mbl@tdhyﬁht@&yqbﬁenyl ) chroman,
, 2, ,6 tetramet hyl - 3- (3, 5di et hyl - 4- hydroxyphenyl) chr oman,

2,
2 3-
2 3
2,4, 4-tr}j et hyl - -hydr oxyphen oma and , )
2,4, 4, 61 et r anet hy‘f‘l_zé{ﬂ%gtvgp%?%?% ﬂgg' 'B&IF%F\%WIP)'GSEWBYF&HOHHFW chr oman
conpounds, asdillgdnlt re3sarolneff&xes, tak Hbtbrtaﬂdlwatﬂfn thé @artfae Yipek ¥PGEObRMst hese
conpo

0.2

unds. These aryloxy conmpounds shoul d be present in anount of 0.01 to
mol e, pr efastisAipbaye: Vo hayegnyenied aypeans tapfdicientls mepefetuehl y at 0.02 to
0.1 nmol e per golyfattdneles WitreRl IRk Giotd MY I YedCRAROUVP L i {n%?ovle{i. the arloxy
conmpound is used in this ampunt as a chain term nator, he nol ecul ar
term nal s of the carbonate that is obtained will be termnated with
groups expresd Wm&b’ VR THEANVENEIONrnula 1V in a proportion of 1 to
99% with 10 to 97% being preferable and 20 to 95% bei ng even better. A

pol ycarbonat e, 0 M fledi@hH AHeBl W RRNSERLEIANERoRNd RFpbaITHLE [1 VI 20
above have been introduced in above-nent | d 1 05 as excel | ent

heat redd st arfster indgrehange raadiion ofre, dikydeoxyi doanouhcbandmlrmmeahemr ght,

denonstrates i erties h as_hi

resi st ance. 1@éﬁ§%@%§g§@g§{&kﬁg§&?8 |aﬁd§§arbf’ P%ﬁdteﬁtet ?f%a‘é{%n%%“%h‘fr oned
aryl oxy conpouridsthedotel amoumnoemqiuhp%(ralkvahm&ﬂeambwﬁds@ﬁurﬂﬁhlm&eaﬁame}@ile of
i ntroduci ng one or re aliph hydr ocar bo represent ed by the
formula [V] bSF‘&R}‘“JéZ}?%%‘R‘Eﬂﬁ H‘ﬁ g" TE'PPQ éFthYH&txafrcgmpPrm he
formul a, R relheastibs istcatdlyzeH 8 tn aikali Eheﬂil pl%s%ﬂﬁé‘@éi 1&h&¥lor El{e O
containing 10 to 30 carbon atons whi tituted w al ogen.

Speci fi ¢4l | y compaund. Arefsrably, d Xthdeérmﬂkr%mele@ﬁ@mldmewthspbit@m loneleor a
conbi nati on c ol C

ont adocanoi o ERESARGLS shouf o fsedCbfle kil AEGEARHR g e g
nonadecanoi c least ene dwweund)seénmdd‘nm auipngmetgmupoxfaudoum dilgidehgea pHosphite,SSi C

acid and oth Kk car i ds met h t earate, ethyl

st earat e, §5d§%H¥+W£?%§-a Qﬁg @ﬁ% WEF@V%"§§PBK§$E%?hyI esters, and
phenyl esters of the above aIkyInDnocarboxylrc acids as wel | as ot her al kyl
monocar boxy| iREBAILERPESCRIPTION OF {TTHIRENVENZIONhat i ¢ nonocar boxy conpounds
shoul d be present in 15 anbunts of 0.01 to 0.20 nole, preferably at 0.02 to
0.15 nole, and no t0,0..10 | e, per nol t he
aromatic di hydroxﬁ 8gﬁ%&ﬁf‘émUé‘gh%8°‘€ﬁse°§Bt§\}‘éveP£)T§%gﬁ‘%rlgﬁ%i‘me |f8'h agent s

i n totals anpumdnsfagtueial @olychdondles? nol es per nol e of the aromatic di hydroxy
conpound may reduce the rate of polynerization. POLYCONDENSATI ON STEP The
present invention involves subjecting pol ycondensation raw materials 20
cont ai ni ng the above-nentioned effective catal ytic amount of an al kal

metal compound or an al kaline earth metal conpound to pol ycondensation in
the presence of a polycondensation catal yst. CATALYST FOR POLYCONDENSATI ON
In this invention an (a) alkali nmetal phosphate, a (b) conpound which
deconposes or volatilizes at a tenperature of 100 to 300C and/or an (c)

al kali metal 13 8CJ-12606 3 May 2003 phosphorous-cont ai ni ng i norganic
salt and/or an al kaline earth nmetal phosphorouscontaining inorganic salt is
used as the catalyst for polycondensation. The al kali netal

phosphor us-cont ai ni ng i norganic salt and/or al kaline earth netal
phosphorus-containing inorganic salt is a salt of a phosphorus-containing 5
|norgan|c acrd and an aIkaIr netal and/or an alkalrne earth netal Exanples

. o o .



250C, preferably at 100 to 230C, and nore preferably at 120 to 190C, and in
general for Ogéf?l%% Qours preferably for O to 4 hours, and even 3Jrblag 2003
preferably for—0 8 25 3 hours. The reaction tenperature is then raised
while the reaction systemis reduced in pressure, thus bringing about a
reacti on between the bisphenol and the carbonic acid diester, and finally

t he bi sphenol and the carbonic acid diester are subjected to a 16
8CJ-12606 3 May 2005tL38IeyRlgRioRdapietntsdahey tharagt mplenals éorppbcondamsationeduced

pressure of : W i - .

pol ycar bonat ?S%ﬁgeg{%‘kﬁg‘ﬁf‘ge 0 Zﬁr)llt%ﬁi%ﬁbﬂfflrgtggﬁ%%d;%/tgﬁggﬁqg%al ine earth
netal as the catal yst for polycondensation, side reactions that occur when
convent i onal RARGMATRERIAL FORFEUNASOMPENSATIONed are reduced. A

pol ycarbonate with inproved col or can be manufactured efficiently) while

mnimzing the prodygti g,in]glﬁﬁ:ﬁ r yet % [ sent ed
by the fornulas [VI] gn@E’& 5s omgqbcg{bgyﬁ ag{dgﬁe_&éj% §d%§1[%%\8m%%85§ Ol O
0 ~ ~ X ~ ~ dorthepolycondevsation. X ~ ~ ~ ~ X ~ ~ Alternatively, the

pol ycar bonat e manuf acturi ng nethod can be a two stage 10 process as w ||

now be descri bed t gh . r LOur . ELRST STAGE OF, THE

POL YOONDENSATI ON Q%E&g?? é’?‘t‘@%&&ﬁ%g?’r bttt c|°£é‘."f?§r%§e°°5*88%4 %_gﬁafloned

di hydr oxy corlpcmydoyedd Foneinopile baspheholl c@spamdarepresentatby the genagl foahulen t ank
or the like, after which they are transferred to a polynerization tank and
subj ect ed to@oqe&%ﬁﬂ‘el??s‘éff on. In the first stage of the pol ycondensation
step, at |east one type of conpound 15 sel ected from anong amoni um
conmpounds and phosphoni um cgnpounds (as di scussed above) is used as a

catal yst. 17 8CJ- 12606 3¢ 2003 The mi xi g, of the polycondensation raw
materials and the catal yst y shoul/d—kg conducted in a nitrogen

at nosphere at at nospherP /e < .} pdge of the pol ycondensation
step is preferably conducted a tenperatlire of 270C or lower, with 80 to
250C preferable, 100 to 230C nore preferred, and 120 to 190C especially

preferred. The re ! 4 I 0. to 5 hours fth O to 4
hours preferred agg{ %%%%liﬂ%u&sa Igfeﬁg%?egﬁ%nqﬁ%g]fogﬂ ggm Wé?%r?oﬁ'\gteﬁg pressure
here shblil d bydfocarongranpping fiay benkssitteor diffdré). TaE p andy kdpréseht infegagn

at nosphere pref eére . SECOND STAGE OF THE POLYCONDENSATI ON STEP ' Next, an
al kali et al ;5‘?1 Tus-containing inorganic salt and/or an al kaline 10
earth netal phosphorus-containing inorganic salt is added as a catalyst to
t he pol ycondensati on product obtained in the first stage of the reaction,
and further polycondensation is cgnducted. This alkali netal

phosphor us-cont ai ni ng i norgani ¢ salt and/ ercaklkal ine earth netal

phosphor us- cont ai niThg X repregems ¢ sal t nety be|addedRF and R&ehtrégreseanount in

A
t he 15 second ,st.age r it may be®added i.n Batches in the secaond and
subsequent stae{lggrso%gga&%?r%‘ﬂgx v&ﬁa&?g%ﬁ?)‘ifﬁtio"i%o%?‘ﬁq 'ﬁ‘ai’kﬁé'“?aa“r?'g’ Cgi ven above.
It is preferatthauien R°liea divaenchydiictafiohgesiipont st ages of the
pol ycondensation step for the reaction tenperature to be raised while the
reaction systemis, reduced in ssure conpared to the first stage, thus
bri ngi ng about a %85‘8 ‘FS’FF“H@W&EG bRes %&‘%@Fﬁ@ﬂ‘&l’o‘ﬁﬂaﬂtaﬁ@aﬁéfzboni c acid
di esteri5 and répresehtrd birsRANQ] abd@ ifdideaRE RABWngaci d diester finally to be
subj ected to a pol ycondensation reaction at 240 to 320C under reduced
pressure of S mmHg or |ess, and preferably 1 mmHg or |ess. The conpound
sel ected from anong am’ro‘ﬁ'i"ﬁ%‘l&yéfﬂﬁﬂﬁa’é) B#B20%hos phoni um conpounds that is
used as a catalyst in the first stage of the 25 pol ycondensation step w ||
vol atilize under the radusisd-lBideSSpésyPithnReat i ng pol ycondensati on
conditions in the second and subsequent stages. Accordingly, the
pol yneri zati on can be iust,ai ned longer if the alkali netal _
phosphor us- cont ai ni ng #&-bis@dydiogpenyd) nvagans Gerseinpiinr gefamred st bisnlemol
al kal i ne eartpgrymetal phosphorus-containing inorganic salt is used as a
pol ycondensati on catal yst in the second and subsequent stages of the
pol ycondensati on step. Wen the conpound sel ected from anong anmoni um
conpounds and phosphoni um conpounds used ,as a catalyst in the first stage
of the pol ycondensation step is m xed w fh the alkali netal
phosphor us-cont ai ni ng i norganic salt and/or al kaline earth netal
phosphorus-containing inorganic salt used as a catalyst in the second stage
of the polycondensation step, the two may react and produce a hydroxi de of
the al kali netal and/or alkaline earth netal, but if the conpound sel ected
from 10 anong anmmoni um conpounds and phosphoni um conpounds and t he al kal i
met al phosphorus-contai ning inorganic salt and/or al kaline earth netal
phosphor uscontai ning inorganic salt are used in different pol ycondensation
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25 within the reactor or extruder, and the [B] acidic conmpound and [ (]

wat er may be g@eidegogeparately or sinultaneously with no restricd Man200®h t he
order of addition. Sinultaneous addition is preferred. Additives [D) may

al so be added to the pol ycarbonate [A] product as |long as they do not
adversely effect the basic objectives of this invention. These additives 21

8CJ-12606 3 May 2003 [ | A ] r.ange of - substances that are
conventional | y added t?’%gﬁgdc%%’%ﬁﬁ@gﬁf%?ma vari ety of purposes. Specific
exanpl es include: thermal stabilizers, epoxy conpounds, ultraviolet

absorbers, nold rel ease,2bs-bydregipemdnécdaneant i stati c agents, slipping
agents, anti-blocking agents, lubricants, anti-fogging agents, natural

oils, synthetic oils, vyaﬁ_gls(4 t:l)r ani c fLIIEI ers, and inorganic fillers. This

i nvention provides a net OBt or BPPPEAPYeanuf act uri ng pol ycar bonat es
with inproved color, yet at the sanme tinme inhibits side reactions and

m ni m zes branchi ng. THel-pi{yloairdgpaiyepn-piaakjced can be pelletized, and are
i deal for a nunber of applications, including use as general nolding
materialg, as sheets and Lg_hhgrr 10 clgnﬁtr ctt'bon_ materials, as headli ght
lenses for autonobil es, k& T&yREyReOYAghe E‘T’? 4| enses, optical recording
materials, and other optical materials, as well as other applications.
These pol ycar bonat es arg-bis@enidadlyyl -inatéglpehgl) ptopangs an opti cal nol di ng
material. The foll ow ng exanpl es provide nore detail ed expl anati ons about
this 15 invention. Howgvel. . .tdls.Jnventionis not limted to these working
exanpl es. EXAMPLES Pr \Qﬁe‘f%‘F%‘éhy8§°r¥3%§?“}>é{?eé}¥‘)b‘§°wki ng exanples of this
invention are neasured in the follow ng manner. [Quantitative Anal ysis of

Al kal i Metal s and Al kal2ixkeis@Eshyidroxlye3-btomapheravprifrine ahéd beikr Ri@(hiﬁaﬂwbzﬂﬂ)Of t he
raw material s;were placed in a clean bottle and anal yzed by conventi onal

at om ¢ absor &ufaBﬁs’rret hods to determ ne the presence of each constituent to
the "parts per billion" (ppb) level. [Polycarbonate Intrinsic
Viscosit§(1V)] Intrinsild-bis@dodidxypans) overpertast: Wi t h a Ubbel | ohde
visconeter at 20C in 25 nethylene chloride (0.5 g/dl). [Polycarbonate Hue
(Yellow I ndex: YI)] 22 8CJ-.12606 3 03 A 3- injection nol ded pl ate
of pol ycar bonate was p#éﬁ%&%&yﬁﬁwmﬁ%?éﬁﬁ@ﬂﬁﬁm &tﬁ]crzlgggyérpma&l@i on
pressure, | 0@9clsglkaries; 1 cycle, 45 sec; nold tenperature, 100C). A col or and
color difference neter (ND 1001 DP, Ni hon Kenshoku Kogyo) was used to

measure X, Y and Z val yes _h transmttance nethod 5 in order to determ ne
the yellow i ndex (YI). ﬁ? @Xi@‘oblfﬁ*f@fi?mxnm the gbeyz) pymylesiny serresent and of

Pol ycar bonat eQlessni-Bal, dP-BOGE abis lforex@mfiled sanpl e of the product was
dissolved in 3 mM of chloroform The ratio (% of termnal OH groups to the

total cpgncentration of term nal groups was then 10 cal cul ated by carbon-13
nucl earpgr:agneti c resonﬁﬁ%g'h(ﬂwgpllf%’c%t‘“?ﬁ nati on of Pol ycarbonate

Branchi ng] The anmount of branching was determ ned by quantitative anal ysis
for the two types of capapaBxy-8P'-aR@sihAsheyl dtRETMY Bthek ﬂi)s(t@ﬂn%xglﬁv}'gbel Oow.
This was acconplished by al kali hydrol ysis of the pol ycarbonate” pfoduct,
fol |l oned by ﬁﬂ‘ngsi s | Swth high-performance |iquid chromatography
(HPLC). 23 8CJ-1260G COCH -e- ~ ~ ~- ~ off (1) 3 May 2003 -- - -0- - off
(2) COOH Wor ki ng Exanpy@sdihyrdb@ydigieny@ifdepar at us used for pol ycarbonate
pol yneri zation included on agitator vessel to mx the raw nmaterials, two

prepol yneri zati on vessgl s,..and twy horizontal polynerization vessels. The
apparatus is shown in fitgdihyrdoryd,edimathyldipberpbsulideandrathast i on are shown in
tabl e el O‘Ms(lﬂﬂﬁlxzdﬂarﬁjﬁﬁﬁ&&e (tort) Tenperature (C)Mean Resi dence Tine
(hr) Agi tator vessel At nospheric Pressure (nitrogen

at nrosphere) | 602Pr epol yneri zati on vessel |11002301Prepol ynmeri zation vessel

| 1 202700. 5Hor i zont al pédydiByiderrdiphenylsudfexide;23050. 5Hor i zont all

pol ynmeri zation vessel 110.53050.5 10 The nolten bi sphenol A from the pipe
directly connected to e4;hl 2RAl_q; WaleR ratus (supply rate,
36.0 kg/hr); the nol teﬁ’hd?lg@%(}r}gga?@be@?%m%?%%tpﬁgm%f&ggo 't ect | y after

di stil | ati onbiséwdptxydiagtlesulfddidé; kg/ hr); and the designated anmount of phenol
solution of a catalyst were continuouslyssupplied to the agitator vessel,
whi ch was mai ntained at the tenperature shov~in above. This m xture was 15
sequentially supplied (at a supply rate equivalent to 36.0 kg/hr of

bi sphenol A) to prepolynerization vessel |, prepolynerization vessel |1,
hori zontal polynerization vessel |, and horizontal polynerization vessel

1, and pol yneri zed under the reaction conditions shown above in order to
manuf acture the pol ycarbonate. 24 8CJ-12606 3 May 2003 The intrinsic

vi scosity, concentration of term nal OH groups, polycarbonate color, and
anount of branching of the manufactured pol ycarbonates were then

I T Y 1 —— I . = = 1 1 I B D I 1 Y
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1s(hydroxydiaryl) sulfone.

In addition, the bisphenol used may be a compound represented by formula

5 [1II] below.

(RN n

/.__\
| u (OH) 2

(In the formula, R may represent a halogen atom, a hydrocarbon group
containing | to 10 carbon atoms, or a halogen substituted hydrocarbon group. Then
represents an integer from 0 to 4. If n is 2 or greater, the groups represented by Rf

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-cumylhydroquinone, 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,l'-spirobi-[1H-indene]-6,6'—
diol.
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CH, CH,

Of the above compounds, of which 2 or more can also be combined by
copolymerization to manufacture polycarbonates, the bisphenols represented by

formula [I] are preferable, in particular, bisphenol A.

5 Examples of the carbonic acid diester compound that can be used include:

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, dibutyl 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,
diphenyl sebacata, dipheny! 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
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N 8CJ-12606 ,1 3 May 2003 Working Exanples 33 to 35 and Conparative
Exanpl es 26n§ﬁ 21?6@@' ycarbonat es were manufactured in the sanme hlap@80&s in
Wor ki ng Exa é cept that the types of catalyst and the usage anounts
were varied as shown in Table 6. These results are given in Table 6 30 3
May 2003 ~OO~ONUO0O o ~o Cd H ©CQ00Q_ V_ VWVm U, cy ~ p00000000C p. ~ d.
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May 2003 CLAI | . A neth for manuf acturing .a polycarbonate conpr.i sing
Using an est Ak SR R e i Spaliish s B E PP R B iy ar oxy
conpound and b& usiag a8 be mdteasil Panctivhrdmpoids Bavihg tHrbEor e fedbiioga reacti on
t he di hydroxy conpound and the carpbonate diester used contain no greater
than a total S°Us REFmolegle Mgy bgLres i artitian todBrpRAYARSYPned ¥empte earth
metal conpouRgsdaskyl dBRipbhkds@Rid Babotic ARl QicBfersith fatll MY ROy GEsBARKE Gy and
during the interchange reaction an al kali netal phosphite inorganit salt is
used asl®a careapglymerization et hod for manufacturing a pol ycarbonate as
described in claim1l, wherein said anount of alkali netal phosphate
inorgani c salt isyhe (hs ofbOlvRinitidnaPee 8dP8N ' . .conpound.
3. A nethod for manaf at Sroi hg ya pcl)+r§?c%?rg%grlllate ggw&%&%@ﬂ?{%egﬁgﬁn% I,

wher ei n sai dphetodic hytiogphgroepsi anoarhaxyl gragk,.twitoemoriosads havingast phermliconpound
selected fromlithi um di hydro hosphi t.e,. sodi um di hydrogen phosphite and
pot assi um di ﬁ]?;%f% eg{o'ﬂﬁdg%fﬁﬁ‘g.egpf&% © .‘%IS%IW@ae'rranuf acturing a

pol ycarbonate as described in claim11, further conprising using a conpound
whi ch that deconposes &/1, uis@t-hydragphatyl)ecthannper at ure of 100 to 300C as a
catalyst. 5. A nethod for manufacturing a polycarbonate as described in

cl ai m 4, wherein the dihyslr 1 ' rises at |east one conpound
sel ect glcf firomlithi umbgi’%y%rggﬂlg@%g%@ﬁtag@ggg@ﬁﬁ%zgq%ydr ogen phosphite,

and potassi um

=

a-methyl-a, o', a'-tris(4-hydroxyphenyl)-1,4-diethylbenzene;
o, 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.



di hydr ogen phosphite. 6. A nethod for manufacturing a pol ycarbonate as
described in glajgnd, wherein the conpound which deconposes or ¥YMRueP03 zes
at 100 to 300C conprises at |east one conmpound sel ected from amoni um
conpounds and phosphoni um conpounds. 32 3 May 2003 7. A nethod for

manuf acturing a pol ycarbonate as described in claim4, wherein the conpound
whi ch deconposes OCF volatilizes at 100 to 300C conprises at feast one
conpound sel ect ed YiBAH7RAYSCOMRAMAS Artrbriti Arhe drnsselivaxl) shane ga s on dFig4-
phosphoni um agaRRYPKERY1)S:. 3, TBENOEY 1bQLeRR ALY A€ LilE ERth ARty SRIQRNAT €
conprising using an eSter interchange reaction in which a ydr oxy
conpound and adv&#gsoni ¢ acid diester are the raw materials; wherein said
ester interchange reaction is conducted in a nulti-stage pol ycondensation
step of two or nong,§f hede@)pd f%ﬁgﬁfrﬁﬁ&ﬁiléé{ﬂﬁouﬂﬁs,? HhFel ected
firom among amoni um conpounds’ an sphoni um conpounds 1s used as a

cat al yst5in aohjfumtiopilagmpoiind sed plodud ganctertly deiilnan sheypit o003 (n)le anlesd, kal |

nmet al di hydra it nd/or an al kal i ne.eart t di hydr oge
phosphite'is pgé%gﬁgg'gég&ctgﬁa@fg?lei W%aevg%@(‘}ﬁeoprggeéa% @Pﬁ@'?ﬁ@%@ﬂﬂ 8tion
step. 9. A neifiigtofadimo®@il of alavsthatR BhyRd gad.e as described in claim
8, wherein the first stage of the polycondensation step is conducted at a
t enperature of 27 or lower, 10, A nethod, for manufacturing a

pol ycar bonat e as CRW Baerials %F%Ffﬁlsgab\ﬁ%trt@? AmoYTds Oéﬁkqlb‘élgtlap‘_%%‘épotui}ﬁe of
conmpound sel eall alkafifiOsardRaS o@myaﬂwéarmmqumbaoanﬁhmhqmgum,@owpounds
is used in an amount of 1 x 10'" to 1 x I 0'1 nol; and 33 3 May 2003 (b)
a salt Ednmposemperndgndthgearboreacid digstary e biguted s gmevet andvidrcatalytiel kal i ne

earth netal (] _ ] ' .0 ‘sto 1 X
10' 6 nol e pe?e%ﬁéﬁggﬁﬁ E%fgg%?%}é@ﬁggﬁ%édh%ﬁ g{éﬁ%\/& ({aéa:[yt fr%&lﬁ%ugtc)tlgpri ng a
pol ycar bonat do ax @ su0le b Eronerentiodimens, anvineneai suffidient aorexibit oftalgdikal i et al
conpound and/ ar. al kal i.ne earth metal conpound cont.ai.ned as i rities in
the raw mat erﬁegf’gnq%e’lb‘@leiﬁ han' {519 6’8&6 %%ggf‘id’ﬂ}\@d? Bwﬁ?fcfﬁigg’aw&ﬁmiz A
met hod for manufastsu i0MOmalepoptoared dimiex a5 these 10 DrBId oT seliatyBroxideher ei n
at | east_one type of conpound sel ected .from ammoni um conpounds and
phosphohl um PshuSlsRfdihydroyy copperndesgeqiglbeptgferiednpound sel ected from

guat er nary anmoni um conpounds and quat ernary phosphoni um conpounds. 13. A
met hod for manuf agiefe vill b2 dRRE)ES iR PORhRriasiFHaRGVitPEthd dhdin® dPallcaliwher ei n
the alkali metal phosphate is a conpound selected fromlithium di hydrogen
phosphat e, sdRRiRFPEPRYH BAikabine spHEmet! ermnesnd conteined/antbgdilygmsg phat e,

rubi di um di hy@hBGk MAAROEALERIc £58 iGLAITLdHRAaN AITIABRY Sodidth! | LNT UM
hydrogen phosphate, di sodi um hydrogen phosphate, di potassium hydrogen
phosphat e, dihydtsxisiewsr mplirafgiéhy dphroysemepend, dictbs colntihg Wilbgersephws phat e,
trilithyymp i ' si, i _phosphat .

tri rubi 2 SRl P RE LR AR e ot RRLEE S T PHARE Bl e

. Ae. A@ A@  per mole of dihydroxy compound.

A LCAYQAY@A, LAY, A AQA @A LAS LA LAQA ,. AQA . A ASI . A@AGB. A, A, . A,
?.AS A, . A@. AQAR A A LA rts9% 945 9C .
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aljc aUc a]Jc a]Jca]c a]calca]caUca]ca 7>nmg~xsmhb] WhcAXSmh] calU]jc a]jc alU]c
ajJc aUc aJc C c aUc aJc aUjc aJc aUc aJca]lc a]caU c a] caMaya@ddps a]c
aJ ca] ¢ a] calU|tg 2@@%1] c aJcal] c a] caU c a25j kDFHIL} xr mhb] Whc”~XSmh] cal] ¢
ajcalUjc aJjcaljc aUc aJc aUc a]Jcalc aUc a]ca]calca]calca]calc aUlc
ajcalc aU]c ajc aUc ajJc aUc aJjc aUc a]Jjc aUc a]c

aLPRTVXZ\ *” bdf hj | npruwy{{vpke ZUhc”*XSnh]]cal] ca] calU c a]cay c a]calc

a] cal] c a] caU] c a]leadjance)acalipation ewvs s pagdused o expreathe relpiéenshio bejvweeed] c

al call o al cathecaligaliRg @ 3ARh Wb oh Y PTOV BoRk ot e Al s ©
aUc aJc alUc aT
a] ca] ca] ca] cancalec ajterefjangetdactici (thecddannadtorhic INBRSH v i rals WifdtiSiyhadt ki ¢
aJjcalc a]calc a U]cac%f?aca ca c.alc c.alcalc caU]c
a] a] ca] caU’ 8%@%@% rggfg i LLt Ulacuorl ﬁg]e the ]amolmt oaf sodium
aFl J° dj | pv| ~xsuardxidd shivSmbphehbd fer alote @Muee lﬁhﬂleﬂ&-ﬂ@teﬁh@d telcataBhie aeddhﬁt ajc
aUc ajJc
Y ] A “pure bisphenol” is a bisphenol that contains substantially no acidic or basic
impurities. The degree of ester interchange reaction can be determined, for instance,
as the amount of dligomers, phenols, and unreacted bisphenol or carbonic acid diester
produced by the reaction, which can be measured with a near infrared meter,

10 refractometer, high performance liquid chromatograph, or another such analysis

apparatus.

By measuring the degree of ester interchange reaction when the bisphenol
containing an alkali metal compound and/or an alkaline earth metal compound and the
carbonic acid diester manufactured as above are subjected to an ester interchange

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 orgé.nic acid salts, inorganic acid salts, oxides, hydroxides, 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



aUc aJc aUc aJc aUc alJc aJcaljc alJcalc aUc aJc aUc a]Jcaljca]calc allc
al caTVy, BDVX bgj é kfa\ WrhV] U] ca] ca]ca]ca]jc aUc a]c 3 May 2003

a] cal] ca] caU% ]1 g(& cajcaUc a]Jcalc aUc alJc aUc a]c
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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
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The (c) alkali metal phosphorus-containing inorganic salt and/or alkaline earth

metal phosphorus-containing inorganic salt may be produced by supplying an alkali
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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 (Me,NOH), tetraethylammonium hydroxide
(Et4NOH), tetrabufylammonium hydroxide (BusNOH), and
trimethylbenzylammonium hydroxide and other quaternary ammonium compounds.
Examples of quaternary phosphonium compounds include: tetramethylphosphonium

30 hydroxide (Me;,POH), tetracthylphosphonium hydroxide (EtsPOH), and
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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
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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.
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" Next, an alkali metal phosphorus-containing inorganic salt and/or an alkaline
10 earth metal phosphorus-containing inorganic salt is added as a catalyst to the
polycondensation product obtained in the first stage of the reaction, and further

polycondensation is conducted.

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 1 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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containing morgamc salt are used in different polycondensation stages, no hydroxide
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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high performance liquid chromatography (HPLC).

COOH

_O_QX_C} wn
— OO o

COQH
(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
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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 5 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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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 methyiene chloride (0.5 g/dl).

[Polycarbonate Hue (Yellow Index: YI)]
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[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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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 [ 100 230 1
Prepolymerization vessel II 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 dipheny! 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.
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10 Example 1, but with different types and/or amounts of catalysts. The results are

presented in Table 2.
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example 9

Comparison | NaH,PO, 30 0.30 38 Could <10 <10

example | 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 mold

Comparison LiOH 1.0 0.53 14 1.23 1530 80

example 5

Comparison NaOH 1.0 0.55 15 1.24 2120 120

example 6

Comparison NaOH 0.5 0.52 17 115 1210 70

example 7

Comparison KOH 1.0 0.56 13 .28 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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YA10% & () - S3§Zm%3c Yool ) - S33 VAL | & sligs- ’ﬁ.&sR = 1 QVFey4.73] YAI0% & SQ,YA'%\ES;/
& ()-s33 YAlO%o&ngS)-de AL0% & () - 933 YAION & () =SB3 YALp &< =S53 0
& ()-s3hH, 3 ampjesd h.'N(iljePOS 33 NA1 W%@H( ) 54033 | YR10% K ()-883 YAID% & (¢ s33
YAL0% & () - 538t 0%l ) - 533 YALRIO|&skor- 530H 3 YALD% & (}-533 | w0
Work
Exagwplggw KHa2PO3 15 MeuNOH 5x10% 0.55 6 0.97 N <10
Working
Example 17 KHPOs 1.0 MaNOH 5x10s 0.52 6 0.95 260 <10
Working
Example 18 | KH:POs 0.5 MeNOH 5x105 045 7 0.94 190 <10
Working
Example 19 | NaH,PQ; 1.0 BudfOH 5x105 | 0.51 7 0.93 180 <10
Comparative Molding .
Example 10 | NaH.PQO. 3.0 MeNOH 5x10 0.27 32 impossible <10 <10
Comparative Molding
Example 11 NaH:PO« 2.0 MeNOH 5x10$ 0.26 35 impossible <10 <10
Comparative Molding
Example 12 | KH:POQ, 30 MeNOH 5x105 0.30 kIl impossible <10 <10
Comparative Molding
Example 13 KH,PO4 2.0 MeNOH 5x105 0.28 33 impossible <10 <10
Comparative
Example 14 LiOH 1.0 MaNOH 5x105 0.51 7 1.24 1560 90
Comparative
Example 15 NaOH 1.0 MeNOH 5x10% 0.53 7 1.24 2100 130
Comparative
Example 16 NaOH 0.5 MaNOH 5x105 0.50 6 1.161.24 1240 80
Comparative
Example 17 KOH 1.0 Me/NOH 5x105 0.53 6 1.27 2380 150
Comparative
Example 18 KOH 0.5 MeNOH 5x105 0.51 6 1.21 1470 80
Comparative Molding
Example 19 | NaH;PO« 2.0 BuPOH 5x105 0.27 34 impossible <10 <10
Comparative
Example 20 HaOH 1.0 BuPOH 5x105 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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& ()-s33 YAlHHer&ontal afativndndo &' () - SSMNOPQRE t X<A10% & () - §33° YAIO% & ) -s33
YAL0% & () - §3BIyAGDetic fahk H33 YAL0% & ()5 $33 YALO% §¢) - 533 YAIR6 & ()|- 533
YAL0% & () - S3RSWKY[V @Bt t X3 YAIOYG & () - 533_YALO% & (J=533 YALO% & ()=S3| Re#f
gWee; YZ[\] A"t X<3_YALQ% & (3 YALO% & (zu’sss YAL0% & (% $33 YA10% & ()-s33
YAL0% & ()-533 YAROGRE @(d)ar%oa'@ Yiphguglgo 10%9@% ?Alsszsua\ >)dr§:gdggadedégmeck3
YAL0% & (3 YALQ

YAL0% & () s%&&?otg}% gﬁ%@teﬁ%@i@&@g@l&ﬁﬁ%q htl{fj)té f“?‘]@# %%8%‘ t?ﬁO%

& () -s33 YA105NeOH pes zmleafiligphengl)A g@nuﬁaantedmmewhenol A manufactunng

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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& () - s33 YAlaithaiolmt-of 3lkali metal phosphate inorganic saltis 1 x 107 to 2 x 10 mole per mole of
- dihydroxy compound.

3. A method for manufacturing a polycarbonate as described in claim 1, wherein
said metal phosphite inorganic salt comprises at least one compound selected from lithium

dihydrogen phosphite, sodium dihydrogen phosphite and potassium dihydrogen phosphite.

4, A method for manufacturing a polycarbonate as described in claim 1, further
comprising using a compound which that decomposes or volatilizes at a temperature of 100 to

300°C as a catalyst.

5. A method for manufacturing a polycarbonate as described in claim 4,
wherein the dihydrogen phosphite comprises at least one compound selected from
lithium dihydrogen phosphite, sodium dihydrogen phosphite, and potassium
dihydrogen phosphite.

6. A method for manufacturing a polycarbonate as described in claim 4,

wherein the compound which decomposes or volatilizes at 100 to 300°C comprises at
least one compound selected from ammonium compounds and phosphonium

compounds.
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