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pol ycarbonates are used in a variety of applications due to their excellent
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known for e~ conmercial manufacture of aromatic polycarbonates, which are
illustrated in Figures 1-3. The conventional interfacial process, as shown
i n Fi gur eBACKGIROUN® PHASYLREVENIIEN nelt process, as shown in Figure 2,
start with the reaction of phosgene with carbon nonoxide. The third

gener al acess, a "non-phosgene” | : i Lgure 3, wa
devel opeglt 168§F]i°ﬁlfrﬁé? gicp ﬁ’ea ?fg@esgfforﬁﬁhfc@(l&gﬁéf% %?ggﬁ@yfér{g?lﬁ%&' process >
flow. O these general nethods, the "non-phosgene” nelt process shown

(al so ref grongdict polparidaeteratd uiedainsesirity bf epplicationr deesstheirsxpeleher r ed
since it prepares polycarbonates Iessggﬁg ensi vel é@ggd W th better optical

pL oper t i emeehaaisat mad; phwsicehdirapertigy ded ndTRP8i hd™pagt 3Rd WiGhI y t oxi ¢
phosgene. i
egg{aP%ef, ¥§§%}I}Pg%d@%‘l[sgﬁreeﬁ%car e AFEHHUE BSnefal poceSRK RnbwE f@fthe

di aryl cfarrbona. . . . onate as an internediate, which is
pol yner i zegnmeichal matufagtiré of ploamok pofwetvoastehivdptieas! illpstiated ind'igvisgence of

an al kaline catal yst t .pol b i.0 o ‘
general r&act g Sﬁ’éﬁ‘fglaL%{f%ﬁg’i“ﬂo %3%»&%??.%%:1@ Fb@%ig/g;gﬁé;?\%téﬂ&s en;ehge

ext r uded Be{se@ﬁafihq{pﬂo%@sspésogfo%ﬁ?ﬁa FRek TBMtalayiBOtH regdlion dthpladgirei wigs such as
dyes and UV stabilizers. In certain applications, it is desi rab{le to use a

br anched gobycmohoride.eThi thirdigegerahmrpeess.gt nepgphaseepyr mek RFES 2SBROWR ol di ng

of bottles and extrusion of sheef. ren: Lygar ; ires the
pol ycar boH’a?W%%éWé (%lvalﬂp?élt(f eﬁsl{rﬁ‘éag‘g#% %Ré)ro golﬂlv%ﬂrw ty)é?é%%ﬁ%&?gﬁgletggar bonat e
resins capriegssUses. | Of ke eh@hl PledoEs,shs "hon-phbezepe othelit procesefshownof i | es,
solid sheets, multi-wall sheets or corrugated sheets. .
(also referred to as the melt transesterification process) 1s pre%erred since 1t prepares
polycarbonates less expensively and with better optical properties than the interfacial

process and avoids the use of highly toxic phosgene.

Both types of melt processes (Figures 2, 3) make use of a diarylcarbonate, such as
diphenylcarbonate as an intermediate, which is polymerized with a dihydric phenol
such as bisphenol A in the presence of an alkaline catalyst to form a polycarbonate in
accordance with the general reaction scheme shown in Figure 4. This polycarbonate
may be extruded or otherwise processed, and may be combined with additives such as

dyes and UV stabilizers.

In certain applications, it is desirable to use a branched polycarbonate with high melt
strength. For example, blow molding of bottles and extrusion of sheet products from
polycarbonate requires the polycarbonate to have high melt strength. Moreover,
branched polycarbonate resins can be used in extrusion processes for the production of

profiles, solid sheets, multi-wall sheets or corrugated sheets.

For example, DE 1570533 to Fritz et al. discloses a method for making branched

polycarbonate by adding 0.25 to 1.5 mole percentage (with respect to the bisphenol) of

a phenol with a functionality higher than 2. The example of DE- 1570533 teaches the
1
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be recycled after their removal from the reactors. Further, adding a branchlng agent to
the first reactor or oligomization section of a continuous reactor system requires long
operating times for the transition from the stable operation for producing linear
polycarbonate to that for producing branched polycarbonate having the desired target
properties. This long transition time also requires the production of large quantities of

a transition material having variable levels of branching.

US 5693722 to Priddy Jr. et al. discloses a method for making a branched
polycarbonate by first synthesizing a polycyclic-oligocarbonate and then melt-mixing
the polycyclic-oligocarbonate together with a polycarbonate resin. This multi-step
process requires separate and complicated reaction systems for preparing each of the
two reactants, the polycyclic oligocarbonate and the polycarbonate, and for the
subsequent reaction. It should be noted that polycyclic-oligocarbonates are prepared
from chloroformates in solution, and as a result the melt polycarbonates contain
residual solvents and chlorinated compounds, both of which characteristics are

undesirable in terms of handling, environmental, and product quality standpoints.



t he pol ycyclic-oligocarbonate together with a pol ycarbonate resin. This
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The above mentioned drawbacks and disadvantages are overcome or alleviated by a

process for the production of branched aromatic polycarbonates that includes reacting
a diarylcarbonate and a polyhydric alcohol in the presence of an alkaline catalyst to
produce a polycarbonate oligomer; adding a branching agent to the polycarbonate

oligomer, wherein the branching agent has the formula (I):
AGy D

wherein A is a Cj. polymethylene, C, alkylene or alkylidene, Cs.3¢ cycloalkylene
or cycloalkylidene, Cg.36 arylene or alkylarylene, or Ce.36 arylalkylene, wherein G is a
monovalent C¢-C3p hydrocarbon having at least one hydroxyl group bonded directly to
an aromatic or cycloaliphatic ring and y is an integer greater than 2, and wherein each
G may be the same or different; and producing a branched aromatic polycarbonate
having a melt index ratio greater than that of an aromatic polycarbonate produced

from the polycarbonate oligomer without the addition of the branching agent.

In one embodiment, the branching agent is added in combination with a carbonic acid
diester to a polycarbonate oligomer produced during the polymerization of
polycarbonate. The carbonic acid diester comprises a compound selected from the

group consisting of compounds having formula (IV):



or cycl oal kylidene, C6_36 arylene or alkylarylene, or C6_36 aryl al kyl ene,
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hydr oxyl womapsdaended directly to an aromatic or cycl oal ipphatSo3siihg and y
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illustrates an interfacial process for the production of polycarbonate;

Figure 2 iggpustihateRErioReesenes pase§ ekt process for the production of
Pl

pol ycarbonate; Figure 3 illustrates a non-phosgene nelt process for the
production of polycarbonate; and Figure 4 illustrates a prior art process
carri ed oltef¢ming npwde teeafodloywimgiFigates, in which:

Figﬁre 1 illustrates an interfacial process for the production of polycarbonate;

Figure 2 illustrates a phosgene-based melt process for the production of

polycarbonate;

Figure 3 illustrates a non-phosgene melt process for the production of polycarbonate;

and

Figure 4 illustrates a prior art process carried out in a base-catalyzed melt

polycondensation reaction.
DETAILED DESCRIPTION OF THE INVENTION

A process for preparing branched polycarbonates generally includes adding a
branching agent to a polycarbonate oligomer formed during a process for the
production of a finished polycarbonate. In another embodiment, the branching agent
is added to the polycarbonate oligomer in combination with a carbonic acid diester

compound.

Applicants have surprisingly found that upon adding the branching agent to the
polycarbonate oligomer, individually or in combination with the carbonic acid diester,
the branching agent can be rapidly incorporated into the polycarbonate for a controlled

build-up of melt strength. Moreover, it has been found that adding the branching
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In one embodiment, G comprises the following formula (II); and
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in another embodiment, G comprises the following formula (III):
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wherein R; of formulas (II) and (III) is a hydrogen, C;.g alkyl, Cs29 aryl, or Cg.20
arylalkyl, and all Ry can be the same or different. In a preferred embodiment, the
structure of the branching agent is free of benzylic hydrogens, the presence of which
has been determined to undesirably contribute to coloration of the finished branched

polycarbonate.

In one embodiment, the branching agent is added in combination with a non-activated
carbonic acid diester compound. Preferably, the carbonic acid diester has the general

structure as shown by formula (IV):



[HOO | (R1)4 (111) wherein RL of formulas (Il) and (I11) is a hydrogen,
Cl1.8 alkyl, C6_20 aryl, or C6.20 arylalkyl, and all Rl can be the sane or
di f f er entwolop/oso1pr ef erred enbodi nent, the structure of tReThrsangtiihg agent
is free of benzylic hydrogens, the presence of which has been determ ned
to undesirably contribute to coloration of the finished branched

pol ycarbonate. I n one enbodi nent, theb branchi ng agent is added in

conmbi nation with a non-activat edR_ d di ester conpound.
Preferably, the carbonic acid di ester haszt gener al structure as shown
by formula (1V): 5 WO 03/050161 PCT/US02/ 35115 O R1-OCGOR2 (1V) wherein
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el ectron vik Giptieaicagogatoups of the general structure shown in structure
(V): 6co ar/ O rr(B)(B)m(V) wherein B is an el ectronegative substituent

and mis an integer from1l to 5 Preferred electronegative substituents
i ncl ude caMEEASHVeRb HReFHPoC @‘Plél%@ter A% 8} actyratadgliphegphicarbonate with ortho-

electron withdrawing groups of the general structure shown in structure (V):
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wherein B is an electronegative substituent and m is an integer from 1 to 5. Preferred
electronegative substituents include carbonyl containing groups, nitro groups, and

halo groups.

A preferred activated diphenyl carbonate structure is shown in structure (VI).

O\\C/ R3 R4\ C//O

?
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wherein R; and R; may be the same or different and are selected from the group
consisting of C;.g alkoxy, phenoxy, benzyloxy, Ce.o aryloxy, phenyl and Cg.0 aryl.
More preferably, R; and R4 are selected from the group comsisting of methoxy,
ethoxy, n-propoxy, benzyloxy, phenoxy, and phenyl. Illustrative non-limiting
examples of suitable carbonic acid diesters include diphenyl carbonate, ditolyl
carbonate, bis(chlorophenyl)carbonate, m-cresyl carbonate, dinaphthyl carbonate, and

bis(methylsalicyl) carbonate.

Suitable processes for the manufacture of polycarbonate to which the branching agent,
or the combination of branching agent and carbonic acid diester, is added include an

interfacial polycondensation process, a melt transesterification process or the like.



hal o groups. A preferred activated di phenyl carbonate structure is shown in
structure (VI). OC R3ER4ICOO 11 OCO0-0 (VI) wherein R3 and R4 may
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Cl1_8 al koxy, phenoxy, benzyl oxy, C6_20 aryloxy, phenyl and C6_20 aryl.
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in which at least about 60 percent of the total number of R; groups are aromatic
organic radicals and the balance thereof are aliphatic, alicyclic, or aromatic radicals.
Preferably, R; is an aromatic organic radical and, more preferably, a radical of the

formula (VIII):
—A-y"-A%— (v

wherein each of A' and A? is a monocyclic divalent aryl radical and Y is a bridging
radical having one or two atoms which separate A' from A% In an exemplary
embodiment, one atom separates A' from A% The bridging radical Y' can be a
hydrocarbon group or a saturated hydrocarbon group such as methylene,

cyclohexylidene or isopropylidene.

Suitable polycarbonate oligomers can also be produced by reaction of dihydroxy
compounds in which only one atom separates A' and A%, As used herein, the term
“dihydroxy compound” includes, for example, bisphenol compounds having the

general formula (IX) as follows:



As used herein, the term "pol ycarbonate oligoner” includes conpositions
having structural units of the formula (M1l): O -RI-OCO (VIl) in which
at | east wbw®aws@61 percent of the total nunber of Rl group®CarisSozassamitic
organi c radicals and the bal ance thereof are aliphatic, alicyclic, or
aromatic radicals. Preferably, R is an aromatic organic radical and, nore
preferably, a radical of the F frmla (V”b{)b -Al-Y1-A2- (VII1) wherein
each of A" and A2 is a nonocyclj ¢ dival ent ?qy radical and Y' is a
bridging radical having one r ato h separate A' from A2. In an
exenpl ary enbodi nent, ome-atom s pd HA2. The bridgi ng radical
Y1l can be a hydrocarbon gro or/ a satur\gted/ hydro §bon group such as

nmet hyl ene, cycl ohexylidene or 1sopropylidene. Suit e pol ycarbonate
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or a nonoval ent rocarbon g e the sane or different; p and
g are each independently I nt egers from O0to 4; and X represents one of
the groups of fornula (X): RT@ Iﬁe
—?— or —C—
RS )

wherein R® and R¢ each independently represent a hydrogen atom or a monovalent

linear or cyclic hydrocarbon group and R°® is a divalent hydrocarbon group.

Some illustrative, non-limiting examples of dihydroxy compounds suitable for
forming the polycarbonate oligomers include the dihydroxy-substituted aromatic
hydrocarbons disclosed by name or formula (generic or specific) in U.S. Patent
4,217,438, which is incorporated herein by reference. A nonexclusive list of specific
examples of the types of bisphenol compounds that may be represented by formula
(VI) includes bis(hydroxyaryl) alkanes such as bis(4-hydroxyphenyl)methane; 1,1-
bis(4-hydroxyphenyl)ethane; 2,2-bis(4-hydroxyphenyl)propane (also known as
bisphenol A); 2,2-bis(4-hydroxyphenyl)butane; 2,2-bis(4-hydroxyphenyl)octane;
bis(4-hydroxyphenyl)phenylmethane; 2,2-bis(4-hydroxy- 1-methylphenyl)propane;
1,1-bis(4-hydroxy-t-butylphenyl) propane; and 2,2-bis(4-hydroxy-3-
bromophenyl)propane; bis(hydroxyaryl)cycloalkanes such as 1,1-(4-
hydroxyphenyl)cyclopentane and 1,1-bis(4-hydroxyphenyl)cyclohexane;
dihydroxyaryl ethers such as 4,4'-dihydroxydiphenyl ether and 4,4'dihydroxy-3,3'-
dimethylphenyl ether; dihydroxydiaryl sulfides such as 4,4'-dihydroxydiphenyl sulfide
and 4,4'-dihydroxy-3,3'-dimethyldiphenyl sulfide; dihydroxydiaryl sulfoxides such as
4,4'-dihydroxydiphenyl sulfoxide and 4,4'-dihydroxy-3,3'-dimethyldiphenyl sulfoxide;
and dihydroxydiaryl sulfones such as 4,4'-dihydroxydiphenyl sulfone and 4,4'-
dihydroxy-3,3'-dimethyldiphenyl sulfone.



Il Il -G or -G d R (X) wherein Rc and Rd each independently represent a
hydr ogen atom or a nonoval ent |inear or cyclic hydrocarbon group and Re is
a di val erwolwgdsaenr bon group. Sone illustrative, non-Ilim Pcagsexsm es of

di hydroxy conpounds suitable for formng the polycarbonate oligoners

I ncl ude the di hydroxy-substituted aromatic hydrocarbons discl osed by name

f I ) .4
ncor por at ol P by a Ry or s i of Rt FHoie Bbaridichoisbid soblidr bE, o o) e
of the typedihgdiribpbaivénaith eqripwiindsvitthathydrxyber aeﬁnmgﬁt@@ pbbyeiterlr ;iiul ah
Vi | udes bi.s(hydr an s such as_bis(4 r oxy eny met hane;
(1 1) Iblng( Ef”ﬁés/ﬁldlb £ @Pg&‘ﬁ&%ﬁéam 1 th; et %ﬁﬁP@W%ﬁ%ﬁ’fﬁY’?Eﬁ’@ Rl so
known as i B%Q:lr iMesired FoPhs( 4P(h§’§§/]@?&¥ RAE BBl EHEL @aﬁ‘ﬁ nate Tesms or their
2, 2- bi s(4- hydroxyphenyl)octane bis(4- hydroxypheny phenyl met hane;

2,2-bis(4 1111%11!{150)@?11 alsn”etbﬁqu[méwﬂ) pr Gpeferably, 1thel polycarbonates are linear

DL DY RSP B SSRGS i

hydr OXythilgylht)lﬁﬁﬁddi’Mi@ém tBRdlistlosdre: bi s(4- hydr oxyphenyl ) cycl ohexane;

di hydroxyaryl ethers such as 4, 4'-di hydroxydi phenyl ether and

4, 4" di hydr.oxy- 3,3"' - dinethyl henyl et her; di hydroxydi aryl sulfides such as
4,4 -di hy&wﬁpéﬁ%éhfywolwhqna@ oligeeners, Asuaéiw@pawolx@n@l%taah%l RO menleheny!
sul fide; [ f i

sul f oxi de@g%@%@gﬁﬁgdﬁ% ro% (gfﬁg%ﬁostﬂg%ﬁgﬁur ny}? lggg?l%m %,Q B:}gﬁ?c'ﬁ&a’l &

di hydr oxy@gamtylaresuhlﬁmdeﬁ)rweﬂy hsnole 4f i hmdraﬂxyﬂh)mnmyyborﬁpkbdndnelnamda 4,4 -

di hydroxy-3.3'.- di meth |, sulf .8 WD.03/ 050161 PCT/ USO2/ 35115 It
is al so pSabrgieents tbé) fhg tBPg%ﬁ&%dPP]FéPEg‘FC Wrdiestspsngtigedr a
copol ymer ®ftionally, the carbonic diester acid component for preparing the oligomers may

contain a minor amount, e.g., up to about 50 mole % of a dicarboxylic acid or its ester,

such as terephthalic acid or diphenyl isophthalate, to prepare polyester polycarbonates.

The synthesis of polycarbonates may be conducted in the presence of a catalyst, e.g.,
to promote the transesterification reaction. Examples of suitable catalysts include
quaternary ammonium compounds, quaternary phosphonium compounds, alkali
metals and alkaline earth metals, oxides, hydroxides, amide compounds, alcoholates,
and phenolates, basic metal oxides such as ZnO, PbO, and Sb,Os, organotitanium
compounds, soluble manganese compounds, nitrogen-containing basic compounds
and acetates of calcium, magnesium, zinc, lead, tin, manganese, cadmium, and cobalt,
~ and compound catalyst systems such as a nitrogen-containing basic compound and a
boron compound, a combination of a nitrogen-containing basic compound and an
alkali (alkaline earth) metal compound, a combination of a nitrogen-containing basic
compound, an alkali (alkaline earth) metal compound, and a boron compound, or
combinations comprising at least one of the foregoing catalysts. When more than one
catalyst is employed, each may be incorporated into the melt at different stages of the

reaction.

Preferably, the catalyst is a quaternary ammonium compound or a quaternary

phosphonium compound. Illlustrative non-limiting examples include tetramethyl



a di hydric phenol with a glycol or with a hydroxy- or acid-term nated

pol yester or wth a dibasic acid or hydroxy acid in the event a carbonate
copol ynmerwpaisriet han a honopol ynmer is desired for use. Porgsoybates and
pol yester-carbonate resins or their blends can also be enpl oyed.
Preferably, the polycarbonates are |inear honopol ycarbonates that are

capabl e of, gﬁﬁ@rpﬁxﬁl' hYatRe agldl LA OEL mih &Gl 2k tla{engtetrg'ﬁgllgﬁlg/l 'eﬂnﬁ&ﬁ%dance

with this osur n preparin e polycar onéte mers, usual
about 1. thmhdetdaahnmhﬂlzﬁmnmnhms1Bm@ﬂmmﬁa&bnnectaamﬂmQHe$hﬁmh@mmniIar to

t he struct re ed mn he. branchi.n ent) are utiljzed for every 1
mol e of t ﬁ%n&? @0@8 o‘iﬁﬁﬁpheg}ﬁl Eateq rfﬁ%%uﬁénﬁ’ho%?g%ﬂlml 01
nol es to ahatdkide, 2@trﬁ&lt Jﬁesﬁﬂﬁﬁlﬁ(f‘r&@w‘[& HdehREthdT &dipiidnyl Z88monium

Optionally, the carbonic ster acid conponent fof preparing the oligoners
may cont diydroxidei nor anount, e.g., up to about 50 nole % of a dicarboxylic
acid or its ester, such as terephthalic acid or diphenyl i sophthal ate, to

D b e DlSgh bl ea Al SE, TS LTS S RSl HALPRR T e

transest erehfpl@ati on gemﬂ; tlﬁﬁotaEXrﬁﬁimitQﬁ" catalystlis tuai@aUEy mh@femgé 8f htisuk Ude
quat ernary qnnnnlunlco quat ernary phosphoni um co ounds aIkaI

met al s andYalRaPPHd- %é?‘tl‘?lp?ﬂb‘i‘lalles‘)ft@(ﬂ’@é@""h?@l@@%‘i‘%sop
al cohol at g, oﬁn&teﬂgﬁqgl gnﬁ? db@a%hcin o nc&? gzﬁ?d HG r‘l’he‘f"ﬁleﬁrélpa (ﬂ?gen@nd

Sb(err)CXerr organotit n1 conpoun e nmanganese conpounds
ni t r ogen- ctugt af themepddi@si ¢ conmpounds and acetates of cal cium nagnesi um
zinc, lead, tin, manganese, cadm um and cobalt and conpound cat al yst

systens such as.,a nitrogen-cont |n|n and a oro conmpound,
pepdtigie it R ARt S R R I S

(al kal i ne peBichfbpndtet alExafpRBUDH tenifABRI Maduden pRénd, PLFHORBNPIEABE apNi Ng
basi c conpound an al kali (al kaline earth) neF conpound and a boron

conpound, c8mylnbendli Aelyinkgeolc BamHphsnaband o1héla§nd0@pbmsfag@mte Wedir kg
catalyststh%ﬁfn nore than one catalyst is enployed, each nmay be
incorporated I'nto the nelt at different stages of the reaction.

In order to obtain a faster and/or greater build in molecular weight of the
polycarbonate oligomer a coupling agent (similar to the structures employed with the
branching agent) such as a bis-alkylsalicyl carbonate, e.g., bis-methyl or ethyl or
propyl salicyl carbonate, bis-phenyl or benzyl salicyl carbonate, bis(2-benzoylphenyl)
carbonate, BPA-bis-2-alkoxyphenylcarbonate, BPA-bis-2-aryloxyphenylcarbonate, or
BPA-bis-2-benzoylphenylcarbonate may also be added to the polycarbonate oligomer.

The process of manufacturing branched polycarbonates generally takes place in a
series of reactors. In general, the temperature is increased and the pressure is reduced
along the reactor train. Since the reaction is an equilibrium reaction, byproduct
phenol is continuously removed from the reactors to ensure the desired or targeted
molecular weight. The reaction preferably occurs at temperatures greater than about
230°C, with about 270°C to about 310°C more preferred. The pressure of the reaction
is preferably reduced to a pressure less than about 0.8 torr, with about 0.2 to about 0.6
torr more preferred. Once the final branched polycarbonate target specifications have

been reached, a quencher composition may be added and the mixture is passed
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Preferably, the catalyst is a quaternary ammoni um conpound or a quaternary
phosphoni um conpound. Illlustrative non-limting exanples include

t et ramet D 0305001 03/ 050161 PCT/ US02/ 35115 anmmoni um hydr exirdsp2/s813 anet hyl
amoni um acetate, tetramethyl amonium fluoride, tetranethyl ammonium
tetraphenyl borate, tetraphenyl phosphonium fluoride, tetraphenyl

phosphoni I r o ofiet ] i j

et abuty1 SR o 2t Bizet] THR Aelcop R SR Sa s BYRHEE £hfen ;o
The appr opnodet@ d @ndhuafs madeal yst wi || depend in part on how nmany catal ysts
are being enployed. In general, the total amount of catalyst is usually in

t he range f about. 1 -8 10 about 1.0 | e per l.e of the, di.hydroxy
conpound. '%St Pd 3a[rp§}13a)§%oi)ga1@ e e{)ﬁgn%ﬁ]t & 5%3{ ﬁr{‘g’lﬁ%’l 89e‘_§, a@&%ﬁ may be
i ncor por atadeorbeiitPa id p@bdsint agandia fcbRirAM} an &ltA8EHOhgchN® 16BA&ht, 3R anti-

Term nators or endcappi ng agents nmay al so be used dgurl ng the manufacture of

the pol ydaegipaagent, Enauil o4, afflamsraiandanb e anticoxidmnt phaymdietic oil, a wax,
DUt BBERCk R aSH T BR0 R, SH BOSRRLyMRIRRIR, o ot he

endcappi ng ag é ar ainh a faster
and/or greater build in nolecular weight of the polycarbonate oligoner a

coupl i ng afenttrafchimg hgant taad tifi presety dieucaeSorderptidydiestsy, hitnyt heeadded aaché ng
agent) such.as _a bis-al kylsalicyl carpbonate, e.g. i s-nmethyl or ethyl or
propyl salOBRrRORRESHZPEEr B %nyp%@?ﬁlrag PBRATEYIE g&hﬂ@@a deriienibR stgusion

bi s(2- benzpydeRd eMplokiucd BRAGRAL SolyBRiRIes - 4n 3hbRXY BREEYhEA!, R Ghfehin

BPA- bi s- 2-aryl oxyphenyl carbonat e, or BPA-bi s-2-benzoyl phényl car ongdt e may

al so be adger, oothe rombinajion o brenchingldgesraad .carbbhie guiddiestst, of addedafftact ur i ng

branched | ycar bpnat es..gener.al | akes place in eries of re rs. In

general , ItCE ﬁee}g@é’ﬁ%g?%att%? gg?ngeri I r%aé’i“é‘ga ‘ge‘f"ﬁ%r %?lggts@ﬁ‘éfs BEealeL e‘ggé(gl ong

the react ahltbfisai PrefeRiblg,ahd WRv beaetfiraNbiafclad RUpattoRhte WaRik &3 tdagiaboly pr oduct
24,000 daltons.

Advantageously, the branching agent may be added to polycarbonate oligomers
containing Fries structures to produce branched polymers with controlled melt
strength properties. As used herein, the terms “Fries” and “Fries structures” denote a

repeating unit in the polycarbonate having the formula (XI) or (XII):

I,
O

wherein R* R p, q and X are the same as described in formulas (IX) and (X).

(XID)
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phenol is continuously renoved fromthe reactors to ensure the desired or
targeted nolecular weight. The reaction preferably occurs at tenperatures
greater twem3aboat 230C, with about 270C to about 310C npce/uysor$dans ed. The
pressure of the reaction is preferably reduced to a pressure |ess than
about 0.8 torr, with about 0.2 to about 0.6 torn nore preferred. Once the

fi | b A ] R i . d, a
(| nal ot anglefl SRl arRenaLS, L ARL SRR LLSRLONS LS 1 NES ERES
03/ 050161 {REHE/PUBAINBE {iIm), titlolegthan 1 S80 ppaienorepeetd, iitlzies thiihg0o@act i on

can be carried out by e%tghgzr{ﬁl bgtch o or a contjnuous node. The
pol ycar borRRT CHH BPraucisEyd P YHBAess PRPIhRRSt etsHEd zer, an
ultraviolet absorbent, a nold rel easing agent, a colorant, an anti-static

agent, a |uRRéAABE noRA tRdtithe biaABHINBoRMEN bolyrBHat Rhy Sl corflaih ké¥i®yal
retardant, an anti-oxidant, a synthetic oil; a wax, 7an organic filler and

an i nor gardteoutity pewnreggviersd phenolgeuneeastddybraseing agenhendthe likeh@réfemhlhi ng
agent and resent . the carboni.c .aci d dies maydbe added. to the

pol ycar bontlg% gpa&%ﬁ%d(;?%}mg?on %ycogpaélbseleﬁfutg?théb%\&g@%?@’inno %GSP&%F%QI‘G&BF% ng the
extrusi on lefy thasout 300 ppaiusambsaaa heshchRlgkpaitiddaés han dboanSiNSim of

enbodi nent, the branching_ _agent, or the conbination of branching agent and

car boni ¢ a¥FepctRdesranic gaad digled after the pol ycarbonate ol i gomer has
reached a nol ecul ar weight (Mv) greater than 4,000 daltons. Preferably,

the Mv of fhgnfd ﬂaeéto%gf&mﬁﬁdp&kwaﬂg,bﬁ J &I D rgﬁdpg{etg@tﬁgsi%la%em 24, 000

dal tons. Advant ageousl’y, the branching agent may be ol'ycarbonat e
ol i goner s ofceadtminmfithe Braneking tagenttdue és pbor mixidgcshotirrasidéned tipd, ymeapdd Wi t h
controlled .t .strength properties. As _used herein, the te "Fries" and
"Fries st rYPrc{?EtHVQ on gr?g? é)rénmgéﬁgﬁ?f‘ﬂﬁs‘ur{?tsu? 2998, Be %@be%%&fﬁaclﬁa%i ng the
formul a (XdgenOFfeacttdd kan /beRuRolably) Mcretbeidbithelt mixing the branching agent or

branching agent and carbonic acid diester with a small amount of basic catalyst (such

as tetramethylammonium hydroxide) to produce a higher molecular weight carbonic

acid diester of the branching agent which can then be added to the polycarbonate

oligomer.

For blow moldable resins and sheet applications it is desired to increase the melt
strength of the final resin. A measure for melt strength is the Melt Index Ratio (MIR),
i.e., the ratio of Melt Volume Rate (MVR) determined at two different loadings. The
branched polycarbonates produced by any of the embodiments preferably have a melt
index ratio (MIR) of greater than about 1.3, with about 1.5 more preferred, with
greater than about 1.7 even more preferred and with greater than about 1.8 most
preferred. Also preferred is a melt index ratio less than about 4, with less than about 3
more preferred, with less than about 2.75 even more preferred, with less than about
2.6 most preferred. Preferably, the MIR value of the final resin is increased by at least
0.04 units relative to that of the polycarbonate oligomer to which the branching agent

is added, with greater than 0.4 units even more preferred.

For the purposes of this disclosure, MIR is based on a measurement of melt volume
rates exposed to two different loads (i.e., force) in accordance with an International

Standards Organization procedure identified as ISO 1133. The melt volume rate

12



O(XlI) Rp (Rb)g-O0Xa O O(XIl) wherein Ra Rb, p, q and Xa are the sane
as described in formulas (I X) and (X). 11 WD 03/050161 PCT/ US02/ 35115 1In
a preferrwooabuodi nrent, the anount of Fries structures pr@senisoy/ssiiess t han
2,000 parts per million (ppm, with less than 1,500 ppm nore preferred,
with less than 1,000 ppmeven nore preferred and with | ess than 500 ppm

nost pref y ikt 0 h e .br ane ti ol ycarbonat e
may still e%ﬁ?%i 1% %@g%ﬁldpﬁ%%ohﬁﬂ g& o@%‘ﬁm@’eé@v@?g%%%%@ﬁg S, I(Cgrrlﬁ’eggt %d
br anchi ng thgemiplastid redie that ken b&f@ted godbygh art bréfider affiatoeth dialeysiandanat e

contains |ess an about 500 m_of unrecovered. phenols, |ess than about
500 ppm ofsut?ﬂﬂcéa’gé? 83‘“8?’85%%??\ nlevatedifpprate Wil agyen PEmS Ypmof
unreacted carbonic acid diester. In sone reactor systenms and extruders, it

may be di fThchisélofiRe i€ asthet ri'l@qs%ﬁ.ﬂr‘tﬁﬂth@%ﬁwingq{onflﬁﬁﬁﬁg%Qaﬁ’%lefs.hﬁn_tiﬁ@n_chi ng
agent due to poor m xing, short residence tinme, or raprd volatilization of

one or noriellewigorentoies, hbrangbingzngents or achmbimetion of afbrigrchingtgant amsigent

! plss, i caiser achubintionof of .
or anchi ng. apete M BAR L SEREH, APk Ao Jramalbre et .

catal yst (quaRlt hatiet FaRstid@MTRS ielampbled foxhaehcli@e R6RPMERVA dith aber
nol ecul ar wei ght carbonic acid diester of the branchi ng agent which can

then be adfe¥rationatgeoligomess sy tkyeprogessesbmithoutrthe asidiignnef thepbrenchirg Es and
heet | i b diyid 5 i . i : e o} e
T T T e

i .e., the prapérgesodf Nbé tpoliehboratRatlézofidvRImsleyest, mhadedbata comiioh§ enent

i di t
lpfgg IeP g;l %I%gvégéﬁﬁgf %rgc%lszca% 2 Q\% elg "Pa{b?éj Li?eq’hg yavgrra}%e %Ileiéhqemg eCI?la% ment s

weight (Mw) and average number molecular weight (Mn) were measured by gel
permeation chromatography (GPC) analysis of 1 milligram per milliliter (mg/ml)
polymer solutions in methylene chloride versus polystyrene standards and corrected
for polycarbonate. Melt volume rates (cm’/10 minutes) were carried out using
International ~ Standards Organization standard conditions (ISO-1133) for
polycarbonate at a temperature of 280 °C and at loads of 2.16 kg or 21.6 kg. MIR is
determined from the ratio of MVR at the two different loadings and is calculated with
the following formula: MIR = (MVR at 21.6 kg / MVR at 2.16kg)/10. Generally, the
higher the MIR, the greater the melt strength properties.

Table 1: Properties of the different starting polycarbonates.

Mw Mn MVR MVR MIR
Polycarbonate (g/mol) (g/mol) Polydispersity (4 min, 4 min.
(PC) 2.16kg 21.6Kg
Oligomer 280 °C 280 °C
A 8111 4,050 2.003 NM NM NM
B 18,522 8,373 2.212 59.95 NM NM
C 26,365 11,418 2.309 9.97 123 1.23

NM = Not Measurable
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index ratio (MR) of greater than about 1.3, with about 1.5 nore preferred,
with greater than about 1.7 even nore preferred and with greater than
about 1. 8wowmswsoipreferred. Also preferred is a nelt indexPCcatise2/ssss t han
about 4, with | ess than about 3 nore preferred, with | ess than about 2.75
even nore preferred, with less than about 2.6 nost preferred Preferably,
the MR v r S
relative ?t %e%&%cah{e& Lel 8‘@) yegilr:%g%g%ﬂeﬁgllﬁggﬁgrlb e%\%)\hakr?eﬁ ttdl ranc e%rg agent
i s added, fwrmhhagcadinepug hasctr, 4whekeirs pelyearbonate Pr éfosv rlﬁdleclﬂrmr wdightpur poses
of this disclos r?ehFQCI}YIR IS aseg on a rreasureneq)g of nmelt volunme rates
exposed t dPRe° igpmer gaigined;at the early, siages it the CopHipuats de3RiqTPTasess
Internati omal. SoaR d%ﬁae%ggme%ﬁ%al% PURERHT Gre ig‘ﬂ%mié fobBEnS florP fkd 33. The
melt volune rate 12 WO 03/050161 PCT/ US02/ 35115 MVR) is generally

def i ned ascontiBuasweastor 4t an um@rr@dwémtagﬁemehepl(ocm)ﬂomchdycarbrmamfb(lraghr c

t hat be f dt f
gﬁﬁj gct eg ?Cﬁ&lﬁeg\ﬁ?\é grs lp%]peg;h%? e@%t@ht?f@?flﬁer%‘:t r g e\nq%tﬁf ﬁtage df\{\ggﬁ peri od
of tine. pibessfis@l osure is further illustrated by the follow ng

non-limting exanples. In the follow ng exanples, a branching agent, or a
conbi nation of _a_branching agent and a carbonic acid diester, was added to
a pol ycar boRERe b | gonmer and its resulting effect on nelt behavi or was
studi ed. The exanples further include conparative data for polycarbonate

ol i goners {i fHid AxhNpR! OF 8SSRGNbN e LhaE chfEnH'\Qﬂh %o g @5@9@95&& agent

or a conbination of the branching agent an e carbon Iester. The
properti esoltgbnmhé podey guirtgenat Rolpdaippmter ol@qni@mfedwlthmd ghdgdditiconf amyious

ol ccul ar DRETG 265 ol SOEREY of TR BBR o KETGE () e o
nmeasur ed Qﬁér‘tﬂﬁhc adI@INRRL) R @H&h(}féﬁfeag{) ARBYpEERES o8B0 y@'a?rd%ftm%d T o gr am

per mlliliter (ng/m) ‘polymer solutions in nmethylene chloride versus
pol ystyr ertem@t@andAﬁds t}aandlebanneng sthge,f ovagoiny ceasbapéicé .to Mbé tsysterth uoea 1 at es
(cn8/ 10 mpqggsgrs ﬁ ) r ! eﬂqeorl'(latact'ijoshl ngs continued for an additional 30 minutes.

The finished polycarbonate polymer was then sampled from the reaction tube, the

results of which are shown in Table 2.
Example 2.

In this Example, the batch reactor tube is charged with 50 grams of polycarbonate
oligomer A and 0.25 g (0.816 x 10™ mol) 1,1,1-tris (4-hydroxyphenyl)ethane (THPE)

and processed as in Example 1. Formula (XIII) illustrates the chemical structure of

THPE.
G
HOOCOOH
OH (XIID)
Example 3.
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I nternational Standards Organization standard conditions (1SO 1133) for

pol ycarbonate at a tenperature of 280 C and at |oads of 2.16 kg or 21.6 kg.
MR is owoaeswsried fromthe ratio of WR at the two differemtushwadifngs and
is calculated with the followng fornula: MR = (MR at 21.6 kg / MR at
2. 16kg)/ 10. Generally, the higher the MR the greater the nelt strength

ropertie i f ates
I e R e R S R

mn. (PC) dligbfleg 2108Kg (OBl@ants” 280) CHPEDak A.4841d 11 42@5;01@3 ﬁmﬂ) N NM NM
B 18,522 8,3 59. 95 MC26365114l82309997123123 NM =
Not Nbasurraﬂﬁﬁlsé§y{1ﬂ®r@§lﬂ@5éwﬁ\l ) peagerspypegy pd BIReesse A alth drxarelcolli gomer s
charact er i gl (XTeh ifustra®s ﬁlé)@lreﬁh&?gtr@&ulg'off @nt stages froma

conti nuous reactor, “wherein polycarbonate A ( M/nnlecular wei ght)
represents the ollgoner obt ai ned at the early stages in the continuous
reactor process flow Polyc nakf termedi ate nmol ecul ar weight) is
obtained fromthe continuou act n internedi ate stage in the
process flow. Polycarbonate C hﬂéh C’erI cular weight) is obtained fromthe
continuous reactor at a |at stage in t process flow. Exanple 1. In

this Exanple, a batch reactor tube was oharged wth 50 g of pol ycarbonate
ol i goner A under nitrogen. PolymgrbonatéHgllgo%gg (wi thout the addition
of any branching agent or the addition of the i nati on of a branching
agent and a

Example 4.

In this Example, the batch reactor tube was charged with 50 grams of polycarbonate
oligomer A, 0.25 g (0.816 x 10 mol) THPE and 0.262 g (1.223 x 10° mol)
diphenylcarbonate (DPC) under nitrogen and processed as in Example 1. Formula

(XIV) illustrates the chemical structure of DPC.

o)

O~

Example 5.

In this Example, the batch reactor tube was charged with 50 grams of polycarbonate
oligomer A, (0589 x 107 mol)  4,4’-[1-[4-[1-(4-hydroxyphenyl)-1-
methylethyl]phenyl]ethylidine]bisphenol (TrisP-PA) and 0.189 g (0.883 x 10™ mol)
DPC under nitrogen and processed as in Example 1. Formula (XVI) illustrates the

structure of TrisP-PA.

OH
¢Ha
H3c~c@—g@w
CH,
OH (XVI)
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carbonic acid diester) was then heated to a tenperature of 310 C and
stirred for 20 mnutes. After the nelt m xing stage, a vacuum was applied
to the sywoanwsmern pressure of 0.5 mllibar. The reacti oRCEASOIDENIF nued
for an additional 30 minutes. The finished polycarbonate polynmer was then
sanpl ed fron1the reaction tube, the results of which are shown in Table 2.
Exanple 2 dbs Exanple, the batch reactor tube is charged with 50 gramns
of pol ycarEbongte oligonmer A and 0.25 g (0.816 x 10-3 nol) 1,1,1-tris

(4- hydr oxyphenyl )ethane (THPE) and processed as in Exanple 1. Formul a

(XI 1) il ughis dxempieh¢hechaich caktos tubgcwas ehagded WiHPED gCids of—pblybaﬂwna(a-l (X1

eactor 1 SHEORESANAR ded. WECh  SOTgH e ToH By ES BPRE AP B RA k. 0. 25 ¢

(0.816 x ktBylpRinbl THP@E]}@&QTQES#—QZ@)Qaﬁdl 0223 ¥ 4978 #oi0° @ol) DPC under

met hyl sal i cyl carbonate ('MSC) under nitrogen and ?rocessed as in Exanmple 1.
For mul a ( Xityggen|andgroeesses! ashia Baamle dl F@mul@t(a(r\él ol lugiedss b -s@uctare®f O 0

CH3 CH3 ( I In this Exanple, the batch reactor tube was
char ged w@%ﬁlgﬁ%&{a&gﬁ%f pol ycarbonate oligonmer A 0.25 g (0.816 x 10-3

nmol ) THPE and 0.262 g (1. 223 x 10-3 nol)
2 OH H2 OH
CHs (XVID)

Example 7.

In this Example, the batch reactor tube was charged with 50 grams of polycarbonate
oligomer A, 0.25 g (0.805 x 10 mol) 4,4’,4”-methylidyne tris cyclohexanol (9H-
TPPHBA) and 0.259 g (1.208 x 10™ mol) DPC under nitrogen and processed as in
Example 1. Formula (XVIII) illustrates the structure of 9H-TPPHBA.

H
o OO

OH (XVIII)
Example 8.

In this Example, the batch reactor tube was charged with 50 grams of polycarbonate
oligomer A, 0.25 g (0.565 x 10 mol) 4,4’-[1-[4-[1-(4-hydroxycyclohexyl)-1-
methylethyl]phenyl]ethylidine]biscyclohexanol (9H-TPPA) and 0.181 g (0.847 x 10”
mol) DPC under nitrogen and processed as in Example 1. Formula (XIX) illustrates
the structure of 9H-TPPA.
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di phenyl carbonate (DPC) under nitrogen and processed as in Exanple 1.
Formula (XIV) illustrates the chemcal structure of DPC. O 11 ao-C0-0
(XV) Exawplog/o5nie6l n this Exanpl e, the batch reactor tube wag/ushzsyes] with
50 granms of polycarbonate oligoner A (0.589 x 10"3 nol)

4,4' -[1-[4-[1-(4- hydroxyphenyl)-1- nethyl et hyl ] phenyl ] et hyl i di ne] bi sphenaol
(TrisP-PA) and 0.189 g (0.8833f 10-3 nmol) DPC under nitrogen and processed

as in Exanple 1. Formula (XVI)] Illustrates the structure of TrisP-PA OH
CHOC/,-OH H3C-C a C CH3 OH ) 15 WO 03/050161 PCT/ US02/ 35115 Exanpl e
6. In this Exanple, the batc actor tube was charged with 50 grans of

0-3 nol)

@t hyl phenol

-3 nol) DPC under nitrogen and
illustrates the structure of

C C CH3 CH3 CH3 (XVII)

OH (XIX)

pol ycarbonate oligonmer A, O.

2, 6- Bi s[ (2- hydr oxy- 5- net hyti3ohé
(Met hyl eneTri sP-CR) and 0. 23
processed as in Exanple 1. H
Met hyl eneTrisP-CR. OH H2 OH ¢

Example 9.

In this Example, the batch reactor tube was charged with 50 g of polycarbonate
oligomer B under nitrogen (without the addition of any branching agent or the
addition of the combination of a branching agent and a carbonic acid diester) and

processed as in Example 1.
Example 10.

In this Example, the batch reactor is charged with 50 g of polycarbonate oligomer B
and 0.25 g (0.816 x 10™*) mole THPE under nitrogen and processed as in Example 1.

Example 11.

In this Example, the batch reactor tube was charged with 50 g of polycarbonate
oligomer B, 0.25 g (0.816 x 10 mol) THPE and 0.262 g (1.223 x 10™ mol) DPC

under nitrogen and processed as in Example 1.
Example 12.

In this Example, the batch reactor tube was charged with 50 grams polycarbonate
oligomer B, 0.25 g (0.816 x 10~ mol) THPE and 0.404 g (1.223 x 10" mol) MSC

under nitrogen and processed as in Example 1.
Example 13.

In this Example, the batch reactor is charged with 50 g of polycarbonate oligomer C

under nitrogen (without the addition of any branching agent or the addition of the

17



Exanple 7. In this Exanple, the batch reactor tube was charged wth 50
grans of polycarbonate oligoner A 0.25 g (0.805 x 10-3 nol)

4, 4" | 4" - nwolwlosdyne tris cycl ohexanol (9H TPPHBA) and 0. 26%/U$0%/351208 x
10"3 nol) DPC under nitrogen and processed as in Exanple 1. Fornul a
(XVI'11) illustrates the structure of 9H TPPHBA. /~~ H~\ HO-( c--( }-OH

OH (XVIII) e hi @ﬁaml , . bat ch. .char ged
wi th 50 grcgmn@%@%o?ii%g#@%@?zdg ol | goﬁlg‘?ltb ,ﬁlCO. c?abers%ﬁ%‘g{sp %(Old%g?%@%ﬁrﬁ)

4, 4" -[ 1- [ £atnpléi hydr oxycycl ohexyl ) - 1-

met hyl et hyl ] phenyl ] et hyl i di ne] bi scycl ohexanol (9H TPPA) and 0.181 g (0. 847
x 10"3 ndﬂbg% DPC zynder nitrogen and processed as in Exanple 1. Formul a
(XIX) ill apggtl%é " the structure of 9H TPPA. 16 WD 03/050161 PCT/ US02/ 35115
OHCH3 H3GC\ CG-(rOH O0CH3 \~ OH (XIX) Exanple 9. In this Exanple,

t he bat ch IheRhis tRxanipld)ehdBstcl Raic@eds Whdrbed®itl 50fg BPPNGHTBRRY Bligoddraomer B
under nitro w thout the addition of any branching agent or the

en ( . .
addi ti on c?ﬁlgtor-?é £ dhdl Gral Y omods) THIRF weden pitepean end pragessed asindéemplati d
di ester) and processed as in Exanple 1. Exanple 10.

Example 15.

In this Example, the batch reactor tube was charged with 50 g of polycarbonate
oligomer C, 0.25 g (0.816 x 10™ mol) THPE and 0.262 g (1.223 x 10® mol) DPC

under nitrogen and processed as in Example 1.
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In this Exanple, the batch reactor is charged with 50 g of pol ycarbonate
oligonmer B and 0.25 g (0.816 x 10"3) nole THPE under nitrogen and

pr ocessedwadsiomiEkanpl e 1. Exanmple 11. In this Exanpl e, w®h#/usar/ad11¥eact or
tube was charged with 50 g of polycarbonate oligoner B, 0.25 g (0.816 x
10-3 nol) THPE and 0.262 g (1.223 x 10"3 nol) DPC wunder nitrogen and
processed "Ezf’olie@ Exanple 1. Exanple 12. In this Exanple, the batch reactor
t ube was charged with 50 grans pol ycarbonate oligoner B, 0.25 g (0.816 x

10"3 nol ) _THPE and 0. 404 (1.223 x 10"3 nol) MSC under nitrogen and
processed] as [n kExanple 1.] Exanple [13. In this Exahpile, the|kakch reactar
i s chargedg [ h 3@.8ciRf, pO'A}é{iﬁﬁtbon M, ol i gonerp L U{Zlde#hmﬁlés gagﬁmm{ew ;I\hﬁl'It
t he addit}on Jfoar/\gerhyranch agent| or the additi oy Rfigt hes 16100 03/050161
PCT/ US02/ 35115 £ ¢ amibbragt i on( o? a brfanchi ng agent an:dgo‘a: car bppgoec aci d
diester) and pripcdssed as [in Exanple 1.| Exanple 14. In this Exanple, the
bat ch reaci:or| ks charged wi.th 50 g |ohoko| %oar ponat pa0f 1 gonefsfzy and (G323 g
(0.816 x {10-3| nolie) THPE under nitrjogen fand procesged as in|Exanple|l.
Exanpl e 15—tp—thi-s—Exanphe—thebatchreactor—tubpwas—chafgedw-th 5019
of pol ycarbonafe | THPEgomer| 48160155 2989 [g0883 | 26583 #4f1 ) THPEMhd 0. 26254
(1.223 x [10" 3| nol|}-BPC under-ni trogen and prjocessed as in Exanple 1. 18 WO
03/ 050161 PCT{ WS02H86115 |k 16 | 30082 | 10794 | 2.787 | 5.41 105.3 1.95
MSC 1.233x 107
4 A | THPE 0.816 x 107 | 36458 | 12473 | 2.923 | 2.04 54.6 2.68
DPC 1.233x 107
5 A | TrisP-PA 0.589x 107 | 31866 | 11966 | 2.663 | 4.11 70.9 1.73
DPC 0.883x 107
6 A | MeTrisP-CR | 0.718x 107 | 28838 | 11024 | 2.616 | 7.79 140.1 1.80
DPC 1.076 x 107
7 A | 9H-TPPHBA | 0.805x10® | 34354 | 13595 | 2.527 | 4.43 66.3 1.50
DPC 1.208 x 107
8 A | 9H-TPPA 0.565x 107 | 27037 | 11447 | 2,362 | 10.3 143.0 1.39
DPC 0.847x 107
9% | B |- | e 19704 | 8742 | 2.254 | 43.0 >350 >0.8
10 (B | THPE 0.816x 107 | 22872 | 9299 | 2.460 | 20.5 316.0 1.54
11 |B | THPE 0.816x 10 | 22964 | 8995 | 2.553 | 19.6 349.0 1.78
DPC 1.233x 107
12 | B | THPE 0.816 x 10° | 25766 | 10148 | 2.539 | 10.7 179.0 1.67
MSC 1.233x 107
[ S O G I (- 27760 | 11928 | 2.327 | 9.56 120.0 1.26
14 | C | THPE 0.816x 107 | 27942 | 10601 | 2.636 | 30.5 398.0 1.30
15 |C | THPE 0.816x 10 | 25745 | 9921 | 2.595 | 9.81 163.0 1.97
DPC 1.233x 107

PC=Polycarbonate; Pd=Polydispersity

* Examples 1, 9, 13: polycarbonate oligomers processed without the addition of a

branching agent or a combination of a branching agent and a carbonic acid diester.
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MWR MR Ex. Branching Amount MNM Pd (4 mnutes, (4 mnutes, MR sm
Agent/ (nol) 2.16kg at 21.6kg at H Carbonate 280C 280C ME diester |I* A
-------- WO-03/050161 22046 9691 2.275 25.5 333.0 1.31 -----PCI/US02/35115 2 A
THPE 0.816 x 10-3 29305 10983 2.668 5.66 99.3 1.75 -------- ------- 3 A
THPE 0.816 x 10-3 30082 10794 2.787 5.41 105.3 1.95 MsC 1.233 x 10-3 4 A

Tr1 sp-pA 0563 R 18} 3 Skads 15 GEREeRh 1 g s A 87RO 5
A MeTri sP- @mnlingtidh with @"c3rbd8R3Bidldiogdr PEabfplds 78, 18021141 B0incERE2dIthO76 X

10-' 7 A9 PPHBA Q. 805 x 10-3 34354 13595 2.527 4.43 66,3 1.50 DPC 1.208
x 10 3 8 Apg O?Wﬂr%.%@so%%ssm %@ @?fygazrbma?hé%m wiihout tﬁabwc ing ggentpc

0.847 x 10¢Eafipld I, 9; and 13%.- IndividuallylRid0k 8 6%118111%3% élét@th%gy‘égrcﬁ%o&te
--------------- 10°B THPE 0. 816 X "10-3 22872 9299 2 460 20. 5 316.0 1. 54
11 B THPE oli@neerpraducgd 22gauchgd polyzarhssate Svich 3 thcpeage iBmeRGedgthIBm 10- 3

12 B THPE :960%%‘6.&1 tc]i %Bgut%y]@ﬁR]ﬁ%l £s1.8 A%dl?l?é%hel gr'agcl%uzg 'agen% in6c70mbination with a
carbonic acid diester synergistically increased melt strength by greater than 0.6 to
about 1.3 MIR units. Moreover, an increase in MIR was observed for higher
molecular weight oligomers (polycarbonate C) indicating that the branching agent, or
combination of the branching agent and carbonic acid diester, can be added at various
stages (including during extrusion) in the process flow to increase the melt strength of

the finished branched polycarbonate.

Comparative examples 16-21 illustrate the effect of the addition of a carbonic acid
diester without a branching additive to the polycarbonate oligomer. Generally, as
shown in Table 3, the addition of a carbonic acid diester without a branching agent did
not affect melt strength properties. Table 3 also includes the melt index data for
branched polycarbonates produced without the addition of a branching agent or a

carbonic acid diester (Comparative Examples, 1, 9, and 13).
Example 16.

In this example, the batch reactor tube was charged with 50 g of polycarbonate
oligomer A and 0.262 g (1.223 x 10" mol) mol DPC under nitrogen and processed as

in Example 1.
Example 17.

In this example, the batch reactor tube was charged with 50 g of polycarbonate
oligomer A and 0.404 g (1.223 x 107 mole) MSC under nitrogen and processed as in
Example 1.

Example 18.
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MBC 1.233 x 10-3 13* C -------- -------- 27760 11928 2.327 9.56 120.0 1.26
--------------- 14 C THPE 0.816 x 10-3 27942 10601 2.636 30.5 398.0 1.30
-------- wWO-03050161L5 C THPE 0.816 x 10-3 25745 9921 2.595 @C3WSLHIRIOS 1. 97
DPC 1.233 x 10-3 PC=Pol ycar bonat e; Pd=Pol ydi spersity * Exanples 1, 9, 13:
pol ycar bonate ol i goners processed w thout the addition of a branching

agent or I {0 Al i k jgster. 19
W0 03/ 050181 BeH CRIE e S RAERER M ARk 30% B FRLORRh R EI Rt IR

br anchi ng agen262 g fc22si it hple) DRGundeo nttiagah badpmcedsedaciarixanipie Bei d

di ester (Exanples 2-8, 10-12, 14-15), increased the MR conpared to
processi ng.t he lgg%ycar bonate oligoners w thout the branching agent

(Exanpl es rany d 13). Individually adding the branching agent to the
pol ycarbonate ol igoner produced a branched pol ycarbonate with an increase
in melt sthehgtdkampRNthedbath rddcf id ShadAUlitR 56 JMRpdldiBonafdsligdehd: e
branching agent in conbination with a carbonic acid diester

syner gi st i 2@810-404 §1dr Edse 0 natote) M€ Hadar nifyogsn aad srocessas apinsExamplabout 1. 3
MR units. Mreover, an increase in MR was observed for higher nolecular
wei ght ol i@&gg]ﬁﬂg g pol ycarbonate C) indicating that the branching agent, or
conbi nati on of t%e branchi ng agent and carbonic acid diester, can be added
at various stages (including during extrusion) in the process flowto

i ncr ease thehiseixampte; dreghdiclnfeactohés ¢hangesihedh 560 anafedy@obonater dipoatee .C

Conparative | £s,,16-215 1 | te. the effect of the addition of a

car boni c aa&dwga@tze%% ﬂﬁh@ﬁle')li)tﬂtgf%ﬁpﬁﬁ)g%a? PROESSSE 38 Wgﬁalr'bonate
oligoner. Generally, as shown in Table 3, the addition of a carbonic acid
di ester wilkh@ifle a1.br anchi ng agent did

In this example, the batch reactor is charged with 50 g of polycarbonate oligomer C

and 0.404 g (1.223 x 10 mole) MSC under nitrogen and processed as in Example 1.
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not affect nelt strength properties. Table 3 also includes the nelt index
data for branched pol ycarbonates produced wi thout the addition of a
branchi ngwvageamnsoier a carbonic acid diester (Conparative EBxamsbmssii, 9,
and 13). Exanple 16. In this exanple, the batch reactor tube was charged
with 50 g of polycarbonate oligoner A and 0.262 g (1.223 x 10-3 nol) nol
DPC under ﬂ&}iggen and processed as in Exanple 1. Exanple 17. In this
exanple, t atch reactor tube was charged with 50 g of pol ycarbonate

ol igonmer A and 0.404 g (1.223 x 10"3 nole) MSC under nitrogen and processed

as in Exanple 1. |Exanpl g 18. 20 WD 03/|05016L PCT| MS@2/ 35[i4Hr In|this
exanpl e, | the tch,reactor,is charjged wi,th 5D of . pol yc nate L goner B
and O.ZGZEﬁ Egg23igﬂ g3 Ame5 E*%ﬁbndé@“nl F%ge1f§ﬁﬁ&§ﬁ @gg X0 §bki1
Exanpl e [L. npl f | INmohi s eXdanpl €, the batcnzﬁﬁ@%torﬁm§3d%arged W th
50 g of poly,arbo1a@§ﬂollgoner B |and Q.404 g (1.R23 x 10-3 nol e] MSC| under
ni t r ogenandiprocessed as i Exanpgte-i——Exanpre RO —tnthisexammte t he
batch rep tO'K' charged wth 50 023M6 3PVcarg6ﬁa.%i%ligoﬁ§FOC and! 0] 262 g
(1.223 x{ 10- 8 nol e)-—-BPC unde%-nltrogen and pyocesgsed as ijn Exanple 1.
Exanpl e Pl R this_exanple, tThe Bated [MERST PL.4pS| SNAT 9€d W, h 59,950
pol ycar bpnat ¢ ol i goner C| and O. 4C? g (1.%%3 X fo % nol e) %% unde'rg3
ni trogen| and| pr oceB8ed as| iH3Etdndl e 1.] 21 WO 03/ 050161 |PCT/ US02/ 35115
17 | A 23982 | 10371 | 2.310 | 17.6 231.6 1.31
MSC 1.233x 107
9% | B 19704 | 8742 | 2.254 | 43.0 >350 >0.8
18 | B 19836 | 8670 | 2.252 | 47.8 >350 >0.7
DPC 1.233x 107
19 |B 22376 | 9936 | 2.252 | 25.6 333.3 1.30
MSC 1.233x 107
13% | C 27760 | 11928 | 2.327 | 9.56 120.2 1.26
20 | C 26828 | 11602 | 2.310 | 11.3 146.3 1.30
DPC 1.233x 107
21 | C 31085 | 13123 | 2.350 | 6.29 76.0 1.21
MSC 1.233x 107

PC type=Polycarbonate; Pd=Polydispersity

* Examples 1, 9, 13: polycarbonate oligomers processed without the addition of a

branching agent or a combination of a branching agent and a carbonic acid diester.

The results clearly show that the addition of the carbonic acid diester produced an
aromatic polycarbonate having melt strength properties comparable to an aromatic
polycarbonate produced without the addition of any branching agent or carbonic acid

diester.

While the invention has been described with reference to an exemplary embodiment,
it will be understood by those skilled in the art that various changes may be made and

equivalents may be substituted for elements thereof without departing from the scope
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Table 3 WR MVR Ex. PC Branching Amount MNM, Pd (4 mnutes (4 mnutes MR
Type Agent/Car , 2.16kg at , 21.6kg at bonate (nol) 280C 280C diester 1 *
A------- WO0-03/050161 - 22046 9691 2.275 25.5 333.0 1.31 ---PCTAIS02/35145-- 16 A
---------------- 22994 10065 2.280 21.2 280.0 1.33 DPC 1.233 x 10-3 17 A
---------------- 23982 10371 2.310 17.6 231.6 1.31 MSC 1.233 x 10-3 9* B

________ 0 =10 oz o-r- ------- 18 B
......... _of e iavenf ot o B Adeifedifay B 8 madeto adsiya pagisilyr 1 o
-------- -situation -or 228¢i6al 9936e AeHhgr Sof6thd IBvéitibn 3VithdB@epa2iag fiorhGhd 13* C
[IIIIIIT sl soopgdigedt oberotomt f i inandeighat the doveniipengt beknede s 21 C
““““ -the particulas %%dﬂf% Jiselozed af t}?egbegﬁ rrf@)dé cgﬁtemg{ﬁ‘;edlf&%wmg%u@ PC

t ype=Pol ycar bonat e; Pd=Pol ydi spersity * , pol ycar bonat e

ol i gomers tibrSd@é@E@d, tintt ﬂﬂ@hthetlh‘eenélddlwﬂlanclode all em’oadmmnrcﬂgfaﬂgmwnhm the

conbi nat i oS OI())érO Qggﬁ]e%ﬁeg%aﬁgent and a carbonic acid diester.
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The results clearly show that the addition of the carbonic acid diester
produced an aronmatic polycarbonate having nelt strength properties

conpar ablwotos/osmenr omati ¢ pol ycar bonat e produced wi t hout PCasadsiits on of
any branching agent or carbonic acid diester. Wiile the invention has been
described with reference to an exenplary enbodinent, it wll be understood
by those skj hjhjgd.in the art that various changes may be made and

equi val entS nay be substituted for elenents thereof wthout departing from
the scope 22 WD 03/050161 PCT/ US02/ 35115 of the invention. In addition,
many nodi fl. cAtIhdnseanﬁgm peocawmdier the @ddypttioa qfar braxaled maromaticuaily@rboamatepat erial
to the te h| n of the.i nvent| on w thout departing fromthe essential
scope the SPPIEE: is intended that the invention not be limted
to the partlcular enbodlnent di scl osed as the best node contenpl ated for
carrying odhctinghd Sidriié@BbhA8 anBW pbIBfdrichfcoidl QRtthOProvbhde bNEA WHkQliAd |

enbodi ments falling wthin the scope of the appended clainms. 23 WO

03/ 050161 PElysUsoROdsgeIspolrganhamste digomerel t reacti on process for the
production of a branched aromatic polycarbonate t he process conpri sing:
reacting of an
al kal i ne a%dg% tsn% ﬁélgﬁgg%ﬁlﬁggﬁlg%w%ar%%ﬁg e o h’&iwloerrréiéllr? tﬁy@‘&?%hg’?@%%ncm ng
agent to t}kastlm)foymarakﬁ))nate ol i goner, wherein the branchl ng agent has the
formula (1): AG/ (1) wherein Ais a Cl1_20 pol ynet hyl ene, C2.20 al kyl ene or
al kyl i dene, C5_36 cycl oal kyl ene _or cycloalkylldene C6_36 aryl ene or

al kyl aryl ene, or C6_36 aryl al kﬁ@lﬁ(e wher ei n @ s an

wherein A is a Cj polymethylene, C,. alkylene or alkylidene, Cs_3¢ cycloalkylene
or cycloalkylidene, C¢.36 arylene or alkylarylene, or Cg.36 arylalkylene, wherein G is an
aromatic moiety having at least one hydroxyl group bonded directly to the aromatic
group and y is an integer greater than 2, and wherein each G may be the same or

different; and

producing a branched aromatic polycarbonate having a melt index ratio greater than
an aromatic polycarbonate produced from the polycarbonate oligomer without the

addition of the branching agent.

2. The process of Claim 1, wherein G has the formula (I):

HO. /=
Y,
(R1)s

wherein R is a hydrogen, C,5 alkyl, C¢.0 aryl, or Cr.y arylalkyl, and all R, can be the

(D

same or different.
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aromatic noi ety having at | east one hydroxyl group bonded directly to the
aromatic group and y is an integer greater than 2, and wherein each G may
be the sawp oas016i f f erent; and produci ng a branched ar omaPCE/ysot/yaas bonat e
having a nelt index ratio greater than an aronmatic pol ycarbonate produced
fromthe polycarbonate oligoner without the addition of the branching
agent. 2. ol (1 qal : I .he formula (11): HOB
(R4 (1] )3.%%@?}&%??231@% F%eg‘;ne?ﬁﬁ% _Js%g?i{g@ﬁﬁ‘ce_zo aryl, or C7_20
arylalkyl, and all Rl can be the sane or different. 24 WD 03/050161

PCT/ US02/ 35115 3. The process of Caim1l] wherein G has the formula (I1):
[HOO | (R1)4 (I111) wherein R1ji$Gghydriogen, C1_8 alkyl, C6 20 aryl, or
C7_20 arylalkyl, and all Rl can be tﬁe ne or different. 4. The process
of Claim1l, wherein the branchin ageq¥)i free of a benzylic hydrogen. 5.
The process of Cdaim1, wherein Lhe b§

anc i @) agent is added during an

extrusion process. 6. The process of Claim1l, wherein the pol ycarbonate
ol i goner conprises less than about 2,000 parts per million of a Fries
branch poiwiergin®uds ahgdrogen, The aprybdess anfl, afl Guizorery]alky candi all R hean be the

polycaron%ﬁE(ghhgggﬁr conprises |ess than

4. The process of Claim 1, wherein the branching agent is free of a benzylic

hydrogen.

5. The process of Claim 1, wherein the branching agent is added during an extrusion

Process.

6. The process of Claim 1, wherein the polycarbonate oligomer comprises less than

about 2,000 parts per million of a Fries branch point structure.

7. The process of Claim 1, wherein the polycarbonate oligomer comprises less than

about 1,500 parts per million of a Fries branch point structure.

8. The process of Claim 1, wherein the polycarbonate oligomer comprises less than

about 1,000 parts per million of a Fries branch point structure.

9. The process of Claim 1, wherein the polycarbonate oligomer comprises less than

about 500 parts per million of a Fries branch point structure.

10. The process of Claim 1, wherein the polycarbonate oligomer comprises less than

200 parts per million of a Fries branch point structure.

11. The process of Claim 1, wherein the reactive functional groups of the branching

agent consist of phenolic hydroxyl moieties.

12. The process of Claim 1, further comprising adding a carbonic acid diester with

the branching agent to produce the branched aromatic polycarbonate, wherein the
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about 1,500 parts per mllion of a Fries branch point structure. 8. The
process of Caim1, wherein the pol ycarbonate oligonmer conprises |ess than
about 1, OW0 opasaist per mllion of a Fries branch point str®crarse2/3815 The
process of Claim 1, wherein the polycarbonate oligoner conprises |ess than
about 500 parts per mllion of a Fries branch point structure. 10. The

process of I : el 0 %ﬁiq] | 4 i s than
200 parts ng@r&wﬁlo&rﬁ:@%&% rrll.égssabéra chgg(r)g?fﬁ?tegtfrr'%g?ﬁ% g?&%%dn‘sfﬁgn%?gcess of
Claim1, voeneaiarflM)he reactive functional groups of the branching agent
consi st of phenolic hydroxyl noieties. 12. The process of Caim1, further
conprising adding a carbonic acid diester wwth the branching agent to
produce the branched aronatic poéy_c(grgo(gate, wherein the 25 WD 03/050161
PCT/ US02/ 35115 carbonic aci d di 8ster”conpr®ks a conpound sel ected from
the group consisting of fornmula (I1V): O 11 RI-OCOR2 (IV) wherein R1

and R2 may_be it sa or different and,.are selected.from.the_qgrou

Sonsi ot noBFeibe, SR adhap'tl (6f S YilhEnt Fd it ot ol 868y | o
and R2 mayconSipfingd 88 bhahyeCsihsill UdbLaryWikh @6ipsy ahd Rbei®RY9nd 18, maye
process of Claim1, wherein the branching agent is added in an anmount of

about 0.1 epsioaybike subgpuedritlcasitvahaE 5@UBH t he pol ycar bonate ol i gomer. 14.
The process of Caiml,wherein the branching agent is added after the

pol ycar bonat el“lﬁ:lgﬁr%@éﬁ@ Tof! r@ﬁ#rﬁ &a%@gi@ tﬂé%rgﬁ&{il?% ﬁ%)i%it) Whg Hgﬁtaﬁrarﬁéﬁ? o000

daltons. 15. T rocess o aim1, wherein ranched aromati c
pol ycar boreboet havwe algput Benolmpbicentridecd omthe polycadberate bhigoméehe br anched
aromati ¢ pol ycarbonate produced fromthe

14. The process of Claim 1,wherein the branching agent is added after the

polycarbonate oligomer has reached a molecular weight greater than 4000 daltons.

15. The process of Claim 1, wherein the branched aromatic polycarbonate having the
melt index ratio greater than the branched aromatic polycarbonate produced from the
polycarbonate oligomer without the addition of the branching agent has a molecular

weight that is at least about 24,000 daltons.

16. The process of Claim 1, wherein the branching agent comprises a compound
selected from the group consisting of 1,1,1-tris (4-hydroxyphenyl)ethane, 4,4’-[1-[4-
[1-(4-hydroxyphenyl)-1-methylethyl JphenylJethylidine]bisphenol, 4,4°,4”-methylidyne
tris cyclohexanol, 2,6-Bis[(2-hydroxy-5-methylphenyl)methyl]-4-methylphenol,4,4’-
[1-[4-[1-(4-hydroxycyclohexyl)-1methylethyl Jphenyl]ethylidine] biscyclohexanol, and
4,4’-1-[4-[1-(4-hydroxyphenyl)-1-methylethyl]phenyl]  ethylidine]bisphenol  and

combinations comprising at least one of the foregoing compounds.
17. The process of Claim 1, wherein A further comprises at least one hydroxyl group.

18. The process according to Claim 1, wherein the branched aromatic polycarbonate

produced has a melt index ratio that is greater than about 1.5.

19. The process according to Claim 1, wherein the branched aromatic polycarbonate

produced has a melt index ratio that is greater than about 1.7.
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pol ycarbonate ol igomer without the addition of the branching agent has a
nol ecul ar weight that is at | east about 24,000 daltons. 16. The process of
Claim 1, wbaesesaiet he branchi ng agent conprises a conpoundPC3alsersads from
the group consisting of 1,1,1-tris (4-hydroxyphenyl)ethane, 4,4"-[1-[4- |
1- (4- hydr oxyphenyl ) - 1- et hyl et hyl ] phenyl ] et hyl i di ne] bi sphenol,

4,4 4" - ' tr - " ) -

2.6 b s[ (22 hy MG Bk AgEORIRFAT, Wpin e brapshed asgmti pylycacbonate

[ 1-[ 4- [ 1- (probiyedd diuy & yidltoindexyta)io thaves gryated thyh hidvenyg. | et hyl i di ne]

bi scycl ohexanol, and 4,4'-1-[4-[ 1-(4-hydroxyphenyl)-1-nethylethyl]phenyl]

For ogoi g oriBUREss FPCofhg BIEELY. BheBTaPFPEI A FETROABP UFPRRE
conpri ses @i d RaAhalQRBtAY 8F GXhcted fikol, blghchide RAOGRESIAGROLGH aa-lsiein_ daim
1, wherein the branched aromatic pol ycarbonate “produced has a nelt index

rati o thatlepssthan elatuéd ,S0A@artapeunildors. 19. The process according to Caim1,
wherein the branched aronmatic pol ycarbonate produced has a nelt index

i h j han. 1.7.. 26 WD,03/0 CIL/ 2/ 20.
LT Shatod vl el ARGk Lo RO SRR A IR

pol ycar boniadse refided doeentEunpeadRU phemsl @X 1ds8tHaf abb@t500pafls patdillidan about
1.8. 21. The process according to Claim1l, wherein the branched aromatic

pol ycarbonate has a residual cgntent of unreacted phenol, branching agent
Bnd’ car bonft s Broareseendingds Clpnp wheew the Besmcpeth #omatie PRIFMPBRALS 22 The

process a radfegﬂuéloc&é}hf@f%méﬁ@t%?&%gﬁ l&g@f‘ﬁ?@ggs @%ﬂ%&gcso@ Yeponat e

has a residual content of unreacte an about parts per
m|lion. 28illidine process according to Claim1, wherein the branched
aromati c pol ycarbonate has a residual content of unreacted branchi ng agent

of less t bout 500 parts per. .m.llion. 24. The process accordj to
Qi m 1, viter DR pRE P Ralg B i 1o WiERap Ttomil T80 s 2 REAH 59
units greater than a branched aromatic polycarbonate produced from the polycarbonate

oligomer without the addition of the branching agent and the carbonic acid diester.

25. The process according to Claim 1, wherein the melt index ratio is at least about
0.4 units greater than a branched aromatic polycarbonate produced from the
polycarbonate oligomer without the addition of the branching agent and the carbonic

acid diester.

26. A process for the production of a branched aromatic polycarbonate, the process

comprising:

reacting a diarylcarbonate and a polyhydric alcohol in the presence of an alkaline

catalyst to produce a polycarbonate oligomer;

adding a branching agent and a carbonic acid diester to the polycarbonate oligomer,
wherein the branching agent comprises a compound selected from the group

consisting of formula (I):

AGy @
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units greater than a branched aromati c pol ycarbonate produced fromthe

pol ycarbonate oligonmer without the addition of the branching agent and the
car boni c woiod/oslitest er. 25. The process accordi ng to d ai mpCI/ushesdlH t he
melt index ratio is at |least about 0.4 units greater than a branched
aromati c pol ycarbonate produced fromthe polycarbonate oligonmer w thout
the additi can car 26. A
process fovgllﬂat][%%l Af)?sg?iudtz? ggﬁlyﬁgt@g% an%ﬁ’cei‘ﬂél£ }g%n%tﬁgﬁ%)&g ycar360rq1&1§akﬁ%%e
process ocanrptloslkpigdene c@eisiangerse aliadicyydrglandamndl;gq anythll@lepml whyreini @ isarcohol i n

the presence of an.al kaline _catal roduce arb nate ol.i gomer;
addi ng a BFYRHS H@lf‘é}jgﬁ‘(lngﬁal%smﬁﬁ%fﬁrexya %dewgd?erdlﬁe 8‘ﬁcﬂr9@é'i“bonat e
ol i goner, M\ﬁ}%ﬁi ﬁlstefﬁ‘%n@g@ingﬂéhteﬂthﬁﬂgn%vh&‘éﬂpéa'ﬁ @Sm@%Q 'EH%%HQ o?%h?é‘r&ﬁd from
the group ~consisting of formula (I): AG/ ( 03/ 050161

PCT/ US02/ wd%hermh éheecaarbmw gcid dizbte? @omptwm tmmmuad sefect2q fimink theegreur

al kyl i dene .36 | ene or cycloal kylidene, C6_36 aryl ene or

al kyl aryl er‘i’gs1S (é% r(@al kyl ene, wherein Gis an aromatic noiety
having at | east one hydroxyl group bonded directly to the aromatic group
and y is an integer greater than 2, wherein each G may be the same or
different, and wherein the carbrpie- @@mﬁu@ster conpri ses a conpound
sel ected from the group consisting of for a (Il): O RI-F-OCGCOR2 (IV)
wherein R1 and R2 nay be the sane or different and are selected fromthe
group congheatinng, ahd Baenyyt be Ghe 2émaroy |difféen2éhdannel seldeydd fromuths, grevqd

e el R o Bens PP 2 1, L PSR e e SRe RY RS B P

optionally be substituted with activating groups; and

producing a branched aromatic polycarbonate having a melt index ratio greater than a
branched aromatic polycarbonate produced from the polycarbonate oligomer without

the addition of the branching agent and the carbonic acid diester.

27. The process according to Claim 26, wherein G has the formula (II):

HO /=
\/
(R1)s

wherein R; is a hydrogen, C,.g alkyl, Ce.n0 aryl, or C759 arylalkyl, and all R; can be the

(n)

same or different.

28. The process according to Claim 26, wherein G has the formula (I1I):

HOQ
|
(R1)a
(1)

wherein R; is a hydrogen, C.g alkyl, Ce.50 aryl, or Cr.90 arylalkyl, and all R; can be the

same or different.
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produci ng a branched aromati c pol ycarbonate having a nelt index ratio
greater than a branched aronmatic pol ycarbonate produced fromthe

pol ycar bowatog/osdibgoner wi t hout the addition of the brancikrcagisayesis and t he
carbonic acid diester. 27. The process according to Caim26, wherein G has
the formula (11): HOB (RL )4 (Il) wherein RL is a hydrogen, Cl1_8 al kyl,

C6_20 arylyg the%zegegs Iclr(])gcﬁ#%}’é &&aﬂ%@?%&leﬁ&l t%@'&a%%ﬂ%c%‘&tdh&@%{&r hp%s%ﬁf ;fl’ent

28. The process ‘accor 6, wWhérern

H1: > (Rl)dfip}(dnb/] Jarboviaey with aRaciigated bitlls-eigetion With8raglitgy froufof 22 gehwlal or
C7_20 arylalkyl, and all RL can be the sanme or different. 28 WO 03/050161
PCT/ US02/ 351¢ reﬁ@wn?ﬁé“"r}?tﬁ@e@@ according to O aim 26, wherein the carbonic
acid diester conprises a diphenyl carbonate with an activated

ortho-el ectron withdrawi ng gro of tde geperal structure shown in
structure (VM): O n OGO B -h-&{ (Vv whereinBis an

el ectronegati ve substituent,a is an i m1lto 5 30. The
process according to Claim 26, wherein the car borgl acid diester conprises
a diphenyl carbonate with an activated ortho-el ectron w thdraw ng group of
t he gener avhersinBustanredecsionegativaswistitnenivand n ¥4 9n integer from 1 to 5.

30. The process according to Claim 26, wherein the carbonic acid diester comprises a
diphenyl carbonate with an activated ortho-electron withdrawing group of the general

structure shown in structure (VI):

?
VD

wherein R; and R4 may be the same or different and are selected from the group

consisting of C,g alkoxy, phenoxy, benzyloxy, Ce.9 aryloxy, phenyl and Cg.z9 aryl
groups.

31. The process according to Claim 26, wherein the branched aromatic polycarbonate

produced has a melt index ratio that is greater than about 1.5.

32. The process according to Claim 26, wherein the branched aromatic polycarbonate

produced has a melt index ratio that is greater than about 1.7.

33. The process according to Claim 26, wherein the branched aromatic polycarbonate

produced has a melt index ratio that is greater than about 1.8.

34. The process according to Claim 26, wherein the polycarbonate oligomer

comprises less than about 2,000 parts per million of a Fries branch point structure.

35. The process according to Claim 26, wherein the branching agent is added after the

polycarbonate oligomer has reached a molecular weight greater than 4,000 daltons.
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0C. RBRMICO O 11 OGO~/ (VI) wherein R3 and R4 may be the sane or
different and are selected fromthe group consisting of C -8 al koxy,
phenoxy, Wwenagswaxy, C6 20 aryl oxy, phenyl and C6_20 aryl Pgrasp35131. The
process according to Caim26, wherein the branched aromati c pol ycarbonate
produced has a nelt index ratio that is greater than about 1.5. 32. The

brocess acgOrdliol s Aol M5t WISEeh) iiGeh ARCheaAlonmbLl g BRbygay bonat e

produced has a ex r I’s greater The
process adxenzﬂmr}grdtugeﬁ:l aim 26, wherein the branched aronati c pol ycar bonat e
produced has a nelt index ratio that is greater than about 1.S. 34. The

rocess acgor, to Clal in the polycaybonate oI|
(F:orrpri ses%g 5—[31 pﬁ%‘?‘?s%lﬁ‘i?ﬁf Bbgﬂlhﬁﬁ sWhEF! F:b?/aélﬁaﬂ%jf argmpic B%lgﬁrng?f@ﬂe poi nt
struct ur eprficed B9 tRE Q€MAH8N %P%Q‘aﬂ&lﬁgaéarﬁ'aﬁﬁ A cHbGLi& B didiGid 8k Ng
agent is added a y
t dd d f?er the polycarbonate oligoner has reached a nol ecul ar

wei ght gr @atysarbonain Ohgm:l@rMlamﬂbculwwwwm&t@bom@WWGﬁﬁw 36. The
process according to Caim 26, wherein the branching agent is free of a

benzylic @éd r’l%?%ooe%% accoIP t? G5k 36 C\Qﬁg‘ %gth% %éagc%éaig (a8 gﬁt i faﬁ{lfgdelqlb%rgﬁc hi ng

branched aromati‘c po pr GauCet

agent and antv@nctaf bl@dﬂltf.{) am db(dltezshﬁ)ﬂe pﬁcéﬂleoasélbbly(tl&f b@lp@drborﬁﬂtd goggtiernas a
nol ecul ar i ght of at | east about 24, 000 daltons. process

accor di ng 48 WeEinnhEscarbenas asid dieser iy aded iimgn amonRt QfsabQHHQeél t@ AP 2.5 mount
of about Qnélleh@rc%%%edzoﬂ’@lle%gﬂg&%%ﬂﬁteQﬁg&ﬁc}g” the pol ycarbonate oligoner,
'S a

and wherein the carboni c aci | ester ed in an anpbunt of about 0.1 to

about 2.5
39. The process according to Claim 26, wherein the melt index ratio is at least 0.4

units greater than a branched aromatic polycarbonate produced from the polycarbonate

oligomer without the addition of the branching agent and the carbonic acid diester.

40. The process according to Claim 26, wherein the branching agent comprises a
compound selected from the group conmsisting of 1,1,1-tris (4-
hydroxyphenyl)ethane,4,4’-[1-[4-[1-(4-hydroxyphenyl)-1-methylethyl Jphenyl]
ethylidine]bisphenol, 4,4’,4”-methylidyne tris cyclohexanol, 2,6-Bis[(2-hydroxy-5-
methylphenyl)methyl]-4-methylphenol,4,4’-[ 1-[4-[ 1-(4-hydroxycyclohexyl)-
Imethylethyl]phenyl]ethylidine]biscyclohexanol, and 4,4’-1-[4-[1-(4-hydroxyphenyl)-
1-methylethyl[phenyl] ethylidine]bisphenol and combinations comprising at least one

of the foregoing compounds.

41. The process according to Claim 26, wherein A further comprises at least one

hydroxyl group.

42. The process according to Claim 26, wherein the branched aromatic polycarbonate

has a residual content of less than about 1,500 parts per million.

43. The process according to Claim 26, wherein the branched aromatic polycarbonate

has a residual content of unreacted phenol of less than about 500 parts per million.
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nol e percent based on the polycarbonate oligoner. 39. The process according
to daim26, wherein the nelt index ratio is at least 0.4 units greater

t han a brwpebeshiar omati ¢ pol ycarbonate produced fromthe polryusar/bamiat e

ol i gomer without the addition of the branching agent and the carbonic acid
di ester. 40. The process according to Cl aim 26, wherein the branchi ng agent
conpri ses I 4 { 1 3 . -tris (4-
hydr oxyphe%yl R ggéelﬁ' 3@%@?& ‘f&' Fifl_ufl%, OfeREPHR bERRALE LoRRHE bofedrbdnd:d

1- (4- hydr chay phesiddl- dontet oy uatdayted phraniink agetithofl lesh theh hbsptt@0qdarts per
4,4',4"-netq,lidyne tris cycl ohexanol, 2, 6-Bis[(2-hydroxy-5-
nethylphed?¥¥ﬁ%thyl]-4-nethylphenol,4,4'-[ 1-[4-[ 1-(4-hydroxycycl ohexyl) 1
nmet hyl et hyl ] phenyl ] et hylidi ne] bi scycl ohexanol, and 4,4'- 1-[4-]

1- (4- hydr oxyphenyl )- 1-nethyl et hyl ] phenyl] ethylidi ne] bi sphenol and

conmbi nations conprising at | east one of the foregoing conpounds. 41. The
process according to Caim26, wherein A further conprises at |east one
hydr oxyl group. 42. The process according to C aim 26, wherein the branched
aromati c pol ycarbonate has a residual content of |ess than about 1,500
parts per mllion. 43. The process according to Caim 26, wherein the
branched aromati c pol ycarbonate has a residual content of unreacted phenol
of | ess than about 500 parts per mllion. 30 WD 03/050161 PCT/ US02/ 35115
44. The process according to Caim 26, wherein the branched aronatic

pol ycarbonate has a residual content of unreacted branching agent of |ess
t han about 500 parts per mllion. 31
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