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Polycarbonates are well known polymers which
~ have good property profiles, particularly with
10 respect to impact resistance, electrical
properties, dimensional rigidity and the like.
These polymers are generally linear, but can be
made with branched sites to enhance their
properties in specific ways. Low levels of
15 branching are generally incorporated into the resin
by co-polymerizing into the polymer backbone a tri
or higher functional reagent to yield a
thermoplastic polycarbonate resin with enhanced
rheological properties and melt strength which make
20 it particularly suitable for such types of polyﬁer
processing procedures as the blow molding of large,
hollow containers and the extrusion of complex
profile forms. ' |
Sufficiently higher levels of branching sites
25 in the resin will cause resin chains actually to
join to each other to form partially or fully
crosslinked resin networks which will no longer' be
thermoplastic in nature and which are expected to
exhibit enhancements, over corresponding linear
30 resins, in certain physical properties and/or in
their resistance to abusive conditions, such as
exposure to organic solvents. A wide variety of
means have been employed to produce crosslinking in
polycarbonate resin. These generally involve the
35 incorporation of a suitably reactive chemical group
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5 from those characteristic of polycarbonate resin
itself and are therefore prone to have detrimental
side effects on the physical and/or chemical
properties of the polymer. The conventional test
used to judge the success of these means for ‘

10 crosslinking is to observe the formation of gels
due to the crosslinked material when a resin sample
is mixed with a solvent, such as methylene
chloride, in which normal linear polycarbonate
resin is highly soluble.

15 The major advantage of branched polycarbonate
is its relatively high melt strength, or, more
particularly, its high ratio of low-shear melt
viscosity to high-shear melt viscosity (R¥). This
high melt strength makes branched polycarbonaté

20 uniquely suitable for applications such as
blow-molded waterbottles and automobile bumpers,
where the structural integrity of the melted
parison under the influence of gravity is critical.

At present, branched polycarbonate is produced

25 commercially in an interfacial phosgenation
process, using 1,1,1-tris(4-hydroxyphenyl-)ethane,
or THPE, as the branching agent. Producing
branched polycarbonate in this way has several
disadvantages including the need for extensive

30 cleanout of the reactor after a production run and
the risk of “gel" contamination of higher melt flow
homopolycarbonate products during handling of the
polycarbonate powders. It would therefore be
advantageous to develop a method of production for

35 branched polycarbonate which would not require the
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10 admixed prior to melt extrusion. These efforts
were unsuccessful, producing material with low melt
strength. Recently, branched polycarbonate has
been successfully produced via the reactive
extrusion method described above using the

15 tetrafunctional phenolic branching agent,
2,2,5,5-tetra~(4-hydroxyphenyl-)hexane, in place of
THPE. Unfortunately, this tetrafunctional
branching agent is very costly to produce, thus
limiting the economic viability of this approaéh.

20 The present invention includes a new method to
prepare branched or crosslinked polycarbonate
resin. This approach involves the use of a
branching agent additive to the resin which has
structure and reactivity very similar to that of

25 the polycarbonate resin repeat unit itself. Thus,
it offers the dual advantages of allowing the '
branch sites to be incorporated into standard
linear polycarbonate resin subsequent to
manufacture of the resin and of providing this

30 branching or cross-linking by a method which
produces residual structural groups in the final
composition which are expected to be physically and
chemically compatible with the polycarbonate resin.

The state of the art is represented by the

35 disclosures found, for example, in U.S. Patents



3 use.of the phosgenation reactor and associ at ed powder handl i ng

systens. Previously, attenpts have been nmade f{

pol ycarbonate froma trifunctional 5 phenolic branchi & ' HASCBERNs
THPE, and honmopol ycar bonat e using reactive extrusi ¢n_ nedRERIABED by
basic transesterification catalyst, such as t et r aet hyl amoni GnTac e
(TEAA) nonohydrate, in which all the aforenentioned ingredients were 10
adm xed prior to nelt extrusion. These-effojts wer e unsuccessful,
producing material with | ow nelt strength. Recently, branched

pol ycarbonat e has 4, qildgensucCessf Bdy; nf abwsbyi a4 f980 /B9 i ve
extrusi on met hod descrlbed abov e 1 af.uncgti onal phenolic
branchi ng agent, 4,621 1325 (dj%)%?erﬂﬁ f¥€in place of
THPE. UﬂfOftUnateuhcdﬂﬁdrdﬁﬁd%ﬁeﬂuﬁn(hyﬂrefeﬂgﬁﬁuﬂthgrétpxn is very costly
The present | nvendBRARNe RIEHS FEFRRTR to  preparo branched o
crosslinked polsycar bon&the invesdiinon Rorpriges s methad ot bienchlsingf a
branchi ng agent adQl{ infddl Mk iRy d pd¥ydhitibhate resin, which
comprises;
reacting ﬁogether a branching site generating
proportion of a multi-functional phenolic branching
10 agent and a basic transesterification catalyst in
the presence of an inert organic solvent;
removing the solvent to separate a reaction
product; and
melt blending a mixture of the reaction
15 product with a linear polycarbonate resin.
The term "melt blending" as used herein means
a homogeneous admixturing of the polycarbonate
resin and the branching agent while they are in a
molten or thermoplastic state, i.e., heated to a
20 condition of plasticity whereupon the resins will
flow like a fluid. Advantageously, the temperature
is within a range to cause reaction between the
polycarbonate and the branching agent, generally a
range of from about 300°C. to 400°C., preferably
25 325°C. to 350°C.
The term “inert solvent" as used herein means
an organic solvent for the multi-functional
phenolic branching agent, which does not enter into
or adversely affect the desired course of the
30 reaction. Representative of inert solvents are
methylenechloride, tetrahydrofuran, toluene and the
like.
The invention also comprises the reaction
products of the reaction between the multi-

il
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5 The multi-functional phenolic or carboxylic
branching agents useful in reacting with a
transesterification catalyst are well known, many
of which are set forth in U.S. Pat. Nos. 3,635,895
and 4,001,184 which are incorporated herein by -

10 reference. These polyfunctional compounds are
aromatic and contain at least three functional
groups which are carboxyl, carboxylic anhydrides,
phenols,
haloformyls or mixtures thereof. Some nonlimiting

15 examples of these polyfunctional aromatic compounds
include 1,1,1-tri(4-hydroxyphenyl} ethane,
2,2',5,5'-tetra(4-hydroxyphenyl} hexane,
trimellitic anhydride, trimellitic acid,
trimellitoyl trichloride, 4-chloroformyl phthalic

20 anhydride, pyromellitic acid, pyromellitic
dianhydride, mellitic acid, mellitic anhydride,
trimesic acid, benzophenonetetracarboxylic acid,
benzophenonetetracarboxylic-anhydride, and the
like. The preferred multi-functional phenolic or

25 carboxylic compounds are 1,1,1-tri(4-hydroxyphenyl)
ethane, trimellitic anhydride, trimellitic acid or
their haloformyl derivatives.

The reaction of the polyfunctional compound
with a transesterification catalyst in the method

30 of the invention uses basic type catalysts usually
employed in transesterification reactions, for
example, oxides, hydrides, hydroxides, carbonates,
carboxylates, alkoxides, or amides of the ammonium,
alkylammonium, alkali or alkaline earth metals as

35 well as basic metal oxides such as zinc oxides,
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bet ween the multi-pyjti-functional phenolic branching agent,
is dissolved in an inert organic solvent, such as

10 tetrahydrofuran, and then a basic trans-
esterification catalyst, such as tetraethyl-
ammonium acetate hydrate, is added to the solution.
The mixture is allowed to react at room
temperatures and then the solvent is removed, for

15 example, by evaporation. The resulting waxy solid
is ground as finely as possible and is mixed into
powdered polycarbon-ate resin. The resulting
mixture is melt blended and extruded to yield a
branched polycarbonate which posesses excellent

20 melt strength.

The aromatic polycarbonate polymers branched
and used in the invention are well known. The
method of preparation of polycarbonates by
interfacial polymerization is also well known; see

25 for example the details provided in the U.S.
Patents 3,028,365; 3,334,154; 3,275,601; 3,915,926;
3,030,331; 3,169,121; 3,027,814; and 4,188,314, all
of which are incorporated herein by reference
thereto.

30 In general, the method of interfacial
polymerization comprises the reaction of a dihydric
phenol with a carbonyl halide (the carbonate
precursor) .

Although the reaction conditions of the

35 preparative processes may vary, several of the
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cat al yst. Detail ed Description O The Preferred Enbodi nents O The
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and under controlled pH conditions. The most
commonly used water immiscible solvents include
methylene chloride, 1,2-dichlorcethane, )
10 chlorobenzene, toluene, and the like.

The catalyst employed accelerates the rate of
polymerization of the dihydric phenol reactant with
the carbonate precursor. Representative catalysts
include but are not limited to tertiary amines such

15 as triethylamine, quaternary phosphonium compounds,
quaternary ammonium compounds, and the like. The
preferred process for preparing polycarbonate
resins of the invention comprises a phosgenation
reaction. The temperature at which the B

20 phosgenation reaction proceeds may vary from below
0°C, to above 100°C. The phosgenation reaction
preferably proceeds at temperatures of from room
temperatures (25°C) to 50°C. Since the reaction is
exothermic, the rate of phosgene addition may.be

25 used to control the reaction temperature. The
amount of phosgene required will generally depend
upon the amount of the dihydric phenol and the
amount of any dicarboxylic acid also present.

The dihydric phenols employed are known, and the

30 reactive groups are the two phenolic hydroxyl
groups. Some of the dihydric phenols are
represented by the general formula:



25 carboxylic conpounds are 1,1, 1-tri (4-hydroxyphenyl) et hane,

trimellitic anhydride, trinellitic acid or their hal of ornyl derivatives.
The reaction of the polyfunctional conpound with a transesterification
catalyst in the method 30 of the invention uses basic type catal ysts

usual |y enployed in transesterification reactions, for exanpl e,

oxi des, hydrides, hydroxi des; carbonates, car boxyl ates, al koxi des, or
am des of the anmmoni um - al kyl ammoni um g kali or alkaline earth netals
as 35 well as basic netal oxides such as zinc oxides,

6 salts of weak acids such as(kjfhi um stearatg)gnd organotitani um
or ganoal um nuns and or ganotz syeh as tetraoctylti 5.1 Because of

potential steric hi ndr X is preferred to use tfwith less 5
bul ky groups, e.g. thHOM=({i A aoctyl
titanate. In an e [ ) he present

mul ti-functional phenolic I ng ageént,

5 . (1)
wherein A is a divalent hydrocarbon radical
containing from 1 to about 15 carbon atoms; a
substituted divalent hydrocarbon radical containing
from 1 to about 15 carbon atoms and substituent

10 groups such as halogen;

0 o
| i
~8§~-:;-8§~-8§=~-;-8=--8--0~-:0r-c¢C
15 o) g

wherein each X is independently selected from the
group consisting of hydrogen, halogen, and a
monovalent hydrocarbon radical such as an alkyl

.
L

group of from 1 to about 8 carbon atoms, an aryl

20 group of from 6-18 carbon atoms, an aralkyl group
of from 7 to about 14 carbon atoms, an alkaryl
group of from 7 to about 14 carbon atoms, an alkoxy
group of from 1 to about 8 carbon atoms, or an
aryloxy group of from 6 to 18 carbon atoms; and

25 wherein m is zero or 1 and n is an integer of from
0 to 5.

Typical of some of the dihydric phenols that
can be employed in the preparation of polycarbon-
ates are bis-phenols such as (4-hydroxyphenyl)

30 methane, 2,2-bis(4~hydroxyphenyl)propane (also
known as bisphenol-a), 2,2-bis(4-hydroxy-3,5-
dibromophenyl)propane; dihydric phenocl ethers such
as bis(4-hydroxyphenyl) ether, bis(3,5-dichloro-4-
hydroxyphenyl) ether; dihydroxydiphenyls such as

35 p,p'- dihydroxydiphenyl, 3,3'-dichloro-4,4'-
dihydroxydiphenyl; dihydroxyaryl sulfones such as



IS dissolved in an inert organic solvent, such as 10 tetrahydrofuran, and

then a basic trans- esterification catalyst, such as tetraethyl-
anmoni um acetate hydrate, is added to the sol ution. The m xture is
allowed to react at room tenperatures and then the solvent is renoved,
for 15 exanple, by evaporation. The resulting waxy solid I's ground as
finely as possible and is mxed into powder ed pol ycarbon-ate resin. The
resul ting m xture is nelt bl ended and eétruded to yield a branched
pol ycar bonat e whi ch posesses excellent 20 felt strength. The

aromatic pol ycar bgpat !?lgﬂ] d dednet | tpon are
wel | known. The neﬁ]-g?%m%r tl génh]() ?%?)1 y%%{bg%’;? es%g{algﬁﬁT 4
i nterfaci al pol ymdwdzaxyphenyl) ssilgone k idiydcesybenzenes cxaahl ast he

details provided ifpddi®iict, hydiPdqiisore 0A8aB8S: am By P4: 3. 275, 601;
3,915, 926; 3,030, 331; 3, 65{121; 3,027,814; and 4,188, 314, all of

which are i ncorpo%’fﬂ%ﬁ‘% dihydrryhenzenes (such As sbhy4= | general ,
t he nethod of st &1iffeirdxy-2 B+dictlcrsherzenepri spedipdrergtson of a
di hydric phenol_wi.th.a carbonyl éwaéﬁgééthe carbonat e . precursor).
Al t hough t he reacf%%%‘ 39S < ¢ ?ﬁ%ﬂkﬁhﬁ? TH%Eﬁgﬁﬁsaﬂéy vary,
several of the sulfoxides such as bis(4-hydroxy-phenyl) sulfide,
bis(4-hydroxyphenyl) sulfoxide and bis(3,S5-dibromo-
4-hydroxyphenyl) sulfoxide. A variety of .
10 additional dihydric phenols are available and are
disclosed in U.S. Pat. Nos. 2,999,835; 3,028,365
and 3,153,008; all of which are incorporated herein
by reference. It is, of course, possible to employ
two or more different dihydric phenols or a
15 combination of a dihydric phenol with glycol.
The carbonate precursor can be either a
carbonyl halide, a diarylcarbonate or a
bishaloformate. The carbonyl halides include
carbonyl bromide, carbonyl chloride, and mixtures
20 thereof. The bishaloformates include the
bishaloformates of dihydric phenols such as
bischloroformates of 2,2-bis(4-hydroxyphenyl)
propane, 2,2-bis(4-hydroxy-3,5-dichlorophenyl)
propane, hydrogquinone, and the like, or
25 bishaloformates of glycols such as bishaloformates
of ethylene glycol, and the like. While all of the
above carbonate precursors are useful, carbonyl
chloride, also known as phosgene, is preferred.
The aromatic polycarbonate polymers include
30 polyester-carbonates, also known as copolyester-
polycarbonates, i.e., resins which contain, in
addition to recurring polycarbonate chain units of
the formula:



7 preferred processes typically involve dissolving or di spersi ng
- the di phenol reactants in aqueous caustic, adding the resulting m xture
to a suitable wat er i mm sci bl e sol vent medi um and contacting the 5
reactants with the carbonate precursor, such as phosgene, in the
presence of a suitable catalyst and under controlled pH conditions. The
nost commonly used water inmm scible solvents include net hyl ene
chloride, 1,2-dichloroethane, 10 chlorobenzggp, tol uene, and the |iKke.
The catal yst enpl oyed accelerates the rate 0 pol ynmeri zati on of the
di hydric phenol reactant with he carbonate precursor. Representative
catal ysts include but are not [limted to tertg arly am nes such 15 as
triethylam ne, quaternary phospho iun1conpounds,“ guat er nary anmoni um
conpounds, and the l|ike. The efewr ed prooce r preparing
pol ycarbonate s resins of the inwention conpris a phosgenation
reaction. The tenperature at which the 20 phosgenati on reactLondggoceeds
may vary from bel ow O[err]C, to above 100[err]C. The phosge Taon
reaction pr ef ewhbireipr Ocdeda divedent aromatief raddealo@d the
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reaction, repeating or recurring carboxylate units,

10 for example of the formula:

0 ]
I, |
~—C—=—C—=R' =C=0-=D — (IIb)
wherein D is as defined above and R! is as defined

15 below.

The copolyester-polycarbonate resins are also
prepared by interfacial polymerization technique,
well known to those skilled in the art; see for
example the U.S. patents 3,169,121 and 4,487,896.

20 In general the copolyester-polycarbonate
resins are prepared as described above for the
preparation of polycarbonate homopolymers, but by
the added presence of a dicarboxylic acid (ester
precursor) in the water immiscible solvent.

25 In general, any dicarﬁoxylic acid
conventionally used in the preparation of linear
polyesters may be utilized in the preparation of
the copolyester-carbonate resins of the instant
invention. Generally, the dicarboxylic acids which

30 may be utilized include the aliphatic dicarboxylic
acids, the aromatic dicarboxylic acids, and the
aliphatic-aromatic dicarboxylic acids. These acids
are well known and are disclosed for example in
U.S. Pat. No. 3,169,121 which is hereby

35 incorporated herein by reference. Representative
of such aromatic dicarboxylic acids are those



25 used to control the reaction tenperature. The - . amount of phosgene

,required will generally depend upon the anount of the dihydric phenol
and the anount of any dicarboxylic acid also present. The di hydric
phenol s enpl oyed are known, and the 30 reactive groups are the two phenolic
hydr oxyl groups. Sone of the dihydric phenols are represented by the
general fornul a: 8 '

[err] 5 wherein A is a dival ent hyd+%carbon radi cal cont ai ni ng

o Comart rEBERELATEy ue oRUSk] ELERLS or! hycrocar bon
HOOC-R-~COCH -
(III)

wherein Rl represents an aromatic radical such as

5 phenylene, naphthylene, biphenylene, substituted
phenylene and the like; a divalent aliphatic-
aromatic hydrocarbon radical such as an aralkyl or
alkaryl radical; or two or more aromatic groups
connected through non-aromatic linkages of the

10 formula:

- E =
wherein E is a divalent alkylene or alkylidene
group. E may also consist of two or more alkylene
or alkylidene groups, connected by a non-alkylene

15 or alkylidene group, connected by a non-alkylene or
non-alkylidene group, such as an aromatic linkage,
a tertiary amino linkage, an ether linkage, a
carbonyl linkage, a silicon-containing linkage, or
by a sulfur-containing linkage such as sulfide,

20 sulfoxide, sulfone and the like. In addition, E
may be a cycloaliphatic group of five to seven
carbon atoms, inclusive, (e.g. cyclopentyl,
cyclohexyl), or a cycloalkylidene of five to seven
carbon atoms, inclusive, such as cyclohexylidene. E

25 may also be a carbon-free sulfur-containing
linkage, such as sulfide, sulfoxide or sulfone; an
ether linkage; a carbonyl group; a direct bond; a
tertiary nitrogen group:; or a silicon-containing
linkage such as silane or siloxy. Other groups

30 which E may represent will occur to those skilled
in the art. For purposes of the present invention,
the aromatic dicarboxylic acids are preferred.
Thus, in the preferred aromatic difunctional
carboxylic acids, Rl is an aromatic radical such

35 asphenylene, biphenylene, naphthylene, or



lo'groups such as hal ogen; [err] 15 wherein each X is independently

.selected fromthe group consisting of hydrogen, hal ogen, and a
nonoval ent hydrocarbon radi cal such as an al kyl group of from1l to about
8 carbon atons, an aryl 20 group of from 6-18 carbon atons, an aral kyl
gr oup of from7 to about 14 carbon atons, an al karyl group of from7
to about 14 carbon atons, an al koxy group of from1l to about 8 carbon
atons, or an aryl oxy group of from6 to }g carbon atons; and 25 wherein
mis zero or 1 and n is an integer of from 0 to 5. Typi cal of

some of the dihydr Lypbepakaat BAkny1efan beoggph #edsharihe RLgganaLl on of

pol ycar bon- ates are such r oXyp
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di hydr oxydi pheny| , pRtRaliiccatddp- 4séphthaldchudiaxytdepbparhaldchydiaxyary!
sulfones such as y . nophthalic acid, o-, m-, and p-phenylenediacetic
acid, and the polynuclear aromatic acids such as
diphenyl dicarboxylic acid, and isomeric
naphthalene dicarboxylic acids. The aromatics-méy
10 be substituted with Y groups. Y may be an
inorganic atom such as chlorine, bromine, fluorine
and the like; an organic group such as the nitro
group; an organic group such as alkyl; or an oxy
group such as alkoxy, it being only necessary that
15 Y be inert to and unaffected by the reactants and
- the reaction conditions. Particularly useful
aromatic dicarboxylic acids are those represented
by the general formula: -
(R3)j
20
HOOC
OOH
(IV)
wherein j is a positive whole integer having a
25 value of from 0 to 4 inclusive; and each R3 is
independently selected from the group consisting of
alkyl radicals, preferably lower alkyl (1 to about
6 carbon atoms).
Mixtures of these dicarboxylic acids-may be
30 employed. Therefore, where the term dicarboxylic
acid is used herein it is to be understood that
this term includes mixtures of two or more
dicarboxylic acids.
Most preferred as aromatic dicarboxylic acids

35 are isophthalic acid, terephthalic acids, and



o bi s(4- hydr oxyphenyl) sul fone, bis (3,5-di nethyl-4- hydr oxyphenyl)
sul f one, di hydroxybenzenes such as resorci nol, hydroqui none, hal o- and
al kyl - substituted di hydroxybenzenes such as 1,4- 5

di hydr oxy- 2, 5-di chl or obenzene, 1, 4-di hydroxy- 3- nmet hyl benzene; and

di hydr oxydi phenyl sul fides and sul f oxi des such as bi s(4-hydroxy-phenyl)
sul fide, bi s(4- hydroxyphenyl) sul foxide ggd bis(3 , 5-di brono-

4- hydr oxyphenyl ) sul foxide. A variety of 10 additional dihydric phenols are
avail able and are mlxduiéboﬁﬁdréafu Sa B&&tlUQiar3y998e&%§ 3,028, 365

and 3, 153, 008; all ai %exgﬁrated erein &y reference. It is,
of cour se, p055|blglfﬁnﬁthB9 caF ifopeid FRmpEises Ay RixEURRRA s or
a 15 conbi nation Oisapﬂthaniﬁ.ccaplidnahdvmtbh'ephy:halhc acid whEreitartnat e
precursor can be ej a . _carb I i ia [ y a
bi shal of or mat e. Thggggégoﬁ?Flﬁas d§§¥Fﬁgﬁb g§° dc gr% S% %gﬁﬁ carbonyl
chl ori de, and nﬁxtaceé 28 ihethef range bﬁsﬁabufabnatesokﬂckadahdut
bi shal of or mat es Ofﬂ h?délc phenol s such as bi schl or of or rat es of

en

2, 2- bi s(4- hydr oxyp y propane, 2, 2-bi s(4-hydroxy-3, 5-di chl or ophenyl )
propane, hydroqui none, éﬂﬁhﬁ apeutdlizing the’ dicarboxylic acid

per se, it is possible, and sometimes even
- preferred, to employ the reactive derivatives of
10 said acid. Illustrative of these reactive
derivatives are the acid halides. The preferred
acid halides are the acid dichlorides and the acid
dibromides. Thus, for example instead of using
isophthalic acid, terephthalic acid or mixtures
15 thereof, it is possible to employ isophthaloyl
dichloride, terephthaloyl dichloride, and mixtures
thereof.
The proportions of reactants employed to
prepare the copolyester-carbonate resins of the
20 invention will vary in accordance with the proposed
use of the product resin. Those skilled in the art
are aware of useful proportions, as described in
the U.S. patents referred to above. In general,
the amount of the ester bonds may be from about 5
25 to about 90 mole percent, relative to the carbonate
bonds. For example, 5 moles of bisphenol A .
reacting completely with 4 moles of isophthaloyf
dichloride and 1 mole of phosgene would give a
copolyester-carbonate of 80 mole percent ester
30 Dbonds.
The preferred polycarbonates for use in the
present invention are those derived from bisphencl
A and phosgene and having an intrinsic viscosity of
0.3 to 1.0 deciliters per gram measured in
35 methylene chloride at 25°C.



25 bi shal of or mates of glycols such as bishal of or mat es of ethyl ene

glycol, and the like. Wiile all of the above carbonate precursors are
useful , carbonyl chl oride, also known as phosgene, is preferred.

The aromatic pol ycarbonate pol yners include 30 pol yester-carbonates, also
known as copol yester- pol ycarbonates, i.e., resins which contain, in
addition to recurring polycarbonate chain units of the fornul a:

10 [err] wherein ,D is a divalent aromatic
radi cal of the di hydri c phenol enployed’in the polynerization

reaction, repeating or rgelrrd g £ Borddete dBtd fned upon reaction of

the multi-functional phenolic or carboxylic
branching agent with a transesterification catalyst
is a new branching agent which may be melt blended

5 with a polycarbonate resin as described. above in a
ratio of from about 0.1 to about 6 mole percent,
preferably 3 mole percent, to obtain a branched
polycarbonate resin.

In making the new branching agent, if the

10 transesterification catalyst decomposes under the
conditions used for redistribution, the equivalents
of the transesterification catalyst can be equal to
the equivalents of the multi-functional phenolic or
carboxylic branching agent. 1In this context, an

15 equivalent is a mole of compound divided by the
number of reactive sites on the compound, e.g., for
a compound with one reactive site, the number of
equivalents is equal to the number of moles but for
a compound with four reactive sites, one mole has

20 four equivalents.

Such a catalyst that would decompose under
redistribution conditions is exemplified by a
tetralkyl ammonium cation-containing compound. The
range for catalysts which decompose and are useful

25 in the present invention is from about 0.1
equivalent percent to 100 egquivalent percent of the
multi-functional phenclic or carboxylic branching
agent.

On the other hand, catalysts which are stable

30 under conditions used for redistribution may be
used in levels as low as 0.001 parts by weight of
the multi-functional phenolic or carboxylic
branching agent and need not be present in more
than 0.1 parts by weight of the multi-functional

35 phenolic or carboxylic branching agent.



10 for exanple of the formul a: [err] wherein D
Is as defined above and R err] is as defined 15 bel ow. The

copol yest er- pol ycarbonate resins are al so prepared by interfacial

pol yneri zati on techni que, wel | known to those skilled in the art; see
for exanple the U S. patents 3,169, 121 and 4, 487, 896. 20 In
general the copol yester-pol ycarbonate resins are prepared as descri bed
above for the preparation of polycarbomﬁgahonnpolyners, but by t he
added presence of a dicarboxylic acid (ester precursor) in the water

i i sci bl e solvent. 25 "phe bPodiSAELGH  ofMhd SAARONYA | SoPFESrbonat

conventionally used in, the ?reparatlon of |1near pl'yesters nay be

utilized in the prdRFNT dthe 1pyentign R the 2 H8A¥ e resins of the
instant — inventi gbldReisdnate tHésih cos havé i By aangiSonhtke BE1tmay be
utilized include t al‘fhatlc dlcarbox%élc aqa@;egihe aromatic
di carboxylic acids, B OPeTAtLioNsg | tnayn £e% ¢ RINY O5ci ds. These
aci ds are weld kheymeplihsticsl] sshals cals flolemdimep| inia kneadifngPat. No.
3,169, 121 which is Yol 35, 1.0COor por r.ei y r Iy

#é e Sl S8 P! ﬁ’é&%&% lﬁi:?ep. eéfér? Exg% ccan be

Representative Su aronatic dicar |T"cTaci ds are
done continuously or batchwise.
Preferably the branching and crosslinking is
carried out by reacting the reaction product -

10 branching agent described above with the aromatic

polycarbonate in the melt form in the presence of
residual quantities of the trans-esterification
catalyst remaining from the preparation of the
reaction product of the same catalyst with the

15 multi-functional phenolic compound.

The minimum temperature of the melt extrusion
reaction is sufficiently high to create a melt of
the reactants. Such a temperature is achieved in
an extruder or a molding machine such as an '

20 injection or compression molder normally employed
for extruding or molding polycarbonate resins.
Generally, the melt blending and extrusion are
within the temperature range of from about 100°C to '
400°C.

25 One may also add other types of additives
known to the art of plastics compounding. Such
additives can include for example fillers (such as
clay or talc), reinforcing agents (such as glass
fibers), impact modifiers, other resins, antistats,

30 plasticizers, flow promoters and other processing
aids, stabilizers, colorants, mold release agents,
flame retardants, ultraviolet screening agents, and
the like. .

The following examples describe the manner and

35 process of making and using the invention and set



represented by the general f.ormul a:

HOOC- R er r] - COOH (ren)
wherein R err] represents an aromatic radical such as 5 phenyl ene,
napht hyl ene, bi phenyl ene, substituted phenyl ene and the |ike; a dival ent
al i phati c- aromati ¢ hydrocarbon radi cal such as an aral kyl or al karyl
radi cal; or two or nore aronatic groups connected t hrough non-aronmatic

| i nkages of the 10 fornmula: - E - wherein E is
a dival ent al kyl ene or al kylidene group.ﬁf may al so consist of two or

more al kylene  ofgcidty WHIS ek GitRfe SOSHIRMELY By s & kY¥bRESX15 oOF

al kyl i dene group, connected by a non-al kyl ene or non- al kyl | dene group,
such as an aromati &95 fafgding out t"é’ﬁi%’f‘ﬂﬁ%ﬁ'ﬁ% htaxr noh ke nke
linkage, a = car mondtriietkage, limiting the Wicpaicg thakigeen®ion. by a
ker in addition Al BaredEhE by haidif, Jhedt AR AFe B o Seven
carbon atons, il L&mddmeg.wimnlmrﬁqallowing destomattiodsor a
O] Smea | cone °F 55" P Shoreo€ MHOLA) U cflAiilag aguch o
follows:
Step 1. Generate viscosity (n *) and elastic
modulus (G') data on test compositions at three
10 temperatures, with a rotational rheometer such as
the RDS 7000, (Rheometrics Inc.).
Step 2. Using the data from STEP 1 fitted to
the Arrhenius type equations, calculate optimum
melt temperature for parison extrusion (i.e., the
15 temperature required to yield a melt viscosity of
20,000 poise at 100 sec™lj.
Step 3. Calculate the ratio of viscosity at

low shear rate (1 sec™1

nominal) to viscosity at
100 sec™l (20,000 poise), R*, at temperature

20 estimated in Step 2. Elastic modulus values (@ 1
sec‘l) are also calculated at this temperature.
Exanmple 1

A quantity of tris(hydroxyphenylethane) was

mixed with 0.03 parts per 100 of a heat stabilizer

25 (Irgofus 168) and 250 PPM of tetraethylammonium
acetate pentahydrate. The mixture was allowed' to
stand overnight at room temperature to obtain a
novel branching agent of the invention.
Exanmple 2

30 The procedure of Example 1 was repeated except
the tetraethylammonium acetate was replaced with
100 PPM of lithium stearate and an additional
proportion (0.03) parts of Irgofus 168, to obtain
branching agent of the invention.



. linkage, such as sulfide, sulfoxide or sulfone; an et her linkage; a

carbonyl group; a direct bond; a tertiary nitrogen group; or a
silicon-contai ni ng | i nkage such as silane or siloxy. O her groups 30
which E may represent will occur to those skilled in the art. For

pur poses of the present invention, the aromatic dicarboxylic acids are
preferred. Thus, in the preferred aronmatic difunctional car boxylic
acids, RL is an aromatic radical such 35 asPyenerne blphenylene
naphthylene or substituted
phenyl ene. Sone nopg hﬁlélgg exanpl es of suitable aronatlc di car boxylic
aci ds whi ch may e used in preparing the poly(ester-carbonate) or

pol yaryl ate resins of tHe@ iﬂgtHﬂFtFnVEnVFbﬁthEﬁuﬂeP°$YﬁﬁFHQPP&eaC|d
I sophthal i c acid, tesephbbak®cvatid, 1.47 knaaﬁabahamecﬁﬁé Cempafty, and

7 phenyl ened acet | 5y eaefahd, AU, | BEePR VANCRESaRL R LRS! fp Stch oo
aci ds. The aronstibsaneling agents of Examples 1-2 described above.
| The resulting mixtures were then melt blended in an
extruder, extruded and cooled. Test specimens were
tested for R* values. The R* values were as

follows:
10 rR*
Example 1 Agent 1.73
Example 2 Agent 1.89
Examples 4-10 .
5 Repeating the procedure with a polycarbonate

resin with an R* value of 1.32 and with varying

proportions of THPE, TEAA, lithium stearate and

ammonium THPE Salt, branched resins are obtained

with the R* shown. The results are shown in the
10 Table, below.



10 be substituted with Y groups. Y may be an- i nor gani-c .at om such as

- chlorine, bromne, fluorine and the |ike; an organic group such as the
nitro group; an organic group such as al kyl; or an oxy group such
as al koxy, it being only necessary that 15 Y be inert to and unaffected by
t he reactants and the reaction conditions. Particularly useful
aromati c dicarboxylic acids are those represented by the general
formul a: - [err]lgo
(1v) wherein j is a pogitive whole integer having a 25 value of fromO
to 4 inclusive; and eac err] is i ndependently selected fromthe

| radicals, preferably Iower alkyl (1 to about
xtures of these dicarboxylic acids may be 30
he term di carboxylic acid is used herein it

group consi sting of
6 carbon atons).
enpl oyed. Therefore,

gths
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is to be understood t = this termincludes m xtures of two or nore
di carboxylic acids. @ w@weg Mdst preferred as aromati c dicarboxylic acids
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13 m xtures thereof. A particularly useful di functional carboxylic
acid conprises a mxture of i sophthalic acid and ferephthalic acid
wherein the wei ght ratio of térephthalic aC|d to ﬂﬁwp

0 T o e
: ;

even preferred, td efipl by & tive derivatives of 10 sard

II'lustrative of these reactive derivatives are the acid halides. fhe
preferred acid halides are the acid dichlorides and the acid

di brom des. Thus, f of using I sopht hal i c aci d,
terephthalic acid MW@@%eof It is possible to enpl oy

i sopht hal oyl di chl oride, A euet[;lmdledf)wraﬁahﬂng i kel tazmlswi-kinkfeng a

t her eof agy prepare the
copolyester-carbongﬁé re5|ns o t{§5%§;| nvent|CN1é$¥' vary in accordance
with the proposed usEeFCHING fregaiier & ibranghing sxite genarakingr t

are aware of useful zl%pmidrpf@ﬁ Amiesciilidtidhal piéndd &= gptents

referred to above. eneral , t he anmount, of the estgr bonds nay be from
about 5 25 to about"a.ﬂ9 RN G hranghing agente and (3PS Bonat e

transesterification catalyst in the presence of an
inert organic solvent; .
removing the solvent to separate a reaction
10 product; and

melt blending a mixture of the reaction
product with a linear polycarbonate resin.

2. The method of claim 1 wherein the multi-

- functional phenolic or carboxylic branching agent
is selected from the group consisting of
1,1,1-tri(4-hydroxy-phenyl) ethane, 2,2'5,5'~

5 tetra(4-hydroxyphenyl) hexane, trimellitic
anhydride, trimellitic acid, trimellitoyl
trichloride, 4-chloroformyl phthalic anhydridé,
pyromellitic acid, pyromellitic dianhydride,
mellitic acid, mellitic anhydride, trimesic acid,

10 benzophenonetetracarboxylic acid and
benzophenonetetracarboxylic anhydride.

3. The method of claim 1 wherein the
catalyst is selected from the group conSLStlng of
oxides, hydrides, hydroxides carbonates,
carboxylates, alkoxides or amides of the ammonium,

5 alkaliammonium alkali or alkaline earth metals.

4. The method of claim 1 wherein the
catalyst is lithium stearate.

5. The method of claim 1 wherein the
catalyst is tetraethylammonium acetate.

6. The method of claim 1 wherein the
transesterification catalyst does not decompose
under the conditions for redistribution and is

eet Has Been Reﬁaced

jl



bonds. For exanple, 5 noles of bisphenol A reacting conpletely with 4
nmol es of isophthaloyl.- __dichloride_and 1 nole of phosgene would give a

copol yester-carbonate of 80 nole percent ester 30 b PR H R
preferred pol ycar bjmnﬁ"nﬂmﬁﬂﬂ Mt he pr esent nvenrdéq HAS &Eﬁﬂs’e
derived from bi sph ﬂ gene and havi ngan_i SEFHEM6AD: vi sqosity
of 0.3 to 1.0 decili%ters Per®gram neasured i'n 35 net hyl ene chrortde at
25[err] C 20 14 The reaction
product obtai ned upon reaction of the nmulti-functional phenolic or

carboxylic  brangpdiereii thd readtidisent & igtspdrofbrradfl #8ém 1S @
new br anchi ng agsnt whi ch may be nelt bIenﬂgﬂ 5 wth a paol ycarbonate resin
t

as described abdve Q4P9L to ARUE £ ¥ RARGRKWeight L wakele percent,
preferably 3 nol e mRimstiiond) pHdrolic Hrarsthity agatycar bonate resin.

In making the new branch,i.ng aﬂzeentme‘él{oé hoef claim 1 wherein the
reaction between the transesterification catalyst
and the phenolic branching agent is carried out at
room temperature.

8. The method of claim 1 wherein the inert
organic solvent is methylene chloride or methanol.
9. The method of claim 1 wherein the product
of the reaction between the multi-functional
phenolic or carboxylic branching agent and the
transesterific-ation catalyst is separated
S following the reaction from the inert organic
solvent.

10. The product of the reaction between the
multi-functional branching agent and the trans-
esterification catalyst.

11. The product of claim 9.

12. The method of claim 1 wherein the
polycarbonate is

(X) 4 (X) 4 — N
HO—( E ;———-{EjA 7;;—-———;i :i}—OH
5 \\ /// n

(I).

13. The method of claim 1 wherein the
extrusion is carried out at a temperature of from
100 to 400°C.

14. The method of claim 1 wherein the
proportion of the product of the multi-functional
phenolic or carboxylic branching agent and the
transesterification catalyst added to the linear

5 polycarbonate resin is within the range of from
about 0.1 to about 6 mole percent. T

This S

[
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10 transesterification catalyst deco'rrp"oses under the- condi tions used for

. -redistribution, the equivalents of ‘the transesterification catalyst can

be equal to the e mul ti-functional phenolic or
car boxylic branchi ngmﬂm M"ﬂ m%ﬂ ontext, an 15 equivalent is a nole of
conmpound di vided by the ¢ es reactive sites on the conpound, e.g.,
for a conpound with one reactl ve site, tha nunber of equi valents is
equal to the nunber of noles but for a conpound with four reactive
sites, one nole has 20 fisur emuei picthict of the mefhdad a:itaﬂadmtlthat woul d
deconpose under redi t6r| b 160 of %911:‘3 tdéa éﬁn]_%.XWﬁén?dtlf
tetral kyl anmoni um cati n contdl Ning conp range Tor catalysts
whi ch deconpose andtramesmflwhmrt mqalemmdeqmqsm undér om about
0.1 equi val ent 4

1onis0 £620 | c branciﬁﬁ{lg Gl i ﬁf&’sent in th

mul ti-functional phen i.c or, carboxy ‘&n
other hand, catal yTeackAonn i @ prapartien afe f1osh #hawh O 1/ deP F 190
redistribution gayeamvalel:&e%eﬁaéweiﬁ tie hRIVEES- fardtl il prenyeight of

the nmulti-functional phe o r.carboxylic br anchi ng agent and need
not be present in ﬁ’Ergar ﬁr&ﬁ’ "ﬁg’r’t"‘? BP&M%-ght of the nul ti-functional

35 phenolic or carboxylic branchlng agent .

%)nthe
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3

15 The production of the branched pol ycarbonate resins-.of the
invention fromthe |inear pol oycarbonate resin is done by any of the
nel t bl endi ng operati ons known for the blending of 5 thernoplastics,
such as blending in a kneadi ng machi such as a Banbury m xer.

Bl endi ng can be done conti nuously or batchw se. Preferably the

branchi ng and cr oSSRANGHING | AGENTS GEOR | REACTIVED EXTRUSIONg t he reaction
product 10 branchi BECRGROUND CCHE r'THR ACNVENRION t h t he aromati c

pol ycarbonate in the nelt formin the presence of residual quantities
of the trans-ester flcatlon al remai ning fromthe preparation of
t he reaction ﬁ:"&&&'@f’ oPL; fes § ‘%&[séﬂlrfst with the 15 nmulti-functional

phenol i ¢ conpound. The diEkdosurendesteipesareactdng 2e melti-ext r usi on
reaction is sufficgi g a ctant,s. Such a
tenperature is ac% E\%&&&@l Q’hteg‘ ii:t %%d%rag%r &Xar%&girzg‘%%alﬁaﬁga%%h as an
20 injection or cwitheastransesterificatiion catady: o filagm @t r udi ng or
mol di ng pol ycar bog %b%ﬁl%ﬁbﬁit 1o§e%%f%bh%tzb@eé%%ﬂhéﬁdﬁ“ﬁf‘(ﬁﬁeﬂr]c:to

extrusion are I.n th erature ran from about 1

400[err]C. 25 5 orgapdcngpliy ?6%%@9 ¥ithx lideax ves

polycarbonate resin as a means to dramatically
increase the efficiency of the branching agent in

the preparation of branched po, : -
’ ’HIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Reﬁlaced
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known to the art of pl asti cs compoundi ng. Such af ]| dliargde

. for exanple fillers (such as clay or talc), rei 1 N Qﬁ ch as
gl ass fibers), inpact nodifiers, other resins, ntig%@&P, 30
pl asticizers, flow pronoters and ot her processing ai ts VAN 20801 i fefs,
colorants, nold rel ease agents, flame retardants, vi ol et sfrkening
agents, and the like. The fol | op ng expnpl es descri

manner and 35 process of maki ng and using the inventl

forth the best , rpeens s HRIGHAR: BMD IdsEWRRING A PoL@REERATY RRIDPUT the

I nvention but are not to be construed as limting the scope of the
i nventi on. Al | Beskaropnd RF g Hnverdsiont esul ts are in 5 accordance
with the foll ow ng giestq 5t aiks . Invention Were reported, R* nay be

. 1 1 *
and el astic . modul s (B9 HNPHLT SIS HBIEars papetis’ ! )
5 resins and more particularly to a branching agent
and its use to branch polycarbonate resins.
Brief Description of Related Art
Polycarbonates are well known polymers which
have good property profiles, particularly with
10 respect to impact resistance, electrical
properties, dimensional rigidity and the like.
st These polymers are generally linear, but can be
made with branched sites to enhance their
properties in specific ways. Low levels of
15 branching are generally incorporated into the resin
by co-polymerizing into the polymer backbone a tri
or higher functional reagent to yield a
thermoplastic polycarbonate resin with enhanced
rheological properties and melt strength which make
20 it particularly suitable for such types of polymer
processing procedures as the blow molding of large,
hollow containers and the extrusion of conmplex
profile forms.
Sufficiently higher levels of branching sites
25 1in the resin will cause resin chains actually to
join to each other to form partially or fully
crosslinked resin networks which will no longer be
thermoplastic in nature and which are expected to
exhibit enhancements, over corresponding linear
30 resins, in certain physical properties and/or in
their resistance to abusive conditions, such as
exposure to organic solvents. A wide variety of
means have been employed to produce crosslinking in
polycarbonate resin. These generally involve the

35 incorporation of a suitably reactive chemical group

Qg o AZAD-S
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10 tenperatures, with a rotational rheoneter such as
> (Rheonetrics Inc.). Step 2. Usi ng the data from'*“'
the Arrhenius type equations, calculate optinmum ‘ oth
pari son extrusion (i.e., the 15 tenperature required to y eldihoggw%
vi scosity of 20, 000 poise at 100 secf[err]). Stiep 3 mm
Calculate the ratio of viscosity at | ow shear rate (
to viscosity at 100 sec[err] (20,000 pqise), R+, at
estimated in Step 2. Elastic nodulus values (@1 sec[err]) ar

calculated at thi ﬁgﬁgigtuge474 gggxagphg91861‘ 4 550A1ggant|ty of

tri s(hydroxyphenyl &t M xed with 0,03 fs per 100 of a heat
stabilizer 25 (Irgof2%.188] aRd ?593$P®?§f ?é%rﬁét“?FﬁﬁnBﬁPun1 acet at e

pent ahydrate. Thejd&tybfates Rere¥RdbyOrefersheadtR¥eetibght at room
tenperature to obtaln ovel bragchlng agent of the invention.

Exanpl e 2 30 5¥o€£d§?§ LRVEREIBRe 1 was repeated except t he
tetraethylanwumlun1aceThéelnaentﬁchacedpmnsés a mé&fho@®PdF obrhanthiing

stearate and an hgﬂ%tlgen -O}n¥££8pgré5??8%8b8§;t3a££§18t bﬁggaus 168, to

obtain br anc e’i nv
comprises;

reacting together a branchina site aeneratina

proportion of a multi-functional phenolic or carboxylic branching
10 agent and a basic transesterification catalyst in
s the presence of an inert organic solvent:

removing the solvent to separate a reaction
product; and

melt blending a mixture of the reaction

15 product with a linear polycarbonate resin.

The term “melt blending" as used herein means
a homogeneous admixturing of the polycarbonate
resin and the branching agent while they are in a
molten or thermoplastic state, i.e., heated to a

20 condition of plasticity whereupon the resins will
flow like a fluid. Advantageously, the temperature
is within a range to cause reaction between the
polycarbonate and the branching agent, generally a

N range of from about 300°C. to 400°C., preferably

25 325°C. to 350°C.

The term “inert solvent" as used herein means
an organic solvent for the multi-functional
phenclic branching agent, which does not enter into
or adversely affect the desired course of the

30 reaction. Representative of inert solvents are
methylenechloride, tetrahydrofuran, toluene and the
like.

The invention also comprises the reaction
products of the reaction between the multi-
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17 Exanpl e 3 To 100 parts by weight of a pol ycarbonate
resin of R* value 1.47 (General Electrlc Conpany,

t here was m xed separately the INchTTT
descri bed above.--..The resul ) ‘
extr uded and cooliepi\d i wer e

The EI f ol - W F anple 1 Agert
1.73* ¢ nt : Exa

Repeating the pr%céﬁure wi th a pol ycarbonate resi
1.32 and with varying proportions of THRE, TEAA, M
ammoni um THPE Salt, branched resins are obtained

results are shown WHAT h&S 16LARMER ISkl ow,

1. & method of branching and cross-linking a

polycarbonate resin, which comprises:;
reacting together a branching site generating
5 proportion of a multi-functional phenolic or
carboxylic branching agent and a basic
transesterification catalyst in the presence of an
inert organic solvent; _
removing the solvent to separate a reaction
10 product; and

melt blending a mixture of the reaction
product with a linear polycarbonate resin.

2. The method of claim 1 wherein the multi-
functional phenolic or carboxylic branching agent
is selected from the group consisting of
1,1,1-tri(4-hydroxy-phenyl) ethane, 2,2'5,5'~

5 tetra(4-hydroxyphenyl) hexane, trimellitic
anhydride, trimellitic acid, trimellitoyl
trichloride, 4-chloroformyl phthalic anhydride,
pyromellitic acid, pyromellitic dianhydride,
mellitic acid, mellitic anhydride, trimesic acid,

10 benzophenonetetracarboxylic acid and
Yot benzophenonetetracarboxylic anhydride.

3. The method of claim 1 wherein the
catalyst is selected from the group consisting of
oxides, hydrides, hydroxides carbonates, )
carboxylates, alkoxides or amides of the ammonium,

5 alkyl ammonium alkali or alkaline earth metals.

4. The method of claim 1 wherein the
catalyst is lithium stearate.

5. The method of claim 1 wherein the
catalyst is tetraethylammonium acetate.

6. The method of claim 1 wherein the
transesterification catalyst does not decompose

under the conditions for redistribution and is
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restn,

of dn

reaction

_ 1. A nethod of ..‘,. 5- | 1 nki MR ate
“which co Tﬂls u}@ ?%Egig her a %ﬂ%
|

car boxyl

gener F@ﬁon of d mul t REP gnal.l phenol i r
brancamm % basi c transesterification cht I%QJM“{G% pr elsence

* fnebt ¢ organi ¢ sol vent; renmovi ng thejshlyvent to separgte a
20

present in the reaction in a proportion of from
5 0.001 to about 0.1 part by weight of the multi-
functional phenolic branching agent.

7. The method of claim 1 wherein the
reaction between the transesterification catalyst
and the phenolic branching agent is carried out at
room temperature.

8. The method of claim 1 wherein the inert
organic solvent is methylene chloride or methanol.

9. The method of claim 1 wherein the product
of the reaction between the multi-functional
phenolic or carboxylic branching agent and the
transesterific-ation catalyst is separated

5 following the reaction from the inert organic

‘solvent.

10. A reaction product produced by reacting together a branching
gite generating multi-functional phenolic or carboxylic
branching agent and a bagic transesterification catalyst in an
inert inorganic solvent.

11. The product of claim 9.
12. The method of claim 1 wherein the
polycarbonate is
()4 (X) 4
N VIS
; \_/ /s

* (1) .

wherein A is selected from the group consisting of a

divalent hydrocarbon radical c¢ontaining from 1 to

about 15 carbon atoms, a substituted divalent

hydrocarbon radical containing from 1 to about 13

carbon atoms, and substituent groups such as halogen;
¢ o

"5*:*5'5-:- —:-s-,—o..:or-

)

S ¢c -
i i
Q o)
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10 product; and | nelt blending a mxture of the reaction pr oduct

with a |inear polycarbonate resin. 2. The method of claim1l
wherein the multi- function enolic or carboxylic branching agent
is selected fromt E‘\mm‘mﬂ“ 1 ng of 1,1,1-tri(4-hydroxy-phenyl)
et hane, 2,2'5,5'- phenyl) hexane, trimellitic

anhydride, trinmellitic ‘acld, trinellitoyl g3trichloride, 4-chlorofornyl
pht hal i ¢ anhydri de, pyronellitic acid, pyronellitic dianhydride,
mel litic acid, mellitic anhydride, trinesic

benzophenonet ahea8aRHERFRI & aET dl’a‘ﬁ%PendeBEﬁ%oﬁﬁgﬁSﬁ%‘% eEFRR aFBEx A oEP

anhydri de. consisBing 16€ HRIMRENOT nelédén,l eyl igidup ofatabysl is
selected fromthe group consi sting of oxi des, hydri des,

hydr oxi des, caru@owéppes caxharh BEpE e3n BF Ko IOUE 8F SRoReS 1t qarRon
amroni um t.1%Ln§y| %ﬁfﬁ,}y ?ﬁé@'df %oﬁk' kald ne,RAr 1l BREBHS atoms, 4.
erern

The et hod of clarm catalyst is lithium stearate.
5. The net hodunfaliaayin fraber efn firke 7 teatakopst lds qagbpReHPREMBAI um

acet ate. he net hod of claim ergeidl ARe At 3
transesterlflEgﬁnglcgnggs??dggg ngtqﬁ%é%ﬁ%%se inder the’ condi tions for

redi stributi ommidxysgroup of from 6 to 8 carbon atoms;
and wherein m is zero or 1 and n is an integer of from 0 to 5.

13. The method of claim 1 wherein the
e extrusion is carried out at a temperature of from
100 to 400°C.

14. The method of claim 1 wherein the
proportion of the product of the multi-functional
phenolic or carboxylic branching agent and the
transesterification catalyst added toc the linear
polycarbonate resin is within the range of fron
about 0.1 to about 6 mole percent.

15, The product of the method of claim 1.

16. the method of claim 1 wherein the
transesterification catalyst decomposes under
conditions for redistribution and is present in the

s reaction in a proportion of from about 0.1 to 100
equivalent percent of the multi-~functional phenclic
or carboxylic branching agent.
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20 present in the reaction in a proportion of from5 0.001 to-about
= 0.1 part by weight of the nulti- functional phenolic branching agent.
- 7. The met hod of claim1l wherein the reaction between the
transesterification catalyst and the phenolic branching agent is
carried out at room tenperature. 8. The nethod of claim1

wherein the i 5@{09 g@ﬁuﬁ& I } W&Ge e%g@ﬁb'&@ﬁﬁgﬁ@anol.

9. The net horlg of ¢C acfe'rm ereip\‘r%@??gbs;sro uct A of the reaction between
the nulti-functional phenol i ¢ or carboxylic branching agent and the
transesterific-atiog catalyst is seggrated 5 following the reaction from
the inert organi®Pstragh QEnfhe DISHOSUTPaaction product produced by
reacting together a braaciisglosure deserdbaer gbhbgingl b mhidrgit- onal
phenolic or carbgxyli [ in da i .

transesterifi cat?%%égg?%?%/sPhlgﬁgg%Q 8¢ gg?ﬁéﬁ%ﬁo? g‘?ﬁcgug‘& \?lgﬁrft when used
in the nmethod ofwithia transesterificatidhecptadiyst b Eoaimmad when used
in the method ofopbahflsalt priorlo redBeilB! BRE-A6iEHAIJE Laherein the
pol ycar bonate is ] ) ] (lX) 4-

5 organic salt branching agent with linear

polycarbonate resin as a means to dramatically
increase the efficiency of the branching agent in
the preparation of branched polycarbonate.
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(1) wherein Ais selected fromthe group consisting of a di val ent
hydrocarbon radical coptaining from1l to about 15 carbon atons, a
substituted divalent hydrocaﬂﬁﬁn radi cal containing--from1 _to _about 13

b ctom. o o <o oo e i
S

I ndependently s cted frdmthe group consisting of yqr ,%Eﬁlo en, an
al kyl group of from1l to about 8 carbon atonms, an aryl éfgﬁg fr

carbon atons, an aral kyl group of from7 to about [l4icarhon atons.|
al karyl group of from7 to about 14 carboA®atonms, ah al koxyl group
1 to about 8 carbon atons, .and an _aryl oxy group of -
at ons; and wheFBAR K5 SIAIMEDGASE and n is an integer of fromO to 5.

1. A method of branching and cross-linking a

polycarbonate resin, which comprises:;

reacting together a branching site generating

5 proportion of a multi-functional phenolic or
carboxylic branching agent and a basic
transesterification catalyst in the presence of an
inert organic solvent;

removing the solvent to separate a reactioh

10 product;: and

melt blending a mixture of the reaction
product with a linear polycarbonate resin.

2, The method of claim 1 wherein the multi-
functional phenolic or carboxylic branching agent
is selected from the group consisting of
1,1,1-tri(4-hydroxy-phenyl) ethane, 2,2'5,5'-

5 tetra(4-hydroxyphenyl) hexane, trimellitic
anhydride, trimellitic acid, trimellitoyl
trichloride, 4-chloroformyl phthalic anhydride,
pyromellitic acid, pyromellitic dianhydride,
mellitic acid, mellitic anhydride, trimesic acid,

10 benzophenonetetracarboxylic acid and
benzophenonetetracarboxylic anhydride.

3. The method of claim 1 wherein the
catalyst is selected from the group consisting of
oxides, hydrides, hydroxides, carbonates, '
carboxylates, alkoxides or amides of the ammonium,

5 alkylammonium, alkali or alkaline earth metals.

4. The method of claim 1 wherein the
catalyst is lithium stearate.

5. The method of claim 1 wherein the
catalyst is tetraethylammonium acetate.

6. The method of claim 1 wherein the
transesterification catalyst does not decompose
under the conditions for redistribution and is



13. The nethod--6f- claim 1 wherein the extrusion fs I;KE%EOJQ | a
‘tenperature of from 100 to 400[err]C. 14. ﬂ&P ARG Iof

1
wherein the prop(ﬁ!"mgmm,’g uct of the multi}flonctional pherol}ic or
car boxylic branchi ﬂﬂ%ﬂ transesterificatipnicagl 8l adddqd to
t he |inear polycarboﬁhté r&sih is within the rangefof fromabout G 4 to
about 6 nole percent. 15. The product of the m
16. the method of claim 1l wherein the trangesteriff§cation catalyst

deconposes under conditions for redistribution and' TS present in the
reaction in a prepestnen s¢f dHOMARAUoD s 1P b ! 6! RgRoent of the
mul ti-functional “phenolic or carboxylic branchyng agent.
5 0.001 to about 0.1 part by weight of the multi-
functional phenolic branching agent.
7. The method of claim 1 wherein the
reaction between the transesterification catalyst
and the phenolic branching agent is carried out at

room temperature.

=

8. The method of claim 1 wherein the inert .
organic solvent is methylene chloride or methanol.
9. The method of claim 1 wherein the product
of the reaction between the multi-functional
phenolic or carboxylic branching agent and the
transesterific-ation catalyst is separated
5 following the reaction from the inert organic

solvent.

10. A reaction product produced by reacting together a branching
site generating wulti-functional vphenolic or carboxylic
branching agent and a basic transesterification catalyst in an

inert inorganic solvent, when used in the method of claim 1.
11. The product of claim 9, when used in the method of claim 1.

12. The method of claim 1 wherein the
polycarbonate is
HO Ay OH
5 \\ /// n

().
wherein A is selected from the group consisting of a
divalent hydrocarbon radical containing from 1 to
about 15 carbon atoms, a substituted divalent
hydrocarbon radical containing £from 1 to about 13
carbon atoms, and substituent groups such as halogen;
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