8CJ-12606 METHOD OF MANUFACTURI NG POLYCARBONATES 3 May 2003 The present
application $§ a U S. non-provisional application based upon an@dafb@an ng
priority frothikffese Application Nos. HEl 10-313705, HEl 10- 313706, HEl
10- 313707, and HEl 10-313708, which are hereby incorporated by reference.
BACKGROUND OF THE | NVENTI ON This invention relates to a manufacturing

met hod of pol ycarbonates b ester interchange reaction. Mre
specifically, it rel M@{@é@mgﬁmGMWOMW nol ecul ar

wei ght aromatic pol ycarbonates with inproved color by an ester interchange
reacti on of an aromatic di hydroxy conmpound with a carbonic acid diester.

Recently, aromat 'ﬁe&%g\éﬁ@dp@ﬁéﬁbﬁ% m\senmgf&vﬁ}o%gih%)f)ﬂgﬁﬁh%ﬁs‘eh%?oﬁ

engi neering plastics in many fields becau exce anl cal

properties KpiBirgpricsithfigm Jappese ApplisaeralNes HEId 0 GHLAEDS, éBEdéDBéBﬁOG

characteri st S r Lganspar e e so-cal |l ed
phosgene met%ﬁslo'S %Oﬁﬁng??élrllon§§g§%%%?@c po?reléya\nﬁcfﬁ%ﬁage?ﬁly JeIerREY
comerci ally, whereby an. aromatic di hydroxy conpound such as bi sphenol is

react ed wi t IBAHEBSRERENDYOF REEINMENTIODD! ycondensat i on. However, the

phosgene 15 met hod currently. enpl oyed |n industry is associ at ed with a

nunber of proble e h| t oxli ene, the
need for handli ngﬁﬂ %ln,lv%(raoéﬁ%lé%g%{ﬁ% |esac(t) nn§5ﬁ?tﬁ?é]§itiﬂ°@r°f‘rg’8n§8%0t§9%ﬁ ed as a by
product§ andstchimteretainge reaetiort Mo dpectivaily,doreknésab aintmuRSmASS aftidded Wit h

met hyl-ene ctgl[l ri d@ t he s | vent conveg}ql onaII used in this reaction. 20
I'n addition Ypr yeig tpaﬁ?}%tlé’rfé’ YretoRBges Wt i‘ngRH‘Eﬁ/ﬁ?ktrWé(tanﬁf‘Fe’ést er

i nt er change iiiteRf C%inez(dﬁﬁh bf SEirbRdlic &xﬁwﬁﬁc&ﬁb@m WBthlaCafHoR ¥ R et MPOUN
and a car bonate

utilized to acture arqnati c pol ycarbonates. This net hod of
manuf act uri ng ar tly> argpajie aelnebanates Rave beep widalwatopteddar ussm@s ent i on

because it lefgihf@MReMatYEIn t&ﬂr@%ei&s%bﬁlsgéf biP §£d’én&ﬁ§n H&Hcafl‘g 03}@19& ene and

nmet hyl ene chl orlde are not required, so it is-nore vant a roma
heal t hithnd 6vsh 3sdighevmnact iestemscnd ther qxcsllm;zh@@r@@msmmnzsn@u To achi eve

hi gh nol ecu onates with excellent nechanical properties
when manuf a%:%&r%éﬁg poFB%hr bor}gt es by this nelt nethod, the unreacted: :

nmononers such as bi sphenol and di phenyl carbonate nust be distilled from
the highly - . Theso-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 incxpensiva Also, toxic

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

-advantageous from a health and environmental perspective.

1

=

ester using . an alkali metal salt as the catalyst nmay be{ :



vi'scous pol ycarbonate nelt. This requires that the pol ycarbonate products
be 5 subjected to high tenperatures of 250 to 330C, under a higgiayVagaum
.over long perihogls under high vacuum However;- the nelt nmethod 1s often
associated with problens in achieving excellent quality in terns . of a

bal ance between col or and high nolecular weight. This is due to the al kali
nmetal acting as a catalyst in the ester interchange reaction and the
occurrence of sige neactiigisoRupl AsiRgRARBNMAitNeREEnL Aretiiical

Kol be- Schm tt reaction. ese side reacti'ons produce branched

pol ycar bonap@geﬁleawhsrhmmmfaﬁummqlmﬂrhﬂnateb@{ bigmelymabpdttae pirsacied i nked

Resins, » 1 RCARagyS GARaR! aud 3naB KhBRRARM ClRuitcaton tilyRgC 2070, ©
branched chais&bdgwdr}@mbm‘sm@nou“pi)s réduirds that the polgcaroomsid preducksdse pr obl ens,
Japanese Pat ent . H4-89824 di scl osed, . the .yse of nitr cont ai ni ng
basi c gmoﬁw%:{:z‘g?i‘;% tE‘é‘P?rargé‘is leg@ﬁ%}& gi;g?r aa*l“ﬁléﬁﬁgmé%fﬁifmf al t
conpounds i, Ploweddrathe nfefi inithddapBae&Sodidted wahal yst s.
Japanese Patent d Ic—}ﬁidérpv@ 8 di scl osed the use of (1) el ectronggonor am ne

conpounds annbb(e@)s lalaklabwngrexcalleiéanﬁttwd@ﬁe?ofél helanes etwsen lored 8o npounds
20 as catal |za Jw%lgi'ﬁ?sﬁhf Alfmlt MR Hgﬁnﬁe?éﬁfigxgdds%%haﬁﬁﬁn%@&téﬁod wher eby

melt poly e presence an a I ne conmpound cat al st was
carried out mterf;ltiﬂnlgemdtldﬂyaﬁdl’the ambdn’enwrof elfde saebidins sedngsoleprtbointion

conpounds t ion cts er I dlsclosed
met hod¥ hel cﬁhe-gaﬁ?%vga Sldf§ea§ crhs 1’5%“%8%}9%?{?‘%8 Bﬁrﬁ%%ﬁ& not
al ways prodggaheeh ibhe émiuya m&uj snerdle GoddHinkedPddhiets anﬂthanlsmloril@zfnese

Pa)t ent ‘No. H7-53704 disclosed a nethod of pag ct ol bonat es .
t hat reduced’eﬁoéb@a@a%t?ﬂ’mc%ﬁf’? WW@E?%% Lﬁ‘%ﬁ‘&t% %@ﬁﬁf‘“g{'{”ﬁ ﬁg net hod

of pol ycar b?@aitc)@ described (1) a single conpound produced from(a) an
al kali metal conp und or al alkaline earth netal compound and (b) a non 5
volatile acid; or (2) a mxture from(a) an al kali metal conpound or an
al kal i ne earth metal compound and (by a nemvol atile acid. The descri bed
single conpound or the m xture was d weakly acidic in an
aqueous sol ution and use a yst. However, the rate of
pol yneri zati on achi ev a os°gj t_conpletely
satisfactory. 10 W (the Tnventors) successfylly a | i shed the present
invention throughy ifliitdt@Ninehes@ritheeital Kyslrockiboh Rgoupht 0 consi deration the
various types of problens described above.” W have invented a neans to
efficiently manufacture . :
15 Y 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
N 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. Japanesc 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, elthough the above disclosed methods helped to improve problems

25 such as coloring, they did not always produce satisfactory results.



pol ycarbonat es wherein side reactions are inhibited and color is inproved.’
BRI EF SUMVARY-ErdiffE | NVENTI ON This invention is a method to rongf agdair e
pol ycar bonat es by neans of an 15 ester interchange reaction of a di hydroxy
conmpound and carbonate diester. The _ nmethod utilizes a di hydroxy conpound
and a carbonate diester as raw materials, in which the total anpbunt of

no gr eat or {an 11nstegon. FETESEH iond 5704 H%c@?qhiagméﬂa%nﬁﬁﬁﬁﬁ””d%ei )
reaction i s gahfhdtd@ polycarboahtéihiat dBIRH si@l@‘i’éﬁhbﬁseanﬁ% IIOVK%)JZCQOIOfTh {2
di hydroxy 20.conpound- Preferably, 1 x 10"7 to X % nol e of al i

metal phosphMERIFRATInG Rethed 0@011%@06?%@5@@6%&)}7@@9@@ cethpennd plwlmgbd The

al kali netal g, [ I 0 d from anong
t he. group of&Jlﬂl t%uatlﬁg%ﬂ&?rcgg np (gsa%ﬁﬂ?ﬁne ﬁﬁh %ﬁ()%r%oagl &be)pahrbélphl te,
and pot assi umlatllhytddﬂgéﬁ) pnowph five (aDEil'Aké]EdﬁeﬁE&ﬁﬁidaiﬁdi GharCHk Al chf/ENTI ON
The follow n e tails of. this_invent relatin toarrethod
for 25 manufae Curnllpr?bm %@g?ﬂgﬁﬁ?l&le agld. g%ﬁdisfé‘bgp%‘“@ﬁﬁc’? an
expl anati on miktye @&eﬂieﬁdezﬁlbfﬂdtwdahl@ acidi¢ iiRh Qfhedus s&l@tﬁoxpﬂlhmmsat' On used

as the manuf ac r| met hod for_ polycarbonates related to this invention.
RAW MATERI AL ‘V@GQDENWQBQ hysrcaizaken ackieved iy thahdiselergd snethndiwasi ¢ aci d

di ester are jiseshmpstel,punif@igRl al s for the polycondensation. 5 There is no
particular restriction on thé type of di hydroxy conpound that can be
enpl oyid For exanpl e, bi sphenol conpounds represented by the general .
formul &0 (1) bel o¥F &hninyentgs sncerssily prevmplishedthepresent inventidmthrangh. Ra ‘and

R CaCh EPIERERIredehd) AB7A, AkRITHAD oATRARKENEN- s BYr S550RAR, 9T ouP, and

may be the sane or different. q represen egdrs “ffomo to 4 )
The X repr eglesaribed a'éoveoﬁw havlemwntstdladn@ashn dfﬁplbﬂisemhnufacﬂuﬁe a hydrogen at om

or a m)noval ocas bon and clic ructure. Re is
a di val ent H)yg}r %r(t:’élrl%%snwg?%“ﬁ 9{6 f%"‘%B%‘?Sﬁf%%é‘r?gﬁg‘lc‘é? lﬁﬁéprtoyff{%s of bi sphenol

conpounds that may be 15 represented by fornmula [I] above include the
fol I owi ng: BRIEF SUMMARY OF THE INVENTION

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 1 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 métal phosphite should be at
least one compound selected from among the group of lithium dihydrogen phosplute,

sodium dlhydro gen 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.



.4 8C3-12606°

1," 1 -bis(4-hydroxypenyl) nethane; 1, 1-bis(4-hydroxypenyl) ethane;
2,2-bis(4-h%gﬁo 8eny|) pr.opane (herelnafter referred to as "lIgapeed A');
Nﬁ% 9003 2, 2- bi s(4- hydr oxypenyl ) but ane;

2, 2- bi s(4- hydroxypenyl) octane; 1, 1 -bis(4- hydroxypenyl) propane; 1, 1
- bi s(4- hydr oxypenyl ) n-butane; bIS(4 hydr oxypenyl ) phenyl net hane;

2, 2-bi s(4-hydroxy-|-nethyl penyl) propane; 1, 1

- bi s(4- hydr oxy- t st ph geplgnatiopioprasested abc;:u_xxltm mdmityniiofoy p8lybomtznpiieny | )

pr opane and h dr oxypenyl)
cyclopentanég&?%hhgnﬁ% %%5§n% é%ny?5m@v%ﬁ8ﬂgﬁﬁﬁg$%ﬁﬂ%%FHQ%“‘n

bi s(hydroxyaryl) 15 cycloalkanes The X in the bisphenol shown in the above
formul a may RAeY MdBRIARFOR POLY-CBHNDESOATION - SC2- group, for exanple:
4, 4' -di hyrdoxydi phenyl ether; 4,4'- d|hyrdoxy 3, 3" -di net hyl phenyl ether and
ot her bi s( hydr oxy, t her: 4 4' - di hyr dox her u
4,4'-dihyrdoxy-31€ﬁ%ﬁ&n§ Y FYPRTY gﬁyf %ﬁPPF&égg wB%ﬁélefﬁaWanﬁnms

bi s( hydr oxydbathy pplysatddensheiond, 4 dlhyrdoxydlphenyl sul f oxi de;

4, 4" - di hyrdoxy- 3, 3' -di net hyl di phenyl ' squOX|de and ot her ] .
bls(hy oxydi aryl) sul f oxi 12606 4, 4" - doxydi phen su one,
or 4,4 d§d| hyr doxy-'5°3° H%P?@FW@F';BH%‘H}/ “&’GFWB OESYFI%‘F‘F‘E) nd t atcan

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

(I) below can be used

Ra
(R), ")

D

(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 0 to 4.
. |
e G 4
-The X represents L or " R® and R each represent
R*

* ahydrogen 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 formuia [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’S);



bi s(hydroxydi aryl) sulfone. 3 May 2003 In addition, the bisphenol used may
be a conpounggtﬁﬂ{%sented by formula 5 [1I below (OH) 2 (In3msy segamnl a,
Rr may represeén 9 hal ogen atom a hydrocarbon group containing 1, to 10
carbon atons, or a hal ogen substituted hydrocarbon group.”The n represents
an integer - fromO to 4. If nis 2 or greater, the groups represented by Rr
10 may- be the sane or different.) .. Mre specifically, the bisphenol = -
represented by for nul 2-4Pis{4-hedjodywenlbutansianpl e: reSorcinol; a substituted

resorci nol conpound such as 3-hiethylresorcinol, 3-ethyiresorcinol,
3-propyl resorcinol, 3-bub¥l4BRRESHBAN) ocdink: Ut yl resorcinol, 3-
phen: yl resorcinol, 3-cunylresorcinol’, 2,3,4,6--tetrafl uororesorcinol, and

2,3,4,6 15 tetrabronoresorcinol; catechol; hydroqui none; or a substituted
hydr oqui none conpound Iskrbls(4akydsaxypemf) MgpRnequi none, 3- et yl hydr oqui none, 3-
propyl hydr oqui none, 3-butylhydroqui none, 3-t-butyl hydroqui none, 3-
phenyl hydr oqui none, 3-icu N &g@n@ , 5, 6-tetranet hyl hydr oqui none,
2,3,5,6-tetra<t-butylh9§§%§ﬂ%ﬁ%ﬁ§?b ,S,Eﬁéﬁgetrafluorohydroquinone, and
2,3,5,6 20 tetrabronohydroqui none. The bi sphenol used may al so be a
conmpound represent ed Hys(¢-hedpsyneny phawginssthangch as:
2,2,2',2' -tetrahydro-3,3,3" ,3-tetranethyl-1,1"-spirobi-[ 1 Hindene]-6,6"-
'\(,j\LQI . 6 8CJ-12606 CH3 2@Bis(@H3dtdd3- Chlethy MYy 17 0pafd t he above conmpounds, of
ich 2 or nore can al so be conbined by  copol ynerization to manufacture
pol ycar bonat es, the bisphenols represented by fornula [I] are preferable,
in particular, bispherdol-big4-hydroxysthubilpenybpransae;car boni ¢ aci d di ester |
conpound that can be used include: diphenyl carbonate,
bi s( 2, 4-di chl or ophenyb)_g 3By - ' rhonate, |/
bi s(2- cyanophenyl ) car ong?ggﬂgﬁgézgﬁﬁ%gg%ﬁgﬁ?ﬁ%hgEg?@gﬁgﬁg¥y%Pt%:@? -
carbonate, mkapessyl carbonate, dinapthyl carbonate, bis(diphenyl) 4
carbonate, diethyl carbonate, dinethyl carbonate, dibutyl carbonate and

di cyl cghexyl 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 —S0,- group, for example:
15 4,4'-dihyrdoxydiphenyl ether;

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

B ;
S

_ ether;
4,4'-dihyrdoxydipheriyl sulfide;

4,4'-dihyrdoxy-3,3'-dimethyldipheny! sulfide and other
20 bisthydroxydiaryl) sulfide;

4,4'-dihyrdoxydiphenyl sulfoxide;

_ 4,4'-dihyrdoxy-3,3"-dimethyldiphenyl sulfoxide and other
bis(hydroxydiaryl) sulfoxide; |
' 5



10 carbonate, and conbi nations of two or nore thereof; wth diphenyl

car bonat e ﬁ%ﬁfg#%gd. The carbonic acid diesters enployed nmay ZMap2@upnt ai n
.one or a conbindtton of two or nore dicarboxylic acids and di.carboxylic
acid esters. Specifically, for the carbonic acid diester, dicarboxylic
acids or the dicarboxylic acid esters should 15 preferably be present at 50
mol e percent or less, and nore preferably in an amount of 30 nole percent
or |ess. Exanples of thedtvejoxydipbsoyl swloasi ds or di carboxylic acid esters
include: terephthalic acid, isophthalic acid, sebacic acid, decanedioic .
aci d, dodecanedi oi ¢ agid.4'-diB |32 ﬁ@@ﬁ@} ' ht hal at e, ‘
di phenyl isophthalate?kgfp%@%@?ﬁggﬁdgcanedfg%?g%Qgﬁgggrgﬁéﬁil .
dodecanedi odtighyderydiaspideréumei on of a carbonic acid diester containing the
above types of dicarboxylic acids and/or dicarboxylic acid esters with the
previously nenti : -1k ' ' n al so be
used to manuf act gﬁgﬁhﬁﬁ?‘g%%ﬁﬁ‘gﬁgﬁ%@ %ﬁ%?légs}?{gd’ éﬁﬁl)é?ﬁ%g%&?ﬂ??ﬁ@iat he
manuf act ur e [0 bglowycar bonat es, the anount of the above types of carbonic
acid diesters should be in an anmount of 0.95 to 1.30 noles, and nore 5
preferably in an anount of 1.01 to 1.20 noles, per i nole used of the
aromatic di hydroxy conpound. Fur}hernore, a copol yner pol ycarbonate can be
manuf actured by using one or nofénpol yfunctional conpounds having three or
nore functional groups per nol ecul &peay e used in addition to the
above-nenti oned aromati c di hydroxy r@ ndgy@nd carbonic acid diesters to
manuf act ure pol ycarbonates by 10 copQ 1r':riza I on. These types of

pol yfuncti onal conpounds shoul d pref exaks be those having phenolic
QYHroxyl groups or carboxyl groups, with conpounds having three phenolic-:

DT 1Y r S Ry aPhelkae ROBE topkes S TRIGE 1B { S urotnmmeny |

di | ’Sopr opy |h bﬁntz'mirg;] 1 todl{)lmﬂitb;llaims, at ? Eal(,)gen_’substituted hydrocarbon group. Then
‘-tris(4- r nyl)-1,4-di ne, , a',

Z-- “tr : SE 4-h %Rf%%‘gﬁgﬁ?%e! %",031, @iﬁte‘? .h?f §d§$ é%fg'ﬂsﬁa ?f@rgg?upsmrsﬁ@a@rlﬁailﬁo| :

10 may be the same or different.)

More specifically, the biéphenol represented by formula [II} may be, for

example: resorcinol; a substituted resorcinol compound such as 3-methylresorcinol,
3-ethylresorcinol, 3-propylrésorcinel, 3-butylresorcinol, 3-t-butylresorcinol, 3-
phenylresorcinol, 3-cumylresorcinol, 2,3,4,6-tetrafluororesorcinol, and 2,3,4,6;

I5 - tetrabromoresorcinol; catechol; hydroquinone; or a substitﬁted hydroquinone

| - compound such as 3-methylhydroquinone, 3-ethylhydroguinone, 3-

. "‘} o propylhydroquinone, 3-butylhydroquinone, 3~t-butylhydro<juinone, 3-

E 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'-tetrahydr0—3,3,3‘, '—tetramethyl-1,1'-spirobi-[1H—indene]-6,6'_—

“diol. '



imethyl-2,4,6-tri(4-hydroxyphenyl) - hept ane-2;

-tri(4- phenyl ) benzene; 3 May 2003

i s[4, 4- %%Pgﬁﬁglhydroxyphenyl) cycl ohexyl] - propane; trinell%tic aci d;
, 5-benzene tricarboxylic acid; and pyronellitic acid. 8 8CJ-12606 3 Nhy
3 O the above conpounds, 1, 1, 1 -tris(4-hydroxyphenyl) ethane, a, a'
-tris(4- hydroxyphenyl)-1, 3, 5 trllsopropylbenzene and the |i ke can be
used to particular advantage. Wen ug;ngcﬁﬁese types of pol yfuncti onal
conmpounds, the anount of 5 polyfunctlonal conpound used shoul d generally be
in an anount of 0.03 nole or |ess, N.001 to 0.02 nole, and even
nore preferably-0.001 to 0.93% the total anpunt of the
aromati ¢ di hydroxy conpound. v Wsed are such that the
anounts of al kali metal conpoupd and i e eapt h nmetal conpound
contained in the above-nenti oned_ditydroxy 10 conpound and the carbonic
acid diester are linmted to the amogit t whi ch catalytic performance is
-exhibited (hereinafter referred to as the effective catalytic anount), up
to 5 x 10-7 nole. In one enbodi nent, an anount sufficient to exhibit

catal ytic perfoﬂfﬁhﬂ:@Ong@mbms,tdfadﬁdh Xorkferé camhleo bscmilgheityed, while in
anot her enbq 5 X,10- le i.s preferred with 2 x 10-7 to
4 x 10"7 m)l Jffrﬁéné |18rrlnt(hman l(l)f%%ﬁrg PPl cﬁ%’?“#%l’ g‘e(?l’sf’g?ww g hYound

“especially }ﬁnﬁmm[lipdepﬂ'dfaraﬁley\inlﬂartitﬁla% E®ASe in polynerization activity

4, 6-
1,3
2, 2-
1,3
20

U'IC)'U'IQ.

0

if the amounts of aIkaIi nmetal conmpound and al kaline earth metal conpound
cont ai ned |n the dro ound and the carbonic acid diester is |ess
t han | %e - é%ﬁﬁ?r%g'@ dbeéteﬁé?m?ﬁi’l‘l@ thyt oan bsedipldepound, but
t he colorlng mnll morsen and 20 branching will increase if these anounts- |

are greater {handphnyd Gaboblic, 43 UHINALAERYS o GadBlsp. 5. di hydr oxy

conmpound. The actual catal ytic arount of conpound and/ or
al kal i ne eafrichlorepdienyl) cvhpnﬂmdbla(l’rcymmphmyoi)lmtbemta,llﬁs(ﬁ-aﬁrd@ﬂex@llr ectly

neasure by’ EEPYEK MO bcbieRle B oo bt STl it o

M nut e anpuecdrbafate; ditthychpdinx idiltehsl AR, SPRFEGHRAIeYnd cylcBhexgHr M sed
t hat 1@ is ac urate and ideal to determ ne the anmount at which the al kal i
0

net al ‘Conpoftfl “é‘FFd Coé’l‘l?éﬁ?tf‘}?é o8 iYe #r meedterednyb dphenhcabarste i n the raw

materials 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.

E_xamples of these dicarboxylic acids or dicarboxylic acid esters include:
terephthalic acid, isophthalic acid, sebacic acid, decanedioic acid, dodecanedioic acid,

diphenyl 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



.determ ned

effectively act as ester interchange reaction catalysts (effective
catal ytic a(r’g%}ntﬁ). In specific terns, the effective catal ytic Zdawpi0ican be
rH%8ws: 9 8. CI-12606 3 May 2003 In advance, a calibration '
curve is produced to express the relationship between the catal ytic anount
when the bisphenol and the carbonic acid diester are subjected to an ester
i nterchange reaction (the ampbunt at which the conpounds effectively act as
cat al ysts) awematiedibiehpaecogiposadsaan alsp be uedigmapdacivicdglycsier e, t he anount
of sodi umSJ;%q:thgs_of t he bi sphenol per nole of pure bisphenol is terned
the catal yti'c "anount. A "pure bisphenol” is a bisphenol that contains
substantially no acidic or basic inpurities. The degree of ester
i nt er change r eactiumgdanmysufaisure ofpelgearbdnates,i thsamaume of thagbevedypaswiint  of
ol i goners, nol s, .. ed_hi sphenal c onikc acid diester
pr oduced by%tIg ggircedg%:@gsﬁ#%&%?gﬁbec%%n%%Ogr@égg‘?ét \?\'ﬁg$ﬁl°éesh%rm?rﬁf rared neter,
10 ref ract ompetferablynhgh apendtafieniae 1/120guileh, pdarlanelt agilaifithe aomatikot her such

anal ysis apparatus. By uring the degree qof ester interch e reaction
when the bi SHRERSEY SoRBRIET oo | AePPIREt BRIV 2B HBAE A8° B BRI kal | ne
earth metal pg eoamra@ﬁyfuﬁ@rohgmoﬁlfaﬁm hevigsinede SRt daicoed as above

are subjected to an ester interchange 15 reaction under the sane conditions

(t enper at ur €AY Pt Belseiie may beupediin addigerio the shose-ivatieredrasematticon conduct ed

in the produhiaaendsBends3hi BBbAL deifl Hekrs 19 ahiRfcnuG oA cAidRaks BN t he
above-nent i onggpcﬁoglﬁatgﬁlon curve It Ecel ar?ourr?t at ]\%E? c%ﬁoﬁé al E%I%Wrret al
conpoult andbprlymktizdtione earth netal conpound contained in the raw
materials effectively act as ester interchange reaction catal ysts, that
is, the effectiv tal yti %Fg t he . bispher i as; the amunt

havi ng the sane ?gg %It f‘?éé) f‘é%]%lg“w yn%géon(s?%o&fl Esrﬁhoﬁlé F%(ﬁ?gfg b|o'3§lrl‘os eBf pure
bi sphenol . Ramatiethedioalisgrbnss onbarbbx i eoupt, fvettt dowpoGddsdlayingehreephutiolibas t hus
been controll ed can be obtajned hy addin n al kali metal conpound or

al kal i ne ea Wox?ﬁlegra'i‘psd’(’ﬁf%%%ﬁﬂeﬂ%f:ﬁéalﬁ?lﬁﬁﬂgf‘d‘bf refining a di hydroxy
conpound and a carbonic acid 25 diester by distillation, recrystallization,
or anot her such net hod 1usiridgt-ydimiphesi)biiang apparatus that is very
controlled in terms of accuracy. Exanples of the alkali netal conpound
and/ or_ al kaline earth Al. conpound. incl.ude organic acid salts, inorganic -
acid salts, oxides, hggﬁ%kﬁ”&é%{gpdﬁwpﬂ’é’g,c}“%rw 4%s, and the like of

al kali metals and al kaline earth netals, specific exanples 30 of which

i ncl ude sodi um hydr oxgdfethiaQd, a8 Sk UM ERXHenyl) -1 bdiewy B¥slieax de, sodium 10
o, o', o"'-tris(4-hydroxyphenyl)-1,3,5-triisopropylbenzene;

phloroglucinol;

'
H i
H A
A

4,6-dimethyl-2,4,6-tri(4-hydroxyphenyl)-heptane-2;

20 | | 1,3,5-tri(4-hydroxyphenyl)benzene;
2,2-bisA[4,4-(4,4'-dihydroxfphenyl)—cyclohexyl] -propane;
trimellitic acid;

' 1,3,5-benzene tdcarﬁoxylic acid;

and pyromellitic acid.



8CJ- 12606 3 May 2003 hydrogencarbonate, potassi um hydrogencarbonat e,

l'ithium hydr%%e rbonate, sodium carbonate, potassium carborzaiey 2003 hi um
car bonate, sodi Gcet at e, potassium acetate, |ithium acetate, sodium
stearate, potassium stearate, lithiumstearate, sodium borohydride,

| i t hi um bor ohydride, sodi um boropheni de, sodi um benzoate, potassium 5"
benzoate, |ithium benzoate, a disodiumsalt, dipotassiumsalt, or dilithium

salt of bi sphendfth abkpve eetinnennslal 1,11 pos(ddsilnonyihyl) etband, it bil, wehtsgt of a
phenol , and kal | |._compounds, and cal ¢i um hydr oxi de,
bari um hydr o@@%ﬁ‘?"%&ﬁ’e‘éﬁ% rlfﬁ%s?}ilr%%%nﬁgﬁe%dﬁgﬁﬁﬁ?ﬁ qi?df%i *Od@,m Aci um

hydr ogencar bdmatigge. bari um hydr ogencar bonat e, nagnesi um hydr ogencar bonat e,
strontium hydrogencarbonate, 10 cal ci um carbonate, barium carbonate,

magnesi um car bon stroptiym car.banat e, al cium acetate, bariumacetate,
magnesi um acet at g}?ﬁégﬂs&% %Léﬂﬁeépg?‘g?’?u%?%aﬁ?ﬂm@“ﬂgsr HhermPlt Py st ear at e, |
magnesi $Im stp@faictionAREmpbiiNised Bhcil Eadndtfly bEW 4hahsmE 81 0 0B enddObyEa!r bonat es -

may be manufactured in a closed system wherein the apparatus for

I Y,
manuf act ur i REEERBY0R0 R OdKiarls. e vemeomapefeeblis)- Pk o150 vanlef Barmalé ng t he
pol ycar bonalae s Ao bl he SAMAR!FilardBbAGHNT | g of - pol yearbonates by
this type of closed systemcan help to ellimnate mxing in of inpurities.

During the manufacture of polycarbonates described in this invention, a
chain terninati dtc zyematarals uspdeyeisuchibaidhowmennthef alldimetabonmporadl aromati c
di hydr oxy 204 sRIBOUDAR AR SALBAN GRSl i hBIBSIS methit Sl on agent
used may be an aryloxy conpound capabl e of “Introducing erm nar groups,

r epr eskht ed chypoirel ayd tier @irbdnie anid diejtbVire Himlitedvio thhainoasrat wihéchi catalyaiduced as a

termnal group to the end.of .the nuf.act ured polycarbonate nolecules. 25
o Ol O SRR e tp SREHS S5 G AR BERTIHP or oup
contai ni ng & §& 1036ndi&r BiUhednMBimeh @h@mosnR et id bhikiesddli®d i on on the
type of aromatic hydrocarbon group, which be a condensed ring

, Which ma =} | ‘
structure s@EWoERnEe. Stk thep by rwﬂmsrw?ferrgimbpl? imprcirerepibodinnpl or t he

like, or ong i ¢ !gg@m"%@%ﬁ&%ﬁb@%h%&’%(f”{o'ﬂ@16‘* B81e%¥ s8ai '%@po%?qe?’ May

2003 saturated wth a hydrocarbon aton(s), a hetero atom and/ ferent
at oms ¥Pay f pemmole of dihydroxy compound especially preferred.

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 107 mole of sodium

hydroxide per mole of dilydroxy compound, but the coloring will worsen and

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

Mo

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 _aﬁd/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



cyclic structures. In addition, these aromatic rings nmay be substituted

wi th a hal ogen or aIkyI group containing 1 to 9 carbon atons.3{agseo3 ypes
.of aryl oxy cBaApdéRes nay i ncl ude: phenol, diphenyl carbonate, 5
p-tert-butyl phenol p-tert-butyl phenyl phenyl carbonate, p-tert-butyl phenyl
car bonat e, p-cunylphenol, p- cunyl phenyl phenyl carbonate;
2,2,4-trimethyl-4-(4 hydroxyphenyl) chronman,

2,2, 4, 6-t et ranet Hylhdvin¢Q aSalibragdrheurvelis ipyeiiuoed/folregpryts) the cifatonsiip between

2,2,3-trinet - 4- hydr o rongn, 2, 2,6 3,6:tetrane (3, 5-
G it L it NP Bibieehote] M TR caBbnb o SR SRR
chroman, 10 a@rt@tezuﬁeréha@gé QIaEt&diﬂtH&MimoZm( &, variell e tbypouddy@ceyiphenss! )
chroman, other chronan npounds, as well as one or a conbinatjon of the

above types @byt aud %#ﬁ@eﬁa%esterﬁé%réhwy Feglor opreUheamery of spdiempr esent
in amouant  ofyQrdkiad ot ik @sﬂﬂ&hﬁ ‘pet %%f(ﬁf#gw Bisp?'&:n(g iORrh He (]:éal%é Emo@rﬁd ore
preferably at 0.02 to O. he aromati c di hydr oxy
conpound. 15A [pure haphfmIOBMy a(b@pb@mhthat @mmwﬂmm:s napwdistor dgsia chai n
term nator, .then.th e naso e carh t is

bt a ned_ i 1ToRaaE e Haeee o R HEThlRE Fe ol S R USRI TR BabliEh | 5 e
formula |V iasti m@mﬂbfmlig&mis @hdmls%% unrigdcted bl@hénml o Cartmiingrip defter abl e
and 20 to 95% bei ng}rg}een better.. ol ycar bgna e Iflﬁ,gfﬁgh term nal groups

represent ed P FEACHOR fch % HERASUIR V’é B LD in the
above- f@nt | Q@ﬁ&t&ﬂ&hpﬁlgh%ﬁo%@é lighl chedad@ainsb e fher A0 ahdlygsldi tion,
even if of |ow nolecul ar wei ght, dempnstrates excel | ent mechani cal
properties $ap#als hi gh i npact resistance. 12 8CJ- 12606 3 May 2003 In
ad}il tion to the above-nentioned aryl oxy conpounds, one or nore aI i phati C-

nonocar boxy conp%éqg
hydr ocarbon unit g%ﬁg’g@%gd&% P%}s'ié??xﬂ&cﬂ?;;@?%]ce neag%{/ﬁhggiﬁpa SO be
i ntroduced aenehwigarn dkali matabragposnd and/dreanf aicatint a3rttRnetebrosgennd aud the

h h b hed a 30 b
St ons b o SathoRls sAOBERT it Rl e Sioi G @1afl el ipfhclifin g0 27PN

al i phati ¢ meecan bodky tmmwnﬁkanmanm&mﬁe a0 PreSdure) as ﬁDﬂhibleﬂaxtl on of:
undecanoi ¢ acid, lauric acid, tri d C aCQ:thBe nt adecanoi ¢ aci d,

pal mitic acu‘%Ferch%‘}ﬁeéa"é&‘%(iﬂd“ﬁ‘éfiH‘ Pt oy A DFRLAR SATH: e 5 d.

henei cosanoideteafing. ﬁolaotﬁerab@&bslae.m&le@emmmqku%l thS&hSun®d Whieh theatnbigr  al ky!
nonocar boxylic acids; and neth Y
metal compound and/or alkaline carth 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.

W

Raw materials for which the effective catalytic amount has thus been
controlled can be obfained 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 orgémic 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



stearate, ethyl stearate, and phenyl stearate and ot her nethyl esters,
‘ethyl esters, and phenyl esters of the above al kyl nonocar boxgll\j}é:ymds as -
wel | as ot h&JdRP&BAd nonocarboxylic acid esters. . These types of aliphatic
nonocar boxy conpounds should be present in 15 anmounts of 0.01 to 0.20 nole,
preferably at 0.02 to 0.15 nole, and nore preferably at 0.02 to 0.10 nol e,
per nmole of the aromatic di hydroxy conpound. Use of the above types of

t erm nat i onhpdrepireaibondtqtpatasdnm bpt®ggioatioaite tknmhydrogehasbdpate, ol e of the
aromati ¢ di hydr oxy.conpound .may reduce_the rate of polynerization.

POL YCONDENSA &Ry carpepat ’WQfaﬁ?l'é‘géPﬁ‘EbOP%éH]PlPE*rFaf ﬁF«Fngﬂﬂﬁe@éﬁ’ iPR{gssium

pol ycondens atdia8 H@wmmRb@iel @ldfim $BarcRNhBinRsiéfe, AMAMG-PBRIL apgdnef f ective
catal ytic amount of an alkali netal conpound or an al kaline earth netal
conpound t obpohydrsiedkihun b@ﬁhi’dmdwﬁ@dpmgggﬁnl@md@f sodiugvbepzoricarvsassivon

catal yst. T - Al S Qi | n al kal i
net al Y gh osp Eﬁ%&g@%@%%%&g;g@ gtr%gpsr(%rg géi{(;\réFéﬁt(l)thg‘?ﬁnl%ﬁlzt é g) at a

t enper at ur e bsphchBDAT DsRDOLCsan goiassian s41t or Hihuah salihaftagihedd, $1dGther2666 3 May
2003 phosphor ous- cont ai ni i nor.gani c sal. nd/ o n .al kaline earth netal
phos pE\o r ogs ?{kéfg H’tegﬂ? ﬁ?fﬂa@i“ﬁg@aﬁ ﬁ?‘lgmg'aﬁ’id%‘?’gé% S@‘Hm%\&y fﬁﬁ’é‘g‘éé’ﬂ%ﬁnﬁlt‘mf or

pol ycondens afdibside, Bient@lnk Y drokiat, Al BRIt9E SOk bRiRg | nor gani ¢ sal t

and/ or alkaline earth netal phosphorus-containing inorganic salt is a salt
of a phosphBYdieesHbanats. MpeBesiHD hydremcadbptysiorRmbwdpgensabanatand/ or an

al kal ipe ea fELA tléxt?agﬂﬂ I [ i | i, Lhi sodi um
pot assiiI@um g%@iuum zgrrl% Tu |hlletisjd'rrn&;na i#‘gédgﬁlgﬁﬁagés&gﬂfe%égpggﬁér%%a%ggﬁ h nmetal s
i ncl ude nagedshmmceatecharigm aoethts hragnesiwmmcdibte ppbmainDicetate, calcium ,
phosphor us- ¢ont ai.ni ng i.norgani c aci ds include phosphorous acid, phosphoric:
heidr - hypol RERGHEF S e MageT LT a0 Sl R osphor | ¢ aci o, and
pol yphosphori-c 10 acid A phosphite of an al kali netal conpound is
particul arly favBurdizimomstht pokrcdrbynatainial be matuddcnpbbmphdsdtd sgaahnai ni ng
inorganic salt and/or an kaline earth netal -phosphorus-containing

i nor gani c sgk‘ r?‘"s‘ﬁ%@?ﬂ”f%“&éﬁﬁ?‘éé“%“%’i‘?éw PﬁEﬂ"ﬁGé‘“ Q‘Lﬁrﬁpﬂ?ﬁat“dif‘i’ﬂldr ogen
phospiist e (juihidRlling Gegblt bl ROGRAYQBRCLE. (HaIBAGRRg of 5 pot assi um
di hydrogen phosphite gK 2PC3), rubi di um di hydrogen phosphite RbH2P(3) ,
cesi um di hyPRIBFERPISHS 81 Hiis /Pe of clpsadazyteman helpiteitimipaie SEMEIROS phi t e

(Li 2HP®X3) , gﬁﬁmgy_m hydr ogen phosphite (Na2HPO3), di potassi um hydrogen

During theé 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 compourid capable of

N

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



. phosphite (

phosphite (K2HPO3), dirubidi um hydrogen phosphite (Rb2HPGB), dicesium
hydr ogen %@%§ (Cs2HPCB), trilithium phosphite (Li2P®3), jmg@g@bsum

20 tripotassi um phosphite (K3P03), trirubidium
phosphite (Rb3PO3), and tricesium -phosphite (C53P03) One or a conbi nation
of 2 or nore of these conpounds may be used. O these conmpounds, which may
be used singly or in conbination of two or nore, |ithiumdihydrogen
phosphi te (GiPeatrdayith 3 Bydraearbrthaiemsyarheisno siont ans/or dNEFEPERMS ragyfopBt assi um:
di hydr ogen Selnly K g;] T al i
nmetal phos p%??es \E/\}E1 fei(:sh k%g%&%r%% %ﬁ{nﬁ%ﬁ{?ﬁ@ a%f% ?t\f/‘tﬁe)f With q{alq@(ﬁ%
present in ampimt o cdntainihg'l to Oeador atbis. m)l e, and preferabl y at 5 x 10-7
to 1.5 x 106 nole, per nole of the dihydroxy corrpound The (c) alkali
nmet al phosphor us tal N rg ani c aIt .a d/ or all nmet al
phosphor us- cont alT?lllg%g%ér%&?gﬁh&g Satt ey Be f V%%LPchéeﬂo nﬁ’g %"Hﬁt an al kal i
14 8CJ-512606-t8rtMayy1a3l, m&mbu@nﬂkmﬂpmhyladarmmms-tdm myl@he@@aa:im&,, such as -
sodi um hydr oxi de ot assi u hydr oxi de, |tt§h%um hydr oxi de, sodi um

r

hydr ogencar B GB?I pstay WPWHF‘&%‘PE itafimethyld-(4-

phosphor us- %9&%%51@91) bﬁ%ﬁﬁﬁm E4%Ctbﬂarﬁétﬂﬂhﬁ@pﬁﬂﬁ‘ﬁ&hﬁﬂllﬁﬁimﬁyﬁhéxy[)aw nateri al
agitation vessel nelt pol condensatl onh veéssel, and | om ng'the 5 al kali

metal and/ orChfé’Fﬂé‘w 3 ﬁé“témwlﬁdﬁéwd@émgw& chrgmaazb2, 3xﬁrtleﬁaftlﬁbylp3nb°s§7hor us-
cont ai ni ng 4 Ni_ tat se I ensation
vessel . Thi Sﬂ?ét?ﬁ’% Ey(?gk)%é&@iﬁaﬁmﬁgjic%%u%%% Sf# %F %%JP c%g%q and/ or
al kaliHe eand h,4meﬁ-wtrapietisrphai3 ﬁs:hmeuhylal hyahgxypimngawhromm,ldtherwmioﬁhnhas

excel | ent” cat al t| C r%e}lfea\é Y, efera >Eﬁ/ ai} anmount ofd 1 x 10-7
to; 2 x 10-6°“HBYS ““élﬁ’&'s B'f B‘I‘tﬁ?né’ h O’fe {ygcsg hgsg cgmpaynds.y o - o) e
of " di hydr oxy corrpound When raw nmaterials are used such that the effective
catal ytic amount Thesetahfloxy eompomhéy dhalifd besareseﬁﬂinramuﬁpg@m‘uw orangle, and a

BIGE = W T T

- pol ycondens ald Hnsiad @hydtbxy onfuygar bonate with good coloring and little 15

branchi ng can be manufactured while maintaining a satisfactory |evel of
activity for practl cal purposes, Also, a (b) conmpound that deconposes or

vol ati¥di zes at alhiBapréeiserwonnd lf@eeqlethlge@eum@sgchma teyadnatorebenBisnd, nmay
be used as gofRbAt ¥hilUIfhOFolaARG i lgchﬁam@é)@ﬁﬁbé@mlh&e@dmﬁC) al kal i

met al phosphorus-contai ning inorganic salt and/or alkaline 20 earth netal
phosphor us- EspaEFAreged piothgahee-wentionedfanmuladdcinfa prepdryon eft1 tod8%: one

conpound: selgti§d, b7 BetiirdkRBR £8%015b 5%l SETBAIPM compounds and

A polycarbonate, to which terminal groups represented by the formula [1V]

20 - above have been introduced in the above-mentioned ratios, has excellent heat

R

resistance, and in addition, even if of low molecular Wéight, demonstrates excellent

mechanical properties such as high impact rgsisténce.
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- bi sphenol conmpounds™with a ca

phosphoni um conpounds is favorable, wth at | east one conpound sel ected
fromthe . ,gré&plz%gasi sting of quaternary ammoni um conpounds argcmm(gr nary
phosphoni um~€orpotnds particularly favorable. Exanples of quaternary
amoni um conpounds 25 include: one or nore conpounds sel ected fromthe
group consi sting of tetranethyl ammoni um hydroxi de (Me4NOH),

“tetraet hyl anmoni wﬁ%&droxi de (Et4NCH), tetrabutyl anmoni um hydroxi de
1

(Bu4NOH); ~and 't Hot 19t Shoxmmpmtiansdardiosx Ferepcands, otherma atiphatiar v

anmoni um COIFRsHER - osphani um ¢ ounds i ncl ude:

t et r amet hyl phpsp%g(rjl}i%m g‘o h%ﬁagé?lgg%@%&%&t%ﬁﬁ% lW;k/lfitﬁfh A dm

hydr oxi de ( EBngPEHyeseripdiby Gregormul2PlidheBvivieyn 280 8Be inebdaded by tHaliosphoni um

hydr oxi de (B HOn and ot her such quaternary phosphoni um conpounds. These
conpounds can bée used singly or in conbination of two or nore ,types. This
(b) conpound that deconposes or volatilizes at a tenperature of 100 to 5

300C shoul d be udetheifornaria, Rmprescrnd a btraighkQhdintod blankhed Q1)1 gRLp and
preferably I x 10-5 to | x 10.2 nol, per nole of dihydroxy conpound. The

use of a (b) conpound that deco 85 or volatilizes at a tenperature of
100 to 300C and a phosphite of an | kali metal conpound as catal ysts

results in -t erdm nal oups..and in a, suppregsion of col or
deteriorati fgn g?}} |gnlg(mrorr§?5flrng§ng% Sof @h’@a}égﬁﬁ‘fbﬁﬁug’ﬁ“ﬁ HhglogeRet rost ati ¢
charges. PROCESS OF PCOLYCONDENSATI ON Pol ycondensation may be acconplished
in a one or two Spenfcallythemslipidtie nommcarbbagniioat®SHaciatiad seSor a

manuf act uri ng pol ycarbonat es .by .nel t . pol.ycondensation of the previously

nent i oned dIC(I'g][vgllng V‘%‘gr%‘ fﬁ?ﬁﬁ%‘céﬂgﬁé’éﬁ‘%ﬁhiyﬂ%‘h‘ﬁ%‘f #ié pepfadasancipeddence of

the above (p3lmAfikadid, Heptaddcapdlo s si@Sic a&ih,en&mec@%rpga&%m%g?&éf gconposes )
c) a

or volatilizes at_a tenperature of 100 to 300C, and/or the ali metal”
phosphor ousregfRRicAcHl anhmelsin acidandiothes alleyt manecattonplicanidshambmethyl

Phosphor 0ussic#R! ahyiléiedi ahd PRty Selrhes 10 61RPYAINAERS Bl AR Feag] | on for

i ester can carrie nder
sim | ar conplisnybesieraef thagbevefalicylippmcatosylic doiswn wel Qs pthkyalyldensat i on

reactions. SREGIf |y e bi sphenol conpound and the carbonate diester
shoul d.be rea%dtaiéﬂ(f&g{lég?%%és}%ﬁ‘eri Cc pressure during the first stage reaction

at a tenperature of 80 to 250C, preferably at 100 to 230C, and nore
preferably at .12Dheso ty189Q) aliphatid 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 rriay reduce the rate of polymerization.
POLYCONDENSATION STEP )

The present invention involves subjecting polycondensation raw materials
20 containing the above-mentioned effective catalyﬁc 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

I3



general for O to 5 hours preferably for O to 4 hours, and even nore
preferably for 0 to 25 3 hours. The reaction tenperature is tRhyRigsed

‘while the reHer!286systemis 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 2003 pol ycondensation reaction at 240 to 320C under reduced pressure
of 5 nmm Hg arickgesousBeokuses inheganienalt aclarranntkaiiet bath métalptloytardwenat es uses
a phosphite of an alkali or _an kal ine earth metal as the

catal yst for”BEs %H‘ﬁ%’gﬁt n@ﬁus’g‘? (hgc?tglﬁit PR SORAESEEur when
conventional alkali netal conpounds are utilized are reduced., A

pol ycar bonat e wi tTheialiplionasl Imekmbnsaiﬁnthﬁur@mbhfga&t:uﬁltEﬁhcﬂ‘drfadlléahﬁélédrbh, whi | e
m ni m zi ng the prodyction of branched structures such as those represented
by the for rFB?‘a'sP‘PWLHO%*@ﬂ AR oFesls spléIsvialt AF ¢ eboiphpwercgmiaining

pol ycar ponatigoraib haia tari b ki R ed ak st £%uénhe,ﬂ@arﬁ1t AE81. [e%?éljg%?s will

now be described through reference to Figure 1. FIRST STA
POL YCONDENSATe e isfude Ithipey sodivmy peigseininatesiunp ehd mbn@umhwhléeb@wmpm wifi oned

di hydr oxy CO‘ﬁP’ ]ﬂm | gitation
tank or. the (ﬁtlgga etag%@@%rﬁ?@%hareaﬁﬁmgr?gﬁétrr?ne ‘gE’%anEgeis ﬁeri,zation
talnk angI sub:{hesnlmdf[st@npmhygzmnc?mazmd?mclddﬂ fphds@hﬁnousgmdapg@@heﬁc hdiig, f

pol ycondensat i e east, ong type of .conpoun S rom
anong ammn?ﬁﬁ? ﬁﬂ&ﬁ?fﬁ‘ cﬁinﬂyrﬁﬁ%?Bﬁ%aE HS a%lﬁs‘m &Og@ﬁ%%’ #i%bove) is
used aspa cakml yst. 17 8CJ-12606 3 May 2003 The m xi ng of the

pol ycondensation raw materials and the catalyst usually should be
conducted in a nitrogen atnosphere at atnospheric pressure. . The first

stage of the pol ytBifsBRERLsg kel apetsl soppeyndris paricularly frvpmbleas this (c) -
t enper at ur e afdali2d Q4 ﬁbsﬂlﬁ%foonwhﬁﬁg ﬁgrgtaﬁ’ic %g’lgglc%reafnea'ilﬁalgh@ear&lqgetﬁp 230C nore

5 preferred, and 120 to_190C especial I'y preferred react1 on duration
here shoul d? ﬁwhenxs@ostam@orgmpﬁale spesific ¢xomples pff shinhrindudelithiont o 3 hours

copect L Y BAgHRLER oSS DL SH B A i o1 2 osbher
OF THELPOL Y porBENS Alitydkod 281 ﬁﬁbsphlte (KH2PO5), rubidium dihydrogen phosphite
(RbH,PO3), cesium dihydrogen phosphite (Cs H,POs), dilithium hydrogen phosphite
(Li;HPO3), disodium hydrogen phosphite (Na;HPO3), dipotassium hydrogen
phosphjfe (K2HPO,), dirubidium hydrogen phosphite (Rb,HPO3), dicesium hydrogen
phosphite (Cs;HPO3), trilithium phosphite (Li;PO3), trisodium phosphite (Na;POs),
20 tripotassium phosphite (K;PO3), trirubidium phosphite (Rb3;PO;), and tricesium

phosphite (Cs;PO;). 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,PQ;), sodium dihydrogen phosphite
{(NaH,POs3), and potassium dihydrogen phosp‘hite (KH;PO3) are preferable.

25 These types of alkali metal phosphites, which have excellent catalﬁic activity,
should be present in amounts of 1 x 107 to 2 x 10" mole, and prefefably at5x 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
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Next, an al kali netal phosphorus-containing inorganic salt and/or an

al kaline 10 earth netal phosphorus-containing inorganic salt zips, d as a-

cat al yst tosChe2¢m ycondensati on 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 alkaline earth netal
phosphorus-contai ning inorganic salt nmay be added in its.entire anmount in

the 15 secopgt$hader aleillnbtemwmeﬁﬁc@mm isfcib@tsoliagm hydrdid, faaentin and
subsequent stages so that the total anmount is within the range given

above. It |bY¢m7erﬂe.rléblluel Ivifraxide, sediwn Bydipgensalerait on PolatsEies of t he ,
pol VCO”de”.Sgi«!le@ enccsutb% %g;daﬁﬁo%ﬁ&% 1eQfaih &&gﬁﬂ{ Soid ﬁo&ese ﬁrht%%gth‘éh' l'e the

reaction sy 'S reduc ressure co o the f| st stage, thus
bri ngi ng abeu4 rasy meteahl agitatiet wesshort thelt pnﬂ@cdmﬂsrphwesmhdmti nbowiagltloni ¢ aci d

di est d for t b Iy to b
b ectteat S sty SofRRRAER A Dot FufRID SR b Rl Dty

pressure of c&ltﬁiﬁﬁlg"‘iﬂorgﬁmb 848 in B dgikiiioh &6l of ndeltpylldgndebsdt®asessEhe conpound
sel ected fronlannng ammoni um conpounds and phosphonlun1conpounds that is

used as a catalyst n the first stage of the 25 polyco nsati.on step wll
vol atilize under PﬁéﬁkéﬁﬁﬂéﬁﬂﬁW@gyﬁ ORGP lcﬁﬂF?E@ﬁ gﬁ@ﬁ?lon

condi tions g llg,@ta;s@ggpgoraglgo DAL tHoesHni SR OWBich ARt dienttatalytidie

pol ymeri zation can sustained | onger if the alkali netal
phosphor us- ediHifi mmgfemalyaegd mla@eaeust Nyx JH0oR %8} gtaﬁl énd&®Epre and/ or

| kal t t d
pol yeolens Rigrbeara R s R4 Rask Bkl R RR BT, (Ss or the

pol ycondensati on step. Wen the conpound selected fronlannng anmoni um

Iy

conpounds and 5 pWesphemiateriaompused duch baidhesiiestivacaitlyde amonnt Hethei r st st age”

phosphor us. CORTRIARRG. PibPgsheate Bpe nl ) B8, A baiBh S conining

phosphor us- Giag=alidalGnid/e blkakheeasa nfet) phokphsrus-combiaingshorgai¢ budt is segbnd
stage of the polycondensation ste&y tqgitmo %g reaﬁ and P&%duce a

hydroxi de &% 2 pAlcedentationgatalystahpglgrarbangis Wil g eng I if the
conpoupd sebggtrids fcalpea HOnARRRGd MED HaiRiSRERNER 16 deveherietioiny fun
conpounds and the al kali metal phosphorus-containing inorganic salt and/or
al kal i ne eaptdstipadpatpoptsosphor us- containing inorganic salt are used in

di fferent polycondensation stages, no hydroxide of the alkali netal and/or
al kaline earth magal , \cﬁ)léong;%mﬂf AHULEEpdRdE bNRIAMEEs at%'t&ﬁ%erﬂtﬁﬁfdﬂ @030 Such as

es ‘

t hose 'gi ven belom1that | t fron1the presence of this hydroxide
300°C, e.g., a basic compound, may be used as a catalyst alone or along with the

above-mentioned (c) alkali metal phosphorus—contammg 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
 (Bt;NOH), tetrabutylammonium hydroxide (BusNOH), and
trimethylbenzylammonium hydroxide and other quaternary ammonium compounds.
‘Examples of quaternary phosphoninrh compounds include: tetramethylphosphonium |

30 E hydroxide (MesPOH), tetraethylphosphonium hydroxide (Et4POH), and

15



15 wi Il therefore be suppressed even better, there will be |ess production
of the branq&ggzﬁﬁgructures expressed by formulas [VI] and [ VI3 {1ay stoawn
.above, and a po&ycarbohate wi th inmproved col oring can be manufactured
efficiently. Enploying either of the above manufacturing nmethods nakes it
possible to obtain a polycarbonate with excellent coloring (hereinafter
- referred to as.a pol ycar bopat. at a, high polynerization activity.
~ The manuf acttquyﬁg%ﬁpfﬁg%‘“ﬁ%BY%PHﬁ?}Qﬂ%QHP@Mb?%%éHFh AHAEREDY PROTPEONSE | i i t ed
to what is ®dapoti@d Thesetofipbends cafBeudBB¥%inRS &iih BEhbREQIHRYQPToR! bat ch
process. The reaction apparatus used in conducting this reaction may be a
hori zont al. ty®R8; tube type, or columm type. Furthernore, there are
preferably at |east two polynerization 25 stages, although there are no
particul ar restrigfd (;M'éo vl a0 HIRGIpo s of VEEERzcs 1t gfaltlﬂ'gl g@ﬁ cosity of
t he pol ycarbonate obtained 1n this nner,, as neasur n- 2 net hyl ene
chloride, i 30030 shdwd Be used imarianfowit 65| x W)Y to Dx 30" trwl,Gin6 refetably 1heloty
preferable. (1 =2 12606 3 May . .2003 Wth th ol ycarbonat e manuf act ured by
t he met hod 63?txgﬁnirﬁé’ ) I’?%%O%qlégcgﬂ’fy %W&H‘?-i@ ‘?‘stit"ff‘z&p‘ﬁog’fpé’?'écgﬁhét for the
branch_ st r ualetdrBp@spsiessailiziyat b eempiraule\if 1 00 & J09°CRLE & PRésphite 8faranOuNnt  of
1500 ppmor |ess, nore preferably 1000 ppmor |ess, and nost preferably
800 ppm or @?@_ mefpl FomppPundRs BrakistsHets prlewretcarisrkQE gmows apditnil a [ VI 1]
to be presenpibssith FEBMPHetBiora@th &RHF%oléliﬁéﬁmd SRLE s Bftohdp! Y 100 ppm or
| ess, and nost preferably 50 ppmor [ess. For quangltatlve determ nation
of theb@ br &lrchedaticothgeaghds, an al kali such as  sodi um hydroxi de can be
added to the manufactured pol ycarbonates in order to hydrolyze and
generate t heppEedef P ROURBENSAR nted by the fornmulas [VI'] 10 and-
[VIP] shown bel ow. Tﬁe quantities ogéﬁﬁese conmpounds can then be assayed by
hi gh performance |iquid chromatography (HPLC). -o (X represents a linear or
branched chai n hyahserdensation maybe pecomplishadin g anpoetvd sage nrbeess. Ahe one
pol ycar bona i . i (] ove_does t have
to be coo|e§§@%ﬁgﬁéﬁg?m¥§%§§§%W§?§%§??gvaﬁﬁgg%%ﬁvgﬁﬂh%ﬁ %F@%ﬁ%%ygggtion, a
derivative dshmpredsudlBinchedmed/difydraxgdompamda asditdrbsnacodieaémimieaci di c

d with K | d/ derivatj ve. d f th
oo corpen bt (uptkal bstal Bfesp iy oo TaTSimeSeyRish i ¢ cormound)
may belsddedecotfhdsadFiosiliods dt B enhfdkat@eiot il 60 ©OIVDAUNGII? Shel@PalkAtHnbadl OUS

acid, sulfurjc acid, L. ) i
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



sul fonic acid, a sulfone-based conpound, a sul fone-based conpound, or any °
related derivative. Specific exanples include: ethyl benzenegﬂﬁépﬂﬁkf,
butyl 20 3 d¢wy122083 benzenesul fonate, nethyl p-tol uenesul fonate, ‘ethy
p-tol uenesul fonate and butyl p- tuluenesul fonate. This [B] acidic conpound
shoul d be contained in an amount of 0.1 to 50 tines (nolar), and '
preferably 0.1 to 15 tinmes (nolar), and nore preferably 0.1 to 7 tinmes 5
(molar), with 165085 on Radiidf 2 SAMLNE G RRUPEedOEedi i selons immBHgarkal i ne -
earth netal conpouné)contalned in the dihydroxy conpound and the carbonic
acid diestekss.and the alkali netal phosphorus-containing inorganic salt
used in the reaction of the above-nentioned [A polycarbonate. Wen the _
aci di ¢ conmpound i ..t hi LR ct

( pol ycar bonat e) ]%%}’?gets[ ﬁ%%gﬁggg%l%%gétg?@a a ﬁa}%%tgfgie%‘bﬁg%g}tﬁf)ﬁﬂﬁl n the
pol ycar bonajikalirnkdal fiel/oreuttatialihe emtthonetulea iderathlyst for pokabidensajipn, Sédgd owi ng a

pol ycarbonate ul ti nmat el 0 be obt ai w th even better.. resi stance
and resi denfeaetions faf P‘ECQ;‘}IWFEEH ?%FW&&S?%] metah o pﬁﬁrﬁ&aalrggn%%ag{(fded with the
above [B] aghglied, A Witkste WiREindiowatcowf cdriflc matufichadd efficiently,he

pol ycarbonate [A] should be 5 to, 15 1000 ppm preferably 10 to 500 ppm

and nore prwhids mbiigizine the pouigetpRT branshediae s Tugh asttﬁ%se["ﬁireﬁefcﬁi ¢ conpound
and [C] wat i f M e efficiency of neutralization of

t he poncon@%gﬁgtfgévg%?gﬂyg Q&ﬁﬁfﬁ%&?ﬁq pol ycarbonate and can result in

t he production of a polycarbonate with good stability during nelting and
superior color, transparency, noisture resistance, and weat her resistance.
20 The mol ding of the [A] pol ycarbonate is pelformed with an ordinary _
kneader, such as a uni axi al extruder, biaxial extrﬁgfr,.or static mxer, { }
and these kneaders can be used effectively wieter not they are_yented.’
Furthernore, the [B] acidic conpound=and [ &=water nay be added whiVd t he

[ A] pol ycarbonat e obtai ned by—tte @‘o‘i atdQn reactiON\is in a nolten
state 25 within the reactor or extruder, ard the g']‘écidigﬂ%onpound and

[C] water may be added separatel%a;;,einultaneou y with no restrictions

on the order of addition. _Sinultanedgus addition iS preferred. Additives
[D] may al so bethogl ycaf bonate [A] product as long as they do
not adversely eff@&ct/the Ragfc j-ectives off this invention. These
additives 21 8CJ-12606 3 May 20 \ o C> | |
(
—o{ o i o
A

Alternatively, the polycarbonate manufacturing method can be a two stage

VID)

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 diydroxy 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
i5 selected from among ammonium compounds and phosphonium compounds (as

discussed above) is used as a catalyst.

17



[DO] include a wide range of substances that are conventionally added to

pol ycarbonates_for a variety of purposes. Specific exanples iggh

cthermal. st¥bhi3606rs; epoxy conpounds, ultraviolet absorbers, nold rel ease
agents, colorants, anti static agents, slipping agents, anti-bl ocking
agents, lubricants, anti-fogging agents, natural oils, synthetic oils,
waxes, organic flllers and i norganic flllers This invention provides a
met hod. of effi ci eTfEIIylxm&fffm:mhqoﬁgerp@tﬁwawmmmand\met tatatpgyusuadigl col or,

yet at the s ti Jeactio m.ni m zes branchi ng. The °
pol ycar bonat%gﬁgrbg ucel%péggiﬁta%ﬁo %ﬁfa ?SEléee&ﬁfaosé’Pﬁn‘?%rgifPefor a number of
applications, including use as general nolding materials, as sheets and

ot her 10 const.rudfﬁed‘nstrmatgeroif&ieqml)a;sndmaaﬂiohgi&p id patedhf @ndacttdanbi | es, as

eyegl asses, ,0ptical SES, ecar di mat er.i al s, ~and ot her optlcaI'
material s, tgg‘ﬁgﬁﬁa“ma%tl%@ @Pr lo I‘?’@h@é r?gogérﬂrggféabd%ﬂ%&’r %’@ngt%%rear e
especi-afly iieRtred, akd USGtABIAD eSitcialidprdl@tdl Me rdRESH Mdhtion e fiRL]dOWM Ng
exanpl es provi de nore detail ed expl anati ons about this 15 invention.

However, t hi% 4 Rwdiptrsiithd tﬁdthoﬂlrsrﬂfﬁféﬂe(i #nd hleskchansy deperialbrunfoired.  EXAVPLES
P t t d
roperties demgs iy r@gu@hewh%hﬂ%ew fic %E@F&ﬁ: E)aﬁia tk/@{kg § nmeasure

in the follow ng manner. [Quantitat SIS s and
Al kal i ne Eartifogvptatthesphere Resferrédat er i al s 20 Sanpl es of the raw materials
were placed in a clean bottle and anal yzed by conventional atomc

Toart s por BT eR e BRI OBERBATION S nei o i scosi ty(1%)]

Intrinsic vi SCOSI ty was neasured with a Ubbel | ohde vi sconeter at 20Cin 25
fret hyl ene chlori d@X( @nﬁil@lldﬂ@tai phesphpoachonming ikorgaliyedlt md/drmdeﬂkahf{d )] 22

06 f rb
preparg(g (c%ﬁ%ée%?ggosp‘h%ru%'tc o n eCté%gm}qgfagtc’f ia(g tﬁ‘géggﬁﬂf %%?)0023} gmwals

cycle, 45 segolycomletsation ppeivat wtﬁnecnm@ firsfstl ATMhedaktion) Al faithdrer ence neter
(ND- 1001 DP, {\IIE[&% Kenshok (?yo) was used to measure X, Y and Z val ues
by a transmPPSAREFAYCASHCONIACEY - der to deternine the yel low index (YI). VYI
= 100 (1.277 X - 1.0602)/Y

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

N

20 bisphenol and the carbonic acid diester, and for the bisphenol and the carbonic acid
diester finaily 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
polycoﬁdensation conditions in the second and subsequent stages. Accordingly, the

polymerization can be sustained longer if the alkali metal phosphorus-containing

18



[ Concentration of Polycarbonate Termnal OR Goups] A 0.4 g sanple of the ’

product -was dissolved in 3 m of chloroform The ratio (9% -of3nNigrzogzal OH

groups to t R&It13686 concentration of terninal groups was then 10 cal cul at ed
by carbon- 13 nucl ear nagnetic resonance (NVR). [Deternination of

Pol ycar bonat e Branchi ng] The anmpunt of branching was determ ned by
quantitative analysis for the two types of conpounds represented by .-~ -
formul as (1)inapahi¢ 2t dnelopaikaliin @rthasctal phosphpius-stiedinig indrigadic sditid mﬁdym s of

th | b d b | 15 with h- per f '
oobs Y e anasbBr iy hbetshbon B ekordns et btidnal anmt eo 1 0. 33

3 May 2003 GoliycdidehbioaRfpr at us used for pol ycarbonate pol ynmerization
included on agitator 5 vessel to mix the raw materials, two - '
prepol ynerization vessels, and two horizontal' polynerization vessels. The

apparatus is shoWihgifh Fpehponnd sefected o @MORE 2MBloNWELSPMRMAES #Wn are shown
in table | babQWoniudAlnfohndd RS MY Lok I he PRELE é‘éﬁhé Ealyeéﬁelﬁaﬁbrgence

Time (hr) Agitator vessel Atnospheric Pressure 1602 (nitrogen atnosphere)
Prepol yner i z&piiomixedy6d the 1ol 8Gtal Phasphirysrernitaiaing orvrgasissit a202700. 5

Hori zont al I d on vessel
70 59050, 5 RgHEL qf‘%tgng%’g@%ﬁls‘“’ﬁé%E‘% ‘8%?%%"3%& i!‘ééﬁlﬁnect ed to
t he bi sphenatcoAd stagaaf mepurybmgieﬂqapmi a’ep;sh(mrxphwreaataed pﬁﬁuﬂe aklyychrm)lde t he .
nol t en di phenyl carbonate from.the ire after stiLlation
(supply rgt é’?}%&ﬁ‘ﬂﬁlkﬁ?tﬁr‘ﬁ“‘ﬂoéﬁﬁ‘ni‘??eeaﬁg§%§3Ag{“ébf% "eCL% Msol ution of
a catajgst \éﬁ{oﬁﬁﬁﬂﬂidnﬁﬂﬁ)b!&hﬁouﬁﬁpﬂﬂ;ﬂﬂsﬁ!ﬁnﬁlhﬁccﬁ@ohﬁ&ﬁnd\tﬁ‘éﬂﬁih m¥fdl ch was

mai nt ai ned at the tenperature shown above. This m xture was

sequenti al | %ﬁwbwéan@mn@n@mﬁpyaw adlor afkgligasasthimetyl Pbesuiwmjf hr of :
bi sphenol Al:oxfltgmﬂflg%ggljtg){ﬁE G2 Ak Lo Y AFREt boly PERRRIMIBLLZAL bRy dtsaae! 11

hori zont al
of the alkali metal and/or alkaline earth metal will be produced. Furthermore, side

~ reactions such as those gi=vén 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]) ata 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.

19
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vessel |, and horizontal polymerization vessel Il, and polymerized under
the reaction conditions shown above in order to nanufacture tﬁﬁbyzoos
apolycarbonag c8CJ- 12606 3 May 2003 The intrinsic viscosity,
concentratlon o term nal OH groups, polycarbonate color, and amount of
branchi ng of the manufactured pol ycarbonates were then deternined. The
results are shown in Table 2. The al kali nmetal conpounds and al kaline earth

nmetal conpounds | rhanaks e @S
starting materia éth\kg?%cﬁyea%%oa & ﬁ?ga%ldﬂ@ {Od r 1ﬁir?rl% l'e of the
di hydr oxy ceapedit 1§\&6&r@mtfhedﬁhﬂc§a stheammmébM@r@uladéﬂlmbGet ectabl e

limts. Wrking Exarrpl es 2to0 9, Co son car bonat es
were al so mRres¢nAdt Ut apeusy 0Bl H0RPEL rigsisrﬁnf”é?rpr Sra rIEJ Bpél%b?ags%gl e 1, but
with differ ?(Q)_tf. a;%)f!@(’agl amaggns&i 0F tedkakl stsiurd Bepressdiby Hrank
presented in 8CJ 12606 Table 2 3 May

Cat al yst Pol Yv:'H] mmqn@emananymommmim BPMPCHED EMIF a#%ﬂ%ié?%%ﬁ@ﬂ’é?sanc hed
Catal yst (x 10- / OHConpoundConpound nol BPA)Groups (% (1)
(ppnr)(z)(ppﬁil ?{g{fg{ﬁi@dﬁ’%@iko 95210<10 exanpl e |

Wor ki ngLi H2PQ31. 00. 51170. 93150<10 exanple 2 .

Wor ki ngLi H2PCB0. 56r m@@ug@@mngm }@segbranched compounds, an alkali such as

Vor ki ngNaH2P 0.,551 4 polvearbonates it order to
Wor ki ngNaH2 p%im d g %ig% exgﬂi}{uﬁc@m polycarbonates 1 :
Vor ki ngNaH2 BGBR128 a&ﬁé&ﬁra@@ﬂaﬂ:%ﬁﬂﬁh&d compounds represented by the formulas [VT']

10 . and [VII'] shown below. The quantities of these compounds can then be assayed by

/ high performance liquid chromatography (HPLC).

O
— OO~

COOH

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

‘s

15 | In this invention, the [A] polycarbonate reaction produci 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



exanpl e 6 Wor ki ngkH2PG31. 50. 57130. 98380<10 exanple 7
Wor ki ngkKH2PQ31. 00. 54140. 95250<10 exanple 8 VbrkingKHZPCBO.50.%ﬁ%§9§ﬂ%§0<10
exanpl e 9 C8fpdePeonNaH2PO43. 00. 3038Coul d<10<10 exanpl e | not

Conpar i sonNaH2PO42. 00. 2941Coul d<10<10 exanpl e 2-not nol d

Conpar i sonKH2PO43. 00. 3137Coul d<10<10 exanpl e 3not nol d

Conpar i sonKH2PO42. 00. 3039Coul d<10<10 exanpl e. 4not nol d

Conpar i sonLbektn&nlfbidd IndByllp3R82nexiomite eﬁlyl p-toluenesulfonate and butyl p-
Conparlsonkgﬁﬁ%lo 55151 242120120 exanple 6

Conpari son ¥71. 15121070 exanple 7

Conpari sonKCOHL. 00. 56131 282370140 exanple 8

Corpar i sonKOHO. Stih&q@?lcxaﬁus’z@z&mmlb% SRR i FXRRPER 1 kP56 findd and
Conpar ati ve Exarrpl e
nmanner as i A )kwﬁbﬂeﬁﬁﬁﬁbpétq1%%E@®ﬁﬂﬁﬁ@ﬁﬂﬂﬁﬁﬂﬁ9E@§ﬂdfOddpﬂﬁymﬁ ‘and the’

usage anoun r e given in
Tabre 356 CheliH! SRk B B LBolA itk TR ek e 91Tt A
conpoundCbnpmnnmuﬂhanwhﬁﬂpmﬁmaﬂﬁﬂﬁnanmh@dﬁuhndhhdcmbomcamddmmnnand

the alkali metal phosphorus-containing inorganic salt used in the reaction of the
above-mentioned [A] polycarbonate. When the acidic corﬁpound [B] is added in this
amount to the reaction product (polycarbonate) [A), the phosphites of alkali metals
10 remaining in the poiycarbonate will be neutralized or weakened [in alkalinity],
aIloWing a polycarbonate ultimately 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 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 1n the production of a polycarbonate with good stability during meltiﬁg 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

21
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deconposes or CH gr oupConpoundConpound vol atilizes at 100 toconcen-(1)(2)

300C(ration nmount of Type of Anbunt cat al yst cat al yst cat %'I\X o3
.cat al yst 8§%§§ﬂ%%BPA(deg)(@@(ppn)(ppn) Working Exa le 10 &
LiH2PCBl.5Nb4NCH5x104O 5280. 95220<10 Worki ng - Exanple 11

LFf 2P031. OMe4NOH5x1050. 4980. 93150<10 wor ki ng Exanple 12

Li H2PGB30. 5Me4NOH5%100. 4490- 93100<10 Wor ki ng Exanpl e 13 :
NaHaPCB1. 5NVEANerigde psideangs o golstraces thears srpventionplivadded to

S, RSSO BB 4 v

KH2POB1- 5%&@@@&@5&5@@@@@701@@10% a&aorlg:rsl,—__nmm:)dehzaéﬁagents colorants,
KH2PO31. OMe 60. 95260<10. Wor.ki n

KH2POB0- 5Me g?g ié% %ﬁﬁfﬁﬁﬁ& %‘ﬁlﬁ%‘i‘%% E@%a’ﬁgﬁ“‘e@‘ngﬁgaﬂ“‘f"ggmg agents,
NaHz PCS1. oamaaﬁwﬁy@hemwg S2ik8€) sign{coATRa, ahd meMahidifigrsExam [ e 10

NaH2PO43. 0Me4NOH5x10- 10. 2732i npossi bl e<10<10 Conpar ati veMl di ng Exanple 11 -

NaH2P0420Me4NOH5%.1L050. 2635i SSi bI <10<1Q ConparatjvelMl di ng Exanple 12
KH2P043. OMe4NOH5 X 10! ‘B’G“%’é’fﬁg 8‘i?6égﬁe%w'§ﬁtwm%wqqﬁﬂoeﬁéﬁp| e 13

KHZP042. OMVed byt oS3 9t apas %mhé b Gtk (MR bLhY f1d minimizes
branching. The polycarbonates produced can be pelletized, and are ideal for a number
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}

L

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)]
' 22
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Exanpl e 14 LI OHL. OMe4NOH5x1050. 5171. 24156090 Conpar ati ve Exanple 15

Naml.on/e4mg§>_<g%§g.5371. 242100130 Conparative Exanple 16 3 May 2003
NaOHO. 5Me4NCHBX 1050. 5061. 161- 24124080 Conparative Exanple 17

KOH1. OMe4NOH5x1050. 5361. 272380150 Conparati ve Exanple 18

KOHO. 5Me4NOH5x1050. 5161. 21147080 Conpar ati veMl di ng Exanpl e 19
NaH2P042. 0Bu4POH5x10- 10..27.34i n’q&sé;)l bl e<10<10 Conparative il i L r

1. 0BU4APOH5x 1050. 33718 18398 &qldsdplate s pebiearbanstewy ssprepassdicalindsr The

appar at us useslpdraturd, he0 P9 njemibh pRkLRE 10b0 KRRAPA KERT t s equi pped 5
w th one agi taIt)i on tank f’on)rf m x?nq? t he rav%t’er%ggkgﬁbﬁgﬁgpol yneri zation

tanks, and tieBPHaHez bPED- polarend ealpr dififeteandkmeteTAND A0 T BPs Nillmact | on

condi tions i lLow 27 5 126 Table 4 3 May 2003 Pressure
(torr) Te meﬁ%ﬁﬁi}%ﬁ%ﬁ@?%g@g Téstu ?e?rxe %ﬁ%‘g?sv fﬁlﬁgﬁ Qrﬁ%ﬁ{m#ﬁ‘?ﬂ?&ﬁ‘ heric
pr essurel60dn priet oopenmaieribs plilewanddr @Inl ymeri zati on tank 11002301

Prepol yneri zation tank 11202700.5 Hori zontal agitation and pol yneri zation

tank 123000.5 Hor‘){i};;olrbtoe&-za}gixtgi‘bg&)?@d pol yneri zation tank 110.53000.5

[Concentration of Polycarbonate 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-(l) 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 added anmount of phenol solution of 0.5% sodi um hydroxi de was adj usted
such t hat thﬁ%ﬁé&! |ted basicity would be equivalent to the a Fjown in-
.Table 4 5 as per nol e of bisphenol A manufactured in the bisphenol A
manuf acturi ng apparatus, and nolten bi sphenol A (feed rate: 36.0 kg/hr)
that had been punped directly froma pipe, nolten di phenyl carbonate (feed
rate: 35.5 kg/hr) that had been punped directly froma pipe after
distillation, and a phenol solution of a catalyst that deconposes at 100
to 300C were continuously supplied in the amounts shown in 10 Table 4 to an
agitation tank mai ntained at the tenperaturg,,gi ven above. Next, a phenol
solution of the specified amunt of al kal+ netal phosphite catal yst was

continuously supplied to p ri tank 1, ffh was maint ai ned at
the tenperature given abo\ Y| Wa pti€d to prepol ymerization tank 1,
prepol yneri zation tank I1, -=J120ntal -/§ner|zat|on tank 1, and horizontal

15 pol ynerization tank H |n that order at a feed rate of 36 0 kg/ hr,
~cal cul ated as bi sphewr : e ed. under the reaction

condi tions gi weno—al g0l yCy INE he totatzannunt of
al kali et al conpou\ % ¢ % 3 in the 3
mat eri al bi sphenol A and di pheny Tred to be the anount

give in Table 4 as NaOH 20 Worki ng Banpl es 21 to 32 and Conparative
Exanpl es 21 to 25 Pol ycarbonates were manufactured in the same manner as
Wrking Exanple 20 exvefingliampldse, 1o,p8s of catalyst and the usage anounts
were varied as shown in Table 5 These results are given in Table S. 28 3

May 2003 - ~cv E o000 Cd d g ) 000000 - G.--. VW, VWWWWV~' covco- E
CL) "C-ty NG e 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 [I 20 270 0.5
Horizontal polymerization vessel I 2 305 0.5
Horizontal polymerization vessel I 0.5 - 305 : -0.5
10 The molten bisphenol A from the pipe directly connected to the bisphenol A -
Y 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 qf 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
‘ brepolymerization vessel I, prepolymerization vessel 11, 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

- The intrinsic viscosity, concentration of terminal OH g groups, polycarbonate :
color, and amount of branching of the manufactured polycarbonates were then

determined. The results are shown in Table 2.

The atkali metal compounds and alkaline earth metal compounds in the
bisphenol A and dipheny! carbonate used as starting materials were less than 1 x 10”7
mole per 1 mole of the dihydroxy compound. More specifically, the amounts were

below detectable limits.
Working Examples 2 to 9, Comparison Examples 1 to 9

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

presented in Table 2.

25
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Table 2

Catalyst _ Polycarbonate
Catalyst Amount of v Concentration YI Branched Branched
Catalyst (x 10 | (d¥/g) | of Terminal OH Compound | Compound
mol/BPA) Groups {%) () (ppm) | (2)(ppm)
Working LiH,PO, 1.5 0.54 t5 0.95 210 <t0
example {
Working LiH,PO; 1.0 0.51 17 (.93 150 <l¢
example 2 )
Working LiH,PO, ' 0.5 0.45 19 0.93 90 <i0
example 3 :
Working NaH,PO; 1.5 0.55 13 0.90 260 <10
example 4
Working NaH,PO, 1.0 Q.52 15 0.94 - 180 <10
example 5
| Working NaH,PO; 0.5 046 17 0.93 116 <10
" example 6 '
Working KH,PO, L5 0.57 13 0.98 380 <1¢
example 7 . .
Working KILPO, 10 0354 4 095 750 <10
. example 8
) Working KH,PO, 0.5 048 13 - 0.94 180 <10
example 9
Comparison | NaH;PO, 30 0.30 38 Could <i0 T <l0
example 1 not moid ]
Comparison | NaH,PO, 2.0 0.29 41 Could <10 <1¢
example 2 ) - not mold
Comparison KH,PO, R 0.31 37 Could <10 <10
example 3 not mold '
Comparison | KH,PO, 2.0 0.30 39 Could <10 <1
cxample 4 not mold
Comparison LiOH 1.0 0.53 14 [.23 1530 80
example 5 )
~ Comparison NaOH 1.0 0.55 15 .24 2120 120
example 6
Comparison NaCH 05 0.52 17 L15 1210 70
example 7
Comparison KOH 1.0 0.56 13 1.28 2370 140
example 8
Comparison KOH 0.5 0.53 16 1.20 1450 70
example 9
Sy 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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Table 3
Catalyst Polycarbonate
Alkalimetalcorpound | Compound that v Terminal Yl Branched Branched
decomposes or OH group Compound "§ Compound
volatiizes at 100 o congen- {n 2}
330°C tration
Typeof | Amountof | Typeof Amount
catalyst catalyst catalyst | of catalyst
{x 10+
mol/BPA} (difg) (%) {ppm) " fppm}
Working )
Example 10 LiHPOs 1.5 MeNOH 5x10% .52 8 0.95 220 . g
Working .
Example 11 LiHPOs 1.0 MeNOH ox105 0.49 i 0.93 150 <ig
Working )
Example 12 Li#HPOs 4.5 MeNCH Sxi0s 0.44 9 0.93 100 <10
Waorking
Example 13 | NaH:POs 15 MeNOH 5x105 0.53 7 0.96 260 <10
Working
Example 14 | NaH.PO; 1.0 MeNOH | . 5x105 0.50 8 0.93 190 <1
Working ’
Example 15 | NaHPOs 05 MesNOH 5x10% 0.43 8 0.92 120 <6
Working :
Example 16 KH:PO5 1.5 MeNCH 5x105 0.55 6 0.97 370 <10
Working
Example 17 KHaPOs 10 MeMNOH 5x105 0.52 6 0.95 260 <10
Warking | : :
Example 18 KH:POs 05 MeNOH 5x105 0.45 7 0.94 190 <10
Working
Example 19 | NaH.PCa 1.0 BusPOH 5105 | 051 7 0.93 180 <10
Comparative 1 Molding .
Exsmple 10 | NaHPO: 340 MesNCH 5x105 0.27 32 impossible <10 <10
Comparative 1 Molding .
Example 11 | NaH,PQ, 20 MeNOH 5x10% 0.26 35 impossible <i0 <10
Comparative ' ) Molding
Example 12 KH2P O« 30 MedOH 5x10< 0.30 3 impossible <10 <1}
Comparative : Molding
Example 13 KHPO4y 28 MedNCH ox 105 0.28 33 impossible <10 <10
Comparative
Example 14 LiOH 1.0 MesNOH 5105 0.51 7 1.24 1560 a0
Comparative
Example 15 NaCH 1.0 MeMNCH 5x105 053 7 1.24 2100 130
Comparative
Example 16 NaOH 0.5 MeaNOH 5%10° 0.50 & 1.161.24 1240 80
Comparative : .
Example 17 KOH 1.0 MeNOH 5x10s 0.53 i} 1.27 2380 150 .
Comparative : '
Example 18 KOH 0.5 MeNOH 5x10% 051 6 1 1470 80
Comparative Molding :
Example 19 | NaH:PO« 20 BuPOH s 0.27 3 impossible <1} <10
Comparative
Exarnple 20 ‘HaQH 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 varjious reaction conditions were as

given below,

27

—



N SRNST2S5, caOYO 2T m c4Y~IYYYzZ i --aZZZZZ h m V 1C - 'x ta~ 400

0000000000 """ ad)C ©C)COQCC)C)C C 7C 7C 7C! ) ¢
o8 mo = MR o o A Coror- 000 O’ RNANG 7N 3 bhay 203

Table 4 .
Pressure (torr) | Temperature | Mean residence
(°C) time (hours)
Agitation 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 I 2 300 0.5
Horizontal agitation and

-{ polymerization tank IT ' 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
ﬁhenoi solution of the specified amount of alkali metal phosphite catalyst was
continuousiy 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 di'ﬁhenyl

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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) Wo_rking Examples 33 to 35 and Comparative Examples 26 t0 29

Polycarbonates were manufactured in the same manner as in Working
' Example 1 except that the types of catalyst and the usage amounts were varied as

shown in Table 6.

5 These results are given in Table 6
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.CLAIMS 1. A nethod for manufacturing a polycarbonate conprising using an
~ester .interchange reaction of raw materials conprising a di hydroxy
conpound and a carbonic diester, wherein prior to the interchange reaction
t he di hydro ound and the carbonate diester used contain no greater
than a tot aﬁfﬁ&go 7 .nole of alkali ‘metal conpounds of alkaline earth

nmet al -conpounds. as |rrpur|t|es per 1: nole of the di hydroxy conpound and
during the i nterchan%e reaction an al kali metal phosphite inorganic salt

is used as a cat &l yst Ampet w%wmqwgmﬂwmwwwswwwwmte as

descri bed Imteeélﬁhg@réacumgmwnat&@is@oﬁ amﬁy&&ﬁ%inpmh%d phashahate
i norgani c salt is | x 10-7 to 2 e nmol e of di hydroxy
conpound. ~3%iesternwhesei priggto ﬂﬁﬁﬂﬁﬁf&%\&? reagfion t&fdf@)@ﬂ%@ﬁap@ndgn%g@mw@ in

claiml, Wh@kfdsed@ntlid TR deatd? ARARMHEIG A ﬂﬁﬁﬂﬁ@bﬁi%';ﬁet&i%ﬁ%ﬁd%@éoﬁ‘i ?]1 ast

one corrpound selected fromlithium dihydrogen phosphite |um ydr ogen
phosphit e afféthpsta §%‘PRH%“€HW@P‘6§@F1P%HGB?!%PE ¢ difydrpxyesntpoendrand dminethect uri ng

a pol ycar bopgl@afs rRA6K APAkhH et lp8d hif Ilﬂ&l’%&ﬁ@ﬁa‘it is FRABL L Slfide USI NG 2

conpound whi ch that deconposes or vo es at a tenperature of 100 to
300C as a catalyst. 5. A nethod for manufacturing a polycarbonate as

described in clabm 4, A yethod for manufacturmg a polycarbonate as described in claim 1, wherein
said amount of alkali metal phosphate inorganic saltis 1x 107 to2x 10° mole per mole of

dihydroxy compound.

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

dlhydrogen phosphite, sodivm 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

A
[——

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 ammonivm compounds and phosphonium

compounds.
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wherein the di hydrogen phosphite conprises at |east one conpound sel ected ~
from |ithiumdihydrogen phosphite, sodi um di hydrogen phosphi‘t %’M%m

pot assi um di hydrogen phosphite. 6. A nethod for manufacturing a ~

pol ycar bonate as described in claim4, wherein the conpound which -
deconposes or volatilizes at 100 to 300C conprises at |east .one conpound
sel ected from ammoni um conpounds and phosphoni um conpounds. 32 3 May 2003
7. A nethod for manufacturing a.polycarbonate as described in claim4,
wherein the conpoiénd whinethod éc orpdsdsringra policabplatzasieatib&llo ctaom 300C -
conprises at | |l east one conpound sel ected from quaternar gﬂammni um -

conpounds aftheiiathe somppund wdudhdssomposessyekdbidizesat 180 4@ BAW pemprises at

manuf act ur i :éggﬁm _ ﬁgﬂ_{'_ j i e i : A
reaction in'%tla%rﬁoéa |hy§r@%%§e‘gorrpo%‘?ldéé}gnﬁ a C%I?Eg'n"?%ﬁ%gfl lcjip%ll%{e‘g%g&ga e the
raw nat er i apbosphheiuai comspoutdest er i nt erchange reaction is conducted in a -
mul ti-stage polycondensation step of two or nore stages; (a) at |east one

type of conpound sel ected from anong ammoni um conpounds and phosphoni um
conpounds, is use st in a first stage of the polycondensation

t al :
step; and (b) an g’l EZI‘??%&PSE%&?WW?‘Bﬁ%aB‘P{Xfé‘ﬁﬁp‘tt%f’%{?iﬂisﬁ'ﬂ“é‘ﬁgﬂﬁ%‘}ri ne earth
metal - di hyGheafan@heaRtidif ik Bilyid GHBlEhnd AcANBREAD0A Ghage, o (he

9- A o) or “manuf a i

pol ycondensation step. 9- met cturing a. polycarbonate as
descri bed i thaian ma@rialspherein the first stage of the pol ycondensation step
is conducted at a tenperature of 270C or |ower. 10. A nethod for

manuf acturing a carbgnat e. as described i.n claim8' erein: (a) at
| east one type o&ﬁlg}éeﬁ%Sﬂﬁﬁgtf’é}@%{ﬂg@gFFﬁﬁ%&ﬂ%ﬁﬂgﬂ%ﬁ%w\@&ﬁﬁgﬁnds and

phosphoni unpolyspiensiionStepssfdworor aoragRiad: of 1 x 10-7. to | x 10" nol;
and 33 3 May 2003 (b) a salt conmposed of an al kali netal dihydrogen

phosphite and/or an alkaline earth netal dihydrogen phosphite is used in
an anount of 1 Xx{&o- 73t lsast oge typegf compound selected from among ammonium

compounds and phosphonium compounds is used as a catalyst in a first stage of the

polycondensation step; and

(b) an atkali metal dihydrogén phosphite and/or an alkaline earth metal

dihydrogen phosphite is used as a catalyst in a second stage of the polycondensation

step.

9. A method for manufacturing a polycarboriate as described in claim 8,

wherein the first stage of the polycondensation step is conducted at a temperature of

270°C or lower.
10. A method for manufacturing a polycarbonate as described in claim 8
wherein:

(@ at least one type of compound selected from among ammonium
compounds and phosphonium compounds is used in an amount of 1 x 107 to 1 x 10!

mol; and
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phosphi t e, TB&iP§HIO

nol e per nole of dihydroxy conpound. 11. A method for nahufacturing a
pol ycarbonate as described in claim8,  wherein the amount ofg3gjkappsz et al

.conpound and/or al kaline earth nmetal conpound contained as inmpufities in
~the raw materials is | x 10 nol e per nole of di hydroxy conpound. 12. A

met hod for manufacturing a pol ycarbonate as described in claimS8,
wherein at |east one type of conpound sel ected from amoni um conpounds.and

phosphoni um commguNds, 4k AhndeRaPss @fYRkilyeapihgorigon tiosphite aadiok d om
guat ernary amoni um corrpou-é)s and quat ernary phosphoni um-ﬁ(g_p%()un?aﬁ 13. A
met hod for aedtiné aatth miets) dihydodgeo phosphie és vsed de a amgupt ofnl £ 14 14 LX Yher ei n
the al kali netal phgqs%e is a COr%aund selected fromlithiumdi hydrogen-
3558’9’ fj%%(b te, potassium di hydrogen phosphite,
rubi di umdi hydrogen phosphite, cesium dihydrogen phosphite, dilithium
hydr ogen phosphi tle, mmwbmmﬁwmgpmypﬁbw}eaaidwﬂ&w}almm Bydr ogen

phosphi te, dirubidi um hydrogen phosphite,  digesi hydr.oge hosphi t e,

trilithi umwisieisshe mepm%/tro;fg }laﬁﬁtﬁwggmf%?n P ﬂﬁ%g%qagﬁﬁgfﬂ%}%gmp dhd

trirubidi um phosphi tey LiLGRho Y RRRHRRT €xA0d HbISpef fdld draligaiony34
compound. ' ' '

12. A method for manufacturing a polycarbonate as described in claim 8,

wherein at least one type of compound selected from ammonium compounds and
7Y phosphoniuni compounds is at least one type of compound selected from quaternary

ammonium compounds and quaternary phosphonium compounds.

13. A method for manufacturing a polycarbonate as described in _cIaim 1, wherein
the alkali metal phosphite is a compound selected from lithium dihydrogen phosphite, sedium
dihydrogen phosphite, potassium dihydrogen phosphite, rubidium dihydrogen phosphite, cesium
dihydrogen phosphite, dilithium hydrogen phosphite, disodium hydrogen phosphite, dipotassium
hydrogen phosphite, dirubidium hydrogen phosphite, dicesium hydrogen phosphite, trilithium
phosphite, trisodium phosphite, tripotassium phosphite, trirubidium phosphite, tricesium

phosphite and mixtures thereof.
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