PROCESS FORPREPARMG BRANCHED POLYCARBONATE Cross
Ref erence Statenent This application clains the
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termindtotshandopluise tramsfen catalyptsroich dé guAtersanyenuhesibatefcl ascoupling

cora R BT gLy BBl BN ER) B S Reg o ponate resin
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An object of the present invention is a new process for preparing polycarbonates in
which the coupling catalyst compound functions more effectively and provides better
 branching efficiency and shear sensitivity benefits in the process and product.
Accordingly, in one aspect, the present invention is a process for producing branched
polycarbonate providing for optimum utilization of the branching agent. More specifically,
the present invention is a process for producing a branched polycarbonate composition from

dihydric phenol, carbonate precursor, multifunctional phenolic branching agent and
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di hydri c phenol, carbonate precursor, multifunctional
phenol i ¢ branchi ng agent andnonophenolic chain
W@ eqosmArdr usi ng a coupling catal yst which prepCEES2004/020938
conprises the sequential steps of: a) conbining a
mahiopyettalic cphiemaininaAonutig 4 cngting ratalsphehioh ipeodetanadirivgs the
agent, base and water to formthe reaction m xture, b)
seqUsBHAIAGPSRG at | east part of the carbonate precursor

and b he vl efnih MThtShi ha{og,%lﬁlt cYi5h l.p%@lgolfc.et?r%éhﬂgg agent,
on m xture, y O

t he pol ynmeri zat r partia rgomeri zi ng
baghenddidiydn ifernptherredction )mikhes addi ng a nonophenol i c
chain term nator and at | east a part of the coupling

cat Myst hrcddiget igstprt oidhe oA Ricaieor an theiwiteg immissible
orhf RANGR Rl RORPRR SRR ety e

diﬁyidﬁb?henol,e) addi ng the bal ance, if any, of the
coupling catalyst, f) conpleting the polynerization
read i on.thanrpdding aynerenheaelieehsdticrinator ahd ablpagt gepart of the

cqupl i at st ;s .added i.n.step c) in the presence
coftflsalhar BERS o IR BRI A8eFnyar ¢ phenol - 1

anotdyer RAEGLE flichl AT Ot iRAtbdnBR Redu$so? (FAEPHIVonliMtifg the

addi ti on of coupling catalyst separate fromand after

reactien afittiactingthe polymerigatiann medug) i ng cat al yst added in

step,c). re pr.eferabl t first coupling catalyst

2dady” | n o4veg o S by o e Bl it g

reagj i on chhplddng tdl pdliBelRRitidh rieibe the Mv is between
1,200 and 1,800 g/ nole, preferably where the Mvis

bet ween 1,400 and 1,600 g/ nole. In another enbodi nent,

R kO UL il
présede! dfige iﬁl%cﬁfgoﬁ{@i%& dfnlyatic pgerdgdded. | n anot her

preferred enbodi ment, the Seconhd coupling catalyst
c onpo aevtheripgefaded embodintvet thereds reecomdor lateadditiomef coupling

i nt wh th ' d t | 10, Q00.,..
colg Rl Ysarp e rast ASH BpdG AL 0T G GO LR AL BeRRdhin step )
MobEREQUEBRNMES e c%ﬁpl%igﬁcattilgst%@éc?iﬁtst fo) iddRiell Wﬁfétdh%Bmerizing
refate to the timng of the addition o0f the coupling

reactibminstiire ay thdyoipiolaratieovist s beecti hR00and U8O0 gmoleapreferably
iy BeoTye agheen 1 A aaR R §2of: dh FRg e ARG, the s
ad@tib BFBle! ALY LaBI: W in! ) SR unt oG D). MY mole percent (%) of the
total coupling catalyst amount that is added. In another preferred embodiment, the second
coupling catalyst component is added to the reaction mixture at the point where the Mw has
increased to at least 10,000.

The polycarbonate polymerization process and product improvements which are the
subject of this invention relate to the timing of the addition of the coupling catalyst to the
polycarbonate reaction mixture. It has surprisingly been found that the branching is more
effective when its addition is started during the oligomerization and/or is split and a minor
portion of the coupling catalyst is added relatively early in the process and the balance of the
coupling catalyst is added later. Using one or both of these techniques for addition of the

coupling catalyst, the present invention provides improved branched polycarbonates and an
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portion of the coupling catalyst is added relatively
early in the process and the bal ance of the coupling
W@ a0aly®r3 i s added | ater. Using one or both of P€TTES®04/020938
techni ques for addition of the coupling catalyst, the
impresdprodepyidn theorprpdusiod asing mpreoved ghnanthiethwn reactants and
ol ycarbonat es and ani nproved process for their
PIYtfSct i on using ot herwi se general ly known reactants
and processes. Di hvdric Phenol The di hydric phenols

DigRioygdol n the practice of the present invention are
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rrse one ete

phsmtﬂﬁ;tdydygéreaiomstafb dm%tl? link&d. €TIY @umatic EupEX alaplcémPFrie one or
or nore oxygens, nitrogens, sulfur, phosphorous and/or
mayg helgeasioming Bay Posubshigirs e ﬁne Wylap@cgpmnfqr &Yamplesne or more

oxgg 31? o 691% ﬁflﬁﬂoﬂh% a@{( lf‘éﬂs anﬁy %, O{/orgrlﬂ%{? rj'g(rn?o%lsent
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hyffoefioaddicald) @ﬁd‘h d%hﬁl@ Qk mbré'l MSIJ:SID &}/cl&ﬂléjdﬂﬁ aty? gtdi®s and/or one or
di hydric gpenol HO Z- OH are arranged I n_para-positions

maesp a klﬁ’@)’ an nﬁwtpxmgﬁg{ps) Preferably; bgt mh@ncﬁwéqydroscy@wp@ yethe

t { I
aitfich BioR RG22 0Bl ok RS Biracybioht AR it bt
ar omadei difdri pABsbiatplaged Fathb Yrovefisdfithdpi@8ent invention include the
deri vat i ves, such as disclosed i nUS- A-2, 999, 835;

blmyhhﬁir%spmgl)awdﬁneslrQMMeu atustisally 2gbalgpetically
. . \ ey
suBtyBd Slaed s Sttt BE b R EE i 5 B s asiys-a-

3,BaNSuanhd Un-Au 299'52823%"&%&1@1‘5& diols such as described in US-A-3,169,121.
bi SSPm droxyphenyl )fI uor'enes, such as

fgrr@(hexaymlcmfphlesrmc)phﬁml@ obithe; gemrhg/mrmulyw HR7z0hkae

SRR Anne e

beﬁzeﬂeéjéﬁ@/tﬁé Q6= gn&ilkﬁ[sﬁbﬁﬁﬁféﬁ%hhydroxy benzenes, such as hydroquinone,
al pha, al pha' - bi s(hydr oxyphenyl )- di’i sopr opyl benzenes:

resdidigaly axdybidftyenmpysheldprobantenesalphagalpl-hisdrydxogphérgiy | ;

dll%(?}’ﬁ‘?% ol dgﬁy&%{)@@ﬁ}?%& engé gﬁclgésh%g’égﬁﬁ/dgofy%lp%nyl ’Sne halo- and
al Ym&ﬁ%kéﬁlﬁﬁ?’dr))?ﬁ{ ﬁ]ﬁﬂ?lenés’ bls@iﬁf&yphenyl)alkanes such as bis(4-

hydr oxyphenyl) ane,

hyﬂmdmhmhmh@mr hﬂ)émé4- hyd:fomphenyrb)eﬁfaae,albl Pis(4-

hygroxypk]:le §rl)pro¥g1{eo )é%/ %]oesp gre}e%bq?,%Tf—bgsu(él?-.il}sigrrc])g}rflp%enyl)propane ("bisphenol
A™); alkyl-, aryl- or halosubstituted bis(hydroxyphenyl)alkanes, such as 1-phenyl-1,1-bis(4-
hydroxyphenyl)ethane ("bisphenol AP"), 2,2-bis(3,5-dibromo- 4-hydroxyphenyl)propane
("tetrabromo bisphenol A"), 2,2-bis(3,5-dimethyl-4- hydroxyphenyl)propane ("tetramethyl
bisphenol A"); optionally alkyl-, aryl- or halosubstituted bis(hydroxyphenyl)cycloalkanes;
optionally alkyl-, aryl- or halosubstituted bis(hydroxyphenyl)ethers; optionally alkyl-, aryl-
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A"); alkyl-, aryl- or halosubstituted
bi s(hydr oxyphenyl ) al kanes, such as 1-phenyl -

wamshbi®l- hydr oxyphenyl ) et hane (" bi sphenol ARC)/S2004/020938
2, 2-bis(3,5-di bronmo- 4-hydroxyphenyl) propane

or @ammugammgmsmgmnmfoms 2);tﬁ‘€ﬂ&bB,(tﬁq(ﬁydhen‘ﬂjﬂ&wl)wlfones; or

52%1( OXy IW 1210 gsag(lgﬁ}]%r é)%e?fm[ 5 Qﬁgﬁgg‘tﬁ yggg lphenols are listed in
Uk BYADQX b )1eGs2 ac‘ohﬁﬂgg hﬂé@tl' U 2L 144, column 2,
aryl™- or I bi's

a osubstituted ydr ox et Hers
linepl V-GEahﬂyn BPKI2B 562 gragt ﬁ;httml?,éeiﬁmﬁdl Iiagé G;Zlhnes 1-19. Mlxtures of two
bi s( hydraoxyaryl ) sul fones prefer ablf/ . ..
or [j1og¢ AB% PheOR M3 alse B ?]g &r example a mixture comprising 1-99 percent

of IB!E ?%1%@ [AO%Y%??(&%} %hg ?rg%zggot%@fégﬁ%%ﬁgﬁéh&? s19<:fh as 9,9-bis-(4-

hyﬂ&g&p]fen@@ﬂlﬂ)ﬂ&e colum 2, line 68 - colum 3, lines

1-22, in US-A-4 962,144, colum 2 |ines 17-46 and in

EP 4ugougthe mosgpreferrqd; diwlirizphenolshifalya der podyctige ef polycarbonate
111&? ip%esgm AT %farg b}sﬁﬁen%F AITB{S h opqu[; tgtrﬁ)lilgrﬂg lbgsp%éA and

e use ure ’conprrsi

tetRhaey] i BhspeTRd mﬁst%ﬁ*éfeﬂ@d alhwl@ gheﬂ@e {08 §heRd] A.
anot her di hydric phenol, such as 9, 9-bis-(4-

hydr oxyphenyl ) fluorene. Anong the nost preferred
_B_M&ige_q@henm sui tabl e for production of

pol Suahble M&r@hiﬂ% dgbits B eegiaﬁélfall% By-editHigher Aitibhd PReRetompounds

A, bi sphenol tetrabrono bi sphenol A, and

or ttlmv mahws api ephipisellyoneroranersof ther f@iléwma phlor@gﬁmql@

prRPE & SABRPEP I SRRSO G P afnetnyt 2..6-vics-

hyﬁwﬁyphe@@gheﬂm&z ] @@ﬁi@&hmdm erm(d:ﬁydroﬁgq;vhbﬂﬁ)pemﬁeand 6-dimethyl-
are typically one or nore of | om n

2% britiafdoieidoetsim! elmll)p@n‘r@gq: deld, a-tn(4—hydroxyphenyl)benzene 1,3,5-tri(2-

bR YRR Y05 1t S 0 %@é? R A BRI By

me”chﬁb@ﬂz%tmiﬂeﬂ@ Rolt fdtlﬁ Mﬁﬂﬁﬁﬂﬂeiﬂéﬁ&ttﬁﬁlﬁmﬁol bis(2,4-
r 0X

-di met hyl - 46tr| enyl ent ane;

dlhydBOPE’PhﬁmYd)kemd;r bﬂvpﬂé‘éﬁyiﬂ) enls’lnEt I)hen(@le GC("-tri(4-

).b |
e R Dy S5 s nemep oy - s
1sa!ﬂiﬁbf§izﬂhéh%[‘@&Hloﬁidiﬁﬁ,hﬁf,b-m&[&btsatm 5-brom01sat1n trimellitic ac1d

t et ra( 4- hydr oxy- phenyl ) met hane; ‘tri sphenol : bi s(2,
pymmgllj’n@a@@,rm;zd)phcaomhmacarboxyhc acid; and 1nclud1ng for the approprlate

co%ip?ﬁr?c;(ss 4’ 4ld$hli](¥r9c{ 8% t conlglgnsnggrrl] }"/elaa)cp e dettvatives thereof such as

mﬂ%ﬂftﬁ%ﬂ@ﬂl@ﬁ&é )crnlneé)bly@'}ﬂdﬂd'e'aﬁg REABNHB GRERRRIe chloride. Specifically
bi's(4- hydroxy ) oxyi ndol e;, i satl nbi sphenol ;

pr&exrdad lmanchaag age;ntﬂn@’lude pllibmghlcstatphlnro Subido i ls1a1(4l-n
trimll |

by SR Rt RRY B is Acid Hieliie wigklotide FEMEG: pyromelliti
acfdhﬁ%\%gﬁ&ﬁhb@{rsca%’dﬂ%e A8 and Q@id%ﬁlotﬂjxﬁl%mh% éo@%&?} %g?h?&[)xy-s-

con ation reactive derivatives ereo

mdthylbaizyl)id-methylphhalrandd 3, 5t sdydypharsibenzne,

trimellitic anhydride chloride. Specifical Ig/
A branching agerit 1s typically used in amounts of from 0.25 to 1.5 mole percent

&.2

based on moles of the dihydric phenol.



preferred branchi ng agents include phlorogl ucin;
phl oroglucid; I,1,l-tri(4- hydroxyphenyl)ethane
w@ THPR)g073 rinel litic acid; trinmellitic trichl oP€TES2004/020938
(TNWC); pyronel litic acid; benzophenonetetracarboxylic
C: ciedrd chl ori des thereof; 2, 6-bis(2-hydroxy-5-
et Wbﬁs@@é% i vk plReRQlse i the present invention contains leaving
I, tri(4- droxyphenyl)benzene ranéhlng agen
gr@@smhwkc@mt;@ iseted rcamthervadopf] darlmn i0.af5clt Iy ﬂne&nimlcﬁ'a dihydric

b d f the di
poBe Pt G s Bl S o TRoestri e oo athosuhbalides or acyl
haBds! ébkBichQhe Wt ﬁn@fetnkéﬁ 159%19)% gl oy "I'h%%gfﬂ Ahe %?%tu?éop Sreferably

IeaV|ng groups whi ch can ace
phg@eb@ nglcommtézrbmth theadibipdric ghenelhenmoind nofhe aqokduy dlkialine solution
and includes hut is not necessaril

5 %&Fgggggglb‘ﬂw hihe e -TRimisEble nRBfTPaRsive opgenigiobient and
tthB@gHI@ﬁﬁerﬁfd? He&H ggia(ﬁlsg)ﬁgs%%‘? 60 bd ’Bﬁ‘blﬁ@(% Qﬁltg teaction mixture in the

pr ecur sor, pre er osgene, IS con
forthi bliydjgascanﬁ Ipesfedentiadiypdissoilv e mdtlbetaiaube Uﬁgaﬁic@hb& €The carbonate
sol utj on ﬁg’ can.be added as a solution in

PrERAESET 15iCHRIP ‘ﬁF’é et of V4 torlga Brefoisblsieto 4 ftmoles per mole
£ g@% Wi th the aqueous phase or can be
° }Eg&?&l nto t ereactlon m xture in the formof a gas

and preferentially dissolve and |locate in the organic
ChpindkepminBber car bonate precursor is typically used in an

Srenr) lAnéhaﬁf tegrmgx f}o‘i’ (’;]SL? fgrogﬁﬁlﬁétﬁf %gém O%méld céﬁta ] nﬁé%ﬁ?ﬂ ﬁglilaé group,

fre@uemtig |alhyt1mxm gmtlp,rwmsh avilirprodficngd aﬂ@@baﬁxbméﬁ%lacm an
frequently a h rox%

cont L g.a functlonal roup,
“nfﬁﬁﬁﬁFg Y‘im’ﬂé 9T GRbpnis raéJd]LFégr grouRAYIBeh teapsins en e end of the oligomer
i h
o A g S X i e AR R i gpuction of

polycarbaiagszen thei‘;&egent Rephtaedt shénoe atd theliRritaFves R Ssaturated
%g}ch are useful for the E;oductlon of polycarbonates
aliphgtie gleoppledustellicybiies, atkyhaced phlevidss, mbkxlmr triarylsilanols,

moﬂgﬁdl?( hé/se§ ;Jbeilgﬁfoiﬁ ir?qlly}ggl §H ]%,: | hat Ind IP?'C gl?%}}%e (9,f these,

Ic sultirtes
phdnol, patakshutglnstlesol (mmmqj aﬁnﬁzyheﬁol aﬁ&?ﬁﬁ-@é&ﬁ'}ﬂ%ﬁol 4-1,1,2,2-
trial kyl alcohols, aniline and net hyl anal i ne

tetramgtylbuliplgnol 95?’501’) watha mpHeneferredBmye inpthe pragent invention.

phenol and para-t-octyl phenol (4-(I, 1, 2, 2-
Colr 4oyl butyl) - phenol or PTOP) are the nost
for use in the present invention. Coupling

Cat B yistregess, Rhacqipbias syfalystie gem:.qam usgd émampyrs typically ranging
froﬂ%l%loy 1 Hl%ﬁig pepm%po&n cfﬂ%y&l}ép!henol cy)mpoul% "Phe catalyst is preferably

added in amounts of at least 0.0025, preferably at least 0.008 and more preferably at least
0.015 moles per mole of dihydric phenol compound. The catalyst is preferably added in
amounts up to 0.15, preferably up to 0.1 and more preferably up to 0.075 moles per mole of
dihydric phenol compound. As will be discussed below, the catalyst addition is started
during oligomerization and preferably split and with a second part added later in the

polymerization process.



fromO0.001 to 0.1 noles per nole of dihydric pheno
conpound. The catalyst is preferably added i n anmounts
wo@ooamidoenst 0. 0025, preferably at |east 0.003P@mntiSIv04/6¢20938
preferably at |east 0.015 noles per nole of dihydric
phermich commndialsEheincatab ystiadysnffiehanablysiadaatc (TEA),
~ampunts up to 0.15, preferably up to 0.1 and nore ,
dingeidybyraigp PyLging 6t ol Y78medrbanifies: 2earkc eR @rmpyRd such as 2,2,6,6-
h > _ WL irS. :
TRy R 4, B e S Ry A bl forboccate
cogipduid fchnablazaSpinkthoapd-scloheptesesiartshtyladytlohetgdthinoacetate; or a
later in the polynerjzation process. Such coupling
phesphenips, sulferilmg arsanivey ¢n qelprRasy Aampgim gempound such as cetyl

Lriethyl am T | I 1.N0 ridine .. .
gk Rl el s AR Bl Bl gy foruse i
im%rc%aeﬁ plocebsedctaidBid sl thdpfRednt iRt and include trimethylamine,

, 2-di met hyl i m dazol e; _an i m noet her or

trigthilaodeg, biohoyylamenee anthdiht-dimeHiylasninopyridine.
| -aza- 2- met hoxy-1-cycl ohept ene or
P but 8 golc &exyl i m noacetate; or a phosphoni um
ni um or quaternary anmmoni um conmpound o
suc hlhepresenijinventioatin gpplivablsite hetgenerale knqwen intenfeial polymerization

' . h d ling. catalysts f '
oot Sish g bE Bef¥ GHEE PATRERY B BRIt Tovention |
and ANglkdeRntd stamdany lrasrRenl ptdckst (axb 26Fef€d to as phase boundary

tributylam ne, and 4-N, N-diret hyl am noryridine.
prévsiss)fer apmatio parbete pelyMise pelysdrationrigenlvésohe reaction of the

TR -
otRAENOLBBtel cabBRic RHDMH tivé\Dr b hakofiihte @uét ANHsikkhloformate of a

interfacial process (also referred to as phase .
ghynoli ndéibydpxpbewshe)t dnitialy thetdilydrimmbone tcompoidrisrat least partially

cifRlybdRnd 08w b abre Wik ofioR a e sainblafe (phenato)
THY @RIOnERpredsdr ASsuBpRELRNBe ﬁfoc@gsh@ﬁtifo%hﬁy' asbdivat %Qm organic

carbonic "acid derivative, or a haloformate (such as a
sobiestahish domestthe sdcond gf thedivo phasgshflie axycdoanaliakine solution has a pH

iRt B 75, SRS eDEeS S RE S BBl Bl B8 kan v formedti
W%g}:l%,odncg(‘l?lég%ké‘ Elcins Ry sBuR NI R ofe® bhRE $RAH &)alkalfiBetal and

precursor Is supplied’to the process,
allogbink endh hngtadl psesphates] bicartamates ganides andlhydmixideki Bhse isitymcally used
the second_of .the, t. hases.. The eou | kal i ne . )
ovgbhgtcpBise Ah eanfﬁﬁla@gﬁ@ﬁ%@gzaaw any! RisfbeB A 1@ Jasggectingnixture
wiie dofop @I LEEAR B (n68% pLL dni Bl hio RISF QAR tp tho addition of
babafdH-n amowat b2 tddgeefesbih3 tsd,ahdad basoptainoknd dyhkdrid phenol

th nmetal phosphates, bi b i d :
co%%pgg(. F’E@basga%oé ,‘ag cqetfsgp é(léi%lf{ﬁ q%g%gt%sthe ?e)éllcggns mixture to adjust the pH

of the mixture to a level at which the dihydric phenol compound is at least partially

converted to dianionic form. A reducing agent such as sodium sulfite or sodium dithionite
can also be advantageously added to the reaction mixture as well.
The other phase of the two phase mixture is a non-reactive organic solvent

immiscible with water and in which the carbonate precursor and polycarbonate product are
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over the course of the interfacial polynerization and
further added to the reaction m xture where

wa@ppsoporate to maintain the proper pH 1n totedT/Uki084/020938
usual ly anobunts to the addition of base in an anount

typofall soluble. Rupedcentablys@vants teludpkbloribase hpémwcarbbms sokh as
dyhydri ¢ phenal . ound. The base, such as causti

megiiline Ghdorigie éﬁ-@%ﬁ%séﬁ@%%é?traahloqw%wecﬁ%ma%%_aP ghloroform,

to Wﬁjcﬂftf&ﬁ%dfﬂ I fokelnit¥&ilzeAt, MFtﬁgl &%Xﬁehﬁggéﬂe‘f cresol or
phenol conpound 1s at [east partia convert to

andoRm®becadded,if déiréduci ng agent such as sodi um
sulfite or sodiumdithionite can al so be

adv A agonse §ooigd e iSRS aedakedivn A manRevRich s fhéfigient to
. Th f . i ' .

dishge BLARpeR LS of e st BRI KL B Bolfe Brecprsor in
otlicfwitbic6itaéthiBe prREMIONEYEh He@RUERR Al RNt Pakiea ReIREdEbetween the

product aretypically soluble. Representative solvents .
cabapite treecarbndihe pECHRiTcaianiya tee aqyepusrhaestigldepramarily the bis-

chloride, 1. .2-dichl a et;rachl oroet han
estip s bitomng oo SR MRyl e Ko sRRha ARt con further reac
wifkﬁxhb@l‘ddgicﬁ’fclﬂh@ﬂol 1819 XA ftem 16hddr @SR DEREmefd aﬂag)bwmers_. Some

_sul foxi de, xylene, cresol or anisole naybe added, if

dilyelsic phenol Asesmmireaghanfl weHES, asBHROTANGT 3N SPRIC Zyynaing asshorter

i.n a manner which is sufficie to.di sperse or.sus d,.
oo ERETae e S DERE BT Al (b SO HR Ok DIt oLyt Halide such
as ?B&Cg%!ﬁes, Pesk MtbtimeAl AR FEMEARTASIdrBRrRERS H:ehghdntk end groups

he aqueous al kal'i ne m xture.” Reacti on between % he .
maydnieatken tsreinatos aesidusdphedvelatthionar anregeied Apdroiky grawe. With the
ueo phases vyields, prinaril he bisester of the . .

o308 3 heroRp e eyt o e aasyRy S Brvdon chipdnigties to
polh e S cakbiaeiolyB@ct Wi th nore di hydric phenol

units to formlonger chain oligomers and pol ymers.

Soné hetiplelxtaibongh éorolingieastiomtanrbesaon abmpHrieme pbaveak0 to 14, and at
nonomner d so elfmiLAS .as _shorter chain, - .
o (FRP SR paeSE L bellr S Baisly abt revers of flailiagepoin
(cAI KRB BPhelope@in@ Pkt dfdfe Sitbdht AP NRs@RARY, thé'RB6tion is run at a
Internmedi ates are primarily bischl orof or mat es,
terapdrhtorsydl C6hte 4670 groups may instead be a terninator
Bl B B S 08B o i
R R PR hes T R nbay an s
précessyithegoranding apenciansiedlyraddedito the pidcfiommiebmie cdmbinaton with

14 nd at t bet 00C.t.o,1000C . .
thefibyipheaemeRghtor q%rlp%ese SRt B RS ipgageat s added
had ﬁQEJJeg'ﬁ_tf&HldftQ hotd s PRBLA RS RIERS YALhiAk of Bﬁlensg(glgﬁi@f roperties

Y atca tenperature

used. Frequent tHe reaction is run
as tdngl @ i @dd&iGo the reaction mixture at an early stage in polymer chain growth and

before there has been signification termination.

A terminator is typically used and can be added to the monomers before, during or
after the time the dihydric phenol is contacted with the carbonyl precursor but is preferably
added somewhat afterward. Any terminator anion capable of attacking a hydroxy or
carbonic acid ester end group on a polymer chain is also capable of undesirably either (1)

attacking unreacted molecules of the initial charge of the carbonate precursor or (2)
-



As is known, the use of branching agents provide the
pol ycarbonate with |long chain branching that in turn
w@e@siod®s3 speci al rheol ogi cal properties in theCT/US2004/020938
polymer. In this process, the branching agent is
digpddald md@dm Hefort hehaindat aooppirkihity & fvconbi datredtength. The
wi th the dihydric phenol _nononer . However, the poi.nt
Dragticois R oried aBHA ERR EFRIBHE" P bR WS BriBbGrimroduction of

thg ?#Q&a&egﬁ)rgaﬁgoracoﬁéegiﬁ%ﬁﬂ k agNs ?%Ifn e tfor%ﬂitutoﬂ &f Qg@gg’g{l gﬁ?ﬁﬂate

byp@daits BF thd ddcufrenoatofaath&ﬁ“nh@/aisfeanmtlbﬁembmme rCab@iare byproduct
growt h and before there has been signification

comlgpigatiaets diom fetdspisgiepiopertiss agd mWOQBCémcaama@aﬁn%@ most

bl & FRERR e UEbh gfesﬁ’ AR e

cafboBss BSfe abﬁagamse iMRtesit yneatslaehl pespRiatof @d Rial@bcarbonate
Any term nator anion capable of attacking a hydroxy or

copmesitipi.c aci d ester end group on a polyner chain is
al so capabl e of undesirably either (1) attacking

Sgg : ity 57 ial charge of the

praci ng end groups before
 CH memtameé ﬁb@g@pﬁmag rsumylsmg sgiognd that adding @tslrs¢8éa portion of the

coy]glp%t h?ce ﬁ]r acbrx}e%gé@?l}o%%rﬁa@{ét gng?l?l &9% glenzatlon in the reaction

ed I&& 5199 EOdeode dMRarcBIBRRAEBpRIVeEs Wicd M gi 60 HRB! It)s believed
o H{gg] g%eforma\tl é{r% of i rTgesn r ed cagrlboir?ﬁ?g S beteve

thawlrmca Bemdfs W Obtﬁenﬂddl)’lih¢ adidonmof hochuplingtdatalyst when there is a
afo sults. rbonate cont en
il SEREh rRshTs At ingieORRah SRl e faiofbigrure and
befre BOLYRA AdlcBizatfiichrdtedBRioh od AR ph@ggdne @ﬁd dmn&%
seen as an inpurity therein. For exanpl e,
chlmd)feuuata ranweo@tm phandie groips. Itawdchtmm@fahc valmg aetalyshat this
th anlc opentl of. the fi 0 Qarbonate
o5 & o el S8 B o SR Rount | ng
%ﬁosﬁﬁnﬁﬁ%dl %8$g%9§ﬁpeﬁ1%s W@f% SYEREA 5&1 R&diMg HeHNAto 20 %
that addi ng | east a portion of the coupling
of tzet whols ﬂaranohmlgagmlammni soatavdat atrha, Puiimg thd whigemetizagion process.
ol.i gomeri.zati.on in the ,reaction
THG SO oF it ARERGPraRge PGt sToHb SR a0 s 20fo RsBiEhching agent
ca} BEBEILdYES and pralotel BBl ndCIE SnDEARY bR Bl product
petfbamance sambemlxthmeé noiinthiotng erﬂalﬂard/zanmhm 9@ ﬁ:webramhmg agent.
oligoneri.c nolecules_in the reacti m xt ur.e an
. bef gpéhec%ﬂlﬁtl@tsew%qr? 3@ tia 18 CORRING SRS afevwly been used
. 0
in g%g%g?%%g?%g Bga'n L y é’ﬁtmleo{rlllg g\?{ %%g% ;@Hr?]:gdoﬂﬂhng catalyst has
ty;&iadll@l besh adcﬂecld‘n ioge atmgﬁtlieh aithithe méfiad @eerdeff&nwmnhdmpm to addition

‘early" or "during oli gorrerl zat | or}J
of the carbonate precursor of after the phosgene had been added to the reaction and after the

complete oligomerization and reaction of the phosgene and diphenol to chloroformate and
sodium phenate groups.

Instead, in the process according to the present invention for early and/or split
addition of the coupling catalyst, roughly same amount or somewhat reduced amounts of

coupling catalyst are used but it is added during oligomerization and/or split into two

-8-



The nost i nproved rheol ogi cal properties were observed

by adding from1l to 20 % of the whol e branchi ng agent
wa@pmantoozsbrewhat earlier, during the ol i goneriREL/US2904/020938

process. The benefits of this discovery provide a
coplR6ess vilhene c2thp¥nirn baAg Welfebdurhpahe biiggnaenon.cEhis Hest

enpl oyed and nmai ntai n_prodyct ..perfqrmance or . i .
cogﬁﬁm Rt HCP PP R &/@&E%F%@lﬁ &ﬂlgﬁ%\ﬁlfl%ﬁﬂﬁé%e@% i< the at the point

| Latahni $ R0 dAh6 8n 1,400 and 1,600

R Tl P He bk T8 R D A R b 1400 an
g/8iol8, had mesifrefeRgblg ahah hethivas 1506\ okl Bubsepentle theitalance of

the production of branched pol ycarbonate, the wh

C QLe .
the peumingertalish teo(rerandg OF et Febpimescatalyit eampfan@&ééhany, is added to

added at .one ti.ne, .ei i ' ' f
e T iR o ol RS e R Mt B BBELGD00, preferably
toQF leafit BT 0d0NRdRb R EeReftpbanead U000 end #500@gaiolan

and after the conplete oligonerization and reactjon of

t he Plrosdiieg areduets precabserved takave iepeTvied teeliayisrosig pashshear

henate.groups. Instead, ,in. t roc r.di
SRV SuBP Bt Rt B9 RTRPRRR PR BBl Gt o
m@fecﬁlﬁﬁwefgﬁpéﬂdwléglﬁfegd. Vis1s, thé@ie khat SR TReRTRVRY chafige is due to faster
somewhat Treduced anounts of coupling catal yst are used

andutherefor¢ ongaddingrovitginghe benelting ghdibh and/ or split

i nto,twoconpopents w.th one.conpo t. .bein dded .

dur | AGPETEGT PG GarP YO AR et e SR e Brst coupling
cabyRhiditior QMRADBE Lt lesst 8FqREchPof 18 tGhl GRBBAE dddibamount that is

reaction mxture at the point where the IS between

adle@afefaradlyigtdest 2Yorrokenorp petferablylay dast 3ae%n Als, A0® wnpdr limits, the
1, 600_.q/ nol e, d re . pr.eferably when the Mv is 1,500
oo Hedpcioy e PRI RRCHEh Snetralr Tare S {dhgptost O the ota
i : I ] foralil9 Rk tHAg @ @1 Y$20% and
o e B o apd more
prefeeahpylens thaher equahéo M. has i ncreased to at | east

10, 0Q0, prefer.abl o at l.east 15,000 and is re
or ef BPAbFYTBER ROl B G Shct s STHSRS gt Pgses are separated fo
alfo%glllﬁﬁ&@ioﬁ B?ﬁfé%tr%m% $haR0 8&d 186vedrP oPB¥GolYERIOUAE phBRlukt therefrom.
viscosity and shear sensitivity with no adverse
Thed frgatis phasetihevaghedes sseded ina catthirgepuitly didute basspweter ewd/or dilute
such_as no| ecul ar, wei ght an oughness. .It is
aqiqh wel; 5o PTURERRCteR 8MGR0 &_rrssﬁ@'l H)?fﬁ_@sec egﬂ%fﬁ:%aftdém_f%ﬁf glectrolytes.
Rglﬂ)a F{}Jﬁtﬁé g(gf%drg&ﬁ?er oprt‘éﬁ@dt Ra9b QU L1 oy HRaPASHEh B

Ing t e present invention it 1s found
déviohitilizingora divettdeoblatilventibn irsd vemepeitngle at ateegditation by use of an
addi.tion should be at |east 0.5 per cgnt %f@ th? t ot a{l
antieRby 9 uehyisriolughio GHtloherane. hepiaps dpethanobhieranglyorpethyl ethyl
két&?eSt 2% and nore preferably at least 3.5% As far as
uppér limts, the anount of the first coupling

cat ajAy stenéigtid doRe,ithe awte effieientisse ofalre trendifl gpentimrthe process
of the total . . ) )
provides resins that have the viscosity ratio and shear sensitivity of resins having a relatively

higher content of branching agent. As used herein, the viscosity ratio is defined as the ratio
of the resin viscosity measured under no shear (1)) to the resin viscosity measured at a

higher shear rate, for example, 9 s, which ratio is abbreviated as no/mg =9 s'l). For example,

according to the present invention, resins are prepared at a 30 % reduction of the branching

9-



coupling agent anount that is added, but is preferably

| ess than or equal to 20% and nore preferably | ess
wo b@s/oon7equal to 7% Upon conpl etion of PCT/US2004/020938

pol ymeri zation, the organic and aqueous phases are
agBePahatRetibe bal hoewegbouf the atme misobsityhetioagayprabbrageied PC

and recovery_ of the polycarbopate product therefrom . .
whigle icrogansisiaph asailabls apd Pienfredsacy tojthe BTt Pqlyfgazation
tec'toporggri | ute base, water and/or dilute acid until free

of umreact ed nononer, residual process chem cals

and/ THe iat&eionas ghkiraty irehe fRbooivg kyamples. NEhe following general

ol ycar bonat e, product can_be effected by spra rying, .
pobyradtinadien schniale 748 Pesd in gll o ghe igdivedual EFP%E%‘?%%&P%“S Ymmarized
. € truder, or precipitation by use of an
mi]i;ﬁn{l‘gbg%%lgm such as toluene, cycl ohexane, heptane,

met hpmdleactBEN ARGhperdture@iniplledtdajthtcl c100lige, jhketed glass reactor. The
menti oned above, the nore efficient use of the

suppligsoHi wejeragaststic,idichloremgthgae dertignbbi leheaneksohaiqnand triethylamine

ve the viscosi. ratip and shear. L5V
o B e R RO T SRR RSPV AR R e S sgoace
whB Rlfogeffo piePchtBRIdEES of Ihe d¥iceR rdw nfatdriatk. /5 pHedédn®de in the
as thé ratio of the resin viscosity neasured under no

regdtenall(wH| thy edditioreof asiditives abe oentroflefwhilgrd dusing pherggpation. For
thg gg yrg}ﬁrl‘%%fg%}lsféggﬂﬁéﬁ ggﬂggf tgg i(?l}o}vﬁ&%v?a{vg ‘5‘5 — ’gxfa!:}?mlg%g% and %cbnditions are

usk@ the present invention, resins are prepared at a 30
% reduction of the branchi ngagent concentration but
havi BisphdrolHA (BRA)s 0kz Baseles) rati o as a typi cal

brangche C which is copnercially avail able and
prep %gycgg{%p et @et(ﬁg%g‘si gpgart pol yreri zati on
t echiigkgys gfhge i nvention is illustrated in the
foll om ng exanptes. The foll ow ng general

pol y@eustiz solwiont(3¢ mtffeNaeO Mas watsed 1.07Gkg of the

i ndi vi dual Exper,j that are summarized in the
Tabl MeHglER.C e'rngg)bﬁ&g is a tenperature controlled,
agi t sk bR .o/d @SR/ ass reactor. The
supplie e%f (\)Nater, gc/:a@?t(i C, digychl or onet hane,

t er t TatayPhasiggte fheiod05sp(4it iwhe)and tri et hyl ami ne

o ovReE gRATBreTH B HPaES 245G 05 GBI B t r ogen
to p{qg.}éfgt%ggégdgi%h@ppan the described raw materials. A

pH e In thereactor allows the addition of _
addi Teniasy-BtityhPhanot (RIBRBE obitidne Wed0 kigi(lilnfyg or 77 mmoles PTBP in 600

hosgenati on. For
PRess grams methylene chloride)

TEA Solution amount: 2000 grams of a 0.36 wt % solution of TEA in methylene

chloride (that is, 7.2 g or 71 mmol TEA) to provide 1340 ppm (in org. Phase)

The bisphenol-A (0.70 kg) is deoxygenated in a glass flask under vacuum for 10
minutes. Then it is kept under nitrogen to remove traces of oxygen. The deoxygenated Bis-
A is added into the constantly stirred 10-litre double wall glass reactor which was purged
with nitrogen. To dissolve the bisphenol-A, argon purged water (3.87 kg) and the caustic

(1.07 kg of 30 wt% sodium hydroxide) are added. During dissolution a nitrogen pad is
-10-



the pol yneri zati ons descri bed bel ow the foll ow ng raw
mat eri al anobunts and conditions are used: Bisrhenol-A
W@ BRAP100@3 700kg (3 nol es) Tris hydroxy phenyl BCTESZ04/020938
(THPE) : 3. Sg Water : 3.870 kg Caustic Solution (30 wm %
abblaOHe v wat ey §rchille@Z0gdng Mitriall tba BPéhbordigelved, tBOOHIEY and 2.0

kgiﬂétﬁgr%%%ﬁ%%ré’a%@w%? RERE R G ARl O o QR ey vnder o

E@J gegatu-fq m@;ﬁf&éyhb%%eiﬁu& ek %?Fégfn he %Q&%%ﬁ’iﬁon and
thlfglngHJut mma)ﬂeeﬁof%ﬁsblymeﬁm%rrmomma@m mixkure nsdam)lsfﬁmv stirred.
ol ution ampunt: 2000 q. .3 % sol ut i on of
Atrthbeginping 1 thereaction dis 1&851? Pﬁdﬁ abeut 1? Vivﬁlap psepRatigy |
r

olﬁg@eﬁgﬁlﬁx %th%ﬁ.y%@v‘lg«?sw&eg{elg ;t( yg%ﬁgiﬁg%ﬁlﬁ%engggl?tg Saéonfg Wlth some by-
ry(mb@g” vacuum for 10 mnutes. Then it is kept under

nitrogen to renove traces of oxygen. The deoxygenated

Bis- Ais added into the constantly stirred 10-litre
doubl e vvagH gl ass reactor which was pur ed with cn;

figr To-€i ssel ve the bi £phenol - A rged 9
@hd the causuc-(—l—ia @ T @ ofc—cl
sodi hydrOX| de) are addecSCl Biring dis oI utton aj

ni trogen pad i sabove the m xture to exclude oxygen Y
After all the BPA has dissolved, the THPE and 2.0 kg

Al C AlyNeReNS! H ﬁ{jﬁ?dAb&B% thRAGE Me dlipofbRRE edNéhpped
wStrI 1 éHfék 20 m nut gs under a argon aterm%g here aﬁ Ppecas
soﬂhﬁnnsetlhe phosgenati on was started. During the

P D R BP: ahat St ang 2 1o of (e bRDphespia frpoung has been added (125
gr%%gslt OHoY s'f ttﬁ! {eﬁfjctr% %t?li ?é%n%?ﬁ*ﬂﬂ“)%s%d i e HeREbA R control

initia The pHosgenation
mOleb@ﬁﬂWEigh’atTh}iﬂe iseaatiiteradditon ded0pramaoed 3006 twstic (that is, 180

fol |l owing inter iate alo i th A : .
grams NaOH) after abou m%?2 minutes o? ghc\ggene gd%?&onpyTﬂ%r 1r(sjtuc§:rt‘ earl}g > addition

of 3.5 % of the TEA (10.5 grams of the 0.36 wt % solution of TEA in dichloromethane) was

made after the caustic addition. This was after about 120 minutes and about three quarters
of the total phosgene (270 g or 2.7 mole) was added. At this time the polymer molecular
weight was about 1,500 g/mole and about 3.8 mmoles (0.38 grams) of TEA were added.
After the rest of the phosgene had been added, the phosgenation was stopped and the system
is purged with nitrogen for 20 minutes. Then the coupling was completed by the “late”
addition of 96.5 % or the balance of the TEA solution, which amounted to 289.5 grams of
the 0.36 wt% solution of TEA in dichloromethane) to provide about 3000 ppm TEA in the
organic phase. After addition of the coupling catalyst, 2 kg methylene chloride is added and
the solution is mixed for 15 minutes to finish the coupling reaction. When stirring is stopped
the sohﬁion starts to separate into aqueous and organic phase. The polymer solution was
tested to be free of phosgene and chloroformate end groups by phosgene tape. Then the

aqueous phase and the organic phase are separated, the organic phase is washed is to remove

-11-



ci/Cs a where y is generally |ess than about 10. About
a third of the oligoners are end capped as sodi um
W@ 20065/010873 er about 55 minutes and a third of tPEI/US1084/020938
phosgene anmount has been added (125 grans, 1.26
alirBt espuriddd Erohetheipalyndublatiophad tle foBTBR)nwas: feedrdrel by mixing
the reaction to control nol ecgl ar weight. There is a
wignyrdeptenadavelpidizeds ¥+ 30% caustic (that is,
180 ' o
addi TleaReeith b B p A gt skl BHbRSadloPide SRRarized below

w]ie]i‘@th@@ﬁaﬁg"e@ ifbagf @ithe plfocéimte@)s 3fe itted/o Bled rebiiltng pblyfieAsamples
i n dichl oronet hane) was nmade after the caustic

wegd dhalyzsd. by B G equippest With ashrslerareyalagcins RO 7ad gpdirosity-detector

to ﬁs{e q%é@r ! e%élél%f‘ ﬂ%&?ﬁ x?i'sco%ﬁ? ﬁ&? e d(e%ég of bf?ﬁ] ]%Pg using refractive

inde&d alVPISg A bettorin c&’tdmirﬁ and about 3.8 mol es
(0.38 grans) of T 51\i\!;gébre added. After the rest of the

phosgene had been added, the phosgenation was st opped
Ea%gzr{%n 359 JILI::I L: K:LUCJ‘;%V{ :‘:In:i tT1 FJCIAI .I..UI L\KAIII MUt es:
= T \A o se mun vav) CTCU Uy T aIC 0 UI l. ITII
THEE-epsitast og o té)esubal ance bt the TEMN-¥ol uti on, ‘gl\‘hl ch
Molvunted to 289 5 [aT=Ta s S . v 0o Sol-ui-onr—ef
TEAEAGt3] agioBH| or Oed hane) 102 Br ovi de Thsut 3004/ %5m TEA
in taddedr gani c|Aremel  Af {HMEAG; t | oH BROk he g qmplng
%dEAafBedy” 2 k|3t hyl enelthloride ii& added afd the
Y%g@AULaEi i s m J%d for 15|9% nutes t @93 i nish t o
Mea ggipbleng react |2 When $1067ring i $1188bpped t4Hd1
MsQbmidl@)n start $560%1 separ 1623 nt o agisedds and |4a8Gani C
MR(a®6le) The pol yimesessol ut ifen73as t egtsetad o be |fiseer of
MEWPRGELE. and chirTorof ormaie end grogps by phoggene
DhgHEL | e The [ggueous pipge and { ig Or gani ¢ [phase are

lo Uéh%‘_n%‘r ‘Z"hm e ]?’7 A T PiEEE 1S Wag{Tegl 1S o |[gpovear]
(branf res|fromthe pol yner sollution and |the

10b _Soljuti ¢
ewlpsmate Is recovered by mxing wth n-feptane,

e Al 2l & 1 [l Tl -
ucvun atT T TZtu Ol 1T U armfda e Xt 1T uucyu. e Sspcell [rco

|rtentsth wer e penf.orned i.n is fashi are
Vgiflr%’r% 9ed bel pW wher e tr]ggtcaﬂn%?ﬁzgegs %2 any of ?‘Ee ‘
ﬁeeess steps are noted. |The resul tfi ng pol yngr sanpl es

wer e anal yzed bpy GPC equifpped withla
di ode-array-deflect or (DAFB\ and a vilscosity-datector

Casnerm ne t he ROVEETAR TR Thdopedier | R T,

degree of bran tﬁ}gmthjﬁdoﬂlc Jiogerf vvnﬂﬁ&)hd ethe W@ ¥cof dFRIPE; aRChddition
| ight scatteri st(c En8)96.61% tle@wsticdrt; 93 Prjyericart i %oy @ythe pupfing

_ ingg o in; Ad ou%n tep| TEA in coupling step|step at the end of the
3 A THPE-conte step ai he end of attheend o 5 at the end of the reaction.
reaction. reactlon reaction.

The branching and rheological improvements in the polymers were shown by
analysis on a Physica US 200 oscillating rheometer at 260 °C. For the measurement the
polymer sample was dissolved in methylene chloride and the samples were made by
evaporation of the solvent in a Petri dish. These samples were dried under vacuum at 120°C
for about 12 hours. After drying, 0.4 gr. of the sample was compression molded at a
pressure of about 4000 kg/cm? into a film specimen with a diameter of 10 mm and a

thickness of 3 mm, dried again for 4 hours under vacuum and used for testing. The
-12-



Mol % TEA-total amount 7.2 g 7.2 g 7.2 g 7.2 g added
71 mmol 71 mol 71 nmol 71 nmmol % TEA "Early" 3.5 7 7
wQOR20DEALjZRt e 96.5 93 93 100 Mh (g/ nol e) 6672 FOBVS2004/020938
11387 4951 Mwv (g/ nole) 56931 51923 55649 46861 Mz
rhé@h#ey tes)tmgazaaﬁﬁné&mzeﬂnﬁsw@r@mnman\z@nmﬁmyms prm rided in

Di spersity 8.5 7.3 4.9 chai ranchi.n

praparfon toghe ypngphg@rtgﬁgqhgg cgfé‘.la ﬁv‘ﬁdﬁ]@ vmll‘fisi gge v1scosn'y of the
poliridi st b e B ER e ol D 21 B ot 7
Ear | pheagdiybis on tn@fszn@)&%y '‘GRAE esfrabiive Mdet (RO wad lighiscataing (LS) is

total TEA;, % of total TEA Additio °/to ther
shoivnfin eldgd@b%@ elneablen) itigas be 8¢ ¢ g%}dg? ;2 éfy @&rﬁﬂves higher

m@lgcyﬁé o‘F’eEig% %e%alo ﬁ&%%ﬁg:@ ag}cdstp' h]uggﬁﬁ%ﬁ/é;g t O%Hglﬁ} %ﬂ%hmg over
1006Andrdniee upitd)Age TBA 1.M3 eelpUD g (5 BeiY6, Hna Th eabyprriialgTEA

step step at the end of the step at the end.of .the_ at
acklione fdnaftbisoabue it higheiuit bishHeAtn aRKY ?fdcr*fanﬁ%é% ftjGgR be seen that

Th
oot gL REA e R RO P ARG b Db EBief Bnre (1,78) of the
3. 9"4 o] onas 5&%58(@9% %Qéiaﬁﬂél*_y Miphiehgao®itef hijph rﬁ@l@ctﬂﬁi weight fractions.

e measur enment ynmer sanple was dissolved in

Tiretfoyd the evcﬂhgeo\ral@mls émrgher franglehof t Thepedifiste by

evap ion of t nap AP 0
A SO PRHRT i TUR PoRARATER 1208 oy AE a5t 0.5%)
Tﬁ?E Fovns uBEd. €1 V\QE WeRForeOufpribing @ht thé @issa¥eRavidsof this sample was
conpression nolded at a pressure of about 4000 kg/cn?

mineti better {thhtris,shewidre highiet strectite atpsesty) drantimat mﬁt@rﬁanwles without
higher levels of THPE but not using the early TEA addition.
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thi ckness of 3 nm dried again for 4 hours under

vacuum and used for testing. Therheoneter testing
waeonwsioreeexl t hat i nproved (greater) shear sensiPCWU$2004/020938

was provided in proportion to the |Iong chain branching
CloATiipe polynmer. In other words, the viscosity of the

pol ynmer is reduced when increasing the shear on the

pol ynmer. The anal ysis of the sanples by GPC refractive

i nd (RI I : '

1 "aibve i RaRr s P BloaigRe pBihed polcd St iR i
diegitictghenolgéaresnabd gle@urserpinedtifiactionel Igieholurablaﬁclﬁhg agdme and

cal cul ated branching figures (long, chain_branching
menaphenaiyFhaw femrinatonpyiag 2 speplmgsatalypt W@CQMO%S%OT%‘PS@S the

d 7% early partial TEA addition. Since this

Se@%?%%Pﬁ% ﬁw?gher wi th hi gher anmounts of branching, it

can de sepmbifial acitiyldyicpabidlsd miEfuadidnbl shenbREbRASESg agent,

t he anmount of branchlng The high figure (1.78) of the
bage 694 walgt toi formitke wwaciadniyurehe rel ativel y hi gher

f,h | £
o er ot SRR, Bl 8P BB AL Pl ERpr ARERE VRS immissivi
orgAiflE bd1oht ah@i réaétlﬁ’é e [S&%rfz@ﬁén xR} Partilidy oligomerizing the

periment 3 only O. .% (instead of 0.5% THPE was
mhmPhbnolms therefore sur prising that the VI scous
beha ior S sa ch bett
shoviéd a {&n%?FW SFg t???‘ &?ﬂﬁp¥% the
co%gﬁﬂé @a’ial%ttaﬂg %sertb@l}ihefea&tﬁ?ﬁ%ﬁmﬁé THPE but not usi ng
e early TEA addition. CLAI V5. 1. A process for
proddici nepdditg the biledcepaf] the carbenaée recprdd anyband ¢appinuing the
dlhydrl henol carhopate precursor, nultifunctiona
reﬁﬂ@ﬁd1 the VHHGR BYEWESand monophenol i ¢ chai n

ter "é nat %ddﬁ? tﬁgbﬁlaﬁ&umdn‘s},goff%ﬁé éédpﬁhsgwﬂaglat process

conp ises t sequenttal Steps of conbining a

di hyf@iri ¢ quingpieting the polyhiefigatidn rem@lonphenol i ¢ br anchi ng
agent, base and water to formthe reaction m xture, b)
then adding at | east part of the carbonate precursor

and j he wg ?(')'cebsr,%ﬁﬁﬁﬁ%  OLBRDIfS pQrQJi a BRECRRBSIYdAsbonate

t he polyne lzatton mxture, partially oligoneriZing
whéreindillyf@ninslinyuatedyst iscjdded anstankn) ingheapresanop bfthelpagially
chain termnator and at | east a part of the coupling
oligomprized diydrepgRol. o the reaction mixture, d) adding
t he bal ance of the carbonate precursor (if any) and
continuing the reaction of the polynerization m xture,
3. ¢ A process according to Claim 2 for producing a branched polycarbonate

wherein the coupling catalyst added in step c) is added to the oligomerizing reaction mixture

at the point where the Mw is between 1,200 and 1,800 g/mole.

4. A process according to Claim 3 for producing a branched polycarbonate
wherein the coupling catalyst is added to the oligomerizing reaction mixture at the point

where the Mw is between 1,400 and 1,600 g/mole,

5. A process according to Claim 1 for producing a branched polycarbonate

wherein there is a second or late addition of coupling catalyst separate from and after the
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e) adding the balance, if any, of the coupling
catal yst, f) conpleting the polynerization reaction.
wQ2008/0progeess according to Caim1l for produci PQI/ES2004/020938
branched pol ycarbonate wherein all of coupling
addaioal of ste fist anlgdidg cmalyteplde] i vien Hendrésefivtenfeatfien and
artially oligonerized di hydric phenol. 3. A process
POAERG Ay Og@eéfe&i PTACHGR nﬁ{%ci ng a branched
pol ycar bonat e wherein the coupling catal yst added in
step c) is added to the oligonerizing reaction m xture
at tde pohmproosherceotdives thi€laisn HéenpredncinPOBbraackbdincdd@arbonate
/mole. 4. A process according to Caim3 for .. )
whnRES Aty sous RE CHBRSLSIp i Hon ek s ed aithe pligomerizing reaction
3 . . g
iRt B8 pSRL Bl b g L2800 B8 REORRIEURD ot e
1,400 and 1,600 g/nole, 5. A process according to
Caim1l for producing a branched pol ycarbonate wherein
therd is 4 psesesascordingiol]amy P forgRodiciany prangled polycarbonate

at.al en: it . of _: .
R T SFRRRE L bR b PR BB a o o
whdte BRaVIw i6 defwcen 1900 apal1y60erg/male] on of the step c)

reaction mxture. 6. A process according to Claimb5

for producing a branched pol ycarbonate wherein the

firsy coupling catalyst [ . '
e CooRab RS P R o0 B0 b B onac
whteinVhé scszoR@theRRbplin 19t dorhp Skt & dildb@ to the réacHOR &BStare at the
according to Caimb5 for prodﬂgin a branched
@Mgl

poyet| wheae hsrdwehagtaredsed i 4tilgast ing catalyst is
added to the oligonerizing reaction m xture at the
poi nt where the Mvis between 1,400 and 1, 600 g/ nol e,
8. Ay.pr oCR$FoRESRIEIdNEE {oT163n2 b Foprb@iciis 9Bt@ERE folycarbonate
branched pol ycarbonate wherein the second the couplin
whereial ths first edditoe of the souplthegatadyst isdn pe agovphoifirom @ etogk0 mole
t he I, Nt ere..t he has i ngreas o at |east
pesgripBEitS g0t Typlibe SuidBiunh R C R Mied m &' ¢ or
produci ng a branched pol ycarbonate wherein the first
addition of the coupling catalyst is in an anmount of
fromO0.5 to 20 nole percent of the total coupling
catal yst anpunt that is added.
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