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APPLI CATI WQI3M&48h esent application i s based upon and cl AGRUIB6ty to
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[0001 ] A process for %;e rjggg%%ol carbonates and an aratus for use in
the process are FRQcEH [ IN%OWQIC“F%BQN&WP PaReA Tl Yel y used

for their outstandi ng negDpRAPARGPOL HVERB (zNngEas i npact resistance,
heat resistance, and transparency. Processes nown in the art for
preparing pol ycarbonates include, for exanple, an interfacial process and
a nelt pro . rfacial process an aromatic diol, such as

bi sphenol %ﬁ%?séﬁe@%égé %HAWPH\ FRLICHEINS The nelt process i ncl udes
transesterific |on of an aromatic, di hydroxy coppound, such _as bi sphenol
with a dially] aPESHtt %pp?ls?}lﬂ’? 15s bgsed e X’@aFlﬁHﬂ%tpé‘of‘W {hdansBf€en state.
The transaﬁplwanm sl 20w -2 5728 Nk IfYinp dafeedIal: 10208LSEhitH isdRRByNOL Use
phosgene, ich can be toxic, or solvents such as nethylene chi or| de. It
is al so al I"SBORSALYaRI6Ie8f8 ¢ production. [0003] The use of end-cappi ng
agents for end-capping pol ycarbonates polynerized by nelt processes has
been i nvesBAgRIGROHUND oF TREIRS/FpegbNof i nproving the hue, heat resistance,
and hydrol ysis resistance of t he pol ycarbonates. For exanple, Japanese
Pat ent Applicati 8 okai Sho 63-179301 di scloses a bisphengl A

pol ycarbonate il é/]\]/rl Hmf'f‘?é rIEPaKng P é{f?ﬁ@&l’a(ﬁ?f’?ﬂ %?HP?Tat“ssafP’i‘{?ﬁl"h'lhé Kokai
No. Hei 2-pré&eb2aredissiob@bi@geir process for preparing polycarbonate in which
the percentage of term nal hydroxyl groups IS Iess t han 30% and t he
limting VISCO 3to1.04d iters/ dL/ q) (20C|n rrethylene
chl ori de), jh{’(gY,ZQSHHéW?P%CSaﬁm &'ﬂ‘%ﬁ?ﬁtﬁsﬁded‘?% o&? tSRBERG ATFNEHER! car boni ¢
acid di eSt}Q’bpdrﬂesI BchPdsemiacEreiktaite Rt Sesiskandl) A PABPARIncHCTHrbIRORE 16826

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 pheag}moég% 4] It should be noted, however, that even with the use of
end- cappi Ny 4 s, the degree of polynerization will notPPENEERE] ent |y
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 n§aerg i 1§ éncdP raspopeatpmer fery enamnifle thueylphsool ¢umylphgoeld aafit er t he
pol yconden?ﬁ?i},g)ﬂg{&_acti on has progressed to the desired point. Thus, the
time at whic nd- cappi ng agent is added and m xing conditions are

i nportant factors. [0005] For this reason, Kokai No. Hei 10-36497

di scl oses an i nf9PeAldH shquid be asteflohowrvep dhdt reyernwithethd osgpof yrskagabpinat es by

mel t pol yCQ%quﬁlg%i%%gepg Gpo?%aaﬁr?z'éf? ]]Fx%og ibgé’l%%}{gﬁﬁgﬂ)%h‘&‘ PR iethipeny!

carbonate. An én ycarbona avi ng Atrinsic viscosity
varyi ng noweighie fohgarbndte disidfori poblotraomapel wity adbioay mblecdanpemigid shown in

formula (1). below after the intrinsig viscosity of. he pol ycar bgnate has
reached at 2hr“té)’g‘s"tmo.Wg} %E/oéb:ta"ﬁd if_1ge @Fyﬁﬂ’éq%@?a Orh%alcgo"as‘ﬁsnf‘gtr P%greﬁﬁegm a

met hox¥car aghgientigr dﬂmheﬁﬂéora,rbnﬂtdappﬁyg:aﬁblwgw mgy @U@)borhéhftd iRthel spemnisal kyl )
group havin o 30 carbgn atons, an _ al kox rou aving | tg 30 carbon
atons, an %fgk?ﬁ% aéﬁrdg?)pﬁ?ﬁ?ﬂ“ B’Sgl%”de%‘oﬂélﬁ)gﬁgéfsg%? H’Srde%{ﬁdd}owt'oﬁﬁ?usgroup
having 6 the t3 fKavkien edd-edpping[ M6k abiddesraahixEdonBibhd ﬁﬁtii’n?ertm- WO
98/ 47938 al so proposes adding, and kneading for at |least 0.1 seconds, an

end- cappi n@cﬁﬁent described by fornmula (I) above in proportions of 0.3 to
4.0 nol equival ents, based on the hydroxy term nals of the polycarbonate,

under condi ti 000l FBP thie' Radoh K oRAIONSD Bei 110MBROAldECcRs&Ndn NprdVRE € t han
1013 hektopascal_ (hPa) (760 m|limeters of mercury (mmHg)). pressure and 2
WO 03/ 00845ecSTTPIURISPArIEER 2EPmatis epP Ik oRgtes D amgh 2lycrndensstiont of @ast 0. 1

seconds, aarghal | diBRirodt SorkfWRE" @hd!T RipREnyN O carBBMafe. t NAAR 2QQ4L4Hpad0C and
pressure of no nore than 1,333 x 105 hPa (105 rmHg) :

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:

R1

O——"-—R"’
o) (1)
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 1 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

2




[0007] Furthernore, Kokai No. Hei 7-90074 discloses an inproved process
for preparing polycarbonates with an increased degree of polynerization by
t r ansest e PU4348 gn of a di hydroxy conpound and a car boni ®CAE82/448&t 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 al so
proposed athen ppdingadd fnesdingJorf aydeapy @ p agdonds, aatagﬂmr|a¢ammg¢eaélrrb@ﬁa@es by nelt
polycondensatl tic dihydrox sapd nic acid

G cstor i ngte Pl BRsS PP a M SRR P BN P B AEIT

end- cappi ng agent is added through the inlet port of at |east one reactor
in which the I[OﬁO‘t]iﬁughmesKwyx Nib. Hh'e?-ﬁﬁomscldrsas an dmmhedi QTOQ@S dL/ g.
[0008] As this Fatent rature gl scl.oses dvéf % @ at h§ art have
experi nent 8§ i m§d8?l|¥§ar Pt B N dBERTE §We Rle PSBITEAYBNEY e reaches

a speci f i gadsedirificagon6fS£ @iy dryx yoEordpoapé ahd aeardagé eﬁd rafesﬂaﬂlnymbh zat i on.
There still remmins i

need, however , for will yiel
pol ycar bon#ti¥s digsieh af’ﬁé’”ﬂf@sP‘f@éﬁ a%ﬁ%@ﬂﬂ*‘éﬂ”g\ﬁe‘f Feo ‘i?&‘aﬂ”ﬁé%%@@g that do
not deconpy&a® thdYraideStbrifaBbn RAY hid el Reded @ NYast S0 nﬁl KRN Hei L Oups) , and
t hat provide inproved end-capping efficiency. BR EF SUMWARY CF THE

| NVENTI ON | /G89] thej rresess applisaittedlsp PEoPgsqsdr a d@provest PpIcessafor igerafingnd- capped
pol ycar bonﬁbﬁa&@%wc%}beﬂat&e'bg ﬁql%gﬁg@ SondbnshHRET £ %}a{ﬂircomry% gpound, a

carbonic acid diester, and a catalyst in a prepolynerization
vessel to fammeund apd)hw@éaomrmtdedlpﬂcrdmat least twis feaetorsragnndséedpi| sptiess bonat e

product fr ?H&r& f%n egﬁ %ﬁ% %%Eﬁt%?&d nglz%ﬁﬁhe nf‘étiébﬁ 9 St*]?asp%é’rgfc'i&%' ate

product w an en agen ernmetic sea pressure of at
| east abouwhiéh theriimitigg viscodity ofahspa ymemgs reableedddOtidg.bonat e product and
end- cappi ng agent m xture to a postpolynerization vessel to endcap the

pol ycar bonat e b Hs tﬂx?&ﬂa%t A& Quufl %?sjc%é‘s?edg%ﬁu%ne%’%‘?rﬁﬁu& fiie Pr epari ng

an end- capped carbondte conprising a p nerization vessel having
and inl et azpelruamtcmtwlét adding axd«@ppiagmmslwmws@mcm@m reaches a

post pol ymer i zat i.on.vesse Lnl et and tl in fluid
conmuni caﬁpSﬂ? lhmmfghe'sc&s}fyl e s ?leﬁge re Of eﬂ}ga(?l oﬁle{/ee%élerpfﬁgglﬁa the inlet
of the a need, however, for methods that will yle]d po]ycarbonates 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 tWAH3@P8484ual to 760 nmmHg. [001 1 ] The above deP&ATHBY1IESAE 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 enbodinents, and wherein the |ike elenents
ar e nunber pdtpalyimesizatjod0 v8iselFihguing 4n jislearendbbn eqitiet;ed prixstess fhthrt showi ng

an exanpl e ne.. f r DI ' X

pol ycar bona e’%‘?"ﬁaﬁﬁ’lnﬁf‘%ﬁﬁaﬁ’ﬁ@& itfs?ecg'seg?lggérﬁ%ﬁ@?égvsvag?n%gﬁe g’ﬁggbgs]?reent of a
static m xsstpobnttrizftidn Modsekania ehadging panthainigh ewichtae dnd-chppimgtagentds awi ng of
an enbodi nent gf stati}g m xer .. DET ILEFEPBESCRI Tl C]\lt Og}ﬁTlallrEeP FERRED
ENBODI NENTETES0 e Fikie oy ot el e Bermsrerlv araed B PR el oo

ef ficient grepamatpon of pol ycarbonates having a high end-capping rate, a
hi gh nol ecul ar wei ght, and a | ow nunber of hydroxyl term nal groups. In

the first stag f e process h ol.ycar bonate |. ormed by a nelt

pol ycondensat i iﬂ&r]!agg’f Flg’f‘(e%ﬁscabﬁj:aé‘g&ﬂi}ﬁte%i“ﬁtafeoﬁemghég‘{%w tg‘feor exanpl e a
tank. Durifegowi figiee i Jendled dactipionst age, during which the polymer has a
relatively lowintrinsic viscosity, no end-capping agent is present.

Fol | owi ng i i is transferred to a

post pol yneﬁ@gﬁ%éﬁ{lbi@%?%gﬁmnga tank. During transfer, the
endcappi ng agent is added and m xed, which prevents volatilization and

| 0oss. The tran$d@ER) Referrirgenovatdiae fighires, widel arardeaplay entiodssantsgannd at | east

1013 hekt opascal q.IBPa,GH‘gGO rmH%) Trﬁ.pol ycarbonate is 4 W 03/008481
PCT/ US02/ 1 n the like slomERSE ATP NWIIRSteq 3%t he” post pol ymeri zati on vessel ,
during which the polymer has a relatively high limting viscosity. [0017]
As used her ei n[0Qi8EPBigusenieisiaa abbreviated piokexs shantgshowingwhiegdmplbef orgol ycar bonat e

is formed (pol ynerized d postpol yneri.zation is that st ft whi ch
the pol ycdPBERIE A ypraaralis ShEREGE b BRPPRE ol yoar bonat e end hydr oxy

[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
prepol yneWPP40P8B1 st age, and to adequately inpart the conPEHUSBHEB2GS fect s
of end- capping agents in the postpol ynerization stage. The process
dramatically increases the degree of polynerization of the resultant
polymer. It also produces polycarbonates with enhanced characteristics,
such as huabseeattlyrcasics trathe postpadghaizancevessa, duneg which dgi potymenbassa ur e

resi st ance, 8] Aromatic dihydroxy conpounds for the
prepar at i gi2 quﬁéllggclzlglr’%%\ggcgg}y are known, and include, for exanple,

bi sphenol conpounds descri bed by formula (2) below. (Ra)m (Rb)n OCH
(\-/>X-\ [ C]fD(UZ] AsvvlumdeihnreRa pxre;jolﬂneaza&iomarsht}a halgogan vdaicdmtir a

nonoval ent droc r and. y he identical.or. differen and m and
nare 1 nt dROFErBR o g ed: Padnrizey tond asipBim Eyiad e thar o8 iy 7. <.
-SO-, - SOZWhch)fhe %@czﬁbﬁnat@r& forertdd awauwt,ewaﬂcm th po@realrbaeht@é.ﬁi Bagxyr hydrogen
atom or a nonoval ent h drgcar bon group E&e y forma cyclic

structure:S'HRg #8 FaPPE! b vepagen h‘gfdmfcgr%s*ﬁ @n*%d Se5twm8t§e?soe%%sl

PCT/ US02/ 1R820rizbd19% sepeeidl Coﬁxﬁﬁmlfsarﬂf t@rﬁ@fﬂcﬁend'&?ﬂ:@ow ggonpounds
r epr esent ed bi}ﬂformjla (2) include are not limted

bi s( hydr oXj&e n)%}?k%e%ag&uew tosadsgugrely impat dhey samaerjionshesieatscof endq

- bi s(4- hy % i sphenol
N 2, 2 B B S oy Y R AP 65t e,

(b| s(4- hydh@@gf?ényf)mﬂimwmmaqfe the2, resuliant( polymer.oxyit | also  produces

t hyl ph t
rzrez yip ( irﬁ’é %g@%}?, Ar %Ar%}] Ged gbﬁgﬁ%g%gm Is Jm, NdaPRERM LT IRANE:

2, 2- ( 4- hy do teyma8 aging, Ibmstmpbm’ca}dc):,pnnd;ﬂw*ﬁdge
[0018] Aromatic dihydroxy compounds for the preparation of polycarbonates
are known, and include, for example, bisphenol compounds described by formula (2)

below:

= &
S S L S )

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(R*)RY)-, -
C(R®)-, -O-, C(0)-, -S-, -SO-, -SO-, or

CHs, CH,
CHs, : CHs,

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

and R? may form a cyclic structure; and R€ is a bivalent hydrocarbon group.




bi s( hydroxyaryl ) cycl oal kanes, such as I, 1-bi s(4-hydroxyphenyl)cycl opent ane
and ]j | -(4-hydroxyphenyl)cycl ohexane; di hydroxyaryl ethers, such as 4,4'-
di hydr oxyNP9B/ee#s¢s1 et her and 4, 4' - di hydr oxy- 3, 3' - di et hyl pRETFISeY 16826,

di hydroxydi aryl sulfides, such as 4, 4'-dihydroxydi phenyl sul fi de and

4, 4- di hydr oxy- 3, 3' -di net hyl phenyl sul fi de; di hydroxydi aryl sul foxi des, such
as 4,4' - dihydroxydi phenyl sul fox ide and

4, 4' - di hydr oxy{6018] Sgdcifat E»éhi#;lldﬂhﬂ"myd)rﬁwcfmkydﬂ@cy @mtpounds represented by

di hydr oxydij ar yl'sul f h dj hydr oxyd | sulfo
4, 47 nydpange O3 o0 hek i e ireigh PR HUBIRHE S5 8 Fe 1 o

bi sphenol 1@dro&9;9}’e9}(1)duahmdl tion 1t RbikiachyarRpBehsl)d@hdpydr oxy eQrpgqends
descri bed by fornu above, aronatic d%/dr oxy conpou2§§1g scrlbed by

fornul a (wdmmﬁmﬁy%nsé“bwéeme“d) 3 Rbp(4- ‘Py lzen(vﬁswta% RLis
respectiv d @nldabey-10 carbon
at ons, q#égg ghgﬁﬁ it &%4ﬁ2@ ﬁg&%ggﬂgﬁggﬁﬁeﬁfoggﬁggn gJ&?NtLﬂed wth
a hal ogenneih)dwhenyibpralvanbeéstbliﬁﬁéymxmbﬁhlpi@wﬁpl}wﬁ@gélri RisGrhydeit p is an

| nt eger fr grgwl’gn&ﬁ'prgéan 02 a;ld] Sp?%'(tl 'hgdrgﬁsa%lcﬁﬁo F)p ﬁiﬁ") a(l"ledl hydr oxy

conpounds ormula™ (3) 1’ncl ude resorcino substi t ut ed
r esor ci nolbss(hﬂp@dya@S)cfa:-loahmhkﬂyl sueb oascﬂnebls(431yd@uymenylwglppenmlle and

3- propylreso cinal, 3-b %%$resor0|n Ire orCi n
3- phenyl réso yﬁ{)‘?",yp%?ngt} PEBFL ngfh’yd?x%arﬁ] tbt rar huorgir esditinol, 6 WO
03/ 008481 difylif dG@iBhelyRRfer and and3, 4, 6-4,&tdinjairenyed, &'sdimethytphenydabechol ;

R R T e

3-t - but yl hyfr@gethn Fﬁ@iy]s@tﬁd@hen)ﬂhH}Mﬂfo@thMﬁandé& curgakiny dr squi ﬂaﬂe
2,3,5,6-tetranet hy dr oqui_ none 3,5, 6-tetra t(ﬁﬂ#%lhﬁga<%

2.3.5, 6- télﬂfryafw‘éwbﬁw&rlkfefu%we aiiﬂhydzo’s‘/ &3 pdimepyldipieBrs oK one.
[0022] | n @il @aryisRIbAg, &R TR i4e-dthyady@bensRMPstends 4ian-ditgdrsthas (2) and

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

be used:

(R%
x
@'—(OH)z

- 3)

wherein R' is respectively and independently a hydrocarbon group having 1 to 10
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 0 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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(3) above, 2,2,2',2' -tetrahydro-3,3,3" ,3 -tetranethyl-1,1"-spirobi-
[]H1ndene]-7,7- diol described by formula (4) below may al so be used: H3C
CH3 OH OMO 08084813 (4) [0023] The aromatic di hydroxy coRE&{$0216826
represented by fornulas (2) to (4) nmay be used singly or in conbinations
of two or nore. [0024] Additionally, a nelt polycondensation catal yst may
be added to the aromatic di hydroxy conpound and the carbonic acid diester
separ at el yardr 2f3t4e6- tetfh‘&fomd'rehgrd'moky caterpolinchydreduinbiee ¢ andonsubstdeted di est er

have been saLlon. cat I rige alkali
met al corrph tﬁlﬁé’gmglr]\e/ or aﬁg kafl né egtgf%ﬁy@n% m‘fn% e é{ﬁrr]l}&%raa%/qauin%?gl s?)’ referred
to as al kapropyileakrddujnonet al B-bogthydetguinanpe, her e3- nbutylbﬁd}aﬂmcmeef er Bed exanpl es

of alkali (e nmet al coppoun . inclu ani CI d salts,

hor gani ¢ MERGNEQEIHE, | QERITRGIIGRNARE by T ema RS CROTS o5 of

al kal i netzb s caeeh-abitAhidieqeadieh 7B 98-GetrafliasIEdERiROKE) dandBY2, D8 6used in
combi nations of two or. more. [0026] SpeC|f| c exanples of al kal'i metal
conpounds tEROrUBRNYSEIPIIARE: hy dr oxi de; pot assi um hydr oxi de; |ithi um

hydr oxi de; sodi um bi carbonat e; potassium bicarbonate; 1ithium bicarbonate;

sodi um car bonat[@ozzgpm 885t Ao AR NBARALIE dihlylifoRy 6mpolin¥¥OnOBHRASA@S and
PCT/ US02/ 16826 carbagnate; sodium acetate; potassiumacetate; |ithium

acetate: doHiaMAYSst &arat atetrahygdrosddi3nRt- ?f’é‘a?‘m’]el Vtspirebiu ) Srigdangl-&7- sodi um
bor ohydr i dge1 dedcriBéd 5y fOAHPRY A HeRRY ma?g% g, R@r ophenyl at e; sodi um benzoat e;
pot assi um benzoate; 1ithium'benzoate; disodi um hydrogenphosphat e;

di pot assi um hydrogenphoaq@:hat e;, dilithium hydrogenphosphate; the disodium
di potassium and dilithi s of bisphenol A and the sodium potassium
and lithiumsalts of phepo
metal conp
hydr oxi de, & s um

@

[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




bi car bonat e, bari um bi carbonate, magnesi um bi carbonate, strontium

bi carbonate, cal cium carbonate, barium carbonate, magnesi um carbonate,
stronti umVOBM8¥tdte, cal cium acetate, barium acetate, nad6ddisari@eet at e,
strontium acetate, calcium stearate, barium stearate, nmagnesi um stearate,
and strontium stearate. [0028] The nelt pol ycondensation catal yst may
further conprise a basic conmpound (b) that nay be used in conbination with
t he al kal i carleranatel ) sodimtralacetatompotassilsn (a@¥tateEXginpine scetdte; baslium cwapeynds (b)

i ncl ude nitrogen containj.ng basic,  conpounds .that readily dec ose, or
that are rBEFIAP \fgﬁa%??‘?’l ,éthgim hﬁ%ﬁﬁ"‘%e%@E“Pa?%W‘&YB"‘t’%pﬁ@‘fW cboé(f?gﬁ‘bn&es may

i ncl ude ar’rmdninurﬁomﬁﬂémitd;eSocﬁmﬁtt&ﬁnﬁkbalmh]aigas@ihkxyben(zaﬁtyﬂ lithiwh eeytoage oup, or
the Iike, such as tetranethylamonjum hydroxi de (M4 , ey

t et r aet hyl ‘iﬁ‘ﬁﬂ‘i‘ﬂ‘ym N@‘BB‘HBP}’B%E"(‘B 4!@%‘?”%8& r QB%HSF%HH%WW m hYHMER de _
(Bu4NOH) , b dehpHBBEHAYY; RN adb ARMPSip R skl T A | difth{umrr Srid (V)G awhere O i's
a phenyl groug ; tertiary am nes, such as trinethylamne, triethylam ne,

di met hyl betigyhasadie, pargssivm, apd dityva salnef PBeebndary anmi nes descri bed by R2NH
(where Ris, for exanple, an alkyl group, such as nethyl or ethyl, or an
aryl group, syetrASpRORO¥kanYiestdTlalaline BirihRé RMpIBRdsdsdel ARSinPY RNH2
(where Ris, for exanple, an alkyl group, such as nethyl or ethyl, or an
aryl gr oughydsaxids. sariyhdigroxisle, mapresipm hysdyoxidh, sirentivgy dhdrgxide, caleium

4-di met byl gt vk, oitadhbehdhaMARRY bicbDte, Abnflim bicarbopate,
pyrrolidinopyridine; imdazoles, such as 2-net y'Tl m gaz_ol e and

2- phenyl i rhagamg|cerbonaiedbirium carbanate  magnesiumscaanmatsi atrontwny gareertatel anmoni um

bor ohydri ( ) shawih et Y, i u o%? . de 4%){
tetrabutqu:glr%(%ﬁ%m o’etbra g%ﬁe%‘%ﬁg%r%%w%u%%%4 %ﬂé%rg ?%F#éaﬁe hy anmoni um
t et r aphen\stdamta beriyrnveiBRhhpgneSiumt skeasats, and gtanfielstehmnaoni um hydr oxi des are
preferred. 8 WD 03/008481 PCT/ US02/ 16826 [0029] The nelt pol ycondensati on
catal yst may f i | GoAC l@g C) . di for
exanpl e, bori cTg%%gg&gﬁagﬁ{)rp?@c%#%g@g%&g a#pnﬁgﬂs’éro%mhg%lre i%clbgsgcl d esters
may i ncl udempberd éxarhal enayt heswedas coonibachtiby witte tire radabil (chro) el

B(OR) " ( hydr I erein s an al kyl ..su as_nethyl .ar ethyl, or an
aryl, suc%oglég%%dgﬁé}[ (11 5ersl (ﬁ?\ggsécnw?pr?tu g%se(;b) f"rcﬁ{%e Inﬁfo(ge%?g'gad%%g E ?séé/exanpl es
of boric aomgowsis elis readdl ddeniposdyek Iha} aleaeadily, volatile at high temperatures.

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

alaryl group, or the like, such as tetramethylammonium hydroxide (Me;NOH),
tetracthylammonium  hydroxide (Et;NOH), 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 R,NH
(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 (MesNBH,),
tetrabutylammonium borohydride (BusNBHy,), tetrabutylammonium tetraphenylborate
(BusNBPhy), and tetramethylammonium tetraphenylborate (MesNBPhy). Of these,

tetraalkylammonium hydroxides are preferred.
8




triethyl borate, tributyl borate, trihexyl borate, triheptyl borate,
triphenyl borate, tritolyl borate, and trinaphthyl borate. [0030]

Pr ef er abl YyOt084808481 t pol ycondensati on catal yst i s a conbi n2CTAIS02T682@]| kal i
(earth) netal conpounds (a) and nitrogen-containing basic conpounds (b),
with a conmbination of the three classes of conpounds al kali (earth) netal
conmpounds (a), nitrogen-containing basic conpounds (b), and boric acid or
boric acid est efoof®) THEDhE pBlyeéRiERg@fon V\hﬂ?sté}n&oﬂﬂ?ﬂh&aédn%xs@fboﬁi kahi (earth)
nmet al conpounds é é and ni trogen- containing basic conmpounds (b), or a
conbi nat i oFCTBROVARLE) includHies Fy exupRIE, %ﬁﬁeéﬁa@bor(%)md PR OB ai ni ng
basi c conpgyfRdz;id &jers rﬂQ)deﬁ’lBé Qo?ﬁﬁhﬂpﬁ%@&%&?xbé&%y the H&?&f”fomltunie respective
catal yti c conponents nay be ad as a mxture to thé ten mxture of
bi sphenol and carbonic acid diester or they nay be added individually to
the nolten nixture of biBPR&AWIdrayls-carbonic acid di ester. [0031] The
end- cappi ng agents used in the formation of the end-capped polycarbonate
may incl ude«h&eirnhprsaawmrm&vmemgam%yIolr &n 864, u@SdsSPhenyl ERRPWis af OMPOUNdS,
and combi nations of the foregoing, with the use of carbonate conpounds
and/ or car i5pegl fremdciod- e3neeH C@éﬁﬂib‘ﬂﬁﬁ%"%ﬁe@&%@éﬁ intiyde Fapesor] dpeates onpounds
and/or ¢ I C bgy f la (1)

Dol ow o [aE ) GRS TPuFe bRel IRV S5l BN RO ARG Il LB

sel ect ed f wridolykhoeatgyand pingphithyldoratey of hal ogen atons, nitro groups, and

al koxycar bonyl groups having | to 30 carbon atons, and wherein Rl may be
| i nked to any i t WO

03/ 008481 PCT/ ﬂggjg fgégezlgg]yomgolg?? ﬁ)g %r?dg P%&Q[ailxgpﬁggcﬁﬂ%fr{?n& é)?oup havi ng
| to 30 cadkain(cartiomectal gpmpdunds (a) agd vitnogen-cantaliningbe® coambmdsalt)owsh an aryl
group havi r o) to 30
carbon at oérlgorﬁmﬁagmﬁqﬁfgﬁeatﬁ%?n e%g'r% f ro?n&lﬁdi %ﬁ(é! &?%@%&%Hlsc IH@:\SP %ﬂarrpl es of
end- cappi mgtra@armstamlvast@e@nipyuﬁcbr(h)glaad bdrjc acichar hodlie a2rdcdsteo(a)pmee1yl aryl
car bonat es C 2-chl hen onat e chl a henyl

4' - et hyl d?1 rcpcar 5088, lr? "ThPo? %@hgcﬁgﬁ’) pild ae?qmoﬁh%sn(ﬂ Ly 8%

contammg 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:

A
o R,
\_/ ] "

wherein R; 1s 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




chl orophenyl 4'-n-butyl phenyl carbonate, 2-clorophenyl 4'-t-butyl phenyl
carbonate, 2-chlorophenyl 4'-nonyl phenyl carbonate, 2-chlorophenyl

4' -cunyl VOBEMHBE, 2- chl orophenyl naphthyl carbonate, 2PERIUSPBBISMYI

4' - met hoxyphenyl carbonate, 2- chl orophenyl 4'-ethoxyphenyl carbonate,
2-chl orophenyl 4'-n-but oxyphenyl carbonate, 2-chl orophenyl

4' -t - but oxyphenyl carbonate, 2- chlorophenyl 4' - nonyl oxyphenyl carbonate,

2- chl or ophegsgltiont’ préfeRER MY 1964 RGN Lg,ammgat % 3@car%ﬂ %Qﬁhﬁﬂéllkoxy
2' nethoxycarbonylphenyl carbonate hl or ophenyl

met hoxy c ar2sommywishérig PO cafbep Atgms, ap arh gmua&wng 6 o 30@@@9&9@5%8%% phenyl
car bonat e, ﬁ%x% m ¥ 1040 C%B%xggrmnmkmmgkrﬁam%@te 2-chl or ophenyl

-(o- eny oxycar bonyl phenyl carbonate, and
2 chlorophenyl -(0- ethoxycarbon henyl ) oxycar bonyl phenyl car bonat e;

2- chl or ophenyl [%mwpecaf&r pemplessof Fﬁpaglgzag@htpcﬁe@@wémhy feEpwy| car bonat e,
2-chl or Oph,w{e fl‘:rhé/#o;aﬁé%?ﬁaﬂﬁéa%onft% ChHERED QﬁBde pﬁéﬁ& gf&aize
ca ate car

2- chl orophenyl octyl chl or opheny opy ohat e,

2- chl or oplekloydph@nyiéi-imsshytrhetyd nyrbemahyﬁ (d:lbmmmqwlel -eylphényt opbamatel 2-

2- et hoxyc I naqnat & SV IS ek,
ethoxycar%éﬁyﬁ%ﬁghqrf&ﬁﬁ % Cr%?ﬁ éﬁ? 9 l%wgé@%gﬁ(mggp %hyl phenyl
aryl carhamakqﬂmnﬁuahmaghmaqeuhdxmmmrbamyMQmemyl4pmenykmﬂmnmqna{e 2-

ot hy phongOERPBn LR TS bR e SRR iy BB AN A s Bonat e, 2-

net hoxy carcherphphie ny4d’-dihdxyphehpih e yrborsaad, bOIl-alilel;ochrﬂ’Et hoxytuxbptyphenyl  t -

but yl phenyl _carbonat e, hox car bonyl phenyl hexyl pheny rbonate, 2-
met hoxycaﬁﬂéﬂ%‘ﬁhe%ﬂlorﬁﬂh%ﬂyt) Putewp&swﬁt eCarbonigs haf{} E*aw?/ | fheny!

dodecyl phe:ewlm%h&@ma&eﬁbor%renetiaammémnui Dﬂ@gbeﬁﬂ&%ﬂiewt&B&nﬂ car bonat e,
2- met hoxycar bonyl phenyl di -n- bUtﬁw phenyl carbonate

2- met hoxy CHICEBRSIY he Ay meghioxycarbaiy{phgd ny | cagonpenat &chlorophenyl 4’

2- et hoxy GakRANVHRRS AL NeAvbRReNY b-hak&MRANe, 22ethdfyWBoRAHIRAFHEL
PCT/USOZ/168269 ﬁetﬁgﬁfggrbonylphenyl cyé@glgi phg%f%wcafﬁggatg

2- met hoxy cabpratss | 2ptidargphenylafitethoyyeniteamylphemny @mbanaée, Q@MPMMWCéP'bonyI phenyl

0 phery S RAIEh G ARG UG CUfl, EORDRb 3 210

2- met hoxy@mpbmaguopwmgdyl)ttxyc@tbhmydymshy| cohomtmat €2-cierophenyl  alkyl
carbonates, such as 2-chlorophenyl methyl carbonate, 2-chlorophenyl ethyl carbonate,
2-chlorophenyl! n-butyl carbonate, 2-chloropheny! octyl carbonate, 2-chlorophenyl i-
propyl carbonate, 2-chlorophenyl 2-methoxycarbonylethyl carbonate, 2-chlorophenyl
2-ethoxycarbonylethyl 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-methoxycarbonylpheny! hexadecylphenyl carbonate, 2-
methoxycarbonylphenyl di-n-butylphenyl carbonate, 2-methoxycarbonylphenyl di--

butylphenyl carbonate, 2-methoxycarbonylphenyl dinonylphenyl carbonate, 2-
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met hoxycar bonyl phenyl 4'-n-butoxyphenyl carbonate, 2-nethoxycarbonyl phenyl
4' - i -but oxyphenyl carbonate, 2-nethoxycarbonyl phenyl 4'-nonyl oxyphenyl
car bonat eWO BOg#Bhoxycar bonyl phenyl 4' -cunyl oxyphenyl car BERAIS8/16826 ( 2-
met hoxycar bonyl phenyl ) carbonate, 2-nethoxycarbonyl phenyl 4'-

met hoxycar bonyl phenyl carbonate, 2-nethoxycarbonyl phenyl 2'-
ethoxycarbonylphenyl carbonat e, 2-nethoxycarbonyl phenyl

- et hoxyc;ﬁétmrwdrw)@wlenylcaayb]an@tymhefz&i nehﬂbow«:arﬂemﬁmbmmvhylﬂeﬂﬂo-
nethoxycarbon I phenyl ) oxycar bon hen

met hoxycarB3pHyYIphraxl,| casbongts. ef 8g¥%8W9ﬁBW?ﬁC TBW?@grﬁ6%VF%he%yl

car bonat e; metl?ox@@&rm%'%@ﬁ)ho QWnPHbﬁaW] ddrkdtlates anbﬁaﬁd@Sarb&mem 4’
2- met hoxycar bonyl phenyl nmeth carbonat e, 2-met hoxy carboq%nﬁge?yl et hyl

car bonat e, meharaPheaxl ebengiey Qﬁﬂ@bﬂ)‘lycﬁbf’fm&hﬂyl carcionyhenyl car
2- met hoxy%?gr?&“ ioxygﬁk%% Yloutdy BRAGH @arbo?mtenmmg@arrb&mﬂh&muyl nony!

car bonat e nyl phenyl cétyl carbonat
2- nethoxyaémbmmykpﬁeﬁyhﬁhauﬂyhﬂbenbmh@n@ﬁwQﬂn%ﬂh@XWéHﬁ@@HVPﬁﬁ@ﬁ?l 2-

met hoxycar. nate, ,2- jbonyl (0.
2-ethoxycé$ Q¥aﬁk?ﬁ&pﬁﬁk9 bonaté gﬁiegﬁ%&séarbonaﬁgﬂ%nyl di-2
g (otﬂethmmMgﬂw&MMmthemy]%oxycaﬁhmmyleLhQMmﬂuawbmhabbmemnd I4;h
met hoxycarbon o- oxycar bo N ony y
car bonat e;™ ﬁﬁ&?%ﬁ%@@'ylphéﬁ&1néﬁyl g%bona‘%ﬂkgg%ﬁgép -
m ?E“?XKC@“P"W“‘Sh%?‘*”y"?“‘%“ﬁ‘eca*"mb‘m&fbﬁy‘pﬁfm?yfmﬁm“?bb‘”ﬁm bnat
met hyl phenyl carbonate et hoxycar bon e et yl pheny onat e,
2- et hoxyc&f8RRIphenyl propyl p éﬁﬂ? %ﬁ%ﬁ% QP%‘IZ ethoxycarboﬁé] Bhenyl
n- but yl ph%%ox?@dr%?%%ylﬁx?awyﬁﬁémnw phediydnate; but yI phuanyl carbonate, 2-

et hoxycar bonyl pheny enyl carbonate, 2- ethox henyl
nonyi phe nymeth%a?%‘amla’cpéen t@ﬁ%ﬁ?%’?ﬂﬁ?’l%ﬁgﬁﬂ‘y‘a&ﬂ’é g n‘%]/{‘f 6 B4fhonat e, 2-

et hoxycar Qorﬁ%:t ﬂﬁl}nm%ﬁ?eﬁw} Bh¥Ehates Cs%E}bwﬁﬁthOZy&Pm%lﬁﬁ@@bﬂ% Iphenyl
di - n- butyl phenyl carbona 2- et hoxycar bonyl phenyl di-t-butyl phenyl

car bonat e ca@onaé@,rﬂam%laxmrb@mdn@myl eyl carbenaig ﬂh@?ﬁ merbawﬂmeéyl n-

2 e METY) RGO, % PO BARHATS! fey? = pa bor e
et hoxycar oathdxpteeroplylphept mphyl lverbphate,ad- mgthaxy;:art@nglphmy etylorhpngiBeny |

bi pheny! 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-ethoxycarbonylpheny! aryl
carbonates such as  2-ethoxycarbonylphenyl  phenyl  carbonate,  2-
ethoxycarbonylphenyl methylphenyl carbonate, 2-ethoxycarbonylpheny! ethylpheny!
carbonate, 2-ethoxycarbonylphenyl propylphenyl carbonate, 2-ethoxycarbonylphenyl
n-butylphenyl carbonate, 2-ethoxycarbonylphenyl t-butylphenyl carbonate, 2-
ethoxycarbonylphenyl hexylpheny! carbonate, 2-ethoxycarbonylphenyl nonylphenyl
carbonate, 2-ethoxycarbonylphenyl dodecylphenyl carbonate, 2-
ethoxycarbonylphenyl hexadecylphenyl carbonate, 2-ethoxycarbonylphenyl di-n-
butylphenyl carbonate, 2-ethoxycarbonylphenyl di-z-butylphenyl carbonate, 2-
ethoxycarbonylphenyl  di-t-butylphenyl ~ carbonate,  2-ethoxycarbonylphenyl

dinonylphenyl carbonate, 2-ethoxycarbonylphenyl cyclohexylphenyl carbonate, 2-
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carbonat e, 2-ethoxycarbonyl phenyl cunyl phenyl carbonate,

2- et hoxycar bonyl phenyl 4'-nmet hoxyphenyl carbonate, 2-ethoxycarbonyl phenyl
4' - et hoxyWR&M848ar bonat e, 2- et hoxycar bonyl phenyl 4'-n- bBCBAGIBHAZM
carbonat e, 2-ethoxycarbonyl phenyl 4'-t- butoxyphenyl carbonate,

2- et hoxycar bonyl phenyl 4'-nonyl oxyphenyl carbonate, 2- ethoxycarbonyl phenyl
4' - cunyl oxyphenyl carbonate, di-(2-ethoxycarbonyl phenyl) carbonate,
2-ethoxyc&nhmmyﬂﬂhgmyﬂnmmemwmbmmdawﬂummkpﬁgmykyadwbgmhuad tphenyl

et hoxycar bonyl ph 4' -eth rbon heyl. .car.bo
AR i R S e R i
car bonat e 4’ aﬂadaozyp]ﬁhyiooay@ambonydhphﬁmbbnylphenyl 4’-ethoxyphenyl carbonate 2-

- (o-et hoxycar y],) oxycar | phenyl car bonate;
et hoxycar Ggﬁwcﬁﬂ@ﬁﬁpﬁ 4 ‘?’6’! Ca@’ﬁa‘ﬁ “a etﬁ‘oﬁ"ﬁﬁ’s?ﬁ}\‘,lali’%éﬁlnﬂl ‘Fhenyl
et hyl  cauRRpeRyl &T&ilﬁ@xmw&agwbmmmyl e’ hvhylepheiftcasbonate, 2-

2- et hoxycar bonyl phen n- buty carbonat e, 2-ethoxycarbonyi phenyl octyl

carbonateeﬂwxﬂﬁﬁﬁ%ngﬁbbﬁ&ﬂﬁﬁ@ﬁvvpmmﬂn€Wﬁ8%V%a@dsﬁymxﬁﬁﬁymy BFonat e,

2- et hOXYC%EJBQﬁhY% ph@@mbx,%a%mm&@r bqnmeﬁ%ote%/éarbosaf,mgﬁt Rarbonate, -
2- et hoxycar bonyl ph enéwyba% -net hoxycar bonyl pheny goxycarbonylethyl

car bonat e ethanyratbopylp tsdhopygainkeamylpheyl carbonate, Z-ethoxycarbonylphenyl

2- (0- et h05yf,§519&|3%¥] Q%PMEA&?M&@T E%ﬁﬁl&%eﬁl\y’ caLRghal €

2- propoxycar bony ropoxycdrbony?pheny% al kyl
carbonatesﬁw?ﬁhﬂbyﬂp&m&kBbhyﬂb@emymwmmmwnﬂambamamebhﬂﬂdbaﬂmm&c&?bonylphenyl

al kyl carponat n car,bon Iphe car,bon a

2- phenoxyS P%ﬁ&l‘)l%] he[’)’lyﬁ ﬂiyiy(iarbon %na“tC ?C%?éfca@o&y%ép mgag ]ents
descri bedcirporiaty, rzwtlaox@bz)rbmjphaxh)scm}nyn@hmdmm arﬂhm;tycarbmtﬁheuyln-mtﬁm d

2- chl or ophepyl esters ch a chl zoat o] hen
& ot byl DETDURI . 2SRk SHEOHERGD! 40 PG 8L oo BB Rhy- 4.
but yl benzaﬁtlﬁxycarn‘dnmn@p heiftydnatd; t 2-ethbyydafiondpkany! 22—€thb>€yc@rtbbﬁyl¢thyl

4- nonyl benzoate, 2- chlorophenyl 4- cunyl benzoat hl or nyl
napht hoat €arognay| %TCH’BHMWO"XIP"WE h&%§r Bﬁﬁ%x&a@omﬁpbﬂwﬁ gﬁvﬁe%}’l

4- et hoxybeg}g&meeaneziém& QRRE helfh Q'(oQ%Q?ca%ﬁﬁé%&ﬁox)%axfbbﬁ)%tﬁﬂheny|

4-t-but oxybenzoate, 2- ch or o - nonyl oxybenzoat e, 2-ch orophenyl

4- cuny| ox§BBeNAARePOPXyEr kS Iafﬁfafh@@%x%@é}PBWTbﬁéHBWbal
2-chl Oropbﬁgy atefs ﬁn%rgat X l%gp%ﬁi’ejn?laﬁﬁp@atrﬁona%s z:mtem%em;henyl alkyl

2- et hoxycar bonyl benz enyl 4-ethoxycar bonyl behzoat e,
2-chl or oph@hﬁ;ﬂatcz,-Z-Dhmxmwpcﬂpmhrwh@nwn)am;wdﬂhﬂﬁwwwi?@a’d@enﬂnd 2- 12

alkyl carbonates.

[0033] End-capping agents described by formula (I) may also include
aromatic carboxylic acid 2-chlorophenyl esters, such as 2-chloropheny! benzoate, 2-
chloropheny! 4-methylbenzoate, 2-chlorophenyl 4-ethylbenzoate, 2-chlorophenyl 4-n-
butylbenzoate, 2-chlorophenyl 4-¢-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-r-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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WO 03/ 008481 PCT/ US02/ 16826 chl or ophenyl
2- (o- et hoxycar bonyl phenyl ) oxycar bonyl benzoate; ali phatic carboxylic acid
2- chl or opW@PP00&8t er s, such as 2-chl orophenyl acetate, 2- ®GTARSOPHSY |
propi onate, 2-chlorophenyl val erate, 2-chorophenyl pel argonate,
2-chl orophenyl 1- nethyl propi onate, 2-chl orophenyl
2- met hoxycar bonyl propi onate, 2-chl orophenyl 2- ethoxycarbonyl butyrate,
g cm or ophhﬁawbprényl(Q(dremab@cymaﬁﬁp}wyw)@arba):qmeﬁaratwm}ﬁbhanbm;troay]&; and
chl orophe

car boxyl i &€ %jcltlgmpwhho §?[§g n?’%ﬁgﬁ{%@ﬁ ?r?lggtg Ch%)g]ggr()%]eny] aromatic

met hoxy!| cagbaonayé Fﬁjém(yr]o%l hda§Nznahe, 2 choropheny] pelargonate, 2-chlorophenyl 1I-
4- et hyl benzoy I- 2' - met ester,

oxycar bon heny I
4- et hyl be ri'ﬂ@&?l’lpl(oﬂ'on%t %RS‘P(P&P?}‘(}’hﬂy FIRBPRC @@tl]@'pplpgqt@]Z -chlorophenyl 2-

4-n-but yl hgnz h |
4-t-butyl benzgé/amc{ng]b#ﬁ%xggr bcéi)l gf%h)én?%ag%iyéér%n(y 2D henyl)oxycarbony}

met hoxy cartwtymste.p Aedh2- 9h1<naphw1nloéf -62- lhéwbxmtuﬁoﬂy@mb@wwpmwu)yme
4- nonyl beng Or%‘a}tbonyfl?oﬁ ?8?? @EHX%%QX l%heﬁyl?u%lﬂlgen&%ﬂ‘t s

(2' - met hoxycar benz 2" - net hoxycar bonyI phenyl )
4- et hoxybmhmctybarb@ﬁylphamgt)hd»xryzoatebomyiemy&wio)yl-@- madshaxysarbeyipbentyd)

2' -meth t hox | phenyl
4= cuny| oxy¥EnZBRPU R BT BB OT O ey 1E ot RORPERERERT benzoat c.
(2" - met hoxyetieoxlpearydnyl)esiet Isw]44 Bty OR- b’aﬂmhb@nmatﬁphenyl) ester, (2 -

Eg x% Egi&lﬁxggﬁq‘}}f”ﬁ&g‘ﬁﬁlg h(%goxy ar b E‘ﬁ'ﬁﬂw PRRREESAH benzoat e,

(2'- met hqzmahbbqwﬂboﬁﬁp}ebwm 4armﬁbéaﬂwear @awkmh@wﬁo)as»pxa@l)bomyl benzoat e,
and (2'- rret hox car bonyl pheny

3- (0- et hoXWRthax ?aéﬁenyl()zdﬂ’g?@a?‘%wpb'émate %F@W&F’i‘zé’atecar byl ic acid
(2'-met how&mxpmdnglwmm g5LiRféx e&czlaatas ‘metHBRL ¥R RhBRMY | phenyl)
stearate; aromatic carboxylic aC| - ‘et hoxycar bon Iphenyl) esters, such
as (2' - et hoteyprhenpstsy | ph&qwsthcn@ﬁzzrbmy@heayl) cumyloxybenzoate (2-

o L A

et hoxycar bonyl pheny
(2' - et hoxyoasthaxygarpérethenyoats { Brmetheyyejrbomyd phehyl) 9+ewnzmonylbenzoate

(2oL oSR5SR bt ot o

4- cunyl bemmdmb:gqart(oﬁyleabdjoﬂtcmethomxdaﬂioeylph@nynexyeaﬂbomb@nQMatzm,d - -

ot roncar KL RN ] S0 KRR gp i PRI ™
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’-cthoxycarbonylphenyl)
naphthoate, (2’-ethoxycarbonylphenyl) 4-nonylbenzoate, (2’-ethoxycarbonylphenyl)
4-cumylbenzoate, (2’-ethoxycarbonylphenyl) 4-methoxybenzoate, (2°-
ethoxycarbonylphenyl) 4-ethoxybenzoate, (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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et hoxycar bonyl phenyl ) 4-nonyl oxybenzoate, (2'-ethoxycarbonyl phenyl) 4-
cunyl oxybenzoate, (2'-ethoxycarbonyl phenyl) 2-methoxycarbonyl benzoate, (2
13 WO 03/WOIIBAB4BLCT/ US02/ 16826 et hoxycar bonyl phenyl) PCT/US02/16826

4- et hoxycar bonyl benzoate, (2'-ethoxycarbonyl phenyl) 3-(o-

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

met hoxycar bonyl phenyl ) oxycar bonyl benzoate, and (2'-ethoxycarbonyl phenyl)

3-0- et hoxyGar cmwﬁmgﬂ?l@au&@%mm;&@wmt(Q:-etabmmzmﬁpmymww| c acid
(2' - ethoxycarbonyl’phenyl) esters such as (2'-et oxycarbonylphenyl)

stearate; am@mmcbonﬂmmwmﬁytbema&, ( 2-@repexrarpbdrhemhenyt) eCters:
al i phatic %ghgﬁl%%%'oﬁ%gﬁéngl)éé errI; é(a‘f@rmnl’j Q%Qy(!a}bo%zfpﬁérﬁ'l) aromati c

car boxylic aci | phenyl’) esters E atic carboxyllc
(2- but oxycmlethoxmpla;bloeyiylheﬁy@syterl@nyﬁvpmm c aélaliiayéxywrhox(y ¢ . acid

henoxycar L
Bhenoxgcarﬁgﬁéfg-gw&w%nqz %mssdﬁbgéi%—ﬁﬁgégﬁPﬁﬁﬁﬁe car%gﬁgtgmggﬁﬁounds
and/ or car &gboxlylic ati @-pperycabomyiphengly dm&;rdli}phdicbyarbwhul &id 27y bel ow can
al so be used as e ents is
al kyl gr oulfoRRVFH go’?y?@gg%lggifﬁg’bﬂﬂméi’%ﬁ%'go’ﬁﬂc F’Qcﬁ% %mﬁ’fyc‘f BOP?'aP/he"@ to 30
carbon at oggers; alipltit lca®bouR (DaviorgedtbdnglpBenytiassteas) mhms carboxydin (2 y| oxy

group having 6 to 30 carbon atons. Wen .S an ony roup having 6 to
30 carbon PhepeHisarbppdrheand ourssieBoes 2Abt EEﬁFH?n éﬂ' é@t 1yt t Pact i ve

group, sucgma&qgg%gﬂﬁﬂmn@§@&§s nitro groups, or al koxycarbonyls. [0035]
Speci fi ¢ exanpl'es of” end- cappi ng agents descri bed by fornula (I'r) include

phenyl aryl carbonates such as d| thylphenyl
carbonate, pherd{P341n ei‘qﬁif/‘l"ﬁ‘heﬁ‘\}tfone 6‘%&?@% pé}?gﬁ\ylc‘ﬁg ﬂgu? p‘%g

car bonat e, ¢onffaahd! deferived b#?d:%ﬂﬁ?ﬂ)’bel@@"c@@ﬂ@d 16 usBayBAld- cépplﬂg)ﬁgéhﬁh e ny |
carbonate phenyl 4'-cuny carbonat e, phenyl naphthyl carbonate, phenyl

- met hoxyphenyl carbonate, phenyl 4' - et hoxyphenyl carbonate, phenyl
4'-n-butoxyphen 2 bonate enyl 4' -t- but oxyphenyl carbonate, phenyl
4' - nonyl oxyphen 'oo d phenyl 4'-t- propyl oxypheny] carbonate;
and phenyl al kyl fbona suchmas phenyl nethyl

wherein Rj is an alkyl group having 1 to 30 carbon atoms, an alkoxyl 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. When R; 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 (1I)
include phenyl! aryl carbonates, such as diphenyl carbonate, phenyl 4’-methylpheny]
carbonate, phenyl 4’-ethylphenyl carbonate, phenyl 4’-n-butylphenyl carbonate,
phenyl 4’--butylphenyl carbonate, phenyl 4’-nonylpheny] carbonate, phenyl 4’-cumyl
carbonate, phenyl naphthyl carbonate, phenyl 4’-methoxyphenyl carbonate, phenyl
4’-ethoxyphenyl carbonate, phenyl 4’-n-butoxyphenyl carbonate, phenyl 4’-1-
butoxyphenyl carbonate, phenyl 4’-nonyloxyphenyl carbonate, and phenyl 4'-r-
propyloxypheny! carbonate; and phenyl alkyl carbonates, such as phenyl methyl
carbonate, phenyl ethyl carbonate, phenyl n-butyl carbonate, phenyl octyl carbonate,

and pheny! i-propyl carbonate.
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carbonat e, phenyl ethyl carbonate, phenyl n-butyl carbonate, phenyl octyl
carbonate, and phenyl i-propyl carbonate. 14 WO 03/008481 PCTI US02/ 16826
[ 0036] Fuwihesroogssanpl es of compounds descri bed by fornmul a PCTI)So2/hes6 can be
used as end-cappi ng agents include aromati c carboxylic acid phenyl esters,
such as phenyl benzoate, phenyl 4-nethyl benzoate, phenyl 4-ethyl benzoate,
phenyl 4-n- butyl benzoate, phenyl 4-i-butyl benzoate, phenyl

4- nony| benzoat e W%eﬂexaﬁ}?ﬁlob@&%ﬁﬁﬁﬁs dd@lsmnlb W@ﬂ‘idwal)&hé%-c&hww
met hoxybenzoat e, phenyl hoxybenzoat e, Iy but oxybenzoat e,

phenyl 4- tuwdtaéﬁy@rém agenjshaglyde aromh@ﬁmrbgg‘yb%ﬁiléa)ﬂlwl éﬁafsfpﬂ’éwﬁ
4-cunyl Oxy@%}@o%&%@at@” leﬁf%{hg%%mx?éh %Cétﬁlylbé?ﬁﬁﬂ ;fr%ﬁ%eflsr» such as

phenyl ace i onat erat e pel ar gonat e,
phenyl | hlﬁylbydqgate,prpmn}dtettlbtnylbp‘rzeatty,l @P@ér étl@nylpmm}f mhﬂ@}leﬁpl ary

process and a par at us n, Fi t g4 feed

st ock agi t%ﬂ“??ﬁ AR 1 tfentx,d 4% pd’ tedrgr‘ﬁyl"'}ya n%’itﬁgg%&’?&o%t§ gﬁe\{]'ygb4 3c, and

6, prepol yemsiybaizoms, ylwxslehsn Bhao@bdazéhﬁ, lvlmnyli mg-bplopyb}:n&mte phenyhrdd 5c,

end- cappi n tic m atl on vessel 9.

In the pr og‘ﬁ’é’@%"té’égar‘é{;gtnéc?@w of C}ﬁfap’g’égﬂﬁg%% g&??@gﬁ&gﬁ?ﬁ] of®re mi xed

in feed stggkylagidrat fkh taathedyl acb@icl phaiyl tpad@i@nbteh@ser@n valgiateatphenyl ade on a
verti cal revofw ng shaft. Feed stock druggny&Za and 2b are filled with the

aromati c dPokaensiey PRethbmsthyipreprionale R BBFYLSIEAPS  di ester, respectively.
The aromati c di hydroxy conmpound and the carbonic acid diester are
continuously fqdoi7am &xepmlsy %Kes@%ﬂ@’ﬁpp%&t\&ﬁdslﬁhvrilhrmglgh t}me@ﬁ&a&a and 3b,

respectively, to feed stock agitato n IS pre hat

subst ant i abViPerfofeedsiggersiglor &"Eée%‘?ﬁd F‘Hagt E’é‘"‘étzﬁﬁg‘%h‘érpépeéfg'aé’g’ E%ttaB tank 1,
the agit at Qrprbiinekizioh D&selPUs Qﬁ@i 4y mmn%; bipRg 8, ﬂﬁ%nd Rl Uérdlcapfing at or tanks
| can be arranged in series in order to forma uniform solution conprising

the ar onmat 3gertodmHdT: dladic cwingiotiiad aespelnaenizagemyeme hclngthgipesessr feef0038] A
mel t pol ycg @?&%&%r&%&@ r?bﬁtcoﬁ@%sé?i%n afdetkHqn %édhs%cka%ltﬁﬁﬁ @mktgnk | by a

punmp (not shown) or"to either or both feed stock druns and 2b in which
case the nﬁgltatgdambh@@mmlﬁtghbbéﬂtm9§€ﬂlﬂﬁa¢\@1\am£sﬁlaﬁe Feerhstpekudumpy fed from

feed  stock, HUiTPaedRARE uRParbRERY Gy BORS Sorfifu il 48 ineBarbdric haPr ef erred

that the a '
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 107 mole, preferably 1 x 107 to 2 x 10 mole, and more
preferably 1 X 107 to 8 x 10" mole, per mole of bisphenol. If an alkali (earth) metal

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




(earth) nmetal conpounds (a) be included in the nelt pol ycondensation
reaction in amounts of | x 10-8 to | x 10-3 nole, preferably I X107 to 2
X 10~" noWVO,034M#8hore preferably | x 10"' to 8 x 10' 7 nolP€T/User/1a82d e of

bi sphenol. If an alkali (earth) netal conpound (a) is already present in

t he bi sphenol feed stock for the polycondensation 15 WO 03/008481

PCT/ US02/ 16826 reaction, it is preferable to limt the anpunt of alkal
(earth) natahiosopOpRierilay o agddethesemduhnbf bIkgli U nepl @6@Psundnay he .

pol ycondensat i on reag&ion per nol e of b{sghenoL wll be mﬁthgp %he
above- st at¥dded sndert VRHSMOUR PrsT AP dBRPIIYRPHIGNBULE CeactohPEURRYE Pb) are

conbi ned WidpRer)l Kl be( Wik hhe as&v,elsta@&n}aﬁ%mdwﬂe?a nmg@-wntamﬂéeaasiccont ai ni ng
basi ¢ conmpounds (b) nay be used in anpbunts of I x 10-6 to | x 10" nole per

mol e of bicpnewsts (blre igombingd pithzalkay (sarth) mawl zomppendsd). HisI e bi sphenol
pref er red-co;wasaﬁ@ &%%Bhfaoa{d‘? @rr%fﬂer @gd ﬁ?arg&%}’s 11 9Y66 1) RGbY GRpdensati on
to pr a sutficien

reaction gress a speed and with a high | evel of

pol yner i zafei amlaet ibisphgnol,reisiil0isngot no tilbex podduat ipen nafle af bisphenol

hi gh- nol ecul ar - wei ght pol ycar bonat e, product. The boric acid conpounds (c)
may be. us @S gﬁawxf S Prejomed & eyl hepopxeondgrEaor reagiqn" 7 to | x
10-2 ol e (prpedgedss @d.a imtciitiPeckOand Mih & high level $0HoRRIcBzARRETIAL Y
preferred, where nole is nole of boric acid or boric acid esters per nole
of bi sphergfultingdo 3y prodiqtion e achigh-pyleclaEpgight polyqaebonpte tareductrelhe

pol ycondeRgat sa@a}a{npmﬁ gemfag be Li&idn AhRENS oPPRIBS (PY 1B it M xed T eed
stocks by a punp (not shown througﬁ prpe 3c to prepolynerization vessels
4a and 4bx Thetpt epddy meid prfdred, yeiseih 904a16hcd 140161 enghr espealalty wi t h

m xi ng bl ades having vertical shafts. duced, pressure is. .npintained by
Teans of . PERITg ¥ BB aTEs mltso R eI oa BT ke 5 Ml 2 P IE

prepol yneri zati on vessels 4a and 4b. Byproduct phenol and a portion of the
unr eact ed nono[®38] sy rddarifig acFigohaheitial hreltpobootdensunion efithk hdred he system

and the nreac%e nononers r turngf t thgwfre ol ynmerization vessels 4a
2nd b W ST GRS AT T el (i stogk i BOMh o ap D TR
prepol ynepipedt t®prep@gnerisatida verséls 40and 46l IThe picpaigmpfieioh weRéls aahidon vessel s
4a and 4b, _consisting of two or nore stages, my be used, as shown in Fig.
I, or a sPRGFePEVigRS Wik Rk psehpdes hagie Weetical by pRedt Fesfdver, two to
four st ag@mirMifedbnRahedr vERREOlipdsnsd BRi §b hadvidtdeiRahy 18y ha&bF @ vessel 4a,
the reaction tenperature is i

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

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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preferably 50 to 270C, with 150 to 260C preferred. The pressure nmay be
reduced from atnospheric pressure to 6 mHg (8 mllibars (nbar)), with 400
to 6 MHgWO(03/08838t 0 8 nbar) preferred, and with 300 to 6 POHYSED16805to 8
nbar) especially preferred. In the second prepol ynmerization vessel 4b, the
reaction tenperature is wusually 180 to 300C, with 200 to 280C preferred.
The pressure can be | to 50 16 WD 03/008481 PCT/ US02/ 16826 nmHg, with I
to 30 nmHgnmiléd,ewiced.to \AbeﬂmH@q:fraceﬁécE Wﬁeh ithdre arkt ragiaple tagRefivmigeringor € t han

two, the pressyre is preferabl. nd, the te rature el evated in
each succe8¥f% BB ¥e"fiRFFe ¢ Brei%é{’ £ priskthe ‘%ﬁgﬁg@ure[fg@’&ﬁ Fhe
aronat i ¢ pedcyeacdaanatstigt 8amin thhatyvedetibddrah prepol ynerization vessels
4a and 4b has a limting viscosity [t1] (20 in nmet hyl ene chl oride) of 0.05

to 0.5 dL/g, 10 to 0.4 / referred, and with 0.10 to 0.4 dL/g
nore prefer ?edV\fOBixlf]Qré‘re B RO Cﬁ’lbagf’égfeé‘ﬁ"% rREedyst nythe prrgolyBEG et onat e

removed froasdihg, arwmsmﬁﬂhhﬁﬁoﬂsw@nyﬁﬂs@bﬁ)} n%@leﬁucmsﬁaélo\f ofedot 0

post pol yneri zati on vessel wever, prior to reaching

post pol ynmef-s #a(8, sithvekkiel 0.45, dlt/n@rqﬁmeﬁcwdoma@ 40 jtas0. 4N1U@aldomm¢felami

prel-Cappl MA@ Rkan R B OvBBGOCHE b BrRERET HrfokEo I (fiO0  Shown.
but nost conveni ent occurs in ng 6 Co nec re- post -

pol yner i zaprepriymeizaodrs . veﬁi@ﬂiSDZ]andAsﬂtshmm fed fa gpostﬁqumbmzaemd \(e@spp@ng agent is

ref erabl y,i duc oug [ into piping
g, wher ei %H?\ﬂée\yeg) n%lo?qo reach1 g ﬁ']e 0S gﬂ]&%ﬁ txgé r‘ﬁ&%ﬁ?p %r %caﬁc& 03? an xed.
These end-mixpepiwity agee:ﬂtcsp}an@agmehsmedlxmgnn@ coy e scphrdte Veet (ot ock drum 7
at a tenperhat uieb é to 20t C and int roduged i nt Oﬂ’Pi E‘! ng 53 t hrough

pi pi ng 3c.5"BR8L é’fo)ﬁ?% CYERFRYY EH™HE PRY¥® FORtSBRe d h B e PAd PRfle used in
propor t i onsolyherfagdievesddly 0.5 to 2.0 noles, with 0.7 to 1.5 noles nore
preferred and 0.8 to 1.2 noles being especially preferred, per equivalent

f I b I roups. [0043] Fo Xin th
ond- baphi ng. g N2 Y I hriatits e clpBing ot b auCEEO BT a stati ¢
i xer suchhaagh PBingSBOBY ai punfp thot 2héviHi i FHiAEH vhersn THROMA- daﬁplh_'g g. 1. Two

or nore static xers may be arranged in series. Exanples of static m xers
that may a&%"t@g]é?o}é(f:@b IP’P‘B‘é?Hareﬁmeq)rT]E?ﬁ%lﬁ‘?ﬂ eppieglagrntnge Prsbeated 131126 and

Japanese in a conventional feed stock drum 7 at a temperature of 120 to 200°C and introduced
into piping 6 through piping 3¢. 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 is 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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Patent O fice Tokuhyo No. Her 9-506318. Fig. 2 is a diagonal view of a
preferred static mxer 10. This static m xer 10 conprises a first guide
plate arrWP 0BP0H8H a second guide plate array 12. [0044] Pag/GsSavws2é n Fi g.
2, the first guide plate array 11 has at least two triangular first guide
pl ates arranged circunferentially. The first guide plates are 17 WO

03/ 008481 PCT/ US02/ 16826 positioned at the upstreamend of the static

m xer \é\f)&sn oh&PRGHE u s?regrg%n{jl Iof Bl ?a‘?i@ nfker Ifol\}vli'll‘prefsﬂegf’vto tﬁggfréc'u%‘%}" ly, the

first gw °afes respect rvely ncline fromthelr bottompart where they
are secur eﬂtyd Sowachdditianelly ke firsh guidevplates ofspestipéingnobng from theibbeilont o an  apex

o e PR e R Ry N EoheR S R I SRAD BEN & Dy SRR o S ©

pi ping 6 ate a as t e sanme nunber
of triangudpax at the domthtigarh ded whabﬂ&ya& doheecfadmsdr tgmmberalpﬂxmtoe’p@nngag/ 11. The
second gui de | at es ncll ectivel rom an central

50 s

f
axi s wher MPHEPWR-o 8n°‘ﬁ ?tﬁé""ia?ﬁs]%cfgs }b‘:fsafj??e’ﬁ)‘fq)ﬁ?eét?értﬁ"&e]abl ate array

I | towar dseEJ?ﬂ'iur&Qﬂét%sRﬁé firsnBEHE plafteiragne. J8€scehy guiaé prebadlihe the inner
wal | of piping 6 (not shown) at their downstream end. Addltlongelly, t he

second gui@®efivEbelom 2n gpex nepribe gerdiat BimVBFRIEY A1 ognagstedionthe iRgige ar e
| ocat ed be&ﬂ/\ﬁ@@iréﬁ},ﬁ% del h15k 24} de BWaAYmdl boli8R%ak Whes tﬂes)ear@@écﬁfew bonat e

product and the end-capping agent flowi ng through the piping 6 (not shown)
pass thr owgthclterletOStlm inpemivwedr ofl ipingh & (iof ispog)apt thedr APWRSUEIM 41

pol ycar bon (ﬁt&{aﬁgq g&gﬂ&@g@gh?ggﬁgﬂa cfr&m&guaﬁy% thfindyper  wal I of

t he pi ping not the peripheral” area toward the area
of the cdmalt@jlbeaxees tlteyﬁrstrwldeelsqagdﬂl ve inclined first guide plate array 11.
Meanwhi l e, the central portion of the polycarbonate product and the

end- cappi N aggiiiast e pLREAUGN B8ASEIHE e BRI Aot Nouthpe 6 (no!

shown) is guided omth central axis e peripheral area
by the regpmogli the pipiokit et seawmdaguitideugbl the statie meiyer 1R thermheltahe

pol ycar bonat r’uonprfotﬁe'fI ’?()Elg rgor}atke?rgﬁﬁicﬁ éﬁ«? @hcﬂg pgglgghtge%tj ﬁ)émgﬂglngﬂrt n#’%e; he pipe 6

(not sho ‘ rcuntf erential and
central pomtlll ccfnb:e p)fnn'ghﬁe(nbﬂ shown) i @didd frbve thd padripbera] artes towanlvby aea of s not

Islu(r:nht gg : ﬁge% heahat\ﬂ siuﬁs he despgétw?wéc%gfaz {' {SL gli;nde 1% array ]qe’MLa%(avhﬁé%g)l €, one
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




illustrated in Fig. 3 conprises two types of mxing elenments 21 and 22 t hat
m x the polycarbonate product and the end-capping agent. M xing el enent
21, a recterdOpsBl plate twi sted 180, is a m xing el enent PCRAISOZHS2E s t he
fluid into two and inparts a rightward rotation to the fluid (e.g., causes
the fluid to rotate in a rightward manner around the central axis of
piping 6). Mxing elenent 22, which is twisted 180 in the. opposite

di rection ]%\giﬁﬂ]%ﬁﬁbr@ﬂiﬁﬂ%he%mrilsax&% off pibing & ﬁlﬂ%][}?lxiﬁc%adlelﬁ@itizt] sfot he fl lﬁli d
into two an Irrparts a lLeftwar r ot 1on, to the ul causes the
fluid to riéghiyadirpfaton, pgd \7@’“@8/5&9@ ﬁ@'ﬂet’i%rf/ TPEOR arg é’f’l"a&dr & fanner

around t e &fakf Ehradrie! orllitfy @hangfléb% Sk iaRehyQh AR is 2dafe@io0e 1 | ght war d
rotation, and m xi ng el enent 2 tward rotation are provided in an

al ternati ngltlarfrsawgévrém prexivs tdh@yer&r eWathr thisgeadici mixsucthe olysyrborme  each is
rotated G uictUnd ERPERDLOACARCX BONEl RIPOL wWIE §he rabety © i xer

t he pol ycaFr ona pi ng agen Into two
and tw st endixing eﬂehn&nr 2gHor rbghtw:{rdxotagoxedxﬂrnphttlnmlwofaod twnstghtta\malefrbu ation and
split into two nd to.the.|ef .. m xing.e nt 22 for_leftward
"ot ati on. TBEAE! 14 Rt Kty TredtieBubtoaft B IR REELOZRl i ¢t i ng and
tw sting agdsteplftind Hd4w]stiAnadtioas. preferred m xer for mxing the

pol ycarbonate product and end-capping agent includes a hernetically seal ed

m xi ng drum i ma royi ded i Ng _connec

pr epol yner i zaﬁ@%‘%égé@f” Rﬁefeﬁreg HB’xebgggt ,BB%{%T@F (gt’fcf”g’ﬁnv‘é%%qtucp%ﬁé

her met i calehy-cs;migedg@t dh€udednd MehfetRuipaedéd ailxinp ddrumapdii¢hz atayobe of t he
end- cappi ng a t her eb resultln in a nore effi.cient Ese of the

end- cappi RPA nfm WA ARy dipiPgneonnegl ssthﬁog@?%w@mf?aﬂ%nwss tWifhy the

pol ycar borpagts&yﬂemanen vasselhenémémkﬁry yme Rta$e Vbritiold e%psrammbm s of
hydr oxyl end groups ., hol ecul ar ghts of about_ 8,820 to 540 and

hydr oxyl @RRPTERERLR tbq C%@apmses%éh%@bwﬁuhmﬂ n| 5 mere eHsignt e %fBB"ut 610 ppm

The tine fQh.c Wr?g*hg%ﬁke RNafieRPit G@p&%l@tto%u?a@ﬁre m&aé%hb@ﬁﬁﬁﬁndﬂ oduct are
m xed prior to the postpolymerization vessel is preferably deternined

based on tisher maigeulan wejghindith hyyir axmbers eplardroxyd enst grows, eadmelaspihg agent .
car boxyl 1 S PS50 o G2 3 RARR R Zeapl PAR PSIREFRELTS T (e
post pol ynesillivat(ppm) towbewted10(ppor. Ebeatinpé éorzwmm tho xydearporgydepiteand|thpheny |
~carbonate af}cargonate product are mixed 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 phenyl carbonate, which boil at tehperatures 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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et hoxycar bonyl phenyl phenyl carbonate, which boil at tenperatures of at

| east 240C and at pressures of 20 mMmm Hg or less) the mxing tine is no

| ess t hanW®388%#8hds to no nore than 10 minutes, with | ®PETUSAY/ HH82ES
preferred. Under these conditions, when an end-capping agent in formula
(1), which reacts conparatively quickly and readily wth the hydroxyl end
groups of the polycarbonate is used, the end-capping reaction progresses

smoot hly. Jhe Jreaet 440aBd r&althiping Rgéht hiribr MR acgnldhpaahughthigholatean bonat e,
as a decrease in the nolecular werght of the pol ycarbonate caused by
excessi ve condiioms ohthe pesipadwnerizetion vossel 8n) is controlled. Additionally,
under these reactions, the end-capping agent is mxed with the resin with

sui tabl e uni f or kst wadH hbei-dafpibg ikt i % WRRRAO0BASIuRCTdRP2/ 16826

| oss of the added end-cappi ng agent under the high-tenperature, high-vacuum
condi t i onscasboxylie grirbtepis! yoemppungk asnshpsws & formylodliB) thahdwils He ®Ad- cappi ng
agent is a - CO n : ! I _am@und, as
shown in f%%%?ﬁg%%& t Sg%” g%’?lrkgé]?ﬁetﬁ@;éagﬁgé%gqa?/&ngﬁ? ?E%rﬁ'(ﬁ) vessel, (for
exanpl e di gilempte) der bixiey @mandpiping byis aplegsirplminutas,boittal o G0hwinvieri ng ti me

inpiping 6 is at. least 10 mnutes, With 15.t0 60 mn S farred. Thus,
the reacti %rﬁlreggg\/\géﬂs’?}ﬁeeregﬁlgpgﬁi‘)’ﬁf'ﬁ&ezf&gﬁ? ppr"é["pai‘I%e's“erﬁ3 {aegéngef ‘?yg{oﬁnu,lﬁg (11),
wher ei n t h@l)gwhereiapi ¢hg-apging agtaedoes adt Hasy deatwmedttranivattonps fsisleveyr oups, is
slower than w.th an, end-capping agent represented b o] X le, formula
(1). Under"@h¥daan 8’(?)41‘8‘?}‘??“@%?”‘{%%"38’?1‘8‘5 B’égg'i %ﬁmP&ag’t"’i‘%ﬁ (br gjﬂﬁ%rgg‘%g smoot hl y
because suédnditiofs)ithd @9l dppiaLreattionrogreddésamiddtflly baatketshfficRndresia@pe ng agent

is uniformy mxed with the polléécarbonate. As a re?ult, @ dramatic
decrease i fnfoiSe BIAVednenghthedgrbscappingoaesht s PRl smixed (Wi pPe degree of

reaction bgliy@aidnhhe AN RidinadREreaRdn IifechRF Welpht dodd¥ef 6064, gr oups,
and there is no |l oss of the added end-ca pllgg agent in the high-

t enper at urideres gsuitahle degres o aractighbetweent the ensheappive paentiapd thedeimmd sel
[0049] As o= f - ' 8 with the
n@{ﬁg&%g; gﬁ)lljxgi,gmd Iner@fid G5 1ds8%r Wa&@@&h@gap&%gﬁgehﬁln%é@n h

pol ycar bo ct, the mxture is fed to the pol yneri zation vessel
9. The r etawpéroture, bigheraguum eondifioppef thepestiol ymesizaton xessebel 9 is usual |y
320C, with 250 to 310C preferred, and the pressure is no nore than 20

m;gi)o\lM}/EQr Bgngﬁgﬁ %ﬁggﬂxgt@vgaig;ﬂ?ﬁ]épﬁ@f Rhe Eftht-cappigl e RahixBy i@xmt 9r oups of
polycarbonate product, the mixture is 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 5S¢

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 [1] 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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end- cappi ng agent are reacted, and the ends of the polycarbonate are capped
in postpolynerization vessel 9 to form an end-capped pol ycar bonat e.

Pr ef er ablyp o3f0esa8l t ant phenol s and ot her byproducts are deetriusbetsed f by
means of venting pipe 5¢c provided in postpolynerization vessel 9, so that
t he end-capping can be perfornmed rapidly and at a high I evel of
efficiency. [0050] After the formation of the end-capped pol ycarbonate, the

now vi scous enfboga]pnfedenarzhp'&arpbgre%ena@lsr@ﬁmmﬁknfaxmédmdtwnmea part of
t he prepolynerization vessel for exanp R@é The end- capped

pol ycar bonéts@eﬁreéféﬂ%mqﬁ'ass&éle tpuaﬁﬂtam’mbn%?ﬂ%%qSP‘gﬂrTUF|a}“d SE-at 20C in

met hyl ene Qgﬂtﬂﬁing%mﬁk%ﬂo% With & Ra%e of Mo} Qspor%délQatﬂlthé}M% 8," eferred,
and with 0.30 to 0.8 dL/g nore referre 20 WO 03/008481 PCT/ USD2/ 16826

[0051 ] Then esﬁ@f gx@wp%mtqyomg/dm pempouind (la)sa@d/mywatﬁéﬁ) eBhOﬁnlMSaﬁd
pel | eti zed aCI gQ%Bg]eﬁte f!oltrrr o? aaLa?lP %rﬁp §§b@b§1 b0 p(ﬁggluﬂ\ng(]}(

phosphorou fur- con aining acidic oun a pKa val ue
of 3 or | ephosphoraustkerd (Bitshodd tladilandéd ("Gmoungrofdslt wr l-ngpmupmdDQﬂao Ai ng

al cohol co oun ) ter Phosphor ous (B) may be in the
formof a g P if&ﬁ "a-“"";"%@a %8 lé{%ag?olﬁ]ﬂf%'?qum?ugﬁ?a phosphor ous aci d
(B) should be blended in anpbunts of 0.1 to 10 ppm with 0.2 to 5 ppm
preferred, based052] Examples df sidfipedntpiningcaidiomvatpeunsis mﬁbwith iagia(value [ 0052]
Exanpl es of ¢ Ul fiur- contai nj i,C co ounds

Ka yallue of 3
or less or > &Y gerfvﬁer eg’fereﬁgé‘fegeﬁ %1% 3C’S‘°a68fn o'énaagcﬁpabﬁﬁdv)( 0"
bel ow) i nitklide silflufous Oatsd, amlﬂmcsuhﬂursumn&cmd:d smh}ﬁaulnds; audfodicc adidounds,

sulfonic acid and, der tives thereof. r-qrou nt ai ni ng
Seonor  cofastrmae ped Brau A dnerrey il eraupraninpaty Ho0] i at by

aci ds havi fig phfial estet? deiVed FrondhdABvaléhi datQlcidd Having 18lt6 oD @hBon BaIIP! €S

i nclude partjal esters derived fromnpnonovalent fatty acids having 10 to 22

car bon at offid PAYIyNRriG alcplls. s Examples dnclyds nartta] estes anegtfé%{ﬁ"&o"o&%‘?’ﬂ oleic

acid, behepig agial Havidfb @LﬂZfddFUo%‘%%nfld %hbhoaslmyrﬁnaa@@lﬁéhmeIa&dadt@ae.taol s, such
as ethyl ene gI ycol ., glycerol, and ent aerythritol. Such partial esters may

be used si #if-PlEiescid, hebanigagideand Pﬂ@ﬂé?daﬁﬁhw]t Aied %ﬂ\)’éﬂﬁ%@?qlﬁaéb‘? Adi ti ves
B) to (E h
(B) to ( )etp Isn@,,gg&,g di ewﬁeand%ﬁaa?mm agéwma%%(y@e Wbd biggityhe

end- capped i's noften onal 'y, | east ™ One
conpound () msfellste d’r¢ﬁ=l@hﬁ)’|dh© srhverdgeasibed pedigves(B) to (ki targyadded to the

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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phosphate may be added in addition to (B) to (E). Such a component (F) is
preferably added in anbunts of 10 to 1,000 ppm wth 10 to 500 ppm

pref err edVOAB@PEBh ppmis based on the end-capped pol ycaPCOTABIE1682Y .

[ 0053] Pol ycarbonate (A) and additives (B) to (E) can be kneaded in a
conventional kneader, such as a single-screw extruder, a tw n-screw
extruder, or a static m xer. Such kneaders may or may not be vented.

[0054] By wiftiohei ﬂhlﬁﬁeﬁzhﬂoﬁmdh@}&%ﬂ]ﬂﬂer?@%ﬂstigfe@% {iharRheORckBRiHezat i on
stage, at which point the polyner has a relatively Towlimting viscosity,

and by t hefd-SARINGPEEHN M@O&fﬁﬁ'wﬁﬁzaag@ﬁﬁgq it 1§ theadhyropsitls toingeask ed pi pi ng,
and then caRRitfdeddyavitREish Bk cheagpRigk ?@ftbﬁﬁ@& ?rrcpt‘drd'rd?)%ut:ﬂg/ increase

post pol ymeri zation_stage at whi ch poin relatively high
linmting vihedsgice ¢f pelymprzagen of the @romn@mlyvrm@temeqﬁudedamdidzmnm 03/ 008481

PCTI US02] 165285 o 244 hed, B0k |RRINIREL RN Ohehily LiGe AR SRALY Pl alon st age

and inpart t ects’o cappl ng age yneri zation
stage. |t ils resumglyomagiobicerbouatd are dmamtcallyenkdricedi ency with which the
end- cappi ng agent is used and to dr amatically incr ease t he degree of

Dot Yot zat ) o0 Bosi e BERle RE YABLAANIE BIRUNEES pdildibhal s Y,

ef fects such as resi s and wat er
resi st ancecla’ractetrihed |b&stb¢ tfaqtlgharabmii‘st twqocdaytoesr hmchail@ arpeepdr}mm'rzatmal |y

enhanced. Rar.at eparing.the en car bonat e
is char ac{’%rge?%é l:P °S@§e‘/“’feé%‘i Ph §§Sep?rel%8'ér§etc%f’% P83 Y&EB‘“ﬁn@F%%'Png a

pr epol ymer ihe giipiog mc)mﬁ&i clangingl ppﬂ&hmgb/lv&fcthzaﬁalaﬂ-dﬁﬁ@ﬁgalagaﬂ e:aﬂ(banﬁc't edhi n
series b i gi.,ng, wherei.n the piping.inpclude C ing port throug

whi ch thg %ﬁgeegatﬁg'f‘ﬁd”%ﬁ%rﬂ acléeﬁmﬁtg"aﬁ}iﬁgqjﬁcgataieo ?‘F@“ gﬂ’el WPAANSr net i cal | y
seal ed st aneludAd@rdvidingld Wtatit h@hRPfor ahilfag tHeC le.hui@aia RHgOYieilt NAdawnst ati ¢

m xer for mxi t he end-.cappi.ng agent ang the polycarbonate product in

t he pi pi ngp"])("@gg@?telﬁf ucyinithe pipiB& herat i ¢ dr awi ng of such an apparatus. Fig.
| shows an apparatus conprising a feed stock agitator tank | provided with

feed stock dr urreosasqFx@ndls&bschamiaairmgiozaﬁdh% allﬁﬁ;s4aslgﬂndsh6hs@ﬁow ded

wth ventln i pes 5a .and 5b I pi ng provided with static m xer 8,
end- cappi ¥ %‘p@ﬁt"o‘af’ﬂﬂ‘l‘g a f%ﬁ‘?(fmg@g%%q Opfet Proyided vithalsrd sosk vmaed with a

venting pigdg ﬁﬁpreﬁbﬁ}n@ﬂ@ﬁfoﬁtthﬁ(s%mngab provided with venting pipes 5a and 5b,
piping 6 provided with static mixer 8, end-capping agent drum 7, and
postpolymerization tank 9 provided with a venting pipe 5c. 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 3c 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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arranged such that the aromatic di hydroxy conmpound and the carbonic acid
diester are continuously fed fromfeed stock druns 2a and 2b, which are
filled wwwboafos#ati c di hydroxy conpound and carboni ¢ aci #CWiUsSs1/&826
respectively, through piping 3a and 3b, respectively, to feed stock
agitator tank 1. Feed stock agitator tank | has an agitator blade (not
shown) nounted on a vertical shaft (not shown) so that it can mx the feed
stocks by agj i : . iShoeksy Abss R SinPlRP WSS Zzat i on
tanks 4a aﬁgéE%&% r%ﬁbﬂ%d?g%ﬁg“%§ﬁ3§ﬁﬁ§an o? 3 H% @ﬁgt shown) where they
are subj eposblymerizatien ok §.condensati on. These prepolynerlzatlon t anks 4a
and 4b may be each provided with an agitator blade (not shown) with a
vertical rotati ) : weed Lipwiahnt ai ned in
t he prepolyneri@ﬁéﬁgﬁkEBQQQBsnﬁggggﬁgmgﬁgSkggns 0?9&§%§#ﬁ§3plpes 5a and 5b
provi ded i ﬁig’shzaantdcfp Parhixesfard preferabikgrovidedin mpieg 6lay seminzationi andnk may be
mul ti stage.. c nS|s st t wo, st.ages. as s

may have aF & dﬁ \8@'&%& on?tvv%"dt endf ol m%f‘%fnegree{?}éed;?neﬁogtrertéd 22 WO
03/008481 Rﬁyousagmmesn taﬁhe Arseﬁemaﬁvmnm Hielstatic insixéreds tHamnugmgsl ping 6 by

neans of a (not shown ol.ynerization t The
appar at us ﬁ&tyg?%@péﬁﬂlﬁm ecogtpgf g ?fF’&? %é’é]yssl rlﬁg‘"f% B QEB‘\EKH %L Figs. 2

and 3. Theed-%@ping akent PhefRS polldarisrar edhct, iidDinag b6 pasvicdaowawap Fig. |
and Fig. 3 in such a way that polycarbonate and end-cappi ng agent are

ni xed en r@lgpethe givingye post pol yneri zation tank. As alternatives to the
static mixers as shown in Figs. 2 and 3, the apparatus nay conprise a

hernetical |y se@bss] Avtexi thg Ediippidg Hexi n@dt e pcﬂmruz)aapl podagent and the

pol ycar bonat e product, which provi ded the in
[0058] Af t B¥rofgd, éPﬁjmé"a{Hﬁﬂh&déa@Hi‘p‘élﬁaeft498°'b@l"§/gm$8ﬁﬂ‘§ '%%a Lgr eg

i ntroducedg it hgefabfyUhendrizofiBd pbgmRASHRA! yiiok ZAIK Sppidafikusdd in the
Post pol yneri zation tank 9 is préferably a horizontal polynerization

agi t at or tReskPolppTIEIANYPTEESEY iien athesiZomy Srorspsjigsanpiatus dor PBYIsEsitY| e a
hor : Zont aly @f%gﬁ%é’&eawlbﬁh%& ﬁ&fzoﬂh%faﬁhﬁ%ﬁbt Yne bt fbbdSinat?@\brng one,

t
rizontal rotating s Oné or a combi nation of two or
m)r e agl tatvwr oblnmtie ggitater pledesi @recbrgwd@dws thisr hozigentall sheftaffer, exaswlexanpl e,

di scoi d, Whgel s (¥R8:yR2Hfdfe LY Fod-HBY driRfdovRfrait- N8 Wehdi@Biadel G 201 L at OF

bl ades, an
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, 1t is possible to efficiently prepare a

polycarbonate having a low number of hydroxyl end groups. Also, volatilization of
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at least two stages are provided per rotating shaft. These agitator bl ades
conb through or spread out the reaction solution, continuously exposing

t he surf a®w® 08/00838w portions of the reaction solution. Redgragopi@dscure is
mai ntai ned inside the tank by a venting pipe 5c provided in the top 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 ymer i zatheoRnd-84ppiHgy agdndl ik Qeduced!fif | the 8abseqek@ @R tdr Nwitkat REGIRINgTEr i zat i on
stage and to sufficiently inpart the conventional effects of end-capping
agents in fﬂ%“ﬁﬁ%?ﬁ&ﬁ&nerization stage. It is also possible to obtain
aromati c pol ycarbonates with inproved hue, heat resistance, resistance to
thermal aging, pEGET The Sboteadis@ibe@Ephite didckoRiny tHROKLRAC pokdssi 4@ t he
degree of polynerization in the polyners produced. Additionally, through
means of t RBPArABHAFAPEE!Yardmplescadsthgipseser sdissiqstreets mot Jimited by dkém-bl e t o

ef ficient| yuRkSRsfe i pRNY GREBARAS bddTspRci 0 xyl end
gr oups. Alsg, volatiligation ofgﬂ§%§3§§%3los8%§%M%Q#$E§é57%€g%g&%the

end- cappi n§xangdeR herein rhslow dwwievert the disglpserguempt inearymay linited daytthesacri fi ci ng
nmol ecul ar ygﬁygs [ 0060] The above-descri bed Figures disclosing the
reaction process and apparatus are nerely exanples, and the present
disclosure is not limted by them Furthernore, the present disclosure is
descri bed EFéMPLER| |y by neans of working exanples herein bel ow, however,
the disclosure is not in anyway limted by these exanples. EXAMPLES [0061

] The physical pogperie goysnbl RL Y&IHROPA Eovofeles kel vahgda as  fol | ows:
The nunber aver%geﬂnolegE*BE &ﬂ?ﬁht (M) mg§§neasured y gel pernmeation
chr omat ogr EYWEGPC) . [0062] To deternine the termnal hydroxyl group
concentration, 0.4 gramof the pol ycarbonate obtained above was di ssol ved

in 3 mlliliterpheofuntil ¥ RiRmBleAnt wellfit (AHAMAY h¥asBled b§ ', @i;gk‘]izjneﬂ%gr oxyl
groups and chain term nating groups was deternlneé by éar on Nucl ear
Magnet i ¢ RelgomaagarY (GREWNVR) (Ni hon Denshi Kabushi ki~ Kai sha
[0062] To determine the terminal hydroxy! 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 ('*C-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 '*C-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 used for polymerizing the
polycarbonate. The reaction conditions in the polymerization tanks are as shown in
Table 1 below: ’

24




GX-270) at 40C. [0063] The end-capping rate was cal cul ated fromthe total
nunber of termnal groups and the nunber of chain term nating groups
measur ed WY BB®@4BIMR. The end- capping rate (nunber of chaPaTtesonidasad i ng
groups/total nunber of term nal groups) x 100. [0064] A bl ank

pol ycar bonate sanple for use in both the working and conparative exanples
was first prepared. An apparatus having one agitator tank for mxing the
raw i ngredigpts, two prepolynerization tanks, and two horizontal

p0| yrrer| Z at--en /nnc gnl \lrmrl Z-at+ nn)P_{_anksi A"a]S used—f-or r\r\IRL\%/Id 12:1 t he

{ ssure .’ al
pol ycarborlate. Th& PESEii on cd ndltkc’fégl n the eﬁ’é@{&”ﬁ%r 2% Mingnk"s dre as
shown in TahlEdn DEr oW 24 WO ARt Ha R dsuRClTT USHg/ 16826 Taphpe I Component

Pressure Tenperature Mean Resi|qR#6®Rn dinsipheref MHY) (C) (M nutes) Agi tjator
t ank At nosjpgheslyeeriptieasine 160 [2 (N tiomgen at nospieer e)| Pre of 1 neri zat|i on
tank | 100 FP29@yrierizdPsraardfl nmeri zation 2ankl 1 PO 270 0.5 HoriZAdntal aditator

2 300 0.5 | Ypokopwigeitaeat i on tank | HorRzontal |agi 3t or 0.5 300-0.5
po|yneriz ﬂmwﬂﬂﬁaﬁ&mwﬂ rﬂﬂRR1 Molten hlcnhgﬁn! A transporte viea—direct

pi ping frg 'étm’:‘lé'glgli}"%tps for' |pr eparqsng bi sphend® A (ffeed rdt%, 36.9

ki | ograns/ ) —etten—diphenyt——carbonate—transported—viadi r ect
piping fromdistillation (DPC, feed rate, 35.5 kg/h), 2.5 x 104 nol es of
t et raamoni um Hgols¢ M alen bisivkddol Aafanlﬁmined ofa d‘il‘é&@hﬁﬂi‘g)frorﬂ anapghratbs for 10" (' nol e

of sodi um hydr oxi de OoH) bi sphenol re.co usly fed
Lo the agiHGRE CFMEERE: it dPeie: 56 PIRBB0R D EnfiaiE reksh FRIR t ir o vias
sequent i al daybon@d tfaBspRFEP laydIREi FipinzQFont aidkllation RDREOFRAte, 353 RPh)Y, ank 11,

2.5 x 10 moles of tetraammonium hydroxide (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 1, 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, €.g.,

for 10 minutes in Example 1, and for 1 minute in Example 2. Next, the reaction

25




hori zontal agitator tank (postpolynerization tank) 1, and horizontal
agitator polynerization tank 11 at a feed rate of 36.0 kg/h of bisphenol A
to perforwo q3®bs4seri zati on under the above-descri bed condipcirarss2/i16s2¢r oduce
a bl ank polycarbonate. [0066] The physical properties of the blank

pol ycarboante are shown in Table 2. [0067] To determne the effects of a
hernetically sealed m xing drumon the formation and properties of an
end- cappedppahidt ik ot RactBX AR @imites?dtd 1@ \WaE AistiB&P & dbit6h thefcasprad by
collecting 127 granms of the blank pol ycarbonate obtained as described in
Exanpl e | PAIY&™®@9ni vertical pol ynerization device equi pped with an
agitator and a pressure-reduction device. The pol ycarbonate was then

conpl etely nel fopgs] @ hipaative Ekffiplefa wis shtalkddasy atopdfén idehtarm@ythatcar bonat e
(DPC) end-pagpi n;g agent was then added in the ampunts shown in Table 2,
and pr eni xBAE¥MAEES | pphg, gicept2By RreRiXing i hBsrmstiradly segled g4lcc¥PsstUt e for t he
periods of ikt JaBlafpfe B Gvad obtaink@by M%g&wm&num Exapphe 1, and
for | minute in Exanple 2. Next, the reaction 25 WO 03/008481

PCTI US02/ 1B&meplept aflidtexaens tat therrad-caprieg agenf wes adlediand thes peamixingorr, and
distilled, L.t rative Exanple
A was obt a?”%sgpo&@’&%%‘ﬁmégg? g’?ﬁ%ﬁa{’ég‘ﬁk‘?@?‘p’%ﬁe %?tkp?qﬁﬁg'g?n%@'s | and 2,
except that premixing in a hernetically sealed state was not carried out.
Conpar ati ve Exdfpé8 Thewésctopfithe herthesallxsedgbmniingdiumdesiiomaas Tede 2hat i n
Exanpl es Ibe%\g 2, except that the end-cappi ng agent was added and then
prem xing Wwas perforned in an open state (in a nitrogen atnosphere at
ordi nary pressure). [0069] The effects of the hernetically seal ed m xing
drumis Sh’?@\ﬁﬁgi n Table 2 below. Table 2 Blank Exanple | Exanple 2

Conpar at | pe—conparati-ve—Potyire{—hxarple—B—Exarpto—f- STYRe 3fC0%gaqa-tweappi ng
agent - DPC DPC DPC DPC Afop\n « Nobespiqy drbxyple2 (4 4, 2 ' Example B
Type of end-capping agent — DPC DPC DPC DPC
Amount (moles/hydroxyl
; — 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 245 505 610 ) 660 320
(ppm)
End-capping rate (%) 81 86.9 82.9 81.7 93.7
Effective end-capping agent .
utilization rate (%)’ 8.1 4.3 2.9 14.3

*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 Exam}ﬁle 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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groups before reaction) Prem xing tinme (mnutes) - 10 1 0 10 (open) Mh
8670 8820 9540 9415 6770 WNMh retention rate vs. blank (% - 101.7 110 108.6
78.1 Terworoaloogagdr oxyl groups 745 505 610 660 320 (ppm PEmarmsoeznpsiang rate
(9% 81 86.9 82.9 81.7 93.7 Effective end-capping agent - 8.1 4.5 2.9 14.3
utilization rate (% * *Effective end-capping agent utilization rate (% =
Mol ar reduction in hydroxyl groups versus bl ank/ noles of end-capping

agent's chamgechg[iROPhindprecB@Mork efftaetai eTHe datam@soeﬁéleﬁéslmﬁ veRAuRapR Ng agent
utilization rate was extrenely | ow when the reaction was conducted w t hout

m xi ng. Forcappiemggeat is mixgd igprhegpeticallisepled Zavirosmentatasges molesalaeweigklappi ng

agent in BRe4:B0HaYS EXaiplis édé’i’% fnly at |east about 35%the rate found
i n \WbrKi ng%Exarﬁs}f’ : 1c and on y at ]en st about 63%the rate found in

Wor ki ng Exanpl e 2. Furthernore, the reacti on between the end-capping agent
and pol ymer (tr E0IEkTedetermingt the reffealssofe’ cuialis| Mixenn thel osmation angej ght

decr eased é%éﬁ QQEQ t Ie 2)

when conpa?Png"?]?{%%E%ﬁg nﬂfb éﬁ%rb%gzﬁg ]g%/éﬁeg{a?s% %{eﬁéy‘{ﬁv\ﬁén conpared to
Wor ki ng Exavapl érmed Thy stheatmaglt tivdycofidanestioshofisa t helycanbouateg using éred- cappi ng
agent wth .nol e ti Lon t he end- cappi ng
Soent, 1 e el RIS S TRACH TR M A b e b AsE i P bcess
nore ef fi cpipiig6 a*mowﬁmamt $0 Tihaduanahmret &aiedwmoftthet)@adhomammxgg agent is
mxed in a,h seal ed .en 4Eonne r nol ecul ar melg_

pol ycar bonat g’;s"]’@éfﬂgeﬁ'éa‘%’Bt‘ﬁ‘isn%%‘d%‘f‘? Y«Sﬂ?‘f’?“’“sﬁbﬁ% g 1S YEMEF ARt he

ef fects of taaksit ﬁklf@edﬂsmﬂt’s DRCt 4id fS:thBﬁdllA)rht andolapFaipestt 1.08:1aindan aend- capped
pol ycar bonat e, Reference (uncap u;g)glégar bonate) ~was forned by the nelt

pol yconden§‘?;{’ﬁ‘li’1 igte 053&&'5/(:%9"&&%3 mple of IMAHard b xt100mokefar at us
provided wWsddrh ‘é‘l?d:%&ﬁ%'(ﬁlam?f%eﬁ n%]@ro?% gﬁgmol A @vefeoé(ﬁd'eﬂl to Qhephﬂgorﬁeras shown

in Fig. 1. The atic m xers used type shown in Fig.
agitator tank 1 as catalysts. Contmuous mc]t polycondensanon was then conducted

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:

00 9P G0 9FO

OCH;  H3CO HaCCH,CH,O

DPC MSC MSPC n-PSPC
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2. Pol ycondensati on. was conducted by continuously feeding to nononer
agitator tank | the feed stocks DPC and bi sphenol A at a nolar ratio of
1.08: 1 arMOA8/0¢848tonbi ned rate of 3 kg/ h. Additionally, 2PETAISMTI682610] e oOf
TMAH and | x 10-6 nole of sodi um hydroxi de (NaOH) per nole of bisphenol A
were added to the nononer agitator tank | as catalysts. Continuous nelt
pol ycondensati on was then conducted by continuously feeding the reaction
m xture at a r §0@73pCompkgfive Examplé Bevasqnepaesd in agndnatoidertizalido lthat in t he
stage-one wvertical reactor, 4a, stage-t vertical..reactor 4b d

st age-t hr aﬁ‘é’:“? go%f%??]?agé@t%’ld'cﬁ?p’aﬁl??%’?3’8%%4?50"0&0&” ﬁ’&‘?ﬁwsﬁﬁl ?a)(/]apr oduct
phenol s frseutic ngr&h of the reactors 4a, 4b, and 9, to obtain the

pol ycarbonate. [0072] Exanples 3-9 (end-capped pol ycarbonates) were
prepared as de j or ference 1, except, t .end- cappi ng agents were
used in the foiﬁ@ﬁ?gﬁeﬁr&eqsﬁg\%eéﬁ%‘-cﬂﬁﬁ{ea&e%‘8]‘"56%&%8‘?131 es of Exa?rpl gs 3-9,

and the prem xing tine at which the polycarbonate and the end-cappi ng

agent wer@abit Xed inside piping 6. The type and anpunt of end-cappjng agent
and the prem xing tRefaresce] x.dhdimd | Bx-FablBa Q | viret e| Ax. 8thEx. £ ng
abbr evi at [FohgreiPe ysed: o0opc)| 5@ bopc\| '/ Moy I/l Mdr iy &i 20 peb0 HiRCY OCH3
H3CO H3COEEHRO-BREWECMEPE-A—PSPe—a 7 A8 688481 Pet-Usep/ 26826 [ 0073]
Conpar at i A’%:(’B‘(&npl ¢ C wag pregparefl inja manner ideptical to that ip Exanple
3, exceptj hak &&e1| end- cappy rgo.AYENEs iaso. addedo.w t hoyy [t bes pf oyisi pn of a
static m geupsif¥MdK4] The|effgcts pf the stat|ic m xpr arje sho in {Tabl e 3.
Table 3 Reflgnance Ex. 3 Ex. 4 Ex. |5 EX. 6 Ex|. 7 Ex| 8 _ 9 C
End- cappi Eqmmﬂwc DPC 1/ 3 Nohar| 1451 |Molsar |MSRE ni PSPC DRC | Negig | -
DPC/ MSC DISTI'Wass_Ambunt o lent mixer
n 8300 | 8000 ] 7880 | 7700 | 7300 6520 | 7500 | 7360 | 8200

Percentage of :

Mn achieved vs.| — 964 | 949 | 92.8 88 786 | 904 | 887 98.8

blank

Terminal

hydroxyl groups| 1630 | 1250 | 930 | 710 | 1000 1030 | 910 | 740 1530

(ppm)

End-capping

rate (%) 602 | 706 | 785 | 84 78.6 80.3 80 84 63.1

Effective end-

capping agent — 31 | 57 | e8 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 eff‘ective 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 8000wW©»RB008AF0D0 7300 6520 7500 7360 8200 Percentage eTCTMsiznds2eved 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 [ l'i zation
fate (% = woi A00FEQURR BERhith pabpi ere ee il KRR, BB

end- cappi ngnbcglemrs, it WAk peuhde8DE by Awse ol in thePetighas varioustrdanges B8Yi ve

end- cappi n il action was
ence capp! Nl B96 ind q)t(u\}age%{;s By bt BF LS gleke%me ddggrghgact i on
utilizati offorhahes@pe bﬁdaeemdemiappilng:daxgemtmany m&bfipsioat mag bExzadp|te C was

only at |east about 25%the rate faund jn EX le.3. .Furthernpr

nunber of 348P%nf FRTUH Hrs’é’ﬂ}’lo“g‘?ro'ﬁ‘ﬁg’ét i) {he tgar?sfgg? r‘?&?hi’enm(‘f%ogr q??/g Exarrpl e
Cis nore {Padimbedin the2Bssttiie Sscofe tHerssher TireforRl i Balintdnded omylthgroups
remai ning in Exanple 3. This data,. therefore, shows hat.  u static

m xer to fidreptiop m@t be imited gp| the RARiGHAE smP%%F'ttsdl%ﬁ’PS o 1R qﬁf gtO?F

utilizati ofy,ferin®at&f fob Q@rrﬁﬁg ouf P INEhtREE B thitBE SR¥ntieRKWIDintRge 6APPI NY
process nore efficient WO 03/008481 PCT/ USQ2/ 16826
embodiments fallmg wnhm the scope of the appended claims.
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[0076] While the invention has been described with reference to an

exenpl ary enbodinent, it will be understood by those skilled in the art

t hat various changes nay be made and equi val ents may be substituted for
el enents thereof without departing fromthe scope of the invention. In
addi tion, ngt[n% {m ({l cations may be nmade to adapt a particular situation
or materi Bachi ngs of the invention without separating fromthe
essential scope thereof. Therefore, it is intended that the invention not
be linited to Lhe pampkdcess RF prplGEE aeaid-cipped 6l§earBonddd o ssingiode
contenplated for carrying out this invention, but that the invention wll
include all enmbodinents fallinpg in the scope of the apf nded clalns.
29 What is cl dPpibgeacting an a}é@%@t&c@g&éﬁo&y cop@pund, ﬁgcaabp%acléafgﬁf

pol ycarb f?‘%@ rrpound a
car boni ngﬁbgal éerg){%l btqga&’%d"?ayu ona W%s@cat a Bbglggﬂ%%géﬁéd%@h zation
vessel to form a pol ycarbonate product; transferrl ng sai d pol ycarbonate
product from dzingtepringssid pelycarbonatpredsstdtom saiil prapglyswiridatiml yessalponat e
product with an end- cappi ng agent under hernetic seal at a pressure of at

ena. cappi ng_ adaRtariat EPECrBoRRE pichRfyRah oL BEaEkR8 B, "Ca o

pol ycar bagalt aprésitetof aPleastABol760e%6 If; abliai m 1, wherei n phenol byproduct S
formed fromsaid nelt reacting are continuously renpved from said

prepol ynerizati on_vessel,. 3. The process of Caim1, wherein said
pol ycar bonat e HSfetiang sid I%’é)fcérboéﬁ@ rradusit pgd é@érﬂapﬁlﬂ% agentemintyredo a
hermeti c HiBa fluid conmunication
W th sai ?OlSﬁrbeé i;%tgtrlél;ﬂzg‘%slg%rtlg\%ess Isala ?isalg i’? u:cymsrl zation vessel. 4.
The process of Caim3, wherein said end- cappl ng agent is preheated to
120C to 200C @.ior The pmaésngf CHSaimThawlpnrdnqﬂﬁnmifb}@haiums]fpnnabfreinmakhi d
end- cappin ent conpr.ises nol sai d end- cagpi ng agent per
e val orbeIb AL e AR SPYLPEIN ROV JERIE SHE PO LRIy MOy or oups. b
The process of Caim1l, wherein said end-capping agent is descri bed

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 in
fluid communication with said prepolymerization vessel and said postpolymerization

vessel.

4. The process of Claim 3, 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 (I) below and wherein said end-capping agent boils in said
postpolymerization vessel, 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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by formula (I) bel ow and wherein said end-capping agent boils in said

post pol yneri zati on vessel, and wherein said m xing of said end-capping
agent and said polycarbonate product is no |l ess than 30 seconds to no nore
than 10 minutes: 30 / (Rl), wherein Rl is an electron-attractive group
selected fromthe group consisting of halogen atons, nitro groups, and

al koxycar bonyl groups having 1 t C R at ons; and R2 is an al kyl
group having 1 to 30 carbon atg oxyI groyp having 1 to 30 carbon
atons, an aryl group having 6 t R%or an aryl oxy group
having 6 to 30 carbon atons; an an intdger from1 to 3. 7. The
process of Claim6, wherein said end-cappi ngCgent conprises 2- nethoxy
car bonyl phenyl phenyl carbonate and 2-et hoxycarbonyl phenyl phenyl
carbonate. 8. The process of claim1, wherein said end-capping agent is
descri bed by visreit|Ry i6 lah)eldeeronwttvdeeiv e igfoupadetbcRddrsa fi B© ?g:@ﬂilstﬁ@ s in
sai d pos(ﬁ meri zation vessel, and wherein_ said m xing of said

end- cappi Ptatoms WEP Eronsy and Bloxyearbeiyd greupsihaving 1 230 catbami nut es
d t 1to 30
car bon a%(t)&rrlgs BTG Son SR ET oun hattfiET 8 o Sipbd atfhsud kol RIS © 1 °

havi ng 6 ltto madmnmhmns,tanrmyl grouphavigg § It@XQ cgrbon ptohsyormgh dryloay eoupar bon

at ons, an ar% Xé %rougg g_ 6- 30 carbon atons, said

end- cappl &“’ﬁfe‘ﬂt DM 3Re Bilhanmteges Bomohtod-t racti ve group such as
hal ogen atons, nitro groups, or alkoxycarbonyl. 9. The process of claim 8,

wherei n said end- cappi ﬁi@ce@%ﬂblzﬁﬁr@r\b&@eﬁn s@idRAAAbp 1ﬁ§%@8ﬁ%ﬁlp?1‘§5§ fheny!
p- cunyl carbonate. 10." An apparatus for preparing an end-capped

pol ycar bmh@cYCmnslphgiyl gnyepesirhonatd zatli 3rethaxysarborydphienyl aphgnylnl et and

an outl et 3haid postpolynetlzatlon vessel having an inlet and an outlet; a
c]aﬁb %te

m xer in comuni cation with said outlet of said prepol ynerization

8. The process of claim 1, wherein said end-capping agent is described by
formula (II) below wherein said end-capping agent boils in said postpolymerization
vessel, and wherein said mixing of said end-capping agent and said polycarbonate

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

\ /1

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 R; 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.

9. The process of claim 8, wherein said end-capping agent comprises

diphenyl carbonate and phenyl p-cumyl carbonate.
10.  An apparatus for preparing an end-capped polycarbonate comprising:

a prepolymerization vessel having and inlet and an outlet;
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vessel and said inlet of said postpolynerization vessel; and a charging
port through which an end-capping agent is charged to said m xer, wherein
said mxer is hernetically sealed at greater than or equal to 760 mm Hg.
11. The apparatus of claim 10, wherein said mxer is a static m xer or a

m xi ng drum fh .said static m xer
corrprrgses ?ZZI? %{I%?%Sgr rag n%lhdz?vl?ﬂgret "’Wﬁ@é@ two triangular first
gui de pl at es arranged Ci rcurrf erentially, vvherel n said first guide plates
are positioned atixdrhia ﬂuiplsaonunmieatﬂ)nowithadaﬁi sttidtiaf said prepalytherizaiome from a
bottompart fir urde aies V\/ner n said bottompart is
attached Y8 gﬁmf Pﬂ%éﬁ“rsal PO%‘PB%YB}W “éfh\ﬁes?f ond guide plate array
having a sane nunber of triangular plates as said first guide plate array
wherein sai d seaRdngpbAhdBUSR Shidl & &f@@d@gﬁg aght'i§ UAZrBE @R dafd In¥xerand
wherein said second guide plates incline froman apex near a central axis
wher ei n s¥hegein seigraixguis hermaticaldy sealed attareatérdban e eggaldo 760em kg | of said

pi ping. 13. The apparatus of claim1l, wherein said static mxer conprises:

a first mxingqele t tiangul st 1 first
direction; a glecong ﬂ) 0@01 AQV%S%H%% alﬁégru ar&gtl1 ﬁquror ed 180

in a seccmdingﬂruantron V\/nerer n sard second direction is in a, direction
opposite that of said first direction of said first mxing elenment. 14.

The appar at us m 10, post pol yprer | zati on vessel is a
hori zontal pol ﬁﬁ*}p@ﬁraﬁlj Ogé'(fab‘?l law gelrrgwaﬁgstﬁrféneﬁer FRIPRIIRSY | zont al
rotating shafts.

a first gulde plate array 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; and

a second guide plate array having a same number of triangular plates as said
first guide plate array 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.
13.  The apparatus of claim 11, wherein said static mixer comprises:

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

direction;

a second mixing element 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.

14.  The apparatus of claim 10, wherein said postpolymerization vessel is a

horizontal polymerization agitator tank having one or more horizontal rotating shafts.
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