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m xture. 15 Thus, U. S. Reissue Patent 27,682 describes the
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This application claims priority- from provisional
application Serial No. 60/021,749, filed July 15, 1996.

Background of the Invention

5 This invention relates to the preparation of branched
polycarbonates and to reagents suitable for use therein.

Branched polycarbonates are becoming of increasing
importance for many purposes, especially in blow molding operations
as exemplified by the fabrication of water bottles. Their non-

10 Newtonian properties are extremely important under blow molding
conditions. Branched polycarbonates useful for this purpose are
typically prepared by the incorporation of a hydroxyaromatic
compound having more than two hydroxy groups into a conventional
polycarbonate-forming reaction mixture.

15 | Thus, U.S. Reissue Patent 27,682 describes the
preparation of branched polycarbonates in a conventional interfacial
reaction or from chloroformates. U.S. Patent 4,415,725 describes a
similar method which may employ a carbonyl halide such as
phosgene (as in the interfacial procedure), a haloformate or a

20 diarylcarbonate. U.S. Patent 5,021,521 describes the prepération of
branched polycarbonates by reactive extrusion of a linear or

branched polycarbonate with a branching agent of the type described
above.

Many of the branching agents bonsidered useful for the
25 preparation of branched polycarbonates are trisphenols. The most
common of these is 1,1,1-tris(4-hydroxyphenyl) ethane. Others are



preparation of branched pol ycarbonates in a conventional interfacial
*’reaction or fromchloroformates. U S. Patent 4,415,725 describes a

simlar nethod which nmay enploy a carbonyl halide such as phosgene (as
in the interfacial procedure), a halofornmate or a 20 diarylcarbonate. U S.
Patent 5, 021, 521 describes the preparation of branched pol ycar bonat es
by reactive extrusion of a |inear or branched pol ycarbonate with a .
branchi ng agent of the type described above. Many
of the branching agents consi dered usefut2for the 25 preparation of
branched pol ycarbonates are trisphenols. The nost common of these is
1,1, 1-tris(4- hydisclogptddnthe abdrieamentiofedayatentsewith particular reference to

- 2- di sclégé% égzt he af orementi oned patents with particul ar reference
to Re 27, S It has been found, however, that the
branched pol ycar bonat es obtained fromtrisphenols in a reactive
extrusion 5 procedure doltrhas hquymd.memewgatme branichederi stics for

bl ow mol di ' ' Res&t ishatively | ow
viscosity duri n%QXFngogﬁ%sr Bbp‘ﬁﬁé(?n!fmiﬁgs?ﬁ?gssmejét r usjl ﬁn?xlguﬁsg hi gh
vi scosi ty ufderPlosgdsse slo neihave eptimut viseasitycharagteristics forklow, o
parison before gidiAy! i Tie kepproprties tor this purpose are a relatively low
viscosity during high shear melt mixing such as extrusion, and a high
viscosity under low shear conditions such as those encountered by a

parison before and during blow molding.

10 The melt strengths and melt viscosities of trisphenol-
branched polycarbonates prepared by equilibration are too low to
permit their fabrication into parisons. Only by the employment of very
high molecular weight polycarbonates, such as those having weight
average molecular weights greater than 175,000 relative to

15 polystyrene, is it possible to produce branched products which even
approach the desired blow molding properties in viscosity
characteristics at low shear.

It has been thought that the use of tetraphenols rather

than trisphenols in reactive extrusion processes might improve the

20 viscosity characteristics of the branched products. However, many of
the tetraphenols disclosed as useful for this purpose in the art
previously identified have serious disadvantages. These include the
presence of benzylic hydrogen atoms, which decrease their thermal
and oxidative stability; the presence of ortho-substitution, which

25 decreases reactivity; and a characteristic bright color due to a high
degree of conjugation, which carries over into the polymeric product
and makes it unattractive for use.

The search continues, therefore, for tetraphenolic
branching agents which afford polycarbonates with the desired
30 viscosity characteristics and which do not suffer from other serious
deficiencies.
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c——(A‘—OH)
0

Cl—(A‘—-OH) ”

R1

wherein R1 is Cy.4 primary alkyl, Z is C1.4 alkylene or -A2-Q-A2-, each
of Al and A2 is an unsubstituted or substituted p-phenylene radical
and Q is a single bond or a divalent linking group.

10 Another aspect is a branched polycarbonate comprising
branching structural units of the formula

(Il){(-o-A‘)z—cl;—ATo .
R 2

wherein each of A1 and A2 is an unsubstituted or substituted p-
phenylene radical and R1 is C1-4 primary alkyl.

15 Still another aspect is tetraphendls of the formula

() [(HO—A‘ C—ATO’
2 |
Rt 2

wherein Al, A2 and R1 is C1.4 are as previously defined.



- 3- 'Surrmary of the Invention _ In one of its aspects, the

‘invention is a nethod for produci ng a branched pol ycarbonate which
conprises contacting a | i near or branched aromatic pol ycarbonate, in the
presence of a 5 carbonate equilibration catalyst, with a tetraphenol of
the formula-[err] wherein Rerr] is (Jerr] primary alkyl, Zis
Cerr] alkylene or -Alerr]-QAlerr]-, each of Alerr] and Alerr] is an
unsubstituted or substituted p-phenyl ene radical and Qis a single bond
or a divalent linking group. 10 -4-  Anot her aspect is a branched
pol ycar bonat e conpri si ng branchi ng structural units of the formula
[err] wherein each of A[errh and Alerr]. is_ an unsubstituted or
substituted p- Detailege Deseription; cRretargery Embogdi iMeMNS | prinary al kyl .

15 Still another aspect is tetraphenols of the formula [err]
The tetraphenols used to prepare branched

polycarbonates by reactive extrusion, in accordance with the method
of this invention, have formula | in which each of A1 and A2 is an
5 unsubstituted or substituted p-phenylene radical. Typical substituents
on the substituted radicals are halogen and especially chlorine atoms
- and alkyl groups, normally C1.4 primary alkyl groups and especially
methyl. The preferred compounds, however, are those in which A1
and A2 are unsubstituted.

10 The R radicals are also primary alkyl. Most often, they
are methyl or ethyl and especially methyl. :

The Z radical may be a C1.4 alkylene radical or a
bisphenol-derived radical of the formula -A2-Q-A2-. Q may be a

single bond or a linking group such as oxygen, sulfur, SOz, methylene
- 15  or ethylene.

Various compounds of formula | in which Z is alkylene
are known, being disclosed, for example, in the aforementioned U.S.
Patent 4,415,725. The preferred compound of this type is 2,2,5,5-
tetrakis(4-hydroxyphenyl)hexane, in which Al is unsubstituted .
20 phenylene, R is methyl and Z is ethylene.

The compounds of formula | in which Z is a bisphenol-
derived radical are novel compounds. They may be prepared by the
acylation of a compound of the formula HA2-Q-A2H under Friedel-
Crafts conditions to yield a 4,4'-diacylated compound, which may then

25 undergo reaction with a phenol of the formula HATOH. The second of
these reactions is similar to the reaction of phenol with acetone to
produce 2,2-bis(4-hydroxyphenyl) propane, also known as “bisphenol
A". The acylation reaction is carried out under typical Friedel-Crafts
conditions as disclosed, for example, in Soviet Union Patent 643,492.



wherein Alerr], Alerr] and Rlerr] is (Jerr] are as previously defined.

s -4 - Detail ed Description; Preferred Enbodi nents

The tetraphenols used to prepare branched pol ycar bonat es by reactive
extrusion, in accordance with the nethod of this invention, have
formula I in which each of Alerr] and Alerr] is an 5 unsubstituted or
substituted p-phenylene radical. Typical substituents ~on the
substituted radicals are hal ogen and especially chlorine atons

al kyl groups, normally Clerr] primary al49t groups and especially
met hyl . The preferred conpounds, however, are those in which Alerr]

and Al err] are unsubsti t (freipreparation of the novelThispRpools] ofrthisi inekestiome al so

primary al kyl . . : thyl or ethyl and especially
nmet hyl . |§Vﬁﬁ]kt|%ié@8y tﬁaﬁé"%mrngd%agpa%éy be a (Jerr] al kyl ene radi cal
or a bi sphenol -derived radical of the fornmula -Alerr]-QAlerr]-. Q

may be a ampdebdnd or a |linking group such as oxygen, sulfur,
SJerr], nethylene 15 or ethylene. ‘ Vari ous conpounds

of formula I in which Z iA 500! @@e-necked flask equipped with a 100-ml
5 addition funnel having an equalizer side arm and an overhead

mechanical stirrer was charged with 65 g (500 mmol) of aluminum
chloride and 170 ml of 1,2-dichloroethane. The resulting slurry was
cooled to 20°C under nitrogen and stirred while 17 g (100 mmol) of
phenyl ether was added dropwise over several minutes, whereupon

10 the slurry tumed orange in color. Acetic anhydride, 24 g (240 mmol),
was then added dropwise over 1 hour with continued stirring, while
the temperature was maintained at about 20°C. The resuilting purple
solution was stitred for an additional 30 minutes while warming to
room temperature, and was poured over ice. The organic phase was

15 separated and washed with water, 2% aqueous sodium hydroxide
solution and water, and was dried over magnesium sulfate. Upon
filtration, concentration and purification by recrystallization from
ethanol, the desired 4-acetylphenyl ether was obtained in'94% yield.

and

A 100-ml three-necked flask equipped with an overhead
20 stirrer was charged with 57 g (610 mmol) of phenol, 7.7 g (300 mmol)
of 4-acetyiphenyl ether, 4.3 g (310 mmol) of boron trifluoride-sthyl
ether complex and 280 mg of 3-mercaptopropionic acid. The mixture
was heated under vacuum (about 20 torr) at 55°C for 8 hours, with
stirring, after which the reaction was shown by liquid chromatography

25 to be about 85% complete. Stirring under vacuum was continued for
14 hours.

The reaction mixture was poured into water and ethyl
acetate was added. The organic layer was separated, washed with
water, saturated aqueous sodium bicarbonate solution, 1% aqueous

30 hydrochloric acid solution and water. The organic phase was
separated and most of the unreacted phenol was removed by vacuum
stripping, after which the residue was redissolved in ethyl acetate and



are known, being disclosed, for exanple, in the aforementioned U.S.
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t et r aki s(4- hydr oxyphenyl ) hexane, in which Alerr] is unsubstituted 20

phenyl ene, Rerr] is nmethyl and Z is ethyl ene. The
conpounds of formula | in which Z is a bisphenol - derived radical are
novel conpounds. They may be prepared by the acyl ation of a conpound

of the fornmula HA2- Q A2H under Fri edel -

Crafts conditions to yield a

4,4' -di acyl at ed conpound, which may t hen 85 undergo reaction with a phenol
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Recrystallization from an acetone-hexane mixture yielded the desired
pure [1,1-bis(p-hydroxyphenyl)ethyl]phenyl ether having a melting
point of 172-174°C. '

The aromatic polycarbonates employed in the branched
polycarbonate preparation method of this invention generally
comprise structural units of the formula

O—=0

(V) 0 R2—0 )
wherein R2 is an aromatic organic radical. Preferably, R2is an
aromatic organic radical and still more preferably a radical of the
formula:

(V)  —A—y —at— |
wherein each of A3 and A4 is a monocyclic divalent aryl radical and Y
is a bridging radical in which one or two carbon atoms separate A3
and A4, Such radicals frequently are derived from dihydroxyaromatic
compounds of the formula HO-A3 —-Y-A4 —OH. For example, A3 and
A4 typically represent unsubstituted phenylene or substituted
derivatives thereof. The bridging radical Y is most often a
hydrocarbon group and particularly a saturated group such as
methylene, cyclohexylidene or isopropylidene. The most preferred
dihydroxyaromatic compound is bisphenol A, in which ‘each of A3 and
A4 is p-phenylene and Y is isopropylidene.

Previously branched polycarbonates may be employed
in place of or in admixture with the finear polycarbonates. Such



chloride and 170 m of 1, 2-dichl oroethane. The resulti sl urry was
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separated dfli nammoniunh @andnquaternarypphosphoniumrtetrapbenylboratesum
stripping, after which the residue was redissolved in ethyl acetate and

it is frequently more preferred, however, to employ
catalysts more readily susceptible than the tetraphenyiborates to
decomposition under reactive exclusion conditions, so that residues
which may promote degradation and discoloration do not remain in
15 the polycarbonate. A class of compounds which meet this
requirement is the genus of quaternary bisphenolates having the
molecular formula

was

(VD) HaQ[(OA%)2Y],

wherein AS is unsubstituted p-phenylene, Q is a monocationic

20 carbon- and nitrogen-containing moiety containing 9-34 atoms and Y
is as previously defined. Such compounds are disclosed and claimed
in copending, cbmmonly owned application Serial No. [RD-24993].

The Q radical in the quaternary bisphenolates of formula

VI is a monocationic carbon- and nitrogen-containing moiety; i.e., a

25 moiety having a single positive charge. It may be a
tetraalkylammonium moiety wherein the alkyl groups contain 2-5
carbon atoms, as illustrated by tetraethylammonium, tetra-n-
butylammonium and diethyldi-n-butylammonium. Preferably,
however, it is a hexaalkylguanidinium moiety such as

30 hexaaethylguanidinium, hexa-n-butylguanidinium or tetraethyldi-n-
butylguanidinium. The atom content of 9-34 atoms includes both
carbon and nitrogen atoms and its size is governed by the fact that the



- 6- _ stirred with 200 m of 5% aqueous sodi um hydroxi de sol uti on,
sresulting in precipitation of the sodiumsalt of the tetraphenol. The salt

was collected by filtration, reslurried in water, acidified and extracted

again with ethylacetate. The organic extracts were dried over 5 nagnesium

sul fate and concentrated to yield a |ight brown gum whi ch was

crystallized froma chloroformacetonitrile mxture. The product was

11.2 grams (75% of theoretical) of an off-white solid.
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s an aromatic organic radical and still nore preferably a radical of
\t/\ﬂgrei ] eafcorg}ﬂ Z o Quztemary bisphenolates( o formijleeMi may bgerr] -

V120" 1's a Bri RiPRgrecby de TPablgn bfa Bigbten &L*fﬁeaf“g*éﬁ“i?m%%p% A
Alerr] arah alkafimhetabinydroxide entia quatemary salbefthedormula @+ ¥m

g'xgﬁg[ gxyz{ g?ﬂ"'ﬁe X valueGRTRE YidterRany) 851t iPhaide? pretetbBly Bromidé ofr ] - OH. For
’ chlonde and most preferably chloride. Typical reaction temperatures
are in the range of about 10-125° and preferably about 10-50°C. An

10 inert atmosphere such as nitrogen or argon may be employed.

The quaternary bisphenolate-forming reaction takes
place in an aqueous medium, most often also containing.a Ci-3
alkanol and preferably methanol. The quatemary bisphenolate is
usually insoluble in water but soluble in the alkanol, and can be

15 isolated by precipitation with an excess of water.

it is generally found convenient to initially form an

alcoholic mixture of bisphenol and alkali metal hydroxide, whereupon
the bisphenol dissolves as the alkali metal salt, and to add thereto an
aqueous-alcoholic solution of the quatemary salt. Another alternative -

20 is to combine the bisphenol and quatemary salt and gradually add
aqueous alkali metal hydroxide solution thereto. In the water-alkanol
embodiment, ambient temperatures in the range of about 20-30°C are
generally preferred

In still another procedure, a non-polar organic solvent
25 such as toluene is employed. An aqueous alkaline solution of the
quaternary salt is added gradually to a combination of the bisphenol
and refluxing solvent. The product precipitates out and can be
. purified by washing with water. Further purification of product
obtained by any of these methods can be achieved by
30 recrystallization, most often from an alkanol and preferably methanol.

Reactant proportions are not critical in the method for
preparing the quatemary bisphenolates. This is apparent from the



Alerr] typically represent unsubstituted phenyl ene or substituted
derivatives thereof. The bridging radical Y is nost often a 25
hydrocar bon group and particularly a saturated group such as

met hyl ene, cycl ohexyli dene or isopropylidene. The nost preferred

di hydr oxyaromati ¢ conpound is bisphenol A in which each of Alerr] and
Alerr] is p-phenylene and Y is isopropylidene.

Previ ously branched pol ycarbonates nay be enployed 30 in place of or in
adnmi xture with the linear polycarbonates.-%tch - 7 -

previ ously branched pol ycarbonates nmay be prepared as descri bed

earlier, using fadtdhaktheisformation veas initidlly discovenedHnnyixturestcomprising

i nterfacial, mem? Hgnfs‘iéﬁhidfﬁ?l‘?{é )pa&gbﬂibr&obefémee%%ugagmegg reactions.

As car bonate eqw ratro vari ous. ba W s acids may
be enpl oyed. NuR¥ftKdecdsaelasof haxaandguanidinium chierdde angdot male of -

di scl osed in t heisyherIIE HdrUpttnim Vil tRWever, a b'f’s&%o'f’ &atérﬁﬁgﬂ' scl osure
of which is ncor orategﬁgg referge ose conpounds, the

ones preferr d satalkal gxuﬂa moéﬁréaﬁ'ﬁé’ft{egroa%e%ﬁ"go?ﬁ@@m ts, and
especi ally the duxtdsipreferdéd. ammoni um and qguat ernary phosphoni um
t et raphenyl bor at es. Is frequently nore preferred,

R A L 3 2 6@&%&%&%@&{&%&&}9“ the
||lustrated by the following examples. “Catalyst solution” in these
examples is an aqueous solution of 28.54% (by weight)

10 hexaethylguanidinium chloride and 10.09% sodium: chloride.

Example 2

A 5-1 round-bottomed flask was purged with nitrogen and
charged with 228.29 g (1 mole) of bisphenol A, 20.29 g (0.5 mole) of
“sodium hydroxide and 300 mi of methanol. The resulting solution was
15 magnetically stirred under nitrogen. A blend of 462.26 g of catalyst
solution (0.5 mole of hexaethylguanidinium chloride) and about 175
ml of methanol was added rapidly, whereupon a solid immediately
precipitated. Methanol, 900 ml, was added with stirring to redissolve
all of the solids.

20 Stirring was continued for 15 minutes, after which 1100
ml of water was added to reprecipitate the solids. The flask was
cooled to 20°C in ice and vacuum filtered. The filter cake was washed
with 1200 ml of water and dried in a vacuum oven at 75°C, yielding
335.44 g (98.1% crude yield) of a white solid. Recrystallization from

25 methanol followed by vacuum drying yielded 244.14 g (71.4% of
theoretical) of purified product in the form of colorless crystals with a

- melting point of 208-210°C. The purified product was shown by
elemental analysis, atomic adsorption analysis and proton nuclear
magnetic resonance spectroscopy to be the desired

30 hexaethylguanidinium bisphenolate, having the stoichiometric
proportions of three hydrogen atoms, one hexaethylguanidinium
cation moiety and two bisphenol A dianion moieties.



deconposi tion under reactive exclusion conditions, so that residues
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pol ycarbonate. A class of conmpounds which neet this requi-renment is the
genus of quaternary bi sphenol ates having the nol ecul ar fornul a
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p- phenyl ene, Qis a nonocationic 20 carbon- and nitrogen-containing noiety
containing 9-34 atons and Y is as previously defined. Such- conpounds
are disclosed and cl ai med in U S Pal@nt No. 5,756, 843.
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is a quaternary bisphenolate, it decomposes during the reaction to an

olefin, a bisphenol and the relatively volatile pentaalkylguanidine.

10 The complex viscosity ratio, R*, is an indication of the
suitability of a polymer for blow molding. It is defined as the melt
viscosity in poise of the polymer at a temperature T* under low shear
conditions of 1 rad/sec, typical of a blow molding parison, divided by
20,000 poise which is the viscosity of said polymer at a high shear

15 rate of 100 rad/sec at T* and which is assumed to be exemplary of
extrusion onditions. R* is thus a measure of the shear thinning
behavior of the polymer. Experience has shown that good blow
molding performance is obtained if R* for a given polymer is
approximately equal to or greater than 3.5; T* for that polymer is or

20 approximates the ideal temperature for creating a parison.

R* and T* values as listed hereinafter were obtained by

determining melt viscosities on a Rheometrics Dynamic Spectrometer
at shear rates of 1 and 100 rad/sec during a heating scan over a
range which included T*. Upon plotting viscosity against temperature,

25 the value of T* was obtained by interpolation as that temperature at
which the viscosity is 20,000 poise at 100 rad/sec. Then the viscosity
at this temperature and a shear rate of 1 rad/sec was determined by
interpolation on the viscosity curve corresponding to that rate. R* is
the viscosity at low shear divided by 20,000 poise.

30 N The preparation of branched polycarbonates by the
method of this invention is illustrated by the following examples.



t etraet hyl ammoni um cation contains 8 carbon atons and one nitrogen
;atomfor a total of 9, while the hexapentyl guani di nium cati on contai ns

31 carbon atonms and 3 nitrogen atons for a total of 34.

Quat ernary bi sphenol ates of fornula VI may be 5 prepared by the reaction
of a bisphenol of the fornula (HOA[err])[err]Y with an al kali netal
hydr oxi de and a quaternary .salt of the fornula QtX-. The X value in
the quaternary salt is halide, preferably brom de or chl ori de and nost
preferably chloride. Typical reaction temndersatures are in the range of
about 10-125[err] and preferably about 10-50[err]C. An 10 inert atnosphere

such as nitrogen or argon nmay be enpl oyed. The
quaternary bi spEramples fti ng reaction takes pl ace in an aqueous

medi um nost often also containing a (ferr] al kanol and preferably

h | . Th
gﬁ: 2<r)]|0ub| e ?nq{"ﬁéegfi‘;ﬁoﬁ@;ﬂr}%@an gdoigmerma\ H%Egéhbﬂ A}?ﬁé&b@néﬁé wat er

prtation with
an excess of wahaving a weight average moleculaﬂ' W@QB‘eﬂfea'a‘PlI")g B0Adeladivedri ent to

initially form a midatioheciontdtegrl landet al
hydr oxi de, wher EBI s}yrene, AQQ%% s as, th il

| k
salt, and t&® adHat"ﬁB$ orepeytions o |25£ gﬁ'éa p@)hﬁq?roéygggﬂfl)l?ﬁ;aﬂel ??rﬁ%t !

quaternary salt bréﬁ&ﬁlhgrag@nt ahﬂabtmet%mnlmateasm equifibeation and
guat ernary salt

d
sol ution theret && aﬂx A aqu?\gg%ra?gﬁ? by dry blgﬂﬁgt%ofgm&?%h%tﬁmdé&éwe
tenperat ures i n extreidenaytempertones GfRIERAtREN'C, with vacgenevanting.pTBeer r ed

I |1 h
tnstil B’ @g&gﬂhﬂ%aﬁrﬂ%@&kﬁnﬁ §318n8 Gfthy&ild Wit théseforawo

adqueous a I'ne solution quat er nary
salt is addt@ grcamiesls:yContrgl ddulmphava%m%feawttﬂ%mﬂate’ and ‘5ng

refluxing sol Ve"éon o2 W%spéﬁékﬁu&éﬂﬁeﬁwa el rextamtepolycarbonpts i fi ed
by washing with

any of these nret geté%tﬂﬂgg %&cg tt'eoor}\lg(/) " TR6%4Ghs are prow&géﬁjl ned by

Table I.
15 TABLE |
Tetraphenol, Catalyst, .
Example mole % ppm R* T
3 0.20 100 3.14 265
4 0.30 100 3.40 267
5 0.40 100 3.80 267
6 0.20 200 2.66 261
7 0.30 200 3.48 263
8 0.40 200 3.68 260
9 0.20 300 2.46 261
10 0.30 - 300 3.05 258
11 0.40 300 3.46 255
Control 1 e e 143 270
Control 2 o 200 1.64 266
20 - It will be seen that numerous products prepared by this

method have viscosity properties making them suitable for blow

molding. This is in contrast to products formed by branching with.

1,1,1-tris(4-hydroxyphenyl)ethane; even employing a reactant

‘polycarbonate with a weight average molecular weight of 180,000, R*
25 values below 3 were obtained in all instances.



30 recrystallization, nost often from an al kanol and preferably nethanol.

s Reactant proportions are not critical in the nethod for prepari ng
t he quaternary bi sphenolates. This is apparent fromthe

-9- fact that their formation was initially discovered in m xtures
conpri sing t he non-stoichionmetric proportions of 2 noles of alkal

met al hydr oxi de, 2 nol es of hexaal kyl guani di ni um chloride and 1 nole
of bi sphenol . For optinmmyield, however, a bisphenol:quatemary 5
salt:alkali metal hydroxide nolar ratio 6t~ 1:2:0.5-1.5 and especially
1:2:1 is preferred.

The preparation of quaternary

bi sphenol at es E i Ijégs ated by the foll ow ng exanpl es. "Catal yst
sol ution" in tG¥amples a%| es is an aqueous sol ution of 28.54% ( by
wei ght)- 10 hexaet hyl guani di ni um chl ori de and 10. 09% sodi um chl ori de.

Exanpl e 2 The progefiute obErdmiptas 3+iidwab aspeated, purged with

nitrogen and L LN . (4L; e | , 20.29 ¢
(0.5 nol e) of emplggﬁé?ﬁ%@%ﬁ %@33%6{%3 %’F‘Bk%fﬁg%%%l?s resul ting
sol ution was 1Ppercenestthedianching agentiantbvarious egapoundsiasnd of 462.26 g
of catalystg  gquilibration catalysts. The results are given in Table II.

TABLE |l
Example Identity Conc,ppm R* T(R"
10 :

12 Tetra-n-butylammonium

tetraphenylborate - 380 3.71 272
13 Tetra-n-butylphosphonium

tetraphenylborate 380 3.90 277
14 Tetra-n-butylammonium

borohydride 29 3.20 266
15 Tetra-n-butylphosphonium

acetate . 200 3.00 253
16 Sodium tetraphenyiborate 14 3.63 266
17 Productof Ex.2 64 3.65 267

18 Product of Ex. 2 129 4.12 271

, Again, it will be seen that many of the products have
excelient properties for blow molding. In particular, the products of
Examples 17 and 18, prepared using the guanidinium bisphenolate
as a catalyst, have extraordinarily good viscosity characteristics. In

15 addition, they are free from catalyst decomposition residues since the
catalyst by-products have been removed by volatilization.



sol~ut ion (0.5 nol e of hexaethyl guani di ni um chl ori de) and about 175 nt
;of methanol was added rapidly, whereupon a solid imrediately

preci pit at ed. Ws added with stirring to redissolve

all of the sol Stirring was continued for 15

m nut es, afterﬂimmmm) m. of water was added to reprecipitate the
solids. The fl ”,I”H'#I ed to 20[err]Cin ice and vacuumfiltered.
The filter cake was WasMeds * with 1200 mi of water and dried in a
vacuum oven at 75[err]C, yielding - 335. 44—-g—98-190TT U eld) of a
white .solid. Recrystallization from25 nethar]ol ‘$<§HE5$\A'B\50§&M tuum dryi ng
yi el ded 244.14 g (71. 4% of theoretical) |of puREREAGEDpr odugt in the

form of colorless crystalWhat isiclaimed is: nel ti por ni of 208-210[err]C. The
purified product was shown by el enental analysis, atomi c adsorption

anal ysis and proton nucleg eto be the
desired 30 hexaethyl guanl d| n| um :g : Bﬁe Fi’n@SQ havi ng ?ﬁlg&st ol C | onetric
proportions of whicheomprisageeontacting adﬂ@&fe@(d@ﬁﬁ?h@@&ﬁﬂmaﬁpum cation

moi ety and two t librat
"0 TP 1 o Peace Fon ke

o
pl ace V\heﬁ”@haltﬁﬁﬁﬁm’@oﬁ?x‘%ﬁa}enﬁpﬁ he linear or branched pol ycarbonate
and the catalyst is heated in the nelt, as in a batch nelt reactor or
an extruder, at tenperatures in ﬁ’ne range of about 250-350[err]C. The

| c—(A‘—OH)

®
(':—-(A‘—OH) )
R!

wherein R1 is C1.4 primary alkyl, Z is C1-4 alkylene or -A2-Q-A2-, each
of Al and A2 is an unsubstituted or substituted p-phenylene radical
and Q is a single bond or a divalent linking group.

2. A method according to claim 1 wherein the
polycarbonate comprises structural units of the formula

0O
I

(V) o R2—0

\

wherein R2 is an aromatic organic radical.

3. A method according to claim 2 wherein R2 has the
formula

(V) —— A%y —At—

wherein each of A3 and A4 is a monocyclic divalent aryl radical and Y
5 is a bridging radical in which one or two carbon atoms separate A3
| and A4,

4. A method according to claim 1 wherein the .

polycarbonate is a bisphenol A polycarbonate.

eet Has Been Rep‘laced
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5 proportions of catalyst and branching agent are ordinarily about 10-
-500 ppm by wei ght and about 0.1-2.0 nole percent, based on structural

umtsmthe-peJ—ye&r—bﬁﬁat—e——rerspectlvely When the catalyst is a

guat ernary bi sphenol ate, it deconposes dur _
olefin, a bi im‘mﬂ“ m ul‘ m“lgat ively vola&tile | _ \éani di ne. 10
The conplex ~is an indi : suitability

of a polymer for°® bl ow m)ldlng It is deflne viscosity in

poi se of the polyner at a tenperature T* 14 mder | ow shear condi tions of
1 rad/sec, typical of a blow nolding parison, divided by 20, 000 poi se
which is the viscosity of said ynmer at a h| gh shear rate of 100

rad/ sec at T* and which $sAa§!§§£%aP©0wgakéﬁlﬁlfar1beﬁrem R isapethydi on

condi tions. R*addSAUf?é'%nﬁuBmmﬁ% Mfdesdiear thinning behavi or of

t he pol yner. Experience has shown that” good bl ow nol di ng performance

is obtained if R* for a given ual to or

greater than 3.5; T* for®%t tﬁf“%ﬁ?éﬁ?@f‘@“gﬁo ‘z"@'“‘%‘ﬂﬁﬁ&&' @se nPdeal

tenperature for creating a parison. R* and T* val ues
as |isted hereinafter we7e Amethoddacoyrding to claimd wherein Ziisl 4A2v0sAdsi ti es

on a Rheometrlgﬁd ?ﬁqgrnr%u%%ﬁﬁhéa?bﬁénylene. at shear rates of 1 and 100

rad/ sec during a img scan ov range whi ch included T*. Upon
plotting viscosity against tenperature, the value of T* was obtained by
i nterpol ation as that teﬁpe‘h&l‘%ﬂ‘@daﬁccmdmg toglaim t whereindbsi ty i s 20, 000

poi se at 100 raqiifiBfatioh'Gatalyie |§’h5téﬂ'&ph¥ny|borateat this tenperature and a
shear rate of 1 'rad/sec was ‘determ ned |nterpol ation-on the

'ow shear divi ded by 20, SocAgEF @etd“é"‘wsﬁns to'Glaint whereindh® | 000 Y 0
branched pol ycequilibedtion oOatalyst is a quatermar‘ydlispﬁendtate havingthen is
illustrated bynwigculgl' k&w,.mg exanpl es.

(V1) H3Q[(OA%)2Y],

5 wherein AS is unsubstituted p-phenylene, Q is a monocationic
carbon- and nitrogen-containing moiety containing 9-34 atoms and Y
is a bridging radical in which one or two carbon atoms separate the
AS values. -

10. A method according to clalm 9 wherein Q is
hexaethylguamdnmum AS is p-phenylene and Y is isopropylidene.

11. A branched polycarbonate comprising branching
structural units of the formula

(II)-- O—AY—C—A%-0 ,
eI

wherein each of A1 and A2 is an unsubstituted or
5 substituted p-phenylene radical and R is Cq.4 primary alkyl.

12. A polycarbonate according to claim 11 which further
comprises structural units of the formula

This Sheet Has Been RTI




Exanpl es 3-11 Dry bl ends of a commercial bisphenol A

»pol ycarbonat e havi ng a wei ght average nol ecul ar wei ght of about 66, 000
relative to —pohystyrene, _as determ ned by gel perneation

chr omat ogr aph and 5 various proportions of

2,2,5,5-tet ;Hﬂln IQMMHWWI') hexane as a br grIiTT— _ _

t et raet hyl an an -equi libration dakrti$ yHEE P&BE&% red
by dry biending and eXtrfideti on a twin screw ext{r uder REPLAGERper at §ir es

of about 280[err]C, w th vacuum venting: 18he val ues of RF and T* were
determ ned and conpared with those for two 10 controls: Control 1 which
was the reactant polycarbonate, and Contr ol whi ch was an extruded
bl end of the reactant polycarbonate W th tet| aet hyl anmoni um acet at e
only. The results are pr ovi(jéﬂd L0 @ leq—0go _

TABLE | et raphenol , talyst, ' Exanple mol e
% ppm R* T * 3 0.20 100
3.14 265 wherein R2 is an aromatic grganic radical. 100 3. 40 267
5 0. 40 100 3.80 267 6 : 0.20
200 2. 66 26143, A polycarbohate according € claim 12 ¥Herein R2 3. 48
263 200 3. 68 260

h8as ihe form%la

(V) — Ay —pAt— |

wherein each of A3 and A4 is a monocyclic divalent aryl radical and Y
5 is a bridging radical in which one or two carbon atoms separate A3
and A4, '

14. A polycarbonate according to claim 11 which is a
bisphenol A polycarbonate.

‘ 15. A polycarbonate according to claim 1 wherein Rl is
methyl and Al is unsubstituted p-phenylene.

16. A tetraphenol of the formula

() [(HO—A‘ C—A2}~O ,
2 |
_ R! 2

wherein Al, A2 and R1 is C1-4 are as previously defined.

17. A tetraphenol according to claim 16 wherein R1is
methyl and Al is unsubstituted p-phenylene.

[
as Been RTlaced
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9 0. 20 300 2.46 261 10 0. 30

300 3.05 ., 258 « 11 -t 0.40 300 3.46

255 Control* 1 1.43 270 ntroI
2 - 200 1. 64 266 20 HEET HASABER

seen that nunerous products prepared by this r'etm (? vpe(;Eﬂ scosi ty

properties maki ng them suitable for blow nol dilg H-a—1TS"TNn contrast

to products fornmed by branching with

1,1, 1-tris(4-hydroxyphenyl )et hane; even 'e?@royl ng a reactant

poI ycarbonate with a wei ght average nol ecul ar wei ght of 180,000, R* 25
val ues bel ow 3 were obt ai ncBETRAPHENOLS\AND THEIR USE

-12- Exanpl es 12-18 @ W Exanpl es 3-11
was repeat ed, enpl oyi ng%heobrvé:dAHtBop B I n e anount of 0.28

nol e percent as the branching agen hm%rl ous conpounds as 5

equilibration catalysts. The results are given in Table II.

TABLE 1|1 Exanpl e | denti t Conc. , m R T (R) 10
P ' Y Abstract PP rR)

Branched polycarbonates having properties suitable for
blow molding are prepared by equilibrating a linear or branched
aromatic polycarbonate with certain tetraphenols, especially 2,2,5,5-
tetrakis(4-hydroxyphenyl)hexane and [1,1-bis(p-hydroxyphenyl)ethyl]-

5 phenyl ether.

-_—
- This Sheet Has Bee,
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12 - Tetr a- REBLA'E

t et raphén PRAGEMENT S
3. 71 2721 ¢ _ r &- n- but yl phosphoni um , escnpt.on TP --f"é.
t et r aphenylibdr agye| pEC 199838 3.90 277 I\D @ Claim(s)
Tet r a- n- butlylfamoni um bor ohydri de wing(s) :
3.20 266 : retrd- n- but yl phosphoni um Abstract  : pr2€ebad
200 3.0 253 T Sodi um t et raphe.?yl por at e 14 © 7 3. 6349}‘13
266 * 17 Product of Ex. 2 3 ~
Pr oduct of Ex. 2 &SIE (ﬁﬁﬁEC,&, Tl MG

will be seen that maWegp%ﬁ'ebmaﬁgt%olgcdqféonates DY RS BrRPASRY As ?%@Q‘?:S’r
bl ow mol di ng. | n par tearlieqrusingtrigphedots er tetraphenotscasibranchifdg agentsin

Gt Faor di nar i Uy good (esiasily el GPBRa @ efrusion AyGatEindle fgan"ﬁﬁh'i%@cté%s

free from catal yst decorrp05| tion residues since the cataly
by- products have been renoved bsgsrbenateequiliation catalysts, varlous bases and

13 Wat is clai meg i 3ewis acids tha b@ lagé?fwurﬁé%%d?ﬁ ﬁu @EGJ‘f@tﬂe for
pol ycar bonat e whi ch Cﬁgrl ses Cco dfl ‘hggql I near or bran aromati c

pol ycarbonate wi th a & PUHERACHH orementlone - Patent
[err] 5,021,521, the disclosure of whlch is mcorporated by reference
herein. Of those compounds, the ones preferred in most instances
are the tetraphenylborate salts, and especially the quatemary
10 ammonium and quatermary phosphonium tetraphenylborates.

it is frequently more preferred, however, to employ
_, catalysts more readily susceptible than the tetraphenylborates to
-' decomposition under reactive exclusion conditions, so that residues
which may promote degradation and discoloration do not remain in
15 the polycarbonate. A class of compounds which meet this
requirement is the genus of quaternary bisphenolates having the
molecular formula

(Vi) HaQIOAS)Y],

wherein AS is unsubstituted p-phenylene, Q is a monocationic
20 carbon- and nitrogen-containing moiety containing 9-34 atoms and Y

. is as previously defined. Such compounds are disclosed and claimed
in U.S. Patent No. 5,756,843.

The Q radical in the quatemary bisphenolates of formula

V! is a monocationic carbon- and nitrogen-containing moiety; i.e., a

25 moiety having a single positive charge. lt may be a
tetraatkylammonium moiety wherein the alkyl groups contain 2-5
carbon atoms, as illustrated by tetraethylammonium, tetra-n-
butylammonium and diethyidi-n-butylammonium. Preferably,
however, it is a hexaalkylguamdmcum mocety such as

30 hexaaethylguamdlmum hexa—n-butylguanldlmum or tetraethyldi-n-
butylguanidinium. The a6 content ‘of 9-34 atoms includes both
carbon and mtrogeq atoms-and its size i§ governed by the fact that the



wherein Rerr] is Clerr]primry alkyl, Zis ClL.. alkylene or - each |+
jof A and AL is an unsubstituted or- substituted p-phenylene radical and Q

is-a single bond or a divalent linking group, said c ﬂ“ l e
presence of a carbonate equilibration cat ilgyst whi chﬂ“llmm mﬂ" "mr
bi sphenol at e havi ng the nol ecul ar formnul a L L A7/

H err]  (OAl ewhhi| ésr eYaZmedwiiseei n Al err] i s unsubstituted p-phenylene, Q

is a m)nocat!oni c gar bprk hﬁﬂﬁ@ﬂ A o Biaiched iy@ébbdmﬂé iy 9- 34
Thar AL o] il @W&%m&% &ﬁhﬁg@ﬁ%@ggﬁgﬁwﬁé@gaﬁ”'gﬁm"f’m‘ geparate

wherein the tetaphenol b MafX™MEorises structural units of the formul a

(Iv) -ORerr]-0C wherein Rlerr] igg an aromatic organic radical.
3. -A net hod accord.i ng to claim2 wherei n%R[err] has t-he forml a
(V) e beticabayr] el ek A1 and Alert] s o
0 1DEC 1988 : ()] z
_ c—{at—oH) ,
T R |

wherein R is Cy« primary alkyl, Z is Cy< alkylene or -A*-Q-A’-, each of A' and A*
is an unsubstituted or substituted p-phenylene radical and Q is a single bond or
a divalent linking group, said contact being in the presence of a carbonate
equilibration catalyst which is a quatemary bisphenolate having the molecular
formula

(VI) H30[(0a%)2Y],,

wherein A’ is unsubstituted p-phenylene, Q is a monocationic carbon- and
nitrogen-containing moiety containing 9-34 atoms and Y is a bridging radical in
which one or two carbon atoms sepacate the A® values.

2. A method according to claim 1 wherein the
polycarbonate comprises structural units of the formula

O

l

. (V) 0 —f2—O0—C——

wherein R2 is an aromatic organic radical.

3. A method according to claim 2 wherein R2 has the
formula

(V) —A3—Y —A'—
wherein each of A3 and A4 is a monocyclic divalent aryl radical and Y

is a bridging radica! in which one or two carbon atoms separate A3
and A4, '

4. A method according to claim 1 wherein the
polycarbonate is a bisphenol A polycarbonate.




}S a bridging radicatr—1m |ch one or two carbon atons separate A3 and

QE)F;E:LU thl“‘HH""HIH”H‘Is’H!&nn 4 AAng;Eg?bgﬁ;?rdl ng. to claim1 wherein gheA

t hod actording wo el in Rerr] f@' met hyl and Alerr] is

unsubstltut ed p-phenyl ene. 6 A nmet hod according to claimb5b
wherein Z is ethyl ene.

t hod, ac ¢l ai
wherein Z.is -Alerr]-0 Al er? Aﬁ'fﬁfhﬁfimf %9%&??’3‘?&% dgpl'r%mﬁqéwe
8. A nethod accorahidh@ltis unsabstituted pephefyleaehexaet hyl guani di nium Alerr]
I S p-phenylene and Y is isopropylidene. 9. A branched

F2L¥far bonat e conpri si nahgigpﬁleacnoafé% f\?ltolé l wl.,]eii.lgig‘ %ﬁgg}ﬂﬁene

unsubstituted or substituted p-phenyl ene radical and err] is err|
primary al kyl . 7. A method according to claim 5 w ereln Zis -A2-0O-A2-

and A2 is unsubstituted p-phenylene.

8.. A method according to claim 1wherein Q is
hexaethylguanidinium, AS is p-phenylene and Y is isopropylidene.

9. A branched polycarbonate comprising branchmg
tructural units of the formula

REPLACEMENT SHEET

I 1 (yH—o—aN\—c—a2t-o0 ,
N 1DEC 1998 _ 2 |
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et s s S wherein each of Al and A2 is an unsubstituted or
substituted p-phenylene radical and R1 is C1.4 primary alkyl.

10.. A polycarbonate according to claim 2 which further
comprises structural units of the formula

(V) 0 RZ2—0 \
wherein R2 is an aromatic organic radical.

11, A polycarbonate according to claim 10- wherein R?2
has the formula

(V) —A3—y —Af—
wherein each of A3 and A4 is a monocyclic divalent aryl radical and Y
is a bridging radical in which one or two carbon atoms separate A3
and A4. ' R

12. A polycarbonate according to claim ‘9 which is a
bisphenol A polycarbonate.

13. A polycarbonate according to claim 1 wherein Rlis
methyl and Al is unsubstituted p-phenylene.



;;;—O.iA pol ycarbonate according to claim9 which further .conprises :
structural units of the fornula o lerr] wherein R err] is an

~aromatic organic radical. : 11. A pol ycarbonat e according to-
" claim 10 wherein R2 has the formul a

-Alerr]-Y-Alerr]- wherein each of Alerr] and Alerr] is a nonocyclic
divalent aryl radical and Y.  is a bridging radical in which one or two
carbon atohs separate Alerr] and Alerr].4s.- 12. A

pol ycarbonate according to claim9 which-is"a bi sphenol A pol ycar bonat e.
13. A pol ycarbonate accordi ' M | met hyl and
Alerr] is unsubstituted p- p%@ﬁmﬁmdl‘@iﬁb%ﬁﬁﬁ héé
AS POLYCARBONATE BRANCHING
AGENTS

| Abstract

Branched polycarbonates having properties suitable for
blow molding are prepared by equilibrating a linear or branched
aromatic polycarbonate with certain tetraphenols, especially 2,2,5,5-
tetrakis(4-hydroxyphenyl)hexane and [1,1-bis(p-hydroxyphenyl)ethyi]-

5 phenyl ether.
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