WD 03/ 008481 PCT/ US02/ 16826 PROCESS FOR PREPARI NG POLYCARBONATE AND
APPARATUS FOR PREPARI NG POLYCARBONATE CROSS- REFERENCE TO RELATED

APPLI CATIWN3Dh&spr esent application is based upon and cl @cmuseieeéty to
Japanese Application No. 2001-217251, with a filing date of July 17, 2001,
which is hereby incorporated by reference. BACKGROUND OF THE | NVENTI ON
[0001 ] A process for preparing polycarbonates and an apparatus for use in
]Ehe Er_ocess areptéticnﬁmh PREB{ARJNGWZ&C/HOB@N&H’EMD@H’WW@GI y used
or their outstandi ng nechanjca roperties, such as inpact resistance,
heat resistance, and trarf?&a?%l.{&ﬁg§%&§ B%ﬁ‘é% inthe art for
preparing pol ycarbonates include, for exanple, an interfacial process and
a nelt process. In the interfacial process, an aromatic diol, such as

bi sphenol ARICSSR EFERENYCE @acR EldA VED A PPhOCHERNS The nelt process i ncl udes

transesterification of an aromatic di hydroxy conmpound, such as bi sphenol
with a diallyl Tikapbseadt epplisatoin  &s baked heoy| arglachonatpeiotity thdapmesteen st at e.

The transesterificati ' neral lL.y. preferre se .i,t.does not use
phosgene. _anPciiEaRe B oRrar S e HoBibs YUSly 18 2RBE RS EhE RS  de. 1t
is al so al iewpormsdedyeefere@sd.c production. [0003] The use of end-capping

agents for end-capping pol ycarbonates polynerized by nelt processes has

been i nvesti %zgqsg P@ﬁ) (\é\fét&-ﬁ tIkIS/ b of inproving the hue, heat resistance,
and hydr ol 8 (2 a Gt t%ﬁg carbonates. For exanple, Japanese
Pat ent Application Kokai No. Sho 63-179301 di scl oses a bisphenol A
pol ycar bonat e i 000 &£ prdckss fengiepaging polyppechawis tahd aetppatatsdbi wylimthe.  Kokai
No. Hei 2-175723 dd'.sgqls%ises .a process for preparing polycarbonate in which
the percelPSy826FC BEfiNhydr oxyl groups is |ess than 30% and the
limting viscosity is 0.3 to 1.0 deciliters/gram (dL/g) (20C in methyl ene
chloride), by pobyzjdudentiongesanre aridairtused diohytikiooptseodipgumechamdalcar boni ¢
acid diester in the Presence of Bhenol ) ]1 WO 03({ 908481 PCT/ US02/ 16826

propemes, sucHl as 1mpact resistance, heat resis ance, an ransparency. TOCESSES

known in the art for preparing polycarbonates include, for example, an interfacial

process and a melt process. In the interfacial process, an aromatic diol, such as

bisphenol A is directly reacted with phosgene. The melt process includes

transesterification of an aromatic dihydroxy compound, such as bisphenol with a

diallyl carbonate, such as diphenyl carbonate in the molten state.  The

transesterification is generally preferred, because it does not use phosgene, which can

be toxic, or solvents such as methylene chloride. It is also allows more economic

production.

[0003] The use of end-capping agents for end-capping polycarbonates
polymerized by melt processes has been investigated, to with the goal of improving
the hue, heat resistance, and hydrolysis resistance of the polycarbonates. For
example, Japanese Patent Application Kokai No. Sho 63-179301 discloses a
bisphenol A polycarbonate in which the ends are capped with methyl salicylate.
Kokai No. Hei 2-175723 discloses a process for preparing polycarbonate in which the
percentage of terminal hydroxyl groups is less than 30% and the limiting viscosity is
0.3 to 1.0 deciliters/gram (dL/g) (20°C in methylene chloride), by polycondensing an

aromatic dihydroxy compound and carbonic acid diester in the presence of phenols
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having 10 to 40 carbon atons, for exanple butyl phenol, cunyl phenol, and
phenyl phenol . [0004] It should be noted, however, that even with the use of
end- cappi wg o3agemt s, the degree of polynerization will notrdrarsseiidseei ently
hi gh, and | ow nol ecul ar- wei ght pol ycarbonate and/ or pol ycarbonate with a
broad nol ecul ar weight distribution will be obtained if the

pol ycondensati on reaction has not progressed sufficiently. Furthernore,

end- cappi ng, &ff 1161 NG TEHPE.PAST &Y ERanirfc i IRERAL dusnylppad Aafiter the
pol ycondensation reaction has progressed to the desired point. Thus, the
time at whplsmylphehobappi ng agent is added and mixing conditions are
i nportant factors. [0005] For this reason, Kokai No. Hei 10-36497

di scl oses an i nRHOMAH shRiP 6 S8l OhovRivER Mhdt RYcrALANBAE Gsdd6f MisRedppingt es by
mel t pol ycondensation of an aromatic di hydroxy conpound and di phenyl

car bonat e. agkntsethd degrppeltbol yyatrizaterbyilanas b anffisignthnhighepd y-BolFcdehsi ty
varying no _nore than d [ ' dgi RO MEYRE shown in
formul a (1)Ne]l§é11 (Jt’v(\)/])gé Ktbgfrm][? hg{(lﬂ?{t ﬁoﬁg%@bﬁ\}gcﬁ@?ti gl:‘og(gt{?g [C)ol ycar bonat e has
reached at disedstiord w8 dk/graiiid D tRe pahyeemiensafon jreactiort ibonpinprogressefd a

met hoxycar baopyl gro or an_et hoxycarbon : R2 ] -al kyl
group havi Ff@c}]‘%e‘ft%’ 3%})@5%‘35’6%6%8}?'}4 ﬁ}:ﬁg:feﬁ%ii}g 38’%3’8%%&‘% %ggﬁtglé car bon
atons, an adaéh agEaup pbigvdridgnstidrore3Qioadiab progas@ivoe therdesinedagoptoxihugr oup
having 6 to 30 carbon atons. [0006] International Puyblication . WO
98/ 47938 alhedmps shpylisk ¢ %'a?prl?{:}’,g g ‘]Sl?rqg%fgi"}‘i’gmfxé?g %?"dﬁé)ggtareol.n? Ogg}%onds, an
end- cappi ng,c.agent described by fornula (1) above in proportions of 0.3 to
4.0 nol equival ents, based on the hydroxy term nals of the polycarbonate,

under conditions of no npre than, 200-35QC.t rature and no nor.e than
1013 hekt opascallOPHPE) ety Ir]? t sq%ef’ ﬁg?@&?yé*icﬁ%ﬁ%f? MRS e and 2
WO 03/ 008481 R TobPelakiRd Zomithe Bolgckibdi@tes aild niente pelyct@dématiat of east 0. 1
seconds, a stabilizer at a tenperature. of no nore tha&nzoe%dgcgpsgoc and

pressure ofropstigrpAdydean fompand ¥n8  Klihery o5ARRES . pe

polycarbonate having an intrinsic viscosity varying no more than 0.1 dL/g is obtained
by adding the compound shown in formula (1) below after the intrinsic viscosity of

the polycarbonate has reached at least 0.3 dL/g:

wherein R is a chlorine atom, a methoxycarbonyl group, or an ethoxycarbonyl group;
and R? is an alkyl group having 1 to 30 carbon atoms, an alkoxy group having I to 30
carbon atoms, an aryl group having 6 to 30 carbon atoms, or an aryloxy group having

6 to 30 carbon atoms.

[0006] International Publication No. WO 98/47938 also proposes adding, and
kneading for at least 0.1 seconds, an end-capping agent described by formula (1)
above in proportions of 0.3 to 4.0 mol equivalents, based on the hydroxy terminals of
the polycarbonate, under conditions of no more than 200-350°C temperature and no

more than 1013 hektopascal (hPa) (760 millimeters of mercury (mmHg)) pressure and
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[ 0007] Furthernore, Kokai No. Hei 7-90074 discloses an inproved process
for preparing polycarbonates with an i ncreased degree of polynerization by
t ransest ewiofismed4spon of a di hydroxy compound and a car boni ecaoisd2/ésest er in
whi ch an active diester, acid halide, or acid anhydride having a val ance
of at least two is added after the transesterification rate has exceeded
at least 70% In Kokai No. Hei 6- 157739, the present applicant also

proposed afheh HRIIRY 8Hd RAQERSE Forl 2 eablf PR, a 3aBiliBdria€ a ROhpeeirbOnas es by mel t
pol ycondensation of an aromatic di hydroxy conmpound,and a, carbonic acid

di ester i nmare thass0 te WeD°Cernd psseire ofeeBere dhapr - 38 pq WS hPa (IRemaie)an
end- cappi ng agent is added through the inlet port of at |east one reactor

in which the 'ﬁgﬂw ipraﬁlhééhl%@ﬁéowi Rb. 11867 DI UNBEINRS of GRERGEH FrodQsdL/ g.

[0008] As this patent liter at ur e discloses, practitioners of the art have
experi ment fod picpdringd dolsicpriendice apith nap appseased wiserset ple pobimesiadtidonkY e r eaches
a specific limitdng ViSCOSI or i fi ri zation.
There sti | il REaR b NorfhoiRFEhd b Sy HE S5 BlesBP I WEEL 20

pol ycar bonaties digsiet) atill @aliies br &t anhyledetiaamgweiatpnts ofroleastambonadded t hat do

not deconpose (by virt of having too i nal droxyl .groups), and
t hat provi ?%ritéri)%/%?féﬂerﬁff&y%’hbaﬂﬁ h@’gg’f‘ﬁgf%efjg%g%%& 6% E@ %%A&Y%%THE

| NVENTI ON [9088)] thDi jsredens egbiirenteilsb ipsopasddr oiC emproved ppoceafdr Ngemningnd- capped
pol ycarbonate conprising nelt reactin gn ar,orraii c di hydroxy conmpound, a
carboni c  Hematiyj Robreabonalsy béip{“ielﬁnﬁ‘i’]l”g’" SV TV ﬁr‘HxﬁFeaﬁﬁyg‘% i zation

vessel t0 fQiuAd aRPhXEAoRRNRIEHRSAIMCH ledst 8IS FRELIsN@nh&ited@l fiag, bonat e
product fromthe prepolynerization vessel; mxing the gol ycar bonat e

! ) a . g
product wi wherain a8sad-eanppiergentayedtied diengh thei@rre oS @drashenerefi@diure of at
| east abouf,y;{f%h TRl vidRiy Sﬁﬂé}f)(ﬁ?ﬁibﬂﬁs rdalfedRPIVAag bonat e product and

end- cappi ng agent m xture to a postpolynerization vessel to endcap the
pol ycar bonat e product. [0010] Also disclosed is an apparatus for preparing

an end- capped [9808]csr Bonh ekt dHPINES WFClosesy gpRAtyiARSTY 2t ISn2W %8I havi ng
and inlet and.;aB.4 i édd@nhg SndQp PR OORAB Lw G TSR cABBRAe reaches a

post pol ynerization vessel having an'inlet and an outlet; a mxer in fluid

comuni cat speefipilinfitinghedscosity erta wecifindegeepob)ymerizaten. ohhojegidliemamy t he inl et
of the a need, however, for methods that will yield polycarbonates with the desired
molecular weight, polycarbonates that do not decompose (by virtue of having too

many terminal hydroxyl groups), and that provide improved end-capping efficiency.
BRIEF SUMMARY OF THE INVENTION

[0009] Disclosed herein is a process for preparing an end-capped
polycarbonate comprising melt reacting an aromatic dihydroxy compound, a carbonic
acid diester, and optionally a catalyst in a prepolymerization vessel to form a
polycarbonate product; transferring the polycarbonate product from the
prepolymerization vessel; mixing the polycarbonate product with an end-capping
agent under hermetic seal at a pressure of at least about 760 mm Hg; and transferring
the polycarbonate product and end-capping agent mixture to a postpolymerization

vessel to endcap the polycarbonate product.

[0010] Also disclosed is an apparatus for preparing an end-capped

polycarbonate comprising a prepolymerization vessel having and inlet and an outlet; a
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post pol yneri zati on vessel; and a charging port through which an end-cappi ng
agent is charged to the m xer, wherein the mxer is hernetically seal ed at
greater twem3oossenual to 760 nm Hg. [0011 ] The above dese@ciTlesd2/a6sde ot her
features are exenplified by the following figures and detail ed
description. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] Referring now to the
figures, which are exenplary enbodi nents, and wherein the |ike el enents
are nunbergdioalidtaraloR01dkelFhgHr® ah iisle@mnabhy estitiet ed pragess fuart show ng
an exanpl e op one node of the process for preparing end-capped

pol ycar borremaniqagen, ajith they gpdet 27 jtke prepplyggHaloN, Vessel gnd dhe Eﬁgﬁgit%nt of a
static m : . Fi A Vi (2 tadobnt@y aw ng of
o enbodt HRapoRiizd B bl LY harky AWE%Q%ES&?%‘%?'&% e PREFERRED
EMBODI VENTBaiged ktihe Fiveerprlmras theamiaerap heimgticadly gealed a geadten 8rsionea?] ows
efficient tgggﬁg%ra ion of polycarbonates having a high end-capping rate, a
hi gh nol ecul el 6'ht, and a low nunber of hydroxyl term nal groups. In
the first stage of the process, the polycarbonate is formed by a nelt

pol ycondensat i ¢80 ab¢ alwe descebgskang othenepiupesaiconempbiiedy the or exanpl e a
tank. Duri t hi repo > | I stage, during which the polynmer has a
relativel Jgﬁ%v\‘f\'/nfg%ﬁ‘?ﬁe%g’?dc%%se%é%%@%nho end- cappi ng agent is present.

Fol | owi ng prepol yneri zation, the polyner is transferred to a

post pol ymeBRIERDESCRIVEEIIOF Tidk DRAaWMI¥@S a t ank. During transfer, the
endcappi ng agent is added and m xed, which prevents volatilization and

| o0ss. The tran o | - i 4 at | east
1013 hekt opasc {)&18%3353%%0%@)5 Tehiet ‘E@@y%@%ﬁ'ﬁgﬁé RS & 008481
PCT/ US02/ 1M@826n tisUiks elpments laye roapbeeed alike:t he post pol yneri zati on vessel,
during which the polymer has a relatively high limting viscosity. [0017]
As used herei n,pr i i I i foRol ycar bonat e
is formed (pol %@9?5?33’%‘?%3@@%%8{%%?{}%%5Elga??%ﬁ@%nsg‘ﬂ?ﬁg%}nlglggg% after which
t he pol ycandiendilie frscesofonpdpamg eddcapngd phlyedibangies;pol ycar bonat e end hydr oxyl

[0014] Figure 2 is a diagonal view of an embodiment of a static mixer; and

[0015] Figure 3 is an abbreviated schematic drawing of an embodiment of a

static mixer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] The process and apparatus disclosed herein allows efficient preparation
of polycarbonates having a high end-capping rate, a high molecular weight, and a low
number of hydroxyl terminal groups. In the first stage of the process, the
polycarbonate is formed by a melt polycondensation reaction in a prepolymerization
vessel, for example a tank. During this prepolymerization stage, during which the
polymer has a relatively low intrinsic viscosity, no end-capping agent is present.
Following prepolymerization, the polymer is transferred to a postpolymerization
vessel, for example a tank. During transfer, the endcapping agent is added and mixed,
which prevents volatilization and loss. The transfer is under a hermetic seal and at a

pressure of at least 1013 hektopascal (hPa) (760 mmHg). The polycarbonate is



groups are capped. Separation of the process into these two stages all ows
pol yneri zation to be carried out rapidly and to a sufficient degree in the
pr epol ymewDaawosasl st age, and to adequately inpart the convemusonads2effects

of end- capping agents in the postpolynerization stage.

The process

dramatically increases the degree of polynerization of the resultant
polymer. It also produces polycarbonates with enhanced characteristics,

such as huﬁlbse}aﬁéﬁtlyrc@ﬁsﬂegtiﬁﬂl[%%ost 85hSiANEE vest@, dunBp WRichald pilymdFBhash ur e
e | Ke.

resi stance, and th

018] Aromati c di hydroxy conpounds for the

pr epar at i oiflagvelpdighidibemus@sity.are known, and include, for exanpl e,
bi sphenol conpounds described by formula (2) below. ~Ra)m (Rb)n OH X OH

(2) wherein Riogng ARD e 1RAGH BrePalyR@RILtidE O Qke aidRnay aliget thydrocar bon
group and mmy be identical or different; and mand n are integers fromoO

to 4; X i spolgareopqtRdy Jormed gpRemerizedp-andggaspolymegzatiange. that sgge-dfiepr  CH3 CH3
KKI 1H3 C'_Bw]\(\{@l?Eh%%]@rb&%%gggﬁﬁnegya%?%t}riﬁg Oyeh SR HTHAL i AR ent

hydr ocar bon gr oup;

orma cyclic structure; and Re is a

bi val ent hgrdupsc arebosppgd.oupepaBatind 053 /1G0 4@ EssPATP UBER/ 168 2622¢ D08} Specific
exanpl es of ,aromati c .di hydrox onmpounds ese y - 2)
b;tﬁ]ymer%tlo t? i ﬁ;ﬁy tcgﬁlet%OSUtbiralSDC g andR6 €7 | %ﬁg‘f?ﬁer}? ng?Jewh]ll Zthé ’

i ncl ude, are no droxyary

ane

Ssuc S bi s(4-

hydr oxy pheprypolyredrizate, stigel anbits adeghytelyoxnpphahy koreeitame] effgcl- i o(d4-

hydr oxyphen "bi s

A il ek TR e P O Ry it U S

2, 2- bi s(4-thy dagprae- lof pEIvARizaBbBENYT )the ORANANnt polymer. It also produces

1, 1- bi s(4- hydroxy-t-butylp IS
3- br ompha@xcyf?@aﬁ%@zth sHnesdeharcigyics,apeashyg

henyl ) propane, 2, 2-bi Eé_g%%%§ﬁ¥ﬁ$ﬁ?%ﬁs
ne;

bi s( hydr oxyaethdIGEfcORbiARERsisEMEarRShd Jike: bi s(4- hydr oxyphenyl ) cycl opent ane
and 1, 1 -(4-hydroxyphenyl)cycl ohexane; dihydroxyarylethers, such as 4,4'-

[0018] Aromatic dihydroxy compounds for the preparation of polycarbonates

are known, and include, for example, bisphenol compounds described by formula (2)

below:

(R)m (R%)n

wherein R* and R are each a halogen atom or a monovalent hydrocarbon group and
may be identical or different; and m and n are integers from 0 to 4; X is ~C(RY)(RY-, -

C(R®)-, -O-, C(O)-, -S-, -SO-, -SO,-, or

CHs CH,
CHs :::: CH,

wherein R and R are each a hydrogen atom or a monovalent hydrocarbon group; R°

and RY may form a cyclic structure; and R¢ is a bivalent hydrocarbon group.



di hydr oxydi phenyl et her and 4, 4' - di hydr oxy- 3, 3' - di net hyl phenyl et her;

di hydr oxydi aryl sul fi des, such as 4, 4'-di hydroxydi phenyl sul fi de and

4, 4- di hydwoogrosB' - di net hyl phenyl sul fide; di hydroxydi ar ycguishoxisdes, such
as 4,4' - di hydroxydi phenyl sul f oxi de and

4, 4' -di hydroxy- 3, 3' -di net hyi di phenyi sul fox] de; and
dihydroxydiarylsulfones such as 4, 4'-di hydroxydi phenyl sul f one and

4, 4" - di hydr oxy 1093 'spéiifie tippispirenyhaid dignBox,Eeqasduabd wppheier bed is
bi sphenol A 6020 nladdltfﬁﬁ to the aromatic dlhgdroxy conpounds

descrlbed'bynﬂ@KﬁUWQUdﬁzyﬂaﬁbW@1”B¥%hﬁmPEUHﬁHVM@BQ§ %@hﬁwﬁhﬁs’ﬂéscrlbed by
formula ( %?ydpo(;l @Y&]Wetﬂg Uisﬁg]é AR &SN eAyhdhaneWher ei '2 Fbisdas

respective en éntl rocarbon g roug havi ng to 10 carbon
atons, at Hyﬂmyplmngl)}mbpmm(émmhsm’d /’n”aLI Dgbred-bxtireppe @'tyb)bb‘éﬂﬁ s?rtﬂa@ﬁ(ﬂt uted with

a hal oge at le o] is an
|ntegergfg8ﬁﬁﬁn%5myg9&Tw %g %ﬁ %T”%B@%?ﬁgwh@”ﬁﬂg é a%nblg(ror¥at0|%£qdlohydroxy
conmpounds ﬂ@ﬁﬂf)hﬁb@ﬂprobahef arinhis(a- hé/&)oxymhtutuaemmmpanmcﬁ 2-bisH-lsydbswyt t ut ed
resorcinols sucg aB - methylr sorcPQ%Ih %0 E $§§0Q§ ’mn)ane

3- propylré%@PEFﬁ gYDBOBEY | r esBci nof-2 3y drogyicir PROBIRI A Prop

3- phenyl r esqh ary] RyQbdIVAne €S Qichi EH)H 1-Bis @ Hydfoxyplienglfd e mpen@sonad nol , 6 WO

03/008481 P /US 2/16826 and 2, 3, 4, tetrab{ nDresoré]noI cat echol ;
hydr oqui noh&(khxiretsBenyeydehexaidr o fiivErsEYletdisEn ast methy| KyUF oqui none,

3-ethyl  hygfoaulyAPREnyIdherPT OPY iy dr OqUhﬂoﬂnﬁydrSX)bBlBS‘Hnméd{y%Nhﬂ@tﬂa,,
3-t-butyl hydroqui non€, 3- phenyl hydr oqui none, %hlvydro ui none,
¢

2,3,5, 6- tedlhm@tyldgamsnhﬁ@qumbrﬁé 442d13y650>@dt®?méwﬁ GE¥one,
2,3,5, 6- te§§§j% %xﬂiggglnoqgh(ﬁ&g@%d§m§&gda;etrggﬁonngydrqguLnone

[0022] I n &ad e aromatic dih ounds in formulas (2) and
(3) above, d@){d&))@/‘d;pﬁén}ﬂ@ﬂfpaﬂydn<b43 -glhsdrosy 3t3e1drrmml¢1ylpmxlsplf0>@<§ﬂ e8e; -
[

Hi ndenec] hyd’roxydlarﬁsulf%ggs dc? 4?&‘ -dﬁ@d%&@]pﬁé‘)ﬂsﬁﬁ“&%‘“ﬁnﬁ%ﬁl a(ll]%Qir@Sr used:
3,3’-dimethyldiphenylsulfone. Especially preferred is bisphenol A.

[0020] In addition to the aromatic dihydroxy compounds described by formula

(2) above, aromatic dihydroxy compounds described by formula (3) below may also

XN
@—(OH)z
7 3)

wherein R' is respectively and independently a hydrocarbon group having 1 to 10

be used:

carbon atoms, at least one of which is a halogenated hydrocarbon substituted with a
halogen atom, or at least one of which is a halogen atom; and p is an integer from O to

4.

[0021] Specific examples of aromatic dihydroxy compounds described
by formula (3) include resorcinol and substituted resorcinols, such as 3-
methylresorcinol, 3-ethylresorcinol, 3-propylresorcinal, ~3-butylresorcinol, 3-1-

butylresorcinol, 3-phenylresorcinol, 3-cumylresorcinol, 2,3,4,6-tetrafluororesorcinol,
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H3C CH3 OH OCH H3C CH3 (4) [0023] The aromatic di hydroxy conpounds
represented by fornulas (2) to (4) nay be used singly or in conbinations
of two orwomsmos4gD024] Additionally, a nelt pol ycondensat ipam/usat/adsgst may
be added to the aromatic di hydroxy conpound and the carbonic acid diester
separately or after the dihydroxy conpound and the carbonic acid diester
have been m xed. The nelt pol ycondensation catal yst may conprise al kal i

met al conmpgiandsg saeliedtbralioadsbamorar &ahechﬂfﬁt alydeupen dsnd a) subaitsredr ef er r ed

3~y T

to as alkali (earth) netal corrpound (a) herei n) £0025 Prefer red exanpl es
of al kali MR FRet a?“CEonﬁ)%uri*d@e‘{%B]Y@rﬂ‘ﬂ:‘f‘%’é HPYAra@yiRPg | 135,

i nor gani ¢ a6k gh ffbdudnonX| de§abuf}fy}gfd%hgn%§e hy di.- 9ﬁ§1,hyaqra uigbeohol ates  of

al kali metal's and al kaline earth nmetals. These conpounds may be used in
conbi nat i oprsnphydragriganenor é-cupgtindioaspens f i bk ampramsthothydiorarpdret al
conpounds } Xi de, 4l i3 Bisygm

hydr oxi de; b@% ﬁgﬁ?\' gl‘ﬂg?j le&%bo?%é?%ttm‘%ﬁE?rg@dquﬂgaﬂ%éé I |ntdh| %?’ISbI car bonat e;
sodi um carttemrmmephmlmqawnum carbonate; lithium 7 WO 03/008481

PCT/ US02/ 16826 carbonate; sodium acetate; potassium acetate; |ithium
acetate; sodi u sodi um
bor ohydri de; ?23% g%aﬁ% g ?l}’gg]%wmg hglﬁ%ro %%omh&&nﬁ m}%%%%n%enzoat e;
pot assi um Cﬁaambom ez2x thmmh)biecniﬁeﬂt 8}-tetrdingbyli- Uiﬁ Wﬂbegﬁnﬁhh@wﬂ}aﬂe

di pot assi u dilithi dr ogenphosphat e; the di sodi um
di pot assi u@ F‘lcd’ gEPH“ %ﬁé)gl?etlosw B?sts%g]%er%l A; and the sodium potassium

and lithiumsalts of phenol s. [0027] Specific exanples of alkaline earth
met al conpounds i ncl udeHe@] cj&mm hydr oxi de, bari um hydroxi de, nagnesi um

hydr oxi de, strontium hydroxf 2 ,ci um bicarbonate, barium bicarbonate,
magnesi um Bicar hQnat e, m carbonate, calcium carbonate, barium
car bonat e, -@ carh

Qnt i um car bonat e,
[0023] The aromatic dihydroxy compounds represented by formulas (2) to (4)

“

may be used singly or in combinations of two or more.

[0024] Additionally, a melt polycondensation catalyst may be added to the
aromatic dihydroxy compound and the carbonic acid diester separately or after the
dihydroxy compound and the carbonic acid diester have been mixed. The melt
polycondensation catalyst may comprise alkali metal compounds and/or alkaline earth

metal compounds (a) (also referred to as alkali (earth) metal compounds (a) herein).

[0025] Preferred examples of alkali (earth) metal compounds (a) include
organic acid salts, inorganic acid salts, oxides, hydroxides, hydrides, and alcoholates
of alkali metals and alkaline earth metals. These compounds may be used in

combinations of two or more.

[0026] Specific examples of alkali metal compounds include sodium
hydroxide; potassium hydroxide; lithium hydroxide; sodium bicarbonate; potassium

bicarbonate; lithium bicarbonate; sodium carbonate; potassium carbonate; lithium
7



cal cium acetate, barium acetate, nmagnesium acetate, strontium acetate,
calcium stearate, barium stearate, magnesi um stearate, and strontium

st ear at e.wp@BA8&44sThe melt pol ycondensati on catal yst may f ecrheo2/esepri se a
basic conpound (b) that nmay be used in conbination with the alkali (earth)
metal conpounds (a). Exanples of basic conpounds (b) include nitrogen
contai ni ng basic conpounds that readily deconpose, or that are readily

vol atile ataktndR; sBHRRT ALUES potasSRAE i dbbibte XA Gty d0afint deamigIONi UM

hydr oxi des cont ai ni ng an.a!kyF, aryl, alaryl gnoup‘ or the like, such as

t et r amet hyPAFssIvAT SierTadr bikivae s(evecigdium thorehydrids;| Aehi e gadoxi de
(Et4NOH), g]f})miggml ' dsBUANGED 0at@N G ithium b :

trimethyl bsteoﬁ}zug??g)%hl m ﬁ’ydr 6XIF§%E%84%|}%32()6 Me) 3NCH, o%%e?te “(l)mi sén.z%stef)henyl
group); tedisadamy ahydregenpbosphatas tdipatessitipl arfivdeogenphiosnhiatel andlifighium

di et hyl benzyl am.ne ng triphenyl.an ne: of; ] - ih,bed by R2NH
(where R i ,d¥(fg§Pp hé’)%%h ?’g]?e %‘ﬁgﬁﬁ”ﬁy?’%g?? %ﬁf&’saggc@ﬂg@%n%%&?%ggﬁﬁ%!}y ’, or an

aryl groupand tbaushdivas pphaesiyth, and littohng s3lts gfphemalisy anmi nes descri bed by RNH2
(where Ris, for exanple, an alkyl group, such as nethyl or ethyl, or an

aryl group, su hepyl or .tolyl).; i dine : -
a3 ot hy | am QY SPRET st e B g} ASuce cacium
pyrrol i di nppysxidh, betium Mydazalee magisiom hgir@xidetshryhtium dadrokide,aqatkium

2- phenyl i ni.dazol e; nd pasic salts, such,as.ammonia, .tetranmethyl amonium
bor ohydr | IS REEREBAI™ PERPIBTE AT URCBEPORY dt g P ebisEpis,

t et r abut yl @R Ndatidhiel baphe Ryfbatat fagneBukNBibuhhte, aftohtivet cabetdry| ammoni um
tetraphenyl borate (Me4NBPh4). OF these, tetrael kyl.ammoni um hydroxi des are

pr ef er r ed. CAFIYAD FLRFOSAGIMPESEIABOPPIEYIB 29542 ofrorHRM &S oidf i BRdensat i on

catal yst ngyus fidlithReh sEHRY naenddRfd Searfit, dnd QRRBUMASafatd. | ncl uding, for
exanpl e, boric acid and boric acid esters. Exanples of boric acid esters

may include, faor exanple, those described by the neral formyl a:
B( OR) 0( hydr oxy![§428 Theepelt wolycpudentitigy Wialysgm Q’gt%ﬁfef‘i’ﬁ‘)l’”s&rgg?ﬂﬁl , or an
aryl, suchco@mpoRRENY) thadNday beSudd ini Bdr@GRdtioh " Wik Ithé Quiddi BRAR) Tietal eXaNpI es
of boric acid esters include trinethyl borate, triethyl borate, tributyl
borate, triomeRyndsya) axamnlesdidptig Forppnuate(b) inqlyslsariyagen SpRIpigIng Bafif ¢ ol y|
bor at e, arl%n}plbhﬁlﬁr%nith&ldilgqe@érﬁpose, or that are readily volatile at high temperatures.

Specific examples may include ammonium hydroxides containing an alkyl, aryl,

alaryl group, or the like, such as tetramethylammonium hydroxide (Me4sNOH),

tetracthylammonium  hydroxide (Et4NOH), tetrabutylammonium hydroxide

(BusNOH), and trimethylbenzylammonium hydroxide (¢-CH,(Me);NOH, where ¢ is

a phenyl group); tertiary amines, such as trimethylamine, triethylamine,

dimethylbenzylamine, and triphenylamine; secondary amines described by RoNH

(where R is, for example, an alkyl group, such as methyl or ethyl, or an aryl group,

such as phenyl or tolyl); primary amines described by RNH, (where R is, for example,

an alkyl group, such as methyl or ethyl, or an aryl group, such as phenyl or tolyl);

pyridines, such as 4-dimethylaminopyridine, 4-diethylaminopyridine, and 4-

pyrrolidinopyridine; imidazoles, such as 2-methylimidazole and 2-phenylimidazole;

and basic salts, such as ammonia, tetramethylammonium borohydride (Me4sNBH,),

tetrabutylammonium borohydride (BusNBHy), tetrabutylammonium tetraphenylborate

(BusNBPh,), and tetramethylammonium tetraphenylborate (MesNBPhy). Of these,

tetraalkylammonium hydroxides are preferred.
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[ 0030] Preferably the nelt pol ycondensation catalyst is a conbination of
al kali (earth) netal conpounds (a) and nitrogen-containing basic conpounds
(b), wthwoa3wmosuei nati on of the three classes of conpound®calisabiicsgeart h)
metal compounds (a), nitrogen-containing basic conmpounds (b), and boric
acid or boric acid ester (c) nore preferred. Wien a conbi nation of al kal
(earth) netal conpounds (a) and nitrogen- containing basic conpounds (b),

or a conbinatio i
nitrogenecontaiRpgglggéﬁghééﬁg%ﬁﬁﬁ;n?%@hm9ggggg?ﬁ§m%gaﬁmgﬁﬁ%gﬁﬁgg (c) is
used, the cmesqamdt {o) enchudireg, yariegaroplapmmie atid anéﬂvobeaedideds aEannh:smfure to the
ol ten m th r1<i acnc?%sters mg{)ﬁnﬂjde q‘nrdex%%lbgon gea%% 11 egbeﬁqt ener f%w may be added

i ndi vi dual I'y &N R Xt Ur e eno onlc %cid diester.
[ 0031] The end-cappi ng agents used in the fornatlon of the end- capped

pol ycar bonat e may i ncl ud&(©&)dtlydateepnpounds, carboxylic acid esters,
epoxy conpounds and conbi nati ons of the foregoing, with the use of

carbonat e GATRARSoun A Qkn SEEDANN GRel dn 63 e STHRHNIS,PY BTG red. The

car bonat e conpoun car i cacl ter co ds may
described byegdeofrml lato(iiL) Sb@ifmxampm oObericHiRad ¢stdrs 1r@1udhemre|:thylFborate, an
cons hal ogen

el ectron- ait rl§r t Ilj)\r/a e gtn%utF))II Sb%ra eCttgfjrB%/ Pra‘igi’ mgesp%ﬂpborate }n then 0bo& ?bon at o,

atons, nit oxycar oups havi ng’
and mherel&naylmﬁmebadkmmmemyMﬁnamy position of the benzene ring with
| i nkage at the 9 WD 03/008481 PCT/ US02/ 16826 o- position preferred; R2 is

an akyl aroup peGet B0 GO DO SOUB AN BLEOLY o Rt | Lo 30

carbon atons, avi aryl oxy
group haviwgmﬁ«hﬂhﬁﬁamamb@nmaﬁQﬂ&ndahdmaqt@namngha@gﬁmuhnmnwb)hahB [ 0032]

Speci fic exanp| es. of d- cappin entsrges rﬂ?e g rmul a %é i ncl ude
2" ohl or ophBAGRPERYAN PG dismesal Shmadinss ahiel (aphot i PR E bonat o 2-
chl or ophenyitrofer- mtawh@b@ﬁw&omnmr@ @nd Boihhaa @pb@ﬁwécnéest@t(@ydq&iae nyl
carbonate, 2- chl orophenyl - n- butylphen | carbonate, 2-clorophenyl
4'-t-butyl qungfi é’glpqgcﬂq%r@bmat]on of alkali (earth) metal compounds (a) and nitrogen-

containing basic compounds (b), or a combination of alkali (earth) metal compounds

(a), nitrogen-containing basic compounds (b), and boric acid compounds (c) is used,

the respective catalytic components may be added as a mixture to the molten mixture

of bisphenol and carbonic acid diester or they may be added individually to the

molten mixture of bisphenol and carbonic acid diester.

[0031] The end-capping agents used in the formation of the end-capped
polycarbonate may include carbonate compounds, carboxylic acid esters, epoxy
compounds, and combinations of the foregoing, with the use of carbonate compounds
and/or carboxylic acid ester compounds preferred. The carbonate compounds and/or

carboxylic acid ester compounds may be described by formula (I) below:

0]

wherein R, is an electron-attractive group selected from the group consisting of
halogen atoms, nitro groups, and alkoxycarbonyl groups having 1 to 30 carbon atoms,
and wherein R, may be linked to any position of the benzene ring with linkage at the

9



2-chl orophenyl 4'-nonyl phenyl carbonate, 2-chlorophenyl 4'-cunyl carbonate,
2- chl orophenyl naphthyl carbonate, 2-chl orophenyl 4'-nmethoxyphenyl

car bonat ewoad3/oaa8or ophenyl 4' - et oxyphenyl carbonate, 2-chliperasozngske

4' - n- but oxyphenyl carbonate, 2-chlorophenyl 4'-t-butoxyphenyl carbonate,
2-chl or ophenyl 4'- nonyloxyphenyl car bonate, 2-chl orophenyl

4' -t - propyloxyphenyl carbonate, 2- chlorophenyl 2'-nethoxycarbonyl phenyl

car bonat e,

2-chl or ophe%osqm? preéffgﬁgdjyﬂczaéﬂgnay %eny ﬁarvﬁ}% ona(?wljb%’?%%r op ey
4'-ethoxngm@wwympheﬁpkaﬁanbmmaienaﬂdghmpﬂ@phgﬁyb32<m¢mnanmmhgyan

ycar bonyl phen L&px car bo hen carbo nat.e and 2:chl phenyl 2' -(o-
ethoxycarﬁﬁﬁ?%’ 8H§F¥8%VH§P§SW& PACHY " car 8%3¥%$r§°%ﬂq%rophenyl al kyl
car bonates, such as 2-chl orophenyl methyl carbonate, 2-chlorophenyl ethyl
carbonate, 2- ¢oo3ai Gpét?eﬁrtybxampbut yi endrcdppinat agen@- @hctrﬂ:edgbeﬁymubcﬂill

2 ot hoxy a6 ey PRORDTrE P BLHEL SRS ST 8F SONEIsyPerss PRI LS BAIFtoAy | ot ny

car bonat e,ch@péhhén g b -aicaphdeny carbbmute, Qtdmyﬂﬁﬁﬁmﬂaé{hmm&y)h ):amym beonyl et hyl
car bonat e; 2-net hoxy car bonyl phenyl

| h
2- met hoxy Al HWW“ﬁH@%V‘C%EWBHhaﬁémoﬁﬁgghgHﬂ%VégF%gﬁyygﬁﬁﬁyI
met hyl phenyly &8 51#&92&&&1101%1]51%%&}10&){%6&0rzy&hmh@mu\éhyl gt hwhyphemohatarbonat e,

2- met hoxycar bonyl p ro hen carbonate, ~ 2- nethoxycarbonylphenyl

n- but yl phahwowanﬁmg@ymaf %x&@ﬁ‘?’ﬁ%ﬁwbﬁeﬁwhot‘whﬁw aeeas! 2car bonat e,
2- et hoxy%ﬂfo?%hﬁhe&w&haggwén nenyof AL boaerﬂ%mp%enynretzhg;sw yypgmyh phenyl

nonyl phenyl ohat e x ycar bonyl phenyl dodecy phen car bonat e,

3 netgoxycaﬁbonylphewykmhenadéby%pWenvknﬂar%@MH@@, £hhwﬂm@%vca+bonylphenyl
i -n-butyl phenyl nb rpo I henyl

carbonatefgﬁﬁﬁ%ﬁﬁg§§c§?%%ﬁﬁ en§$&%¥gonelgﬁgﬁ9@9%%$ én%?gg%%y

03/008481cBGﬁﬁMSQQ/16826ahmn¢hbmmmambﬁnylgm@nwh cy @tcblveophemtieny4 - carbonate

2 o oot RO BOS pn2  Bhely SRORRTe o T uggaal pory! pheny
2- met hOXyC‘o@fHaQﬁyUJhﬂ&ySbhe‘ialy]- 4’nahchqxatbdﬂﬁ/npﬂenydajahmnaé_e2 chlorophenyl 2 (0-
2 et o R RLETAL s SLISKRRENY SRLhnee BRI oy oy
ethoxycarbonylphenyl)oxycarbonylphenyl carbonate; 2-chlorophenyl alkyl
carbonates, such as 2-chlorophenyl methyl carbonate, 2-chlorophenyl ethyl carbonate,
2-chlorophenyl n-butyl carbonate, 2-chlorophenyl octyl carbonate, 2-chlorophenyl i-
propyl carbonate, 2-chlorophenyl 2-methoxycarbonylethyl carbonate, 2-chloropheny!
2-ethox ycarbonylethyl carbonate, and 2-chlorophenyl 2-(o-
ethoxycarbonylphenyl)oxycarbonylethyl carbonate; 2-methoxy carbonyl phenyl aryl
carbonates, such as  2-methoxycarbonylphenyl  phenyl carbonate, 2-
methoxycarbonylphenyl ~ methylphenyl  carbonate,  2-methoxycarbonylphenyl
ethylphenyl carbonate, 2-methoxycarbonylphenyl propylphenyl carbonate, 2-
methoxycarbonylphenyl  n-butylphenyl carbonate, 2-methoxycarbonylphenyl -
butylphenyl carbonate, 2-methoxycarbonylphenyl hexylphenyl carbonate, 2-
methoxycarbonylphenyl nonylphenyl carbonate, 2-methoxycarbonylphenyl
dodecylphenyl carbonate, 2-methoxycarbonylphenyl hexadecylphenyl carbonate, 2-
methoxycarbonylphenyl di-n-butylphenyl carbonate, 2-methoxycarbonylphenyl di--
butylphenyl carbonate, 2-methoxycarbonylphenyl dinonylphenyl carbonate, 2-
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i - but oxyphenyl carbonate, 2-nethoxycarbonyl phenyl 4'-nonyl oxyphenyl
carbonate, 2-nethoxycarbonyl phenyl 4'-cunyl oxyphenyl carbonate, di-(2-
met hoxycawlasybgisenyl ) car bonate, 2-met hoxycar bonyl phenyl P&TAUS02/16826
met hoxycar bonyl phenyl carbonate, 2-nethoxycarbonyl phenyl 2'-

et hoxycar bonyl phenyl carbonate, 2-nethoxycarbonyl phenyl

4' - et hoxycar bonyl phenyl carbonate, 2-nethoxycarbonyl phenyl -(o-

met hoxycar, ane/ EENAHRXVC AN PRy RIRBIN | cedbRAAAL LmeMBRycarbonyipheny]
nethoxycar ony ﬂ~5%%@q M(oyethogggéﬂﬁoﬁylpheng Qgiyc§$b2;§y§ﬁ2%yl
"4

garbogate1mpmhnbhﬂwky@ab®@Wyl%ﬁ@ﬁy@XﬂP nylehanybnbirkany! stre

nmet oxycarpo t b 2 h I
et SRR DR eS8kt 2R )
2- met hoxyoﬁétbnmyphqmlybngrbormﬁ; wm@hmtyoafrh@reflphznyln”etdﬁmyldwﬂkﬂowb%h@n% nonyl|

carbonate, 2-nethox n h
2- nethoxde?B%ﬁ@?Bﬂéﬁ?&nﬁéﬁfﬂrﬁ%éP% Ha%hhgg& 6@? %FH”HV? %ﬁ&] 2-
rZTEt P(ﬁx yC ar,bjg&y(lylﬁﬁehxﬂ lca(rwxb&g at-rﬁcthébeyﬁm’bhwkgmaylb@ H}dnpmm}ienyl carbonate
et hoxycar bonyl et car onate arbon th
ycarbonyléh@ﬁm9¥$%&m9ﬁgﬁﬁéhyl hﬁme@éﬂé%ﬁ& ﬁ%thoxy arggﬁylgﬁenyl

g é?hOE;hq%%ﬁéyﬁ%ﬂ%”%hﬂﬁﬁﬂ)Yl)O&Mg@ﬁbpnyl ehﬂyhonynﬂxmy&menﬂ 4’-
car bonyl phen ary car bonat es such as 2-et hox rbon hen
phenyl caﬂb@h@@@mbglﬁéﬁﬁﬂxycaﬂﬁﬂﬁymﬁhenyl2ﬁ§#ﬁ?Vﬁﬁ@ﬂV h%&ﬁbona? Pen

2- et hoxycaghonyl Eny® LMbARENY LmethdyBAPSy hheryl &t BBy fardsanphakeny |
propylphenyﬁ)g r%ﬂ?EMIn@ ethoxyég?bo%ylphgﬁ;F yn but%ﬁ?hengr‘ggrbgnate

ﬁeE;POEgﬁaFﬂmg?Eghenyl t- butyIBﬁ@%WVY@?<EUH@F@’ 2- et hoxycar bd§t pheny

2 o1 hoxy AP PR i e P o 2B oy poxvsar bongl phenyl

hexgdec%/lephehgoiyﬁgambdmmnﬁ 22éoe¢thmwyaih¢1b’mhymﬂ)%mdrqu’lnhﬁn)ﬂu@%‘P%‘H@nyI

co ot TR Bkl YRR cabB ek

dinonylphaﬁﬁhngarb@nﬂkﬁyaﬂxmymbmwmaﬂb@mwﬁpﬂ@nylnmymkmhévaphﬁwyW car bonat e,

2 11 WO 03/008481 CT/U802/168 bonyl henyl | phenyl

car bonat e,P®et h§ 58%?%onyldﬁgﬁ99mﬂ¥ Z%VP” cafb&hat carlfBRASY! P2

2- et hoxy cahbpewkabaiphesy rwnp]h@mdnaeanmw@qaram@tphmwccenybcmwptee nyl
2-methoxycarbonylphenyl  lauryl  carbonate, 2-methoxycarbonylphenyl  2-
methoxycarbonylethyl carbonate, 2-methoxycarbonylphenyl 2-ethoxycarbonylethyl
carbonate, 2-methoxycarbonylphenyl 2-(o-methoxycarbonylphenyl)oxycarbonylethyl
carbonate, and 2-methoxycarbonylphenyl 2-(o-
ethoxycarbonylphenyl)oxycarbonylethyl ~ carbonate; 2-ethoxycarbonylphenyl aryl
carbonates  such  as  2-ethoxycarbonylphenyl phenyl carbonate,  2-
ethoxycarbonylphenyl methylphenyl carbonate, 2-ethoxycarbonylphenyl ethylphenyl
carbonate, 2-ethoxycarbonylphenyl propylphenyl carbonate, 2-ethoxycarbonyiphenyl
n-butylphenyl carbonate, 2-ethoxycarbonylphenyl t-butylphenyl carbonate, 2-
ethoxycarbonylpheny! hexylphenyl carbonate, 2-ethoxycarbonylphenyl nonylphenyl
carbonate, 2-ethoxycarbonylphenyl dodecylphenyl carbonate, 2-
ethoxycarbonylphenyl hexadecylphenyl carbonate, 2-ethoxycarbonylphenyl di-n-
butylphenyl carbonate, 2-ethoxycarbonylphenyl di-t-butylphenyl carbonate, 2-
ethoxycarbonylphenyl  di-r-butylphenyl  carbonate, 2-ethoxycarbonylphenyl
dinonylphenyl carbonate, 2-ethoxycarbonylphenyl cyclohexylphenyl carbonate, 2-
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4' - met hoxyphenyl carbonate, 2-ethoxycarbonyl phenyl 4'-ethoxyphenyl
carbonate, 2- ethoxycarbonyl phenyl 4'-n-butoxyphenyl carbonate,

2- et hoxycaolenydsphenyl 4' -t- but oxyphenyl carbonate, 2-etporysar/issey! phenyl
4' - nonyl oxyphenyl carbonate, 2- ethoxycarbonyl phenyl 4'-cunyl oxyphenyl
carbonat e, di-(2-ethoxycarbonyl phenyl) carbonate, 2-ethoxycarbonyl phenyl
4' - met hoxycar bonyl phenyl carbonate, 2- ethoxycarbonyl phenyl

4' - et hoxy caR xR Mhknyd an e AIHenyl 2cRbdhany Qadthaxyydrpdisiphkenyl biphenyl
2' - (o- met hoxycar bonﬁll phenyl ) ox ycar bagnyl phenyl car bgjgat e, and 2-
et hoxycar bopnpRerginosycaror dphayy eapBRiispy pHebRIpF o ¥ FH@FRPFQH%W]

car bonat e;4.2; PEROINAP DRIk y AR Y1 DRy PANALOS phEHF BarBShate, 2-
2-ethoxyc£}§gﬁ§%%ﬁﬁﬁgl neth;F car%onatg? 2yethox§§gr%§nyfphgéyl et hyl

car bonat e, etioxatanoooytrheo g/ phepxspheryb ugagionatg q 2sdipayearbonylphenyl 4°-i-

2- et hoxycar ban Vi s1ehh I -
A s

2- et hoxy c attiomydrisinyiphenyt a# bomatexypRengt Ivesbpoaie.b dn(2-gheygdrbonylphenyl)

2- (o- met hoxycar bonyl phenyl.) oxycar bonyl et.hyl nat e, }
2-ethoxycé?§@ﬁ??phéﬁ§ox(¥F%m¥%ﬁ%Q§céyﬁgﬁ§%5ﬁ%%§ g?@éaraggﬁ &t hyl

car bonat e;etiZoxpt oy iph e omydthdxgnyrbomiphkylc aarlboimad, e 2-ethdx pradpoxipbarybony| phenyl
al kyl  carhonates; 2-butyoxycarbonyl phen aryl .carbonates;
2-butoxycé%66ﬁ§ﬂﬁﬁéﬁ?@"ﬁ%@?ﬁﬁméﬁ?gﬁﬁgpgggi2-pH@H§?§Earboﬁ?Pphen§T aryl

car bonat eséthcﬁe?@iarl?on@gﬁw Y 35-00BYYRIRAYbheng)klcarbaisizayiesarbdna@3 3]

End- cappi ng agents described by formula (1) nax alsg in Iuﬂe %@ﬁnﬂtic

car boxyl i cthpxyeprzonyphemd pHkrly rarkaagss s sudy@h ¢ ?Qﬁﬂ‘ﬂp@gﬁg yMB¥hzoate, 2-
chl or ophe 31085 B bR AFOAIShend &1 AHRNSBY-cdhoBicabh f Rbutyl
2-ch|oropﬁéﬁ§ﬁm§?%- Hﬁﬁylbgagggge, %-éhloro%hgnoﬁﬁﬁ-t?%g%ﬂ?benggate,

2- chl or ophverbphate,- Rortixyesiberirhenyd- oethl adionaay |2-AbeyryPHEHAERN e 2-

2-chl orop € iR orgmﬂﬁ 3 0x%\ABR lethyl
2-ch|oropﬂ§%¥%y%ﬁgt 0X 6eﬁ?§%§@% %—c g%%%ﬁ%ﬁgﬁhg-ﬁ- bu%%ﬁ%%gﬁ;gate,

2- chl or opherbphatd,- 2-demxyrarbenyibianyd, 22oahdtiorgpeenylphanyllesysareoeylstnk oat e,

2-chl orophenyl 4-cynyl oxyhenzqat -ch - hvl

met hoxycar%%iﬁt earl?%zi g%tgo,x%ﬁ%rcgz 1K rhggﬂgz n@‘ﬂ ‘Jt@‘y"ﬁg{}ﬁ@b’c}‘ g?)g)(? F%WB%"R%‘S& e, 2-
chl or ophenytboRatet hpropeaicboyliengloayleartdnathi; Qrpppenydrbonylphenyl alkyl

4- et hoxycar honyl benzoat e 2-chl orophenyl )

2 Cor ot haRJORBo A DreRr SRR Ry RIS & iR stony P! didhogas
PCT/ US02/ 1G#3Rates; 2-phenoxycarbonylphenyl aryl carbonates; and 2-phenoxycarbonylphenyl

alkyl carbonates.

[0033] End-capping agents described by formula (I) may also include
aromatic carboxylic acid 2-chlorophenyl esters, such as 2-chlorophenyl benzoate, 2-
chlorophenyl 4-methylbenzoate, 2-chlorophenyl 4-ethylbenzoate, 2-chlorophenyl 4-r-
butylbenzoate, 2-chlorophenyl 4-t-butylbenzoate, 2-chlorophenyl 4-nonylbenzoate, 2-
chlorophenyl 4-cumylbenzoate, 2-chlorophenyl naphthoate, 2-chlorophenyl 4-
methoxybenzoate, ~ 2-chlorophenyl  4-ethoxybenzoate,  2-chlorophenyl  4-n-
butoxybenzoate,  2-chlorophenyl 4-t-butoxybenzoate,  2-chlorophenyl  4-
nonyloxybenzoate,  2-chlorophenyl  4-cumyloxybenzoate, 2-chlorophenyl  2-
methoxycarbonylbenzoate,  2-chlorophenyl 4-methoxycarbonylbenzoate,  2-
chlorophenyl 2-ethoxycarbonylbenzoate, 2-chlorophenyl 4-ethoxycarbonylbenzoate,

2-chlorophenyl 2-(o-methoxycarbonylphenyl)oxycarbonylbenzoate, and 2-
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chl orophenyl 2-(o0-ethoxycarbonyl phenyl ) oxycarbonyl benzoate; aliphatic
carboxylic acid 2-chlorophenyl esters, such as 2-chl orophenyl acetate,
2- chl or opWwerugloos4pr opi onat e, 2-chl orophenyl val erate, 2-checapisenyds2e
pel argonat e, 2-chl orophenyl | - nethyl propionate, 2-chlorophenyl

2- met hoxycar bonyl propi onate, 2-chl orophenyl 2- ethoxycarbonyl butyrate,
2-chl or ophenyl 4'-(2-methoxycarbonyl phenyl ) oxycarbonyl butyrate, and

2-chlorop n 91 (2T TEh SO Y B a1 AN IRRS Earbor9 e R A RORYphABU L dFdkGlic  ar omat i ¢
carboxyli2%2%%gé?%'?ﬁgghgﬁécarbonyl%ﬁgﬁyl)Igsterg, suth as (2-ﬂm

met hoxy| cactson2-ghlplepheply) ¢tenzosuah as 2-chlorophenyl acetate, 2-chlorophenyl

4- et hyl benzoyl - (2 - C y . 1 1-

b o AR AB0RY RGOy, Bl 2 s |

4- n- but y| heazygylopiodate, Preblosyhont Bensthyxyesbenylirgpiciate, 2-chlorophenyl 2-
4-1-butyl benzoyl - 2' - met hoxycar bonyl ph I -

met hoxycaragm’f\}%/%%oé’ﬁ Wﬂf}r%gp%icﬁfééﬁpgx%n)?2??(%%%@%&%%P%@fpﬁe%éo% %‘fa)rbony]

4- ponyl benzgaite, and ZZ-cHImbﬁI&xlear-bz;mytlllpmmbb]ylﬂlaemyWyba’bmmt ®utyrate;

i menyoctasate BRIkl e RER SRR Enl bkl Sher oo
(2" - met how&ﬁdx@%bﬂoﬁﬂgﬁ%bb 4edroafoUt PxDSTRAANE (2 (RethdXBt by aeany| phenyl )
4- cunyl oxybenzoate, (2'- nethoxycarbonélphen 2- et hox carboq¥!benzoate,

|
(2' - met hoxyisarbehylbpreny) mehoxesareRy eBFbn %Béﬁibé%@?mybmuoﬂ{
(2" -met hoW&ﬁ&?QﬂM&)ﬁlﬂ%ﬁé% %sicg,: %F-Bﬁpﬂbgﬁ’zro?p@’)ﬁh&ﬁ&%@%snyl}))heny]) ester, (2°-

(2' - met hoxycar bonyl pheny o- net hoxycar bonyl phenyl ) oxycar bonyl benzoat e,
(2' - et howgthaxybasbgrylnbised; naphtiogtemé? Hosthearcabampipisary |4y oy bapa98iy | benzoat e,
and (2'- th yl,. ’ ) 4-

3-(o-etho yc%’%éﬁ%%ﬁ%é@@yc‘gglﬁ%ﬁﬁ céar%ez’oa?e;m eéhloix%chaé?oing]p h?:nayr)boxyl ic acid
(2' - met hoxyabaxybazbphieny| (2 -estherycaswoiipheny()2' - 4rethbaybgezeatsony| phienyl )
stearate; aromatic carboxyli,c aci ‘-, et sters, such
2s (2 - ot HOUGUarBEHOTRON | B EnbEabGons:" (PHEREEINLRISNY 93

met hyl benzyxykedzodd, hox yrankibonycabenyphenddt er 4{csingloxybbnedatey | beZoyl - (2' -

et hoxycar bonyl phenyl )  ester %s'c . 4-n-butyl benzo

(27 o) oy RasBry P Ty | asp A ieabef Sfiba gL Pagroonsiphenyy)

(2' - et hoxycaeihenhbanydny oS (Brmethdx ycabboppieaylh arytaahemydnylbenaptet hoat e,

(2' - et hoxycar bonyl phenyl ) 4-nonyl benzoa e,1(2'-ethox%ca&poqy{phgnyl)

4- cuny| ber2 oREBOXYCOPORYPSRYR Ar BRI PBHEHG P RRC RS A Ba Rt (r -

et hoxy car hoaydphepdtylesdrel haxxher ﬁioﬂyllpﬁ&yi)eiﬂ@?b)éﬁﬂbmmﬁhpmﬂ’) 4-n-

but oxybenzoat e, (2'-ethox%carbony pheny % 4-t - but oxybenzoate, (2'-

et hoxycar bemtyaxypashenyiphan b AyipsihpRrsssheay Bhenybox yearhgRy bRy tieis 1 ) 4-
carboxylic acid (2’-methoxycarbonylphenyl) esters such as (2’-
methoxycarbonylphenyl) stearate; aromatic carboxylic acid (2°-
ethoxycarbonylphenyl) esters, such as (2’-ethoxycarbonylphenyl) benzoate, 4-
methylbenzoyl-(2’-ethoxycarbonylphenyl) ester [sic], 4-ethylbenzoyl-(2’-
ethoxycarbonylphenyl) ester [sic], 4-n-butylbenzoyl (2’-ethoxycarbonylphenyl) ester
[sic], 4-r-butylbenzoyl (2’-ethoxycarbonylphenyl) ester, (2’-ethoxycarbonylphenyl)
naphthoate, (2’-ethoxycarbonylphenyl) 4-nonylbenzoate, (2’-ethoxycarbonylphenyl)
4-cumylbenzoate, (2’-ethoxycarbonylphenyl) 4-methoxybenzoate, 2’-
ethoxycarbonylphenyl) 4-ethox ybenzoate, (2’-ethoxycarbonylphenyl) 4-n-
butoxybenzoate, (2’-ethoxycarbonylphenyl) 4-t-butoxybenzoate, (2’-
ethoxycarbonylphenyl) 4-nonyloxybenzoate, (2’-ethoxycarbonylphenyl) 4-

cumyloxybenzoate, (2’-ethoxycarbonylphenyl) 2-methoxycarbonylbenzoate, (2’-
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cunyl oxybenzoat e, (2'-ethoxycarbonyl phenyl) 2-nethoxycarbonyl benzoate, (2'-
13 WD 03/008481 PCT/ US02/ 16826 et hoxycar bonyl phenyl)

4- et hoxyomoboengdsbenzoat e, (2' - et hoxycar bonyl phenyl ) 3-(0- POBIUSON16826

ycar bonyl ) oxycar bonyl benzoate, (2'-ethoxycarbonyl phenyl) 4 (o-

met hoxycar bonyl phenyl ) oxycar bonyl benzoate, and (2'-ethoxycarbonyl phenyl)
3-0- net hoxycar bonyl phenyl oxycar bonyl benzoate; aliphatic carboxylic acid

(2'- et hOxéﬁ%#g%’r%'jﬁﬂ%ﬁ%}@gﬁﬁ&%ﬁbé nat b%'z*&h&%éﬁ%&ﬁm%l hepy! )

st ear at e; car I C acl 2- propoxycar bonyl pheny esters;
al i phati ¢ gahbopcyibosylaiychrbdiylbepaoapoxy dat-bhoxpcpirenyiphengldt er $; atomatic

boxylic agid (2' - bonyl.ohenyl ). est.ers: . ali phati :
(2- bai(gxIyg%@?‘%w%ﬁgﬂggﬁt’3%§§§>?yr§?r§$r¥ygfeg%gat¥el,)Canggf{)geihércyc%ﬁ(ogpr}kérﬁl)c§U§0><y ic

phenoxycar peimyk )&B&BWIg)heelgrtoayc&'rboayme@dohtph ataliphatiar bosxlydxiytic acacdl  (2-
phenoxycar bonyl phenyl ) esters. [0034] |In addjtion, rbonat e conpounds

and/ or carﬁB&VF?réo‘b))t{W}H“@%teé‘Frs %‘{%lhﬁéd%deéﬁ?]‘é’g%rt’?'ﬁ'gg’eﬂa%%?r | &1 bel ow can
al so be US&%%U@%&@ppiogexﬁ%mﬁphen% QesteFRaliphat)c Qrbwhgiceidd R-i s an

al kyl group haV|ng | to 30 carbon atons, an al koxyl grou% th|ng Il to 30
car bon at oprspoxymarheMIphgn il §StBray ARG ebaylie AP A B ECarbgpylphen Pyl oxy
group havifg. 6bi é hE31) Steddd ami@XNrbek@eR2having 6 to
30 carbon é%%%?%tlﬁgaﬁgﬁgggg?%%&arno?rﬁcgﬁi{)‘ai n arz: el e]pt rronfygifgracti ve
group, sucpheasxyratbogdphenzl) onsstersi t r endyr oakrhatior  pREXNEar LSy | s(2-[ 0035]

Speci fic exanpl es,of —end- i.ng agents described by fornula (11) include
phenyl ar yi))(heggxryﬁgrr?g?%&quﬁgﬁgjzsi's di phenyl carbonate, phenyl 4'-nethyl phenyl
carbonat e, phenyl 4'-ethyl phenyl carbonate, phenyl 4'-n-butyl phenyl

carbonate, phdfg34]4n - additinny | gteample cempomds eandfsie gaFPowylic naid | gtEny |
carbonate, phen > Jo]al g e\V| a1 ts¢, phenyl
4' - met hoxyﬁcﬁ‘yﬁy?{ésccgers r%lr%gt%g,f Or%ﬁ%ﬁypgélgw-cg?ﬁgiéepﬁgnyl cacra1 %ng%}? Sphenyl

4' - n- but oxyphenyl carbonate, phenyl 4'-t- butoxyphenyl carbonate, phenyl

4' - nonyl oxypheny, ar bonate, and phenyl 4'-t- propyl oxyphenyl carbonate;
and phenyl al kya)t —B4yich as phenyl nethyl carbonate, phenyl ethyl
carbonate, pheny putyl gar bonag, phenyl octyl carbonate,

wherein Rs is an alkyl group having 1 to 30 carbon atoms, an alkoxyl group having 1
to 30 carbon atoms, an aryl group having 6 to 30 carbon atoms, or an aryloxy group
having 6 to 30 carbon atoms. When Rj is an aryloxy group having 6 to 30 carbon
atoms, the compound does not contain an electron-attractive group, such as halogen

atoms, nitro groups, or alkoxycarbonyls.

[0035] Specific examples of end-capping agents described by formula (II)
include phenyl aryl carbonates, such as diphenyl carbonate, phenyl 4’-methylphenyl
carbonate, phenyl 4’-ethylphenyl carbonate, phenyl 4’-n-butylphenyl carbonate,
phenyl 4’-t-butylphenyl carbonate, phenyl 4’-nonylphenyl carbonate, phenyl 4’-cumyl
carbonate, phenyl naphthyl carbonate, phenyl 4’-methoxyphenyl carbonate, phenyl
4’-ethoxyphenyl carbonate, phenyl 4’-n-butoxyphenyl carbonate, phenyl 4°-r-
butoxyphenyl carbonate, phenyl 4’-nonyloxyphenyl carbonate, and phenyl 4’-1-
propyloxypheny! carbonate; and phenyl alkyl carbonates, such as phenyl methyl
carbonate, phenyl ethyl carbonate, phenyl n-butyl carbonate, phenyl octyl carbonate,
and phenyl i-propyl carbonate.
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and phenyl i-propyl carbonate. 14 WO 03/008481 PCT/ US02/ 16826 [0036]

Furt her exanpl es of conpounds described by formula (11) that can be used as
end- cappiwg oagesass i ncl ude aromatic carboxylic acid phenylpceatser/sgs26uch as
phenyl benzoate, phenyl 4-nmethyl benzoate, phenyl 4-ethyl benzoate, phenyl
4-n- butyl benzoate, phenyl 4-t-butyl benzoate, phenyl 4-nonyl benzoate,

phenyl 4- cunyl benzoate, phenyl napthoate 4-phenyl nethoxybenzoate, phenyl

4- et hoxybenzog b@aégﬁrnﬁﬂef'ex%aepyﬁ m&%n&q&g&me@mwﬁﬁa tiphmd @4y benzoat e,
phenyl 4- nonyl'oxybenzoate, and phenyl 4-cunyl oxybenzoate; and aliphatic

carboxyl|cmadwdembnwnwmzesn@nmﬂmbuﬁwﬂﬁ§<ﬁﬁéﬁymca%épb@b”eﬁﬁéﬁVP @F opi onat e,
phenyl val rate yl Ia h HeNaks. and
phenyl Ste%en¥l beﬁFB%g heAﬁ?exégRﬂgén%oatp g eglﬁg&)ég@ge{) Se{?}é sfown in Fig.
1, the appmgbmoatha\pha@da4irelmdylbetn@cd(e a@htrafl! 014 nonylkenkpaté.eqlientl odk druns 2a

and 2b, pipes 3a, 3b and ssel and 4b,
venting plg’(-?? begzo ‘g‘ﬁﬁy%c"apé]??&te gﬁge'émageéﬁéxyg?nﬁ% ?"'”?. c mxer 8,

and post pOéth{dX@'bdnﬁaétb QH]eM?]SS-leua)xybéhzbha mjfe@yie%sbutbg&ﬂnzcmteocpkmyl ar
polycarbonate pol ycondensati on are

in fee tock a tor ank 1.
Agi ator (HOEREY 4G ST o b5 L s alpe Aol BT - Feed

stock drungendacstnd sébh @k Hhbnyl la@etates bﬁkntyhgroﬁi’dﬁﬂiﬁt beng hmdfawxpha@mpound and
t he carbonlc acid diester, respectlve e aronmati c di hydroxy conpound

and the ca%ﬁ@ﬁﬁ@ma@ﬁﬁﬂdl€§ﬂEH”WEWémédﬁ9Phﬂﬁhgﬁvaed from feed stock druns
2a and 2b through pipes 3a and 3b, respectively, to feed stock agitator

tank 1. As it ifgoPn ehexeRglahhabcsy Bad dfpatadlsliy sivavn lawgemtmppmﬁ:ent in the
at mosphere of agltator tank 1, the agitator tank 1 nmay ged with

ni trogen geayingR faecstogkgigitatopiank dnfesd ptoghadrupe 25?1‘%%@@‘? ﬁas@r ?’%sa“ n order to
forma U”'é ﬁ%éﬁzht% SR h§'aﬁ'<945 hﬁenaﬁgmteg 8a dih %Al B¥YeoipeiMpd and the

car boni c ad |ester [ 0038] A nelt pol ycondensatlon catal yst may be added
to either agntdtor?,tstatik mikery agd pgmlymmzagwbwel&r Iotheipgesess: &edbot h f eed

stock dr ung c%(g &N n?ol%grboﬁ?t%f)égo?o%ﬁ&% meh EQ%%CSQM%%} opcat al yst

woul d al so” De co uous rom T stoc runs 2a and/or 2b through
pi pes 3a angitasr t3tk 1 hds ansagpatelf eladech & hatlcztl mevolilikgshaft. (Feed sthok dromal

conpounds £aa‘)andb§b iargcxli'ég t}% r]ietar}gmgt‘i:‘\cl Ehh?(?rloy)p 9&9&&%5‘%‘19 Mhd gﬁ%rhp Qcihn
diester, respectively. The aromatic dihydroxy compound and the carbonic acid diester
are continuously fed from feed stock drums 2a and 2b through pipes 3a and 3b,
respectively, to feed stock agitator tank 1. As it is preferred that substantially no
oxygen be present in the atmosphere of agitator tank 1, the agitator tank 1 may be
purged with nitrogen gas. Plural agitator tanks 1 can be arranged in series in order to
form a uniform solution comprising the aromatic dihydroxy compound and the

carbonic acid diester.

[0038] A melt polycondensation catalyst may be added to either agitator tank
1 by a pump (not shown) or to either or both feed stock drums 2a and 2b in which
case the melt polycondensation catalyst would also be continuously fed from feed
stock drums 2a and/or 2b through pipes 3a and/or 3b. It is preferred that the alkali
(earth) metal compounds (a) be included in the melt polycondensation reaction in
amounts of 1 x 10% to 1 x 10 mole, preferably 1 X 107 to 2 x 10" mole, and more
preferably 1 X 107 to 8 x 107 mole, per mole of bisphenol. If an alkali (earth) metal

compound (a) is already present in the bisphenol feed stock for the polycondensation
15



anmounts of | x 10-8 to I x 10-3 nole, preferably I x 10"7 to 2 x 10-('
nole, and nore preferably I x 10-' to 8 x 10,' nole, per nole of

bi sphenolwoloBioesisal kal i (earth) netal conpound (a) is al readsopiaent in
t he bi sphenol feed stock for the polycondensation 15 WD 03/008481

PCT/ US02/ 16826 reaction, it is preferable to limt the anount of alkali
(earth) metal conpound (a) added so that the amount present in the

pol yconder}%%ln-bg,nit [e 36k e RETinfIPIHE dounPbs IREN Qlariph hietddobbiliidr(al he
above-stated range. Were nitrogen-cont ai négdg. basi ¢ conpounds (b) are
conbi ned widdéd ap khti the eamauin) presendl in ctbenpelyserdepsayion rpastipn tHeb ¥ OEont ai ni ng
basi ¢ conpounds . (b - Jol S Whde Kitrbeil-contBnihe BastO- '
per nole o ' hlens%hvé]?l]ol%?%\]/ﬁ?htHigg?(\Je%ba?ELﬁoltég& 10 x]el%- IZtJog%rf %o pe?] %mfe of
bi sphenol coptpebedsr(bare Toeb@ed motindl saliafestlp rredtalr qogrponmdst (Al yheatiiregent he
pol ycondensat i on reaction rogress.at a sufficient, speed.and with a

hi gh | evel “8R"HA quoﬂppﬁjfﬁ?g)g@?)ghved r”é%rﬂ?lf’#%%# fﬁq héo Brx ggué?olq%n of a

hi gh- ol eyl af 510l BiphBR) Y & Ak honat 6 pb 0duLtio?Thele ReThdle afitkpRgHapOoUNds (c)
may be used in ampunts of | x 10-8 to |l x 10-1 nole, with I x 10-7 to | X
10- 2 nol e pefefred. r Ehesec amguuis ere prefesred as (hey gbow the nadvcendgpsdicadprstpal | y
preferred, l.e il i 6 10Ve1 RITJofnGizkisSiEL gy Per nole
of bispherf8}lg?g£{rgs(§g%]a %‘%ﬂﬁf’gﬂrg’?g‘{r ??‘ﬁé”“‘ﬁoaaﬁf.gg. el bk tZ?ta mel t°

pol ycondensaitingninahe pieluctioneef a highathadtcokpksvetpht polychforaertpdigt.t Abe ni xed f eed

stocks by .a punp (not shown) through i pe t.0-8Rr eRoj yiner.i zat.i on vessel s
4a and 4b.boi*ﬁég‘]arc_é‘b‘é}?@}}ﬁié?‘i)i%%yibSﬁ’S?fg‘%S@R‘M?gﬁ‘d‘% B TR TRbr AL 1
m xi ng bl ades” hayingovendié palferrddabis witRadug ad*pe aSSUDE mhdle esprtiaipi ned by
means of venting pipes 5a and 5b provided in the top part of the
pr epol ynerirefarred ivheresnelr & mele ahbprigtacidmy bpugiedd essereRIImAnalf ¥snherdli on of the
unreacted nmononers may be fractionated, the phenol renpved fromthe system
and the unreagh@d) 0NN Hg & FH Nefe irfttidl hfel D5 BROhYeMAtichAfRMKEESEl S 4a
and 4b. Melt polycondensation catalysts can also be fed to the
pr epol ynerfeedhttocks begiss by feeding dhrgminsd Teeqistacks by g SuppdpeI shaip) hiouebn vessel s
4a and 4b, ., 6ONS} 5 fi2300 VRLseRQEL EnPARIRR pregtind?BatitiOlsseRStaBA@WN i n Fig.
1, or a sipﬁ%ﬁojelﬁg?géggglgﬁéééil@nersiezatiI(])n vesseljlrena bea usetsjs.e HSV\/ever, two to
four stage® axeprpridéemitbdmixii@ohioges| hﬁVmgerfm%tshv%/SepBIe?Wé#iPz%’e“ireriSvessel 4a,
the reactign {QIRGLALULE drS.coff L BEARE ¥nB B! BoRd0CH el Bp1AR ¢n260C
preferred. € pressure nay be & Bdticed

prepolymerization vessels 4a and 4b. Byproduct phenol and a portion of the

nol e

unreacted monomers may be fractionated, the phenol removed from the system, and
the unreacted monomers returned to the prepolymerization vessels 4a and 4b. Melt
polycondensation catalysts can also be fed to the prepolymerization vessels 4a and 4b.
Multistage prepolymerization vessels 4a and 4b, consisting of two or more stages,
may be used, as shown in Fig. 1, or a single-stage prepolymerization vessel may be

used. However, two to four stages are preferred.

[0040] In the first prepolymerization vessel 4a, the reaction temperature is
preferably 50 to 270°C, with 150 to 260°C preferred. The pressure may be reduced
from atmospheric pressure to 6 mmHg (8 millibars (mbar)), with 400 to 6 mmHg
(0.53 to 8 mbar) preferred, and with 300 to 6 mmHg (0.40 to 8 mbar) especially
preferred. In the second prepolymerization vessel 4b, the reaction temperature is

usually 180 to 300°C, with 200 to 280°C preferred. The pressure can be 1 to 50
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from at nospheric pressure to 6 mmHg (8 mllibars (nbar)), with 400 to 6
nmHg (0.53 to 8 nbar) preferred, and with 300 to 6 mMHg (0.40 to 8 nbar)
especi al lwoopnedserred. I n the second prepol ynerizati on ve®salusdicsebre
reaction tenperature is wusually 180 to 300C, with 200 to 280C preferred.
The pressure can be | to 50 16 WO 03/008481 PCT/US02/16826 mrHg, with |
to 30 mHg preferred. Wen there are multiple stages nunbering nore than
two, the phesggneiti $ wnefmnaklprefepeiicheanstrd b helpRI stdoes auabaiat ed in
each successive stage within the above-described ranges. [0041] The
aromatic p(’ﬂ%gtabdwat e g YE o PR Rl % requRed: prdl E‘FéﬁiBPVﬁ‘é’fel ?%ﬁalﬁ'dlnm vessel s
4a and 4b bas, s@cdeksmets'l%gMt'hﬁﬂﬂ§hﬁ&(/eld1§c}lbédzl@1%e'sn met hyl ene chl oride) of 0.05
to 0.5 dL/g, wth to 0.45 dL/g preferred, and with 0.10 to 0.4 dL/g

nore preferred. After reaching a desired viscosity, the polycarbonate
removed from t 904 Br BSArgRRL] PRIV ELEI SO TUhe iPFRROBIMFTIFRIPNT o

post pol ymerLzal uphh/ASER lﬁmtm ‘Q@ééﬁ%%]ﬁgb‘@r mtr&tlﬁﬁé?q%%elbg]d\%mﬂtﬁho.(gnto

post pol yneri zation vessel e po onate IS

end- cappi ng. Sachég]twnhsuwtorﬁ 4(5 dﬂg/grmqfermbawd with 8.18 epAratieg msaswae(rnd)t shown) ,
but nost c ven| en| urs in t| ng .t he post -

pol yneri za%? h {/egcss ?ﬁﬂfﬁ] vi QOSR oa}%ﬁ Oq?ica Onite 4 moveﬁd%ro g agent is

pr ef er abl y piepdl mdmaedn ‘telsfedisu)granqbnpmmgteric fddy ta ppstmyﬁqmiaushowaéellmt 0 piping
6, wherein_the end- ca[%pl n(gv ent angyapol car bon lFrO uct. are m xed.
These end- BABPYFgPaYelft S2EFE ﬁﬁﬁeFPPéPﬁO CrEH} Y:eé??v ORIYARWE S ock drum 7
at a tenpemplednaitiodn dndllcapping @Bat.a8AcH MiNIOMEL Bccul M & séPafitd1Gesbel tgtough

pi pi ng 3c. End-cappi ng agents such as thqose nentioned herein_ are used in

proporti onghoym) P frae H%OS}VQ‘JWQ”Y PCury IHPIRIRE 6\ GREYNG e Ple- ANERPASE nor e
preferred gHgmbrifibPvekseds.mol es being especially preferred, per equivalent
of polycarbonate term nal hydroxyl groups. [0043] For mxing the

end- cappi ng agent and pol ycar onate it is preferred to provide a static
m xer such as tH&t2l¢Hottit™PninFilg. chrﬁgﬂa@mﬁ]gp?&?@t & prsfesabbivntiodugsly. 1.  Two

or nore st Qafrdu‘?gh Bi cﬁiﬁé Sc r@,ya Bﬁnﬁ éﬁcﬁ%@@n)‘ ﬁto’sﬁﬂbln%sé \ﬁ%%@é’fmtﬁ‘ese&f caﬂaﬁ\h' C mxers
that my be used are déscri , exanpl e . 5-131126 and
Japanese ®&piesnd P@WP@@“%RWH% apgomiNe TQCSEGBQSE@P"F& @6“12 afesprahediedgonal Vi ew

of a pref efnraec%nvem]ona] feed stock drum 7 at a temperature of 120 to 200°C and introduced

into piping 6 through piping 3c. End-capping agents such as those mentioned herein
are used in proportions of preferably 0.5 to 2.0 moles, with 0.7 to 1.5 moles more
preferred and 0.8 to 1.2 moles being especially preferred, per equivalent of

polycarbonate terminal hydroxyl groups.

[0043] For mixing the end-capping agent and polycarbonate, it is preferred to
provide a static mixer such as that shown in Fig. 2 inside piping 6 as shown in Fig. 1.
Two or more static mixers may be arranged in series. Examples of static mixers that
may be used are described in, for example, Kokai No. Hei 5-131126 and Japanese
Patent Office Tokuhyo No. Hei 9-506318. Fig. 2 1s a diagonal view of a preferred
static mixer 10. This static mixer 10 comprises a first guide plate array 11 and a

second guide plate array 12.

[0044] As shown in Fig. 2, the first guide plate array 11 has at least two

triangular first guide plates arranged circumferentially. The first guide plates are
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static mxer 10. This static mxer 10 conprises a first guide plate array |
1 and a second guide plate array 12. [0044] As shown in Fig. 2, the first
gui de pl aveoanesag1 | | has at |least two triangular first gorasopia@ares
arranged circunferentially. The first guide plates are 17 WO 03/008481
PCT/ US02/ 16826 positioned at the upstreamend of the static mxer 10 with
respect to the direction of fluid flow Additionally, the first guide

D 2Les reSpSELLYEL Y] DELLAS A SMANEIL ek Bkl biEhopce securely

downstr eanﬂhﬁ(ﬂ\ﬂowhe((ﬁhﬁd’rh@ﬂy,a]ﬁeeﬁl@,og\nw]b]eﬁs fb@]@ﬂ‘ctlt/é’lﬂlr(chﬂé frain thou kotwin pi pl ng 6
(not shown). The second gui de pl ate ﬁlrra é)gs t he

a nurber  of
triangul arpa”s‘éléf‘é?lﬁ’e@jGfecﬁéaﬂF]étaé%Ch&g ¢ RE eF é”la” PRIES} QL SHMAlP 4™ The

second gui ﬁ@x Rl @ BSwhshedrh BRd wﬁ@r"@ %Etaie\&h]yecfeﬂﬁhearaﬂe cRe¥ AAeaf piphey €ent r al
axis where they are connected on the inside of the flrst ate array

ui de pl
1 | towar dnetheiownbotliheregead touidsariac pray 13 rhas dhsceams yumbet I‘?é‘éf”lﬁg t he inner
wal | of pl %&&glggl (fegb%iﬁssglqw}:rs@ u1ﬁpﬁl'afe Haynst ﬁﬁ@-géc%ﬁ'djguldé\ Q{eE iRnad |y, the

second gui are spaced circunferentially so that they are
| ocat ed betes/peetwetmﬁorﬁ ian spexguwartbe eentralaxisiwhqrods prewrerected on i iPEEF bonat e

duct t sh
pass ¢ oUgnt N5 G e b p R BH G g Ppaf ot shov

pol ycar bonagaéhegr Q)dthet inaad watidet ajpigng a@emowm)om ﬂglméa\wn&tﬂqe’nl <mﬁ1er wal | of

of - The contemabite o @ifaREE 1 b8 Pich cREI PR B RR dRRET 10 T 7

Meanwhi | e, 1otd0&d be@ﬁ&hrﬂ@éﬁlﬁlog'uﬁde(hli‘ragbfl]the pol ycar bonat e product and t he
end- cappi ng agent rovvi ng t hr ough the central portion of the pipe 6 (not

h [ id I
by the respect 10 SEHerrige PR el ad Fioad e, L Gwbity M RbpRET o1 A e

pol ycar bongisagtpiedpigin a@fdndt hﬁox&ﬂdpagamom mgemncfdu@w Yy thepeudparal he pi pe 6
(not shown), are m xe SW tcg <tl pl aces of rcunferential and
Apd fRGE

central pot¥tighef e PPWéar PRAN PTBYY: RPHER ﬁ%‘?’mg H5ReV o s not

limted toyfihgtié bllp!h%,tg @Bﬁﬂlo{wﬂ) isigided froht the p&iphatabreddwatdihe @xampl e, one
such as that shown in The static m xer |IIust:T§]ted in Fig. 3

conpri ses thewentigheds by ‘}lﬁrﬂpﬁ@‘”él‘@ﬂ’é‘ﬁ‘i’ &rsp guidp glasarayahl. Ylganhye, the
central portion of the polycarbonate product and the end-capping agent flowing
through the central portion of the pipe 6 (not shown) is guided from the area of the
central axis to the peripheral area by the respective inclined second guide plate array
12. Thus, the polycarbonate product and the end-capping agent flowing through the

pipe 6 (not shown), are mixed by switching the places of the circumferential and

central portions of the flow.

[0046] The static mixer, however, is not limited to that illustrated in Fig. 2. It
may also be; for example, one such as that shown in Fig. 3. The static mixer
illustrated in Fig. 3 comprises two types of mixing elements 21 and 22 that mix the
polycarbonate product and the end-capping agent. Mixing element 21, a rectangular
plate twisted 180°, is a mixing element that splits the fluid into two and imparts a
rightward rotation to the fluid (e.g., causes the fluid to rotate in a rightward manner
around the central axis of piping 6). Mixing element 22, which is twisted 180° in the.
opposite direction of mixing element 21, is a mixing element that splits the fluid into

two and imparts a leftward rotation to the fluid (e.g., causes the fluid to rotate in a
18



pol ycar bonat e product and the end-capping agent. Mxing elenment 21, a
rectangular plate twsted 180, is a mxing elenent that splits the fluid
into two wodsiogaarts a rightward rotation to the fluid (ecgusorasses the
fluid to rotate in a rightward manner around the central axis of piping
6). Mxing element 22, which is twisted 180 in the. opposite direction of
m xing element 21, is a mxing elenent that splits the fluid into two and

i nparts a1Eﬁ®£rwgaluép£@ﬁﬁ@ﬂ]etc@n&heaxfs'&ﬂﬂ?](ug69 THeaHR@E &ibgedtlnifdrto rotate
ina 18 WD 03/008481 PCT/ US02/ 16826 tward manner around the central

axis of pisfghtiear@yotatitre andl xiinige elaireh? 5ar FBwardrioghendrdrrydsd iban  and
m xing el ﬁatr]’rt%rr}l%tl%zlgz%rha%gemg;tt ﬁjeﬁf AL gxtrén%gd ﬂ'{]ﬁjcﬁ\%&dyﬁﬁg abh RNotaRlloBs Nati ng

arrangeme are arra suc each Is rotated 90
W t h respegith i@pédiao phe pravitsis edlmmmt W\N)tthlstétﬁtt; miixat,i the mokearbondie

pol ycar bonat product and end- cappi ng,.a n t two and
Do Stod ¢ orodist PREFE EpPe e eRararEt 20 brop SuiRaaPaht sl Pon and
split intaniw eddsknt W, SbedoHwariheali@f indaylit lmothva&gm&k\ﬂﬁ&ﬂtto% léﬂ)byl eftward
rotation. The fluid is thus m xed by the r eﬁltlon% t hese splitting and
tw sting deringridemenbea fqr ‘%fh‘wﬂéﬁ"a‘tfr"ef@ﬁwﬁ] wrmpgd Dyig iRt of

pol ycar boqggsgsﬂ;tg%,td t@%qng ghidngappi ng agent includes a hernetically sealed
m xi ng drum which may be ~provided m dvvay i n piping connecti ng the

prepol yneri zati on vessel with the pagst rizati n vesse
hernetical |y sé%‘?“éh%t"&?%ﬁ?fﬁﬁ&%’o‘PE‘e%\];%{pgfxéf{gngﬁ RoyFar ’a‘i‘)ISr}?rQ‘iH‘ Aof the

end- cappi NGdag5le a %Qﬁrlﬁaﬁdé‘se§méﬁhaﬁallﬁ s8al 6P Mex Rl dreh NWhibts enBf bE he
end- cappi ng agent”. I'n addition, it is possible to manufacture

pol ycar bormaedechanidwiy imi RjpiBE eRINERIBE ahenRICHHYBeUFa0RN | Yaks! Wihb8s s of

hydr oxyl 540 and
hydr oxyl S)Q%tp g gﬁ’g%’tlgﬁ \g%o]u'[n? ég%gtngeﬁlcgyy;keiqﬂhsstm |cgrﬁw§e gﬁgogggﬁt 610 ppm

The Ei i me f\caporvdahﬁhoiftheemlcbpcmppgﬂg theyebit resylting iea mpis| Gfg ieiopaelther oduct are
m xe rior to t t d
based 8n teﬁ]g cgpé) e %ﬁf Rno ﬁ% ?sglbYeet%ﬁﬁ{nulfa%tlpé B{)]ﬁgaqp&%tes %Q&lﬁ%m ne

y an ysical properties o cappl hg agent.
Speci f i calHiyher de&nulhxmae:ghtslwarbqwarrglua@enatof hgdraxyd andgreaps e gompdeentdr and/ or

carho | g5t S SPg S BN WP D ST sl Lo, 1
car bonat e @Aimebndppas Mbwﬁaﬁmiyﬁ phBayne phremith drrdadnapeng a@mchncbtd:e | at
tenperat urp%?ycglfbox?'e}te ;l)rec>?i'§;[t a?e4 %ged prior to the postpolymerization vessel is preferably
determined based on the reactivity and physical properties of the end-capping agent.
Specifically, when the end-capping agent is a carbonate compound and/or carboxylic
acid ester compound, as shown in formula (I), that boils in the postpolymerization
vessel (for example 2-methoxycarbonylphenyl phenyl carbonate and 2-
ethoxycarbonylphenyl pheny] carbonate, which boil at temperatures of at least 240°C
and at pressures of 20 mm Hg or less) the mixing time is no less than 30 seconds to no
more than 10 minutes, with 1 to 7 minutes preferred. Under these conditions, when
an end-capping agent in formula (I), which reacts comparatively quickly and readily
with the hydroxyl end groups of the polycarbonate is used, the end-capping reaction
progresses smoothly. The reaction results in a high molecular weight polycarbonate,
as a decrease in the molecular weight of the polycarbonate caused by excessive

reaction (transesterification) is controlled. Additionally, under these reactions, the

end-capping agent is mixed with the resin with suitable uniformity, and there is little
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and at pressures of 20 nmHg or less) the mxing time is no | ess than 30
seconds to no nore than 10 mnutes, with | to 7 mnutes preferred. Under
t hese comslotBoesagl when an end- cappi ng agent in formul a ( BPrI/vshi/ods2d eact s
conparatively quickly and readily wth the hydroxyl end groups of the
pol ycarbonate is used, the end-capping reaction progresses snoothly. The
reaction results in a high nol ecul ar wei ght polycarbonate, as a decrease
in the nol r e e reaction
(1 ansest elrt o o R B e N et ons
t he end- capditiogs ajgeapost;s)lymeredumxtebset%e resin with suitable uniform ty,
and there is little 19 WO 03/008481 PCT/US02/ 16826 | oss of the added
end- cappi ng ag t a id:i ons of
the post pol yror 104l iy aBE gt BEREE AL (AdBny "R oo TS 2
carbonate mhsqthadacahd:éter comamlumlx;am ghoawi th ésmeﬂa dHDrpdmhdJoﬂasnsﬂilevm in
formula (1 hat. bo SLP, r|z n exarrple
di phenyl %‘%5538 é’feélzéthod] Eﬁ?f’é ykf%b eéﬁ?nylé)p]yen Vosha na? %81 ﬁ(éut 'iyl
piping 6 |(Sar@:tna{e?ﬁﬁ:tmﬂ(%gnﬂﬂ‘wtlﬁﬁpmg%tlh afL&aitdOGﬁmmmumﬁslS @r@fmmu@d Thus,
t he reaction_between the end- %ﬁ 'éqpr esent ed r{t)%i fO{ rrulla (11),
wher ei n t WFeEREC cdpph A Riep 8 §§“ {EPALERPI 28EPT SRS U8 oups, i s
sl over  than WwhiBindk SRCLERRPHRG @EE ALt HaoPEleasMtAachye gloops, ®xsadwpre, fornul a
(1). Under these conditions, the end-capping rea t| on Br resses snoothly
because sutfp withisp cpESINPEIEAES! FFRFRseRtEd B}’ﬁg i Faupleatpgmpid ngld%ré PFng agent
is uni fOfnlaﬁdmloas?féhe'\énH*}aﬁﬁlﬁ regalo&ﬁ%%?&@@sts%ooﬁﬁy sec'é@siléhfﬁmeﬂt Qsiasmki C
decrease in ecul ar wel % does 'not occur there is a suitable degree of
reaction b@nm&nptdwieéncﬁndaﬁpl ad-eapping agﬂ@ttﬁeuﬂ@rmlhdplxe%yﬂ%xw gr oups,
and there Ioﬁyc%% h8ES Afa feOt, ARG ARA AELIAURP Liclgh bOA 181 Gl
terrperatur% WactidmTonditions of the post pol ymeri zati on vessel .
[ 0049] As ﬁlhl@\mmsuntdﬁiegdegﬂce cifr¢aetiont prewemdhe apbtapginagernt and theitgaiinali t h t he
pol ycar bonat oduct m. Xt ur, fe on vessel
9 The %’ "3’:\ g{og%earng[} ﬁ?rg §t Hg;’)%sét"gé ey?r(je(#e?ze%?%o‘%?%g% In?/meﬁ]!e Hsual ly
320C, vmthte%é}atmae hhOGcpime t@rditeds ofthel posusl pnassuorevassl.no nore than 20
nMHg, with no nore than 10 mmHg preferred. The term nal hydroxyl groups of
t he pol ycar bon roduct an h g r e and the
ends of the pol t()@éﬁtgxc)snsa ownalre g ?, a &pqhecglpcptlsﬂwgm% fé%t f ﬁlxeg%% qle
polycarbonate product, the mlxture 1s fed to the postpolymerization vessel 9. The

reaction temperature in postpolymerization vessel 9 is usually 320°C, with 250 to
310°C preferred, and the pressure is no more than 20 mmHg, with no more than 10
mmHg preferred. The terminal hydroxyl groups of the polycarbonate product and the
end-capping agent are reacted, and the ends of the polycarbonate are capped in
postpolymerization vessel 9 to form an end-capped polycarbonate. Preferably,
resultant phenols and other byproducts are distilled off by means of venting pipe 5¢
provided in postpolymerization vessel 9, so that the end-capping can be performed

rapidly and at a high level of efficiency.

[0050] After the formation of the end-capped polycarbonate, the now viscous
end-capped polycarbonate is removed from the bottom part of the prepolymerization
vessel by, for example, a gear pump. The end-capped polycarbonate preferably has a
limiting viscosity [N] measured at 20°C in methylene chloride from 0.20 to 1.0 dL/g,
with 0.25 to 0.9 dL/g preferred, and with 0.30 to 0.8 dL/g more preferred.
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post pol yneri zati on vessel 9 to form an end-capped pol ycarbonate.

Preferably, resultant phenols and ot her byproducts are distilled off by
means of wenBlesyspi pe 5¢ provided in postpol ynerization wesamsb2/88260 t hat
t he end-capping can be perfornmed rapidly and at a high | evel of
efficiency. [0050] After the formation of the end-capped pol ycarbonate, the
now vi scous end-capped pol ycarbonate is renoved fromthe bottom part of

the prepol ymeri gabiPhe &85 edPblychiBonRXRNBLALy tRerlS@udgARA peliteze@nd- capped
pol ycarbonate preferably has a limting viscosity [71] nmeasured at 20C in

met hyl ene é¥sldgpiredeit i 4R BErpEsibl te add @ng fnead jy P]PPSB“OZ‘BUSt*’élddB@ Y pref err ed,
and with 0&%&%%@%&%&% itk f(%%ﬁ@of?@r\é’s% O3{ fOR48A tﬁ’QIéM@QZ/ 16826

[ 0051] The en ycar ona e is usually then extruded and
pel | et i zed an Agerdmaip-eufaining dlsotal sempndilgh pil/er vajerd8y Bhrgplioneusdcidn

POSP RO P TarEled defh 1@ Bith (15 SO A RLBEhILE pGAURBHIA My 3 PR val ue

of 3 or derivative group- cont al ni ng
al cohol combmphdon@s[})c;d eB)cshould watbdendéE)n anRhmsspdfdr. bies 1 Gapprd, witiBP.2rray be in the

f f | t t t h h id
T O T B R S S BT e B3 ProsBrorous

preferred, based on the end-capped pol ycarbonate conposition (A). [0052]
Exanpl es of sul f0062] CE)nh@ilersiolﬁgu]ﬁtricdhtmnmmpidundmp(o@)dsm ith agika wehleue of 3
or |less or derivative thereaqf to racidic und (O "

el o)~ nel adg et e derdhfrefited ad gis R R WRpSands
sul fonic aﬁicdjdeCﬁjmﬂilx@dScxd a@@lﬂd&r ia¥id} i sviEmid herdeabmpdasider s@faip-aciant ai ni ng
al cohol conpounds artial esters derijved f]é(ﬁ_@)rronoval e fatty

aci ds havi AgNAY D aQ‘%dﬁr BB??‘ T60fs ESEE PBrpRipgrIEa RYnRounds ph| es

i ncl ude paa.te';ﬁhla%;t@rg YeMRA Hee nfcrnavawmrmwcmthavfngtmmoaglcdﬁ)ohawnfsg 10 to 22
carbon atons, such n}_/‘I’IStIC aci d almtic aci stearic acid, oleic

aci d, beheﬁildzp%,‘lil)ﬂmcd‘ﬂfd’ Qg xampleg wagdﬁ rortal estfig dsEYSphifemi mongvaleblol s, such

as ethyle %'cbég%vm@h()’ fbefpéarbo%r@oﬂ??@h@ﬁd’s%ﬂ{ﬁ& Qlid, paiaiicR@fdt biddricest ers may
be used sing In mxtures. Preferab above-descri bed additives

(B) to (E) aad,enladdredi bebenidecid, @n@sdﬁpﬁgﬂfﬁtﬂly@a‘ﬂ poJpikydaic @jgphelpisheh ashe
comoand. ( Ej ks BPEOR Rl dnd BB bRl S bl bR ot ey
be added i or acdixturemn Rrefe(aB)y the ap&)e-deSurited addiomgsdiBe it (E)F‘f!)e pddedrtether abl y
end-capped polycarbonate (A) while the end-capped polycarbonate (A) is molten.
Additionally, at least one compound (F) selected from phosphorous esters or trimethyl
phosphate may be added in addition to (B) to (E). Such a component (F) is preferably
added in amounts of 10 to 1,000 ppm, with 10 to 500 ppm preferred, wherein ppm is

based on the end-capped polycarbonate (A).

[0053] Polycarbonate (A) and additives (B) to (E) can be kneaded in a
conventional kneader, such as a single-screw extruder, a twin-screw extruder, or a

static mixer. Such kneaders may or may not be vented.

[0054] By withholding the end-capping agent from the prepolymerization
stage, at which point the polymer has a relatively low limiting viscosity, and by then
adding the end-capping agent in a hermetically sealed piping, and then capping the
ends of the polycarbonate during the postpolymerization stage at which point the

polymer has a relatively high limiting viscosity, it is possible to carry out rapid and
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added in amounts of 10 to 1,000 ppm with 10 to 500 ppm preferred, wherein
ppmis based on the end-capped pol ycarbonate (A). [0053] Pol ycarbonate (A)
and addi twoes/¢B31to (E) can be kneaded in a conventi onalpCirrusazieds2¢ such as
a single-screw extruder, a twi n-screw extruder, or a static mxer. Such
kneaders may or may not be vented. [0054] By w thhol ding the end-cappi ng
agent fromthe prepolynerization stage, at which point the polyner has a

rel ati-vely g @Wehi ﬂB])t/dié}QaMdnﬁﬁQﬁé Er¥polRdizBYort 862 an@AlAdhd HfecRNFEAPPI NG
agent in a hernetically sealed piping, and then capping the ends of the

pol ycar bonan(bcmmgr?@emh@tfpcpgstp@vmwmmtmn Isis ghgeebatposshi!e 19 ipaEase t he

pol ynmer ha ™ to carry
out rapid gﬁ%ﬁgﬁé %%@/%@@4@? Jﬁ’%gg/p Hgg%’yéﬁégﬁgéa 5s'ﬁjf |dE:a}nllea?11tC ngﬁ&%argl zation in
t he prepol yiwekgzabl prlystigeoantihe apaatic pdipcadiohate psodoted h”&idlt&]ﬂd”)(;appl ng
agent in th ostpol yneri zation stage. ereb SS i ncrease
the effici Sﬁ%@ WCFHS %fﬁ’ lé‘?‘?%feﬁlgtag?ﬂ ec%%nﬁlt?\{ghe%ngaéﬁ%m? éé"%ge éﬁ‘?ﬁ af’S (grr amatically
i ncrease tihecd@figaeorniticholyambnazairt dramaficdllyenrdnoedit i ¢ pol ycar bonat e
produced. Additionally, effects such as hue, heat resi stance resistant to

t hermal agi ng, ter resistance resultin an ong!

pol ycar bonat e a@@ga]\r,\@??aﬁpe?{?tl "y gﬁhgﬁe(’?%rff’g r1*5‘3)5%']‘11"1':?‘1‘?83(& L?Ea‘fo}s preparing
t he end- caplpje;d:tepﬁle(y@)grtberfaﬁ @hdt Sat l@RANVAC taationse tndditghe ﬁr@@lynﬁdﬂﬁﬁtncﬁh’[ | east
two reactors, gl udi n P I\y LI zation vessel and a

post pol yrre?’?si%ltai“ 0 RPéEPgQ’Im Ef Yl oIEHEL PE FOTRECEE ] SEg\PYA B‘Pbﬁgn&he%’?er ein the

pi pi ng i nciddgping iGh1addi NGhROhE poRr MEEEh WHigh tHehéhdedagpif@RBEM GkaAgRNt Can be
charged to the piping in a hernetically sealed state. Additionally, the

appar at us <hagadu@ede JHRi0e df Aghamsicatly seaird siater oAdditienally. threarmEWappi ng

agent and ;nlaﬁlde@%éﬂgﬁﬁgoﬁ%ia@icpﬁ]%y%r'rﬂlxméetﬂ%' Qh@gappil%oégant Fi e 1S a
schematic drawi ng of such an appar at us. shows an —appar at us

conpri si ngredydaseapaistpseductigithenipngt ank | prOV| ded with feed stock drunms 2a
and 2b, prepolynerization tanks 4a and 4b provided with venting pipes 5a

and 5b, pi pi ngofsdrmyi ded, y&h&rnatﬁct@fsw rBf)ﬁﬁéh £ afpafinRaRRE NOsRERN, drum 7,
and post pol yrrerl zation tank rovid 5 a venting prpe 5c. The

appar at us awarape coawrlézng@cfe@lﬁéw taigiiatox hek érpmm@qdcwm fepdislogly degrpeund and
the car bonén(a ﬁf'pqepglﬁ%ﬁgtlcﬁ]rtgnks 4a and 4b provided with venting pipes 5a and 5Sb,

piping 6 provided with static mixer &, end-capping agent drum 7, and
postpolymerization tank 9 provided with a venting pipe Sc. The apparatus can be
arranged such that the aromatic dihydroxy compound and the carbonic acid diester are
continuously fed from feed stock drums 2a and 2b, which are filled with aromatic
dihydroxy compound and carbonic acid diester, respectively, through piping 3a and
3b, respectively, to feed stock agitator tank 1. Feed stock agitator tank 1 has an
agitator blade (not shown) mounted on a vertical shaft (not shown) so that it can mix
the feed stocks by agitation. The mixed feed stocks are fed to prepolymerization
tanks 4a and 4b through piping 3¢ by means of a pump (not shown) where they are
subjected to melt polycondensation. These prepolymerization tanks 4a and 4b may be
each provided with an agitator blade (not shown) with a vertical rotating shaft (not
shown), and reduced pressure is maintained in the prepolymerization tanks 4a and 4b
by means of venting pipes 5a and 5b provided in the top parts of the tanks. The
prepolymerization tank may be multistage, consisting of at least two stages as shown
in Fig. 1, or it may have a single stage. However, two-to-four stages are preferred.
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continuously fed fromfeed stock druns 2a and 2b, which are filled with
aromati ¢ di hydroxy conpound and carbonic acid diester, respectively,
t hrough pwpioagos3ai and 3b, respectively, to feed stock agipcatuso2iank 1.
Feed stock agitator tank I has an agitator blade (not shown) nounted on a
vertical shaft (not shown) so that it can mx the feed stocks by
agitation. The m xed feed stocks are fed to prepolynerization tanks 4a and
4b through. piping 3c. . (PhesRw) t Lh&vnake
subj ect ed tT%errreea gonpgjlnggrgﬁgg%g5@%‘1&%.&#%&&&g%gl yne?%tﬁrﬁ)on tanr%ks 4a and 4b
may be eagbstpolpuértdadonabin®an agi tator bl ade (not shown) with a vertical
rotating shaft (not shown), and reduced pressure is nmaintained in the
prepol yneri zat i ks 4a and 4 f . i i ;and 5b
provi ded in theﬁ’p%@a@’éﬁpga%@sP}%‘é%{sgﬁé‘%]gﬁ %%Za&&%%g%‘;%rs ?ﬂzoggshooﬁ%tlank may be
mul ti st ageFigsonsidsi.i Tige afxeatard pattrabl yyrosidedyespipisg Sheowiown in Big.d.and, or it
may have a _single stage. However, two-to-four. stages are preferred. 22 WO
03] 008481 PiET Uoish o mar risatt g o irel re i pReBEEE G g 6 by
means of agRUEBpbIRRerisdtioMiankt Qs NRETapGdsYOBifel ZaiciroiRers ankhdvn in(Ggs/P The
appar at us rr;ta/ al so conprise static m'xe(r?az su%h as .thgrse fshown ir?1ﬁ Figs. 2
and 3. TheM k&PsaRpPEANSIBAYTOIII pREICHERisha bl PPHige EVBs'OE RENAE NS Fig. |
and Fig. gnd-gbp?fr'@rhg@ntvﬁﬁ th&3blyPRbARR! eanat eviatk nRp deGRORIIMABRR ar e
m xed en route to the postpolynerization tank. As alternatives to the
static m xelosgts pymegan in Figs. 2 and 3, the apparatus may conprise a
hernetically sealed m xing drumfor m xing the end-capping agent and the
pol ycar bonat e Pfo@s#icA fierhHeC BrndTBap BEAViAadihdi pyedarbarhengrddi@ mriepi ng.
[0058] After thre gsr?d-qee;ppién nageﬁ?@an%l t he pol ycarbonate product are
i nt r oducedintodeced; the gr¥uies's fasdtotpgstpelamprraling tank &t iFoptrplymenization tank
Post pol yregi zal iRl RKnorohs] HoBhskhiahloh 2xifiesi aAntAlicA9! YT in? e ON
agitator tgnéa{)§pfbcaefil y %sgg } ﬁ{ot he_1 postﬁ%l yrrreri Za?;ih%agl(? r ocegs,' i.e., a
hori zont al ppstdwesizagorappegsaties af mrizpntglhpro¢essing ppppratys; fgu pigh-vissesityng one,
two, or nore .horizont al tat] a [ bbb of tWo or
nor e agi taglg?lg%lhaa\ag B%I’é&%rogﬁoggg&%%mtaﬁrloéagﬂgF%ght%grgghg?ﬁ) ?t(])r czaxarrpl e,
di scoi d, wheelor tnype,agpaddbiadesy pee, prooided \wpethisohonmondbwhdft, diveexympe,agi t at or
bl ades, and. at | t t t | tat.i fi., Th
agi t ats or bgﬁﬁ%é’ v&l}eg%,gtype,vﬁgddﬁe-%%g,s rog-rt}?pepcgro\kllllngg\g-ﬂg%re-tglpoe a%ﬁt!atggblﬁ@e@, dnd ese

at least two stages are provided per rotating shaft. These agitator blades comb

through or spread out the reaction solution, continuously exposing the surface of new
portions of the reaction solution. Reduced pressure is maintained inside the tank by a

venting pipe 5¢ provided in the top part of the tank.

[0059] By means of an apparatus for preparing end-capped polycarbonates as
disclosed herein, it is possible to carry out polymerization rapidly and to a sufficient
degree in the prepolymerization stage and to sufficiently impart the conventional
effects of end-capping agents in the postpolymerization stage. It is also possible to
obtain aromatic polycarbonates with improved hue, heat resistance, resistance to
thermal aging, water resistance, and the like without sacrificing the degree of
polymerization in the polymers produced. Additionally, through means of the
apparatus and process disclosed herein, it is possible to efficiently prepare a

polycarbonate having a low number of hydroxyl end groups. Also, volatilization of
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t hrough or spread out the reaction solution, continuously exposing the
surface of new portions of the reaction solution. Reduced pressure is

mai nt ai newloionsosdel t he tank by a venting pipe 5c provi dedpcm/usheidsep part
of the tank. [0059] By neans of an apparatus for preparing end-capped

pol ycarbonates as disclosed herein, it is possible to carry out

pol yneri zation rapidly and to a sufficient degree in the prepolynerization
stage and t sEd-Edppidgnbicnt iisRaluted e (FORVWRRGIANFactR T KRS sedrifRi- cappi ng
agents in the postpolynerization stage. It is also possible to obtain
aromatic péﬁﬁ%ﬁkﬁﬁﬁéﬁgs with inproved hue, heat resistance, resistance to
thermal aging, water resistance, and the |ike wthout sacrificing the

degree of pol y[mebzakd qeoderuem%emhgl_ﬁreg m@rdaﬂ]%csﬂ; refélfint pRB&k | 3ha t hrough
means of the apparatus and process disclosed herein, it 1s possible to
ef fici ent| pPRrdpars mereoryialepongt Be wEFeH iselasuig nmebaimigd bhyibebxyl end

groups. A %théf%x%t, iphe El%génpgislgﬁsur%ﬁs MQc%dO%%ﬁéalP%/ e/ ﬁ‘s\%g@in the

end- cappi ng agent is reduce t he subsequent reactor w thout sgbrificing
nmol ecul ar wednghes, hrei0 8B ovwT Hewatsy e déstosigad nPi guareavagilgwiteddiyndiesehe
reaction p%ﬂﬁﬁﬁ& and apparatus are nerely exanples, and the present
disclosure s 'nhot limted by them Furthernore, the present disclosure is
descri bed specifically by nmeans of working exanples herein bel ow, however,
the di scl oEX#MPEERo0t in anyway |linmted by these exanples. EXAMPLES [0061
] The physical properties of the polycarbonates were evaluated as follows:

The number aver pag RLOpHLAL YRk SR (Mo RARULEd, Y Aghpsrieali on

chr omat ogr apy ( eterm ne term nal hydroxyl group
concent r at f@dlews0. 4 gram of the pol ycarbonate obt ai ned above was di ssol ved
in 3 mlliliters of chloroform and the quantity of term nal hydroxyl

Vagnet ¢ Resonanie (5L KA. The ko s R AL BR e kBl BPRelS 65 o

40C. chromatograpy (GPC).

[0062] To determine the terminal hydroxyl! group concentration, 0.4 gram of
the polycarbonate obtained above was dissolved in 3 milliliters of chloroform, and the
quantity of terminal hydroxyl groups and chain terminating groups was determined by
Carbon Nuclear Magnetic Resonance ('3C-NMR) (Nihon Denshi Kabushiki Kaisha
GX-270) at 40°C.

[0063] The end-capping rate was calculated from the total number of terminal
groups and the number of chain terminating groups measured by YC-NMR. The end-

capping rate (%) = (number of chain-terminating groups/total number of terminal

groups) x 100.

[0064] A blank polycarbonate sample for use in both the working and
comparative examples was first prepared. An apparatus having one agitator tank for
mixing the raw ingredients, two prepolymerization tanks, and two horizontal
polymerization (postpolymerization) tanks, was wused for polymerizing the
polycarbonate. The reaction conditions in the polymerization tanks are as shown in

Table 1 below:
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[ 0063] The end-capping rate was calculated fromthe total nunber of
termnal groups and the nunber of chain term nating groups neasured by

' 3C- NVR. Wbhasmosdsl cappi ng rate (nunber of chai n-term nati mgTgrsoxpssé ot al
nunber of term nal groups) x 100. [0064] A bl ank pol ycarbonate sanple for
use in both the working and conparative exanples was first prepared. An
appar atus having one agitator tank for mxing the raw ingredients, two
Frepolyrerh%ggqon tanks, and two hori zontal polynerization

post po yHELL;aLLgn}_Lanks_—mas “cndrfnf po "nfivln pal-yearbonat e.
The reactijon condifPYRE in the polyﬁ Ezafl ?@@?@ea @mgﬂaﬁffg?h% Tabl e
| bel ow 24 A’\llt\v“rt)orQa??\ 6068481+PCT u'%%'h 1é;§?essul'e e £60C0MT (
Tenper at urle an Resi dence TIWQan dddspe@ | (M nutes)| Agitator tank
At nospher i [CprPbiGasERen W 2 (N[t T ogeno@t nospher e3oPre pf nerization tjank
100 230 1 [ Avspelydrizatied erizBt 1 ON tlankl | @0 270 0.5 2Morizontal agitator 2 300
0.5 pol ynetdizétiapincr ank | Hori zontak agitajpor 605 300 0.5 4ol ymeriation
tank |1 [ O0®5periatior erk thi sphengl A transported via direct piping from an
appar at us 'ﬁwﬂmﬁk%5%¥lng bi sphenol &5(feed rate?mBG.O kllogr%%s/hour
(kg/h)), n,.no],qumﬁgo carporate—transpotrted—vta—drrect—ptptag—From
distillation (DPC feed rate, 35.5 kg/h), 2.5 x 10-4 noles of

t et r aanmoni um hyoss MQ&n(deM%lDo] l&&i‘anﬁfﬁiﬂ@d ofa dmestnhﬁn@ﬁopﬁ anapgaratis for10-*' nol e
of sodlun1hydrOX|de bi s nol A were ogtlnu usly fed

to the aglP%@%¥@t@H%wﬁﬁlﬁtggﬁb&“%t3§%é“ﬁﬁﬁ Wi umalen fipkenyli xt ure was

sequenti al Ly,dngd tPagsﬂUrt%@QlaydiT?crcl glﬁmgqrbns ankildionADPPOksaBAk 288§ R@yhj,ank |1,
hori zont al agltator tank (postpolymerization tank) 1, and hori zont al
agitator 2.5X 10 moles of tetraammomum ydroxide (TMAH) per mole of bisphenol A, and

&

1 x 10° mole of sodium hydroxide (NaOH) per mole of bisphenol A were
continuously fed to the agitator tank maintained at the above temperatures. The
mixture was sequentially fed to prepolymerization tank I, prepolymerization tank II,
horizontal agitator tank (postpolymerization tank) I, and horizontal agitator
polymerization tank 11 at a feed rate of 36.0 kg/h of bisphenol A to perform
polymerization under the above-described conditions to produce a blank

polycarbonate.

[0066] The physical properties of the blank polycarboante are shown in Table

[0067] To determine the effects of a hermetically sealed mixing drum on the
formation and properties of an end-capped polycarbonate, Examples 1 and 2 were
separately formed by collecting 127 grams of the blank polycarbonate obtained as
described in Example 1 in a 500-mL vertical polymerization device equipped with an
agitator and a pressure-reduction device. The polycarbonate was then completely
melted over a period of 25 minutes at 300°C. Diphenyl carbonate (DPC) end-capping
agent was then added in the amounts shown in Table 2, and premixed by stirring at
250 rpm in a hermetically sealed state for the periods of time shown in Table 2, e.g.,

for 10 minutes in Example 1, and for 1 minute in Example 2. Next, the reaction
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pol yneri zation tank 11 at a feed rate of 36.0 kg/h of bisphenol Ato
perform polynerization under the above-described conditions to produce a
bl ank poWpoantsasat e. [ 0066] The physical properties of treThisazkes2e
pol ycarboante are shown in Table 2. [0067] To determne the effects of a
hernmetically sealed m xing drumon the formation and properties of an
end- capped pol ycarbonate, Exanples | and 2 were separately fornmed by
col | ecti ng,hddct Wad FEtheS rehdid R 20 kniMM ) REdIRRAAY GisOINdRIWthiAme cagrar i bed in
Exanpl e | |n a 500-nL verti cal polynerlzatlon devi ce equi pped with an
agi t at or apelyarfsmessur e-reduction device. The pol ycarbonate was then
conpletely nelted over a period of 25 m nutes at 300C. Di phenyl carbonate
(DPC)  end- cappi [pges] agﬁﬂﬁara\iv%lsmgmead\d@scwtdheu@ AArgpEAtien Rlemwal tonhatabl e 2,
and prem xed by stirring at min a hernetically sealed state for the
per i ods of int Exp@n%%omnd g bt ehat Pr@ﬂb}mg infohermgtigally fedled sHeE@inifile 1, and
for m nu tin
PCT/ USOZ/ 1 ré%(po pr o Egragve %ﬁﬁ)’iteh%pg? gg%?g%wan g%ra\{ﬁn El)%{nggﬁgt&%a torr, and
di stilled, Exanpést him 2.tescepapethe qpdicgprandageat was fdlobgpd thsmpeanitinge Exarrpl e
A was obt aj ned a s | and 2,
except t hat' Sp? Poymecﬂn ag% gn ﬁg%g%r]}ciggﬁgm%g I}epr 1 og]trﬁe"arggs ggr?(lr) carried out .

m Xin
Conpar ati ve Exanpl e B mas obtalned by an operation identical to that in

Exanpl es | and [R06%deptle¢ihafitht hametichllyaprbedgixangetieminshoagdedaklnd t hen

pr em Xi ng

ordinary p

%ure)

Exanpl e 2

ﬁas performed in an open state (in a nitrogen atnosphere at
P [ 0069] The effects of the hernetically seal ed m xing
drumis shown in Table 2 below. Table 2 Bl ank Exanple |

Conpar ati ve Conparative Polynmer Exanple B Exanple B Type of end-capping
agent - DMQ DRPC DPC— Appunt ( nmol-es/i-hvdroxaH 4 A A A eroups—before
; e ank E ) I’ E A e 7 Comparative ¥ C’(’)m’ﬁaratlve

reaction) Polymer xamp'e xampie Example B Example B
Type of end-capping agent — DPC DPC DPC DPC
Amount (moles’hydroxyl o 4 4 4 4
groups before reaction)

Premixing time (minutes) — 10 1 0 10 (open)
Mn 8670 8820 9540 9415 6770
Mn retention rate vs. blank (%) — 101.7 110 108.6 78.1
Terminal hydroxyl groups 745 505 610 660 320
(ppm)

End-capping rate (%) 81 86.9 82.9 81.7 93.7
Effective end-capping agent . 8.1 45 29 143
utilization rate (%)’

*Effective end-capping agent utilization rate (%) = Molar reduction in hydroxyl groups versus blank/moles of

end-capping agents charged

[0070] As shown in Table 2, the effective end-capping agent utilization rate

was extremely low when the reaction was conducted without mixing. For example,

the effective utilization rate of the end-capping agent in Comparative Example 1 was

only at least about 35% the rate found in Working Example 1, and only at least about

63% the rate found in Working Example 2. Furthermore, the reaction between the

end-capping agent and polymer (transesterification) was excessive and molecular

weight decreased at least about 20% in an open system (Comparative Example 2)

when compared to Working Example 1, and at least about 28% when compared to

Working Example 2. This data, therefore, shows that mixing the end-capping agent

with the polycarbonate enhances the utilization of the end-capping agent, thereby
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Prem xing tinme (mnutes) - 10 1 0 10 (open) M 8670 8820 9540 9415 6770
Mh retention rate vs. blank (% - 101.7 110 108.6 78.1 Term nal hydroxyl
groups 745098608840 660 320 ( m End-capping rate (% 81 8®Co/UBR2/H8Bl. 7 93. 7
Ef fective end-capping agent - 8.1 4.5 2.9 14.3 utilization rate (% +

*Ef fective end-capping agent utilization rate (% = Mlar reduction in

hydr oxyl groups versus bl ank/ nol es of end-cappi ng agents charged [0070] As

shown in Tabh&odne &Agﬁingfpkf‘cegsirmeenﬂf&apmermtaaa%%diemslthaa@ﬂe@mereaae vas .
extremely | ow when the reaction was conducted w thout m xing. For exanple,
the ef f ect icomping ddentiamizgs ip atherregticelhescalsd cedppment. lgeanmalssuiebpightat i ve

Exanpl e | }ggﬁcarg aa%qgngg@%%@ﬁgﬂ&eﬁ@%the rate found in Wrking Exanple 1,

and only at T'eas out e rate found in Wrking Exanple 2.
Furthernore, the reaction between the end-capping agent and pol ynmer
(transesterifi cH07dhYo watereieebsiafectane aroftaicumiier opethghformtionegided at

| east abou % € S i npared to
vor ki ng. ExBBPA el B A A R o e D B o e o Bl o
2. This datas fdumeeéf by etheshals rdieondengdtiog tohea epdycapmiateg wgenthe wit h t he
pol ycar bonat e enhances the util.ization of the end- i ng .agent, . t her eby

D6 WO 03/ 008Ee Ay ey st ARk R e e apEi g PR PR it (T ent
The data alpfing Ok shatvasn Flat . Whestatiabends uedppira of thgeype shewmindéd. i n a

her neti cal | ynseogal ed environnent, | Lger ol ecul ar. wei ght 8{)0I é.car bonat es
can be obt di NeWYEPFIEIRt V3. © ”ﬁbcﬁcf GOULVEPTH feedinglodPenemes agHalar ot at j ¢

m xer on thgkfiom¥etetdBtosldd DPRr SAEkipRB0I0A AR MBKr ¢afped] peliymdrdanat e,

Ref erence | (uncapped pol ycarbonate) was, fornmed

by the nelt
pol ycondensambiaef fe of 3@y caddiematis 2% by mRls OfﬁM'glﬁréfl‘i] }#tl0omadppfar at us
provi ded wtf i } Ik Q [ i { Dl s shown
PO oo 1 Stk M ath e RaDHISE? 1l 8lof REHN Py Jef il o hOhpets 5
Pol ycondensgitatasrianknhss coalgsiet €dntyuogo nteltmedpgendensationivrag than qondentesk agi t at or

by continuously feeding the reaction mixture at a rate of 3 kg/h from the monomer
agitator tank 1 to the stage-one vertical reactor 4a, stage-two vertical reactor 4b, and
stage-three horizontal reactor 9, while continuously removing byproduct phenols from

each of the reactors 4a, 4b, and 9, to obtain the polycarbonate.

[0072] Examples 3-9 (end-capped polycarbonates) were prepared as described
for Reference 1, except that end-capping agents were used in the formation of the
end-capped polycarbonates of Examples 3-9, and the premixing time at which the
polycarbonate and the end-capping agent were mixed inside piping 6. The type and
amount of end-capping agent and the premixing times is shown in Table 3, wherein

the following abbreviations are used:

0 i i 0
I
6 o0 OH;0 OH,0
HaCO

OCH;  H3CO HzCCH,CH,O

DPC MSC MSPC n-PSPC
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tank | the feed stocks DPC and bi sphenol A at a nolar ratio of 1.08:1 and
at a conbined rate of 3 kg/h. Additionally, 2.5 x 10-4 nole of TMAH and |
x 10" 6 nowe foos4spdi um hydr oxi de (NaOH) per nol e of bi sphecalusbenesee added
to the nononmer agitator tank | as catal ysts. Continuous nelt

pol ycondensati on was then conducted by continuously feeding the reaction
mxture at a rate of 3 kg/h fromthe nononer agitator tank | to the

st age- one verti[ggd3] mﬁ%ﬁflvéﬁxanﬁi]agewésvwwé&fdt]hQ&hanﬁlexal@émfcamtb tha gl
stage-three hor| zontal reactor whi |l e conti nuou [ enpvi.n yg)r oduct
phenol s f rigimpéadrexsertithad “?%%Pé‘t%?@”&ége“ﬁ Bras aggedgvit ‘%’t‘%t BRSS! g’h

pol ycar bongte .mik8072] Exanpl es 3-9 (end-capped pol ycarbonates) were
prepared as described for Reference 1, except that end-capping agents were
used in the formation of the end-capped pol ycarbonates of Exanples 3-9,

and the preni xﬂﬂ%4‘[]|T|‘?’éeﬁ?C‘Wﬂ”@rﬁ‘%"r‘fé”‘xﬁrcﬂrilihé?”lﬂd?lg?l@e dnd the end- capping
agent were m xed inside piping 6. The type and anount of end-cappi ng agent
and the prestxing tines is shown in Table 3, wherein the follow ng
abbrevi atijons are uURddenca)Ee 30ckx. 4 |Ged |0 KO 1] 1Ex 71| EQ 80| Ex-CHP GEXCHP H3CO
CH3 H3CO HaeceHRaH2() DPC NVee-MShe npSFRd! N@‘PfV‘DWJ,QgﬁtB]n_;JgﬁH USP2/ L6826
[0073] Coifgsit ative [Exanplle C was prepaPBdMPaDECHhner {denticaltothat in
Exanpl e 3 A‘E‘&d’&‘éf)t that the end- cappi ng agent| was afdded wit hout the
provi si on s%ydr&?yFlti c mixekh.| bPPY4lss They of fechs; of ghel staticom xer are
shown i n Iéa(ﬁg Y Tabl e |3 Raference Ex. 3 Ex. 4 Ex. 5 Ex. 6| Ex. 7|Ex. 8
Ex. 9 Ex. prmEnd cappi ng|{DPC |DPC DPC 1/1 Ml ar 1/1| Mol ar MSPC n- PSPC DPC

agent - Di@ns ibP(/ M5C Amgunt ,0f | agent 55 5 5 | Nostatic
(minutes) mixer
Mn 8300 | 8000 | 7880 | 7700 | 7300 6520 | 7500 | 7360 8200
Percentage of '
Mn achieved vs.| — 96.4 | 949 | 92.8 88 78.6 90.4 | 88.7 98.8
blank
Terminal
hydroxyl groups| 1630 | 1250 | 930 | 710 1000 1030 910 740 1530
(ppm)
End-capping 602 | 706 | 785 | 84 78.6 80.3 80 84 63.1
rate (%)
Effective end-
capping agent — 3| 57 | 68 51 49 59 66 8

utilization rate
(%)
"Effective end-capping agent utilization rate (%) = Molar reduction in hydroxyl groups versus

blank/moles of end-capping agents charged

[0075] As shown in Table 3, the effective end-capping agent utilization rate
was extremely low when the reaction was conducted without mixing with a static
mixer. For example, the effective utilization rate of the end-capping agent in
Comparative Example C was only at least about 25% the rate found in Example 3.
Furthermore, the number of terminal hydroxyl groups still remaining in Comparative
Example C is more than about 1.20 times the number of terminal hydroxyl groups
remaining in Example 3. This data, therefore, shows that using a static mixer to form
the capped polycarbonate results in a more effective utilization rate of the end-

capping agent, thereby making the capping process more efficient.
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(rmol es/ hydroxyl - 0.77 0.77 0.85 0.77 0.77 0.77 0.77 0.77 groups in blank
polymer) Premixing tine - 525 25 5 25 5 5 No static (mnutes) mxer M
8300 8000w©BRd80084800 7300 6520 7500 7360 8200 Percentage etTTMsozcdseeved vs.
- 96.4 94.9 92.8 88 78.6 90.4 88.7 98.8 blank Term nal hydroxyl groups
1630 1250 930 710 1000 1030 910 740 1530 (ppm End-capping 60.2 70.6 78.5
84 78.6 80.3 80 84 63.1 rate (%9 Effective end capping agent - 31 57 68 51
49 59 66 8  uti t ion rate
(% = vbl ar redSiiTul HRbGe it bR EROREE0RN REBRET sl bty appi ng
agent s chaélglﬁﬂln{qaﬁﬁﬁwlqse lﬁﬂﬁmomby'ﬂmb¢ gkilled it e astf theomiiQus Cémﬂe@:a]@pn ng agent
utilization ra W. ed w t hout
mi xi ng wi t % @aé‘i anq q“'vr?i(%?ésrma)fzﬁ? SRR el((ainfor ?lgmeﬁg?l %?\)Qgﬁjé zat?on rate of
the end- capghnge s@pelof itie mGamaar ahla\d&]tﬁx,ammyem@niﬁMIoonhyydx rhalgsb about 25%
the rate found in Exanple 3. Furthernore, Fe nu?‘gﬁar of ter\r}pt aI hydr oxyl
groups sti fdapy érﬁ’f‘iﬁ“]ﬁ@ SitHa“@Bn’ﬂa?’éFf’ elo By ARsPRer of G IPERYaN a8 But 1. 20
times the %Eﬁgﬁ‘ﬁ g Gfont @eTefl@htidnysdb@X Werddf. OUPEerefoRITRI M Ngerided Exﬁrmhlee 3. This
data, therefore, shows that using a static _mxer to form t{he capped

pol ycar bonaventioasnet tog linited igoihe parreigt FpBOgimeTt Jsglesgeh a5 é]PeeL?ff n § end-

cappi ng ag bRt ihe rﬁeﬂﬂmnng PhACES Bt ®fif inciugdtann 28 WO
03/ 008481 M%% %28%%% F00t76] \ | e thlé i nvention has been descri bed

wi t h ref er enlgelimentafallwmgeyihimathy scope ofthe appended claims.
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enbodiment, it will be understood by those skilled in the art that various
changes may be nade and equival ents nay be substituted for elenents

t her eof wwDlowbs48eparting fromthe scope of the inventiomcTiusozdded i on,
many nodifications may be nade to adapt a particular situation or materi al
to the teachings of the invention w thout separating fromthe essenti al
scope thereof. Therefore, it is intended that the invention not be |imted
to the particul ar enheedddamtbr s %eing s ehdsappiEpddraiboimeeompisnigenpl at ed for
carrying out this invention, but that the invention will include al

enbodi nent s falligq wi.thin the.scqgﬁ of the a pend%d.cla%qﬁ. 29

03/ 008481 PCT/ UBEB/T93545% an promajc Giiydroxy cpigpolide  £a10RYC ARHE Cafilied

pol ycar bongah@oraRyRr éa%d1 g in MehrkpdI RAGIzafich aebséll Qe ioCfosinhy goigearbeargpound, a
carbonic acid diester, and optionally a catalyst in a prepolynerization
vessel 4a/ #8%¢:form a pol ycarbonate product; transferring said

pol ycarbonate product from said prepol ynerization vessel 4a/4b; m xing

sai d pol ycar bonatRfpigdusll poiytdtbaitie pArGAPRIN GarigsBhol YEMatibereRtl ¢ seal
at a pressure of at |east about 760 nm Hg; and transferring said

pol ycar bon4#8%pr oduct and end- cappi ng agent nixture to a

post pol yneri zati on vessel 9 to endcap said pol ycarbonate product. 2. The
process of C ai Mixkag mFﬁmrm@z@ngd@ymmdu@%m-é@bn@cigémmﬁu@aiednemIt
reacting are continuous y renmoved from sai d prepol ynerization vessel 4al4b.
3. The proswal agressyigiofptileashphopere Bmile: god ycar bonat e product and sai d
end- cappi ng agent are mxed in a hernetically sealed m xing drumor a
static mxer 8 thfdfddinti shi€ pONLHIbSRAL HOdW ahd $Ad-Gappl eMiTRtE8tiban vessel
4a/ 4b and sai d post,%%yne?ization v%gsel 9. 4. %%é%g%%cess of Caiml,
wher ei n saPeFRAMIDEEBHIMFSEy 8 i endeamridnrodrcatopde Pregat t o 200C prior to

m xi ng. 5. The process of Caim1, wherein said end-cappi hg agent conprises

0.5 to 2 nolesyof SPiethrones SRAPRIMY, RBEEH phefol BYptoN@hLmed fromisdid
pol ycarbonate product’'s _term nal hydroxyl groups.

melt reacting are continuously removed from said prepolymerization vessel 4a/4b.

3. The process of Claim 1, wherein said polycarbonate product and said
end-capping agent are mixed in a hermetically sealed mixing drum or a static mixer 8
in fluid communication with said prepolymerization vessel 4a/4b and said

postpolymerization vessel 9.

4. The process of Claim 1, wherein said end-capping agent is preheated to

120°C to 200°C prior to mixing.

5. The process of Claim 1, wherein said end-capping agent comprises 0.5
to 2 moles of said end-capping agent per equivalent of said polycarbonate product’s

terminal hydroxyl groups.

6. The process of Claim 1, wherein said end-capping agent is described
by formula (1) below and wherein said end-capping agent boils in said
postpolymerization tank, and wherein said mixing of said end-capping agent and said

polycarbonate product is no less than 30 seconds to no more than 10 minutes:
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6. The process of Claim1, wherein said end-capping agent is described by
formula (1) bel ow and wherein said end-cappi ng agent boils in said

post pol ynwoi@abs4sn t ank, and wherein said m xi ng of sai d ead/csappéseg agent
and said polycarbonate product is no | ess than 30 seconds to no nore than
10 m nutes: 30 WD 03/008481 PCT/US02/16826 /(Rl)n VOCR2 O wherein Rl is
an electron-attractive group selected fromthe group consisting of hal ogen
atons, nitro groups, and al koxycarbonyl groups having | to 30 carbon atons;
and R2 is an al ky, hhavi ng I to 30 carbon atons, an al koxyl group
having | to 30 n atons, an aryl group having 6 to 30 carbon atons, or
an aryl oxy grou g 06 ¢o R0 carbon atons; and n is an integer froml
to 3. 7. The pro of C | m 1, wherein said end-capping agent is
described by forrmula (11) Del ow wherein said end-cappi ng agent boils in
said postpolyrnerization tank, and wherein said m xing of said end-capping
agent and \gidin Ryolkymatlbarmtiryariod getupi sleated| feas tthd @ravipnerneistindf up to 60
mnutes: O]l -R3 O. wherein ({%ki S aE ah)klyl %ounp ]htav}i ng bI ttom%O car bon
atonms, al KB YPEEIIFRAGIOHES Fnq PROYETRAPD BT URY SIS 118 A8 FSUB havi ng 6
to 30 car ha ReIOMRIkyPErcap havikg OXY/3OEehin atdnasy hinglkéxyl @rodP hedndor 3 ons, and
when R3 is an aryloxy group wwth 6-30 carbon atons, said eng-ca pi ng agent
does not GGWP&PWména"e@ré]c%rP‘dﬂlhadﬂ"tgr6a'€t3iO\Féﬂ3(jPGl?ﬁ’ss&rcq‘l] aryoxy, giopR BAVIM ong nitro

groups, org @hlQXEREBASYInd nddaV¥h3/ RAB48d3 PCT/ USO2/ 16826 8. An appar at us
for preparing an end-capped pol ycarbonate conprising: a prepol ynerization
vessel 4a/4b having and inlet and an outl et; %%ostpolgrmri za’%{‘ix{)n vessel 9
havi ng an i nl ef/- andTBhPBGEs & Clampd. pdiersim s3if GpdreapaAscREE 969" /FY h sai d
outlet of aigdRgPrelry MEbgat WRieiharkid end-capping agent boils in said

postpolymerization tank, and wherein said mixing of said end-capping agent and said

havj

polycarbonate product is at least 10 minutes and up to 60 minutes:

()ogn
(0]

wherein R; is an alkyl group having 1 to 30 carbon atoms, alkoxyl group having 1 to
30 carbon atoms, an aryl group having 6 to 30 carbon atoms, or an aryloxy group
having 6 to 30 carbon atoms, and when Rj is an aryloxy group with 6-30 carbon
atoms, said end-capping agent does not contain an electron-attractive group such as

halogen atoms, nitro groups, or alkoxycarbonyl.
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4a/ 4b and said inlet of said postpolynerization tank 9; and a chargi ng port
t hrough whi ch an end-cappi ng agent is charged to said m xer, wherein said
m xer is wermsmbs4snl |y seal ed at greater than or equal to PeG/usm/itg269. The
apparatus of Claim8, wherein said m xer conprises: a first guide plate
array | | having at least two triangular first guide plates arranged
circunferentially, wherein said first guide plates are positioned at the

upst 1 eam end of s saithalabi e Ml5en BkabRL Jolea ORI xfigiam part of sai d

first gui pl at wher ei'n ‘sal ottompart” is attached to an inner wall
of a piping 6, and a second guide plate array 12 having a same nunber of
triangul ar pl ataegeRpdymeigpigpnfyepsst 43@& fpyving|and d)lgtapdgn eytichher ei n sai d second
guide plates are arranged circunferentially, and wherein said second guide

pl ates incline fiQmbBheAPRMN NERE] %avg?%r,,gét afd g oler ei n sai d second guide
pl ates are attached to said inner wall of said piping 6. 10. The apparatus

of Claim8, wherein said m xer caonprises: a first mxing el enment 21 having
a rectangul ar pIrager pjuid comicapan With spd putleypf sed prepe!yerEathid i xi ng

el ement  224,navidgaid i18QraNgPbipolthiAtdan €dnd80 in a second direction
wherein said second direction’is in a direction opposite that of said
first direction of said first mxing el enment 21. 32 o

a charging port through which an end-capping agent is charged to said mixer,

wherein said mixer is hermetically sealed at greater than or equal to 760 mm Hg.
9. The apparatus of Claim 8, wherein said mixer comprises:

a first guide plate array 11 having at least two triangular first guide plates
arranged circumferentially, wherein said first guide plates are positioned at the
upstream end of said static mixer and incline from a bottom part of said first guide

plates wherein said bottom part is attached to an inner wall of a piping 6; and

a second guide plate array 12 having a same number of triangular plates as
said first guide plate array 11 wherein said second guide plates are arranged
circumferentially, and wherein said second guide plates incline from an apex near a

central axis wherein said second guide plates are attached to said inner wall of said

piping 6.
10. The apparatus of Claim 8, wherein said mixer comprises:

a first mixing element 21 having a rectangular plate twisted 180° in a first

direction;

a second mixing element 22 having a rectangular plate twisted 180° in a
second direction wherein said second direction is in a direction opposite that of said

first direction of said first mixing element 21.
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