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This application is a Continuation-In-Part of our-copending U.S. Patent

application S.N. 08/724,987 filed October 3, 1996.

Field of the Invention

The invention relates to thermoplastic resin compositions and more
particularly relates to improved, polycarbonate resins and articles molded
therefrom.

Brief Description of Related Art

Polycarbonate and copolyester-carbonates are well known resins,
commercially available. Methods of preparing polycarbonates by interfacial
polymer- ization are also well known; see 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;
and 4,188,314, all of which are incorporated herein by reference thereto.

Polycarbonate and copolyester-carbonate resins prepared by the
interfacial polymerization techniques may contain unreacted residues of the
dihydric phenol monomer reactants employed in the preparative
polymerization. The unreacted monomer residues in the polymer product
may be relatively small amounts, for example about 50 ppm or less.
However, even trace amounts of the dihydric phenol reactant residues may
have long-term adverse effects on the resin products in terms of stability,
color and application uses.

The present invention provides a method of chemically binding
unreacted dihydric phenol reactants, residues of interfacial polymerization to
obtain polycarbonate and polyester-carbonate resins free of the dihydric
phenol residues. The resins, free of the unreacted dihydric phenol reactant,

exhibit improved stability. The method converts the contaminant residues of



may be relatively small anmounts, for exanple about 50 ppmor |ess. However,
even trace anounts of the dihydric phenol reactant residues may have

| ong-term adverse effects on the resin products in terns of stability,

col or and application uses. The present invention provides a nethod of
chem cal |y binding unreacted di hydric phenol reactants, residues of

I nterfacial polynerization to obtain pol ycarbonate and pol yester-carbonate
resins free of the dihydric phenol residues. The resins, free of the
unreact ed di hydric phenol reactant, exhibit inproved stability. The nethod
converts the contam nant residues of < 2 di hydric phenol to inert

nol ecul es which do not adversely affect product resin properties. SUMVARY
OF THE | NVENTI ON The invention conprises a process for treating

pol ycarbonate resins to renove residues of unreacted di hydric phenol

react ant diipydiie phasononasfrmbRatleaWhich ddweotdRasaly affecprodueei zat i on,
whi ch conprises; heating the resin in the presence of an ortho ester or an
ortho car BHRHPEOPEHIEA| LED DESCRI PTI ON OF THE PREFERRED

SUMMARY OF THE INVENTION

The invention comprises a process for treating polycarbonate resins to
remove residues of unreacted dihydric phenol reactant employed as
monomer reactant in the preparative polymerization, which comprises;
heating the resin in the presence of an ortho ester or an ortho carbonate.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

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

Although the reaction conditions of the polycarbonate preparative
processes may vary, several of the preferred processes typically involve
dissolving or dispersing a diphenol reactant in aqueous caustic, adding the
resulting mixture to a suitable water immiscible solvent medium and
contacting the reactants with a carbonate precursor, such as phosgene, in the
presence of a suitable catalyst and under controlled pH conditions. The most
commonly used water immiscible solvents include methylene chloride, 1,2- |
dichloroethane, 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 as triethylamine,
quaternary phosphonium compounds, quaternary ammonium compounds,
and the like. The preferred process for preparing polycarbonate resins
comprises a phosgenation reaction. The temperature at which the

phosgenation reaction proceeds may vary from below 0°C, to above 100°C.



EMBODI MENTS OF THE | NVENTION I n general, the method of polycarbonate resin
preparation by interfacial polynerization conprises the reaction of a

di hydric phenol with a carbonyl halide (the carbonate precursor). Although
the reaction conditions of the polycarbonate preparative processes nay
vary, several of the preferred processes typically involve dissolving or

di spersing a di phenol reactant in aqueous caustic, adding the resulting

m xture to a suitable water immscible solvent nmedium and contacting the
reactants with a carbonate precursor, 3uch as phosgene, in the presence of
a suitable catalyst and under controlled pH conditions. The nbst conmonly
used water imm scible solvents include nethylene chloride, 1, 2-

di chl oroet hane, chl orobenzene, toluene, and the like. The catal yst enpl oyed
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dihydric phenols.
The dihydric phenols employed are known, and the reactive groups

are the two phenolic hydroxyl groups. Some of the dihydric phenols are

represented by the general formula:

(X)n (X)n
(A= OH
n
@

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 groups such as halogen; -S-; -5S-; -
S(O)-; -5(0)z~ ; -O-: or -C-; each X is independently selected from the group
consisting of hydrogen, halogen, and a monovalent hydrocarbon radical such
as an alkyl group of from 1 to about 8 carbon atoms, an aryl 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 m is zero or 1 and n is an integer of from 0 to 4.

Typical of some of the dihydric phenols employed are bis-phenols
such as bis(4-hydroxy-phenyl)methane, 2,2-bis(4-hydroxyphenyl)propane
(also known as bisphenol-A), 2,2-bis(4-hydroxy-3,5-dibromophenyl)propane;
dihydric phenol ethers such as bis(4-hydroxyphenyl) ether, bis(3,5-dichloro-
4-hydroxyphenyl) ether; dihydroxy-diphenyls such as p,p'-



3 The phosgenation reaction preferably proceeds at tenperatures of from
roomtenperatures (25 err]C) to 50[err]C. Since the reaction is exothermc,
the rate of phosgene addition nay be used to control the reaction
tenperature. The anount of phosgene required will generally depend upon the
amount of the di hydric phenols. The dihydric phenols enployed are known,
and the reactive groups are the two phenolic hydroxyl groups. Sone of the
di hydric phenols are represented by the general formula: [err] wherein Ais
a dival ent hydrocarbon radical contaiffing from1 to about 15 carbon atons;
a substituted dival ent hydrocarbon radical containing from1l to about 15
carbon atons and substituent groups such as halogen; -S-; -SS-; - S(O-;
-S(Of[err]-; -0-: or -C; each X is independently selected fromthe group
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dihydroxy-2,5-dichlorobenzene, 1,4-dihydroxy-3-methylbenzene; and

dihydroxydiphenyl sulfides and sulfoxides such as bis(4-hydroxyphenyl)

sulfide, bis(4-hydroxyphenyl) sulfoxide and bis(3,5-dibromo-4-

hydroxyphenyl) sulfoxide. A variety of 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. Itis, of course,

possible to employ two or more different dihydric phenols or a combination

of a dihydric phenol with glycol.

The carbonate precursor can be either a carbonyl halide, a

diarylcarbonate or a bishalo- formate. The carbonyl halides include carbonyl

bromide, carbonyl chloride, and mixtures 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, hydroquinone, and the like, or 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.

Also included within the scope of polycarbon- ates are the high

molecular weight thermoplastic randomly branched polycarbonates. These

randomly branched polycarbonates are prepared by co-reacting a

polyfunctional organic compound with the afore- described dihydric phenols

and carbonate precursor. The polyfunctional organic compounds useful in

making the branched polycarbonates are set forth in U.S. Pat. Nos. 3,635,895



Typi cal of sonme of the dihydric phenols enployed are bis-phenols such as
bi s(4- hydroxy- phenyl ) met hane, 2, 2-bi s(4- hydroxyphenyl)propane (al so known
as bi sphenol -A), 2, 2-bi s(4-hydroxy-3, 5-di bronmophenyl) propane; dihydric
phenol ethers such as bis(4-hydroxyphenyl) ether, bis(3,5-dichloro-

4- hydr oxyphenyl) ether; dihydroxy-diphenyls such as p,p'- 4

di hydr oxydi phenyl, 3, 3'-dichloro- 4,4"dihydroxydi phenyl; dihydroxyaryl

sul fones such as bi s(4-hydroxyphenyl) sul fone, bis (3,5-dinethyl- _
hydr oxyphenyl ) sul fone, di hydroxybenzenes such as resorcinol, hydroqui none,
hal o- and al kyl substituted di hydroxybenzenes such as 1, 4-

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

di hydr oxydi phenyl sul fi des and sul f oxi des such as bls(4-hydroxyphenyl)
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combi nat Ifopm?rls S glllx%?‘ésl t ercre]c()afn Son\{me E\gn lmehOtlg examples of these
polyfunctional aromatic compounds include 1,1,1-tri(4-hydroxyphenyl)
ethane, trimellitic anhydride, trimellitic acid, trimellitoy! trichloride, 4-
chloroformyl phthalic anhydride, pyromellitic acid, pyromellitic
dianhydride, mellitic acid, mellitic anhydride, trimesic acid,
benzophenonetetracarboxylic acid, benzophenonetetracarboxylic anhydride,
and the like. The preferred polyfunctional aromatic compounds are 1,1,1-
tri(4-hydroxyphenyl)ethane, trimellitic anhydride or trimellitic acid or their
haloformyl derivatives. Also included herein are blends of a linear
polycarbonate and a branched polycarbonate.

The polycarbonate resin treated in the process of the invention may be
of relatively low weight average molecular weight or of relatively high
weight average molecular weight (Mw). The lower My, resins are generally
end-capped polycarbonates. '

The so-called "end-capped" polycarbonates are prepared by the above-
described procedures of producing aromatic carbonate polymers, wherein the
reaction mixture includes small amounts of molecular weight regulators or
chain terminators to provide end or terminal groups on the carbonate
polymer and thereby control the molecular weight of the polycarbonate.

A molecular weight regulator, i.e.; a chain stopper, is generally added
to the reactants prior to or during the contacting of them with the carbonate
precursor. Useful molecular weight
regulators include, but are not limited to, monohydric phenols such as

phenol, chroman-I, paratertiarybutylphenol, p-cumylphenol and the like.



The carbonate precursor can be either a carbonyl halide, a diarylcarbonate
or a bishalo- formate. The carbonyl halides include carbonyl brom de,
carbonyl chloride, and m xtures thereof. The bishal of ormates include the

bi shal of ormat es of di hydric phenols such as bi schl or of or mat es of

2, 2- bi s(4- hydroxyphenyl) propane, 2, 2-bis(4-hydroxy-3,5-dichl orophenyl)
propane, hydroqui none, and the |ike, or bishal oformates of glycols such as
bi shal of ormat es of ethylene glycol, and the Iike. Wiile all of the above
carbonate precursors are useful, carbdhyl chloride, also known as phosgene,
Is preferred. Also included within the scope of polycarbon- ates are the

hi gh nol ecul ar wei ght thernopl astic randomy branched pol ycarbonates. These
random y branched pol ycarbonates are prepared by co-reacting a
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function as chain terminators in the interfacial polymerization process for
producing polycarbonates; and U.S. Pat. No. 4,011,184 discloses primary and
secondary amines as molecular weight regulators for polycarbonate.
Furthermore, U.S. Pat. No. 3,028,365 discloses that aromatic amines and other
monofunctional compounds can be used to control or regulate the molecular
weight of the polycarbonates, thereby forming aryl carbamate terminal
groups. Aromatic polycarbonates having carbamate end groups are disclosed
in U.S. Pat. No. 4,111,910. These polycarbonates are prepared using a
terminating amount of ammonia, ammonium compounds, primary
cycloalkyl, aliphatic or aralkyl amines and secondary cycloalkyl, alkyl or
aralkyl amines.

The aromatic carbonate polymers treated by the process of the
invention include polyestercarbonates, also known as copolyester-
polycarbonates, i.e., resins which contain, in addition to recurring

polycarbonate chain units of the formula:

T
o—D—o—c-)~
(I

wherein D is a divalent aromatic radical of the dihydric phenol employed in

the polymerization reaction, repeating or recurring carboxylate units, for

T .0
C—RY~C—0— D—O<)*

example of the formula:



. fornyls or mxtures thereof. Some non-limting exanples of these

pol yfuncti onal aromatic conpounds include 1,1, 1-tri(4-hydroxyphenyl)
ethane, trinmellitic anhydride, trinellitic acid, trinellitoyl trichloride,
4- chl orofornyl phthalic anhydride, pyronellitic acid, pyronellitic

di anhydride, nellitic acid, nellitic anhydride, trinmesic acid,
benzophenonet etracar boxyli c aci d, benzophenonetetracarboxylic anhydri de,
and the |like. The preferred pol yfunctional aromatic conpounds are 1,1, 1-
tri (4-hydroxyphenyl)ethane, trinellitic anhydride or trinellitic acid or

t heir hal of ornyl derivatives. Al so included herein are blends of a |inear
pol ycarbonate and a branched pol ycarbonate. The pol ycarbonate resin treated
in the process of the invention may be of relatively | ow wei ght average
nmol ecul ight or of relatively high weight average nol ecul ar wei ght

My) . Th b e general. | nd-c ed pol ycarbonates. The
go-z:al I e?hggn r%gép,)vf){agéﬁﬁ%? 3?:’%‘(%%@5@&5%%‘3@%%%3&8&-% %/he above- descri bed
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m xture includes small anmounts of nol ecul ar wei regulators or chain
t er ni nat BPYmerization teshaiquepwellkmiwialto ghosepskilded ithecatixeagde pol yner and
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described above for the preparation of polycarbonate homopolymers, but by
the added presence of a dicarboxylic acid (ester precursor) in the water
immiscible solvent.

In general, any dicarboxylic acid conventionally used in the
preparation of linear polyesters may be utilized in the preparation of the
copolyester-carbonate resins. Generally, the dicarboxylic acids which 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 incorporated herein by reference. Representative of such aromatic
dicarboxylic acids are those represented by the general formula:

HOOC - Rt - COOH
Iv)
wherein R! represents an aromatic radical such as 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
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 or



. precursor. Useful nolecular weight regulators include, but are not limted
to, nonohydric phenols such as phenol, chroman-1, paratertiarybutylphenol,
p- cunyl phenol and the |ike. 6 Ot her conpounds that act as chain

term nators for the carbonate polynmers are al so known. Thus, U. S. Pat. No.
3,085,992 discl oses al kanol am nes as chain termnators; U S. Pat. No.
3,399,172 teaches imdes as chain termnators; U S. Pat. No. 3,275,601

di scl oses that aniline and nethyl aniline function as chain term nators in
the interfacial polynerization processs8for producing polycarbonates; and
U S. Pat. No. 4,011,184 discloses primary and secondary am nes as nol ecul ar
wei ght regul ators for pol ycarbonate. Furthernore, U S. Pat. No. 3,028, 365
di scl oses that aromatic am nes and ot her nonofunctional conpounds can be
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having cardthertinkege alfapbesy Aitdles s sARVH-dohtdinthg RAkadl orbylddyifdQ. These
pol ycarbonates are prepared using a terninating amount of anmonia, anmoni um
conpounds, CPrrining linkage anetyas swufidghsulfexide, srifdreydndattieriédes. alnd secondary
cycl oal kyl ad@ilti%w, Eonrlay 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 cyclohexvlidene. E 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 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 of the formula (IV), R is an
aromatic radical such as phenylene, biphenylene, naphthylene, or substituted
phenylene. Some non-limiting examples of aromatic dicarboxylic acids
which may be used in preparing the poly(ester-carbonate) resins of the
instant invention include phthalic acid, isophthalic acid, terephthalic acid,
homophthalic acid, o-, m-, and p-phenylenediacetic acid, and the polynuclear
aromatic acids such as diphenyl dicarboxylic acid, and isomeric naphthalene
dicarboxylic acids. The aromatics may be substituted with 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 the group be inert to and unaffected by the
reactants and the reaction conditions. Particularly useful aromatic

dicarboxylic acids are those represented by the general formula:



aral kyl am nes. The aromatic carbonate polyners treated by the process of

the invention include pol yestercarbonates, also known as copol yester-

pol ycarbonates, i.e., resins which contain, in addition to recurring

pol ycarbonate chain units of the fornula: [err] (Il) wherein Dis a

di val ent aromatic radical of the dihydric phenol enployed in the

pol ynmeri zation reaction, repeating or recurring carboxylate units, for

exanple of the fornmula: [err] 7 (1P1) wherein Dis as defined above and

Rlerr] is as defined bel ow The copol yester-pol ycarbonate resins are al so

prepared by interfacial polynerization technique, well known to those

skilled in the art; see for exanple the U S. patents 3,169, 121 and

4,487,896. In general the copolyes&§5-polycarbonate resins are prepared as
i

COOH

OOH
V)
wherein j is a positive whole integer having a value of from 0 to 4 inclusive;
and each R® 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 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 are isophthalic acid,
terephthalic acid, and mixtures thereof.

Rather than utilizing the dicarboxylic acid per se, it is possible, and
sometimes even preferred, to employ the reactive derivatives of said acid.
Mlustrative 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
thereof, it is possible to employ isophthaloyl dichloride, terephthaloyl
dichloride, and mixtures thereof.

The proportions of reactants employed to prepare the copolyester-
carbonate resins will vary in accordance with the proposed use of the blencis
of the invention containing this 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 to
about 90 mole percent, relative to the carbonate bonds. For example, 5 moles

of bisphenol A reacting completely with 4 moles of isophthaloyl dichloride



descri bed above for the preparation of polycarbonate honopol yners, but by
t he added presence of a dicarboxylic acid (ester precursor) in the water

i mm sci bl e solvent In general, any dicarboxylic acid conventionally used in
the preparation of |inear polyesters may be utilized in the preparation of
t he copol yester-carbonate resins. Generally, the dicarboxylic acids which
may be utilized include the aliphatic dicarboxylic acids, the aromatic

di carboxylic acids, and the aliphatic-aromatic di carboxylic acids. These
acids are well known and are disclosedlfor exanple in U S. Pat. No.
3,169,121 which is hereby incorporated herein by reference. Representative
of such aromatic dicarboxylic acids are those represented by the general
formula: HOOC - Rerr] - COOH (1V) wherein Rl err] represents an aronatic

radi cal sughqasmBRESYHESGenBIPAIRYEICE8S co ngtblr_\tg@%gﬁpﬁonf%%owlsd phenyl ene

and the like; a divalent "aliphatic- aro rocar bon radical such as an
ar al kyl orpafdeat;ztterbdndal or two or nore aromatic groups connect ed

t hrough non-aromati c Ilnkages of the formula: -E - rein Eis a dival ent
al kyl ene or al kyieda¥casbanpte YESWQWQ&F%“EWF%“%W%*M%P‘W%OéFh@yl ene or

al kyli denep%s%“ﬁnve%%ne& ?qal oycomﬂﬂse BlddsTene %olycarbonate resin with

conventional molding aids such as, for example, antioxidants; antistatic
agents; inert fillers such as glass, talc, mica, and clay; ultraviolet radiation
absorbers such as the benzophenones, benzotriazoles, and the like; hydrolytic
stabilizers such as the epoxides disclosed in U.S. Pats. Nos. 3,489,716,
4,138,379 and 3,839,247, all of which are incorporated herein by reference;
impact modifiers and color stabilizers such as the organophosphites; thermal
stabilizers such as phosphite; mold release agents and flame retardants.
Some particularly useful flame retardants are the alkali and alkaline earth
metal salts of sulfonic acids. These types of flame retardants are disclosed in
U.S. Pat. Nos. 3,933,734; 3,931,100; 3,978,024; 3,948,851; 3,926,980; 3,919,167;
3,909,490; 3,953,396; 3,953,300; 3,917,559; 3,951,910 and 3,940,366, all of which
are hereby incorporated herein by reference.

The ortho esters and ortho carbonates employed in the process of the
invention to remove unreacted dihydric phenol reactants such as those of the
formula (I) given above are a well known class of organic compounds as are
the methods for their preparation. Representative of ortho esters and ortho
carbonates are acyclic compounds of the formula:

OR'
Rzo—-c::—-oré"
(O)R*
VD



. 8 al kylidene group, such as an aromatic |linkage, a tertiary am no |inkage,

an et her

sul fur- containing |inkage such as sul fide, sulfoxide, sulfone and the

like. In addition, E may be a cycloaliphatic group of five to seven carbon

| i nkage, a carbonyl |inkage, a silicon-containing |inkage,

or

by a

atons, inclusive, (e.g. cyclopentyl, cyclohexyl), or a cycloal kylidene of
five to seven carbon atoms, inclusive, such as cyclohexylidene. E may also
be a carbon-free sul fur-containing Iiﬁ&age, such as sul fide, sulfoxide or

sul f one;

nitrogen group; _
O her groups which E may represent wll

an ether |inkage; a carbonyl group; a direct bond; a tertiary
or a silicon-containing |inkage such as silane or siloxy.
occur to those skilled in the art

For pur powdereih Rh&2 RemrehR* are/edihi iadepbhiderdyp Ayl Cargtl 688 RAKYI drfd gCi ds are
preferred,ég us, in the preferred aromatic difunctional carboxylic acids of
(e

t he formt®

bi phenyl
exanpl es

pol y(est er-carbonat e) restm@t
acid, isophthalic acid, terép

therester) or 4 (an oathenearbenatedi Adso representatirrargithae,
oxyli 5

T

p-phenyl enedi aceti ¢ acid, ag¥ ‘it&k%%g/&\r(o)——f{s
L P

(VD)

wherein R%, R7 and R® are each independently selected from the group
consisting of hydrogen, alkyl and aryl; or R7 and R8 together with the carbon
atom to which they are attached form a 4 to 8 carbon membered ring; each R¢
is a divalent alkylene or arylene moiety; R° represents hydrogen, halogen,
lower alkyl of 1 to 5 carbon atoms, substituted or unsubstituted aryl; L is 0 or
1, nis an integer of from 0 to 2, pis 0 or 1 and t is 1, except it is 0 when the
carbon to which R® is attached and R’ form another ring.

Representative of ortho esters are methyl orthopropionate, methyl
orthoisobutyrate, ethyl orthoformate, ethyl orthopropionate, trimethyl
orthobenzoate and the like. The ortho esters may be prepared by well
known methods such as, for example, the reaction of the corresponding
trihalides with sodium alkoxides; Soh and Ma, J. Am. Chem. Soc. 54, 2964
(1932). Representative of ortho carbonates is 2-methoxy-2-phenyl-1,3-
diorolane. Also included as useful ortho esters and ortho carbonates are
polymeric and oligomeric compounds which contain terminal ortho ester and
ortho carbonate functional groups, such as those described for example in

U.S. Patents 5,212,255 and 5,391,616, both of which are incorporated herein by

- reference thereto.

The process of the present invention may be carried out by mixing a

proportion (about 25 ppm to about 500) of the ortho ester with the polycar-

ene.r: ubstit uted: ph | ene. Some non-limting
%}&llg?ﬁé‘% P%@E%P%édr ghh% CaEbo # ° e?§¥W'be usedI ig prﬁpﬁr: ng the
of ,the ifqstant inwention include phthalic

—ﬁé @8§§Eﬁ%\héﬂﬁphthalic acid, o-, m, and



- aromatic acids such as di phenyl dicarboxylic acid, and isoneric naphthal ene
di carboxylic acids. The aromatics nmay be substituted with an inorganic atom
such as chlorine, bromne, fluorine and the |like; 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 the group be inert to and unaffected
by the reactants and the reaction conditions. Particularly useful aromatic
di carboxylic acids are those represernized by the general fornmula: 9 [err]
(V) wherein j is a positive whole integer having a value of fromO to 4

I nclusive; and each R3 is independently selected fromthe group consisting
of alkyl radicals, preferably lower alkyl (1 to about 6 carbon atons).

erm ai et ff SheABHY shenfEhaR, Mihqt G RyB Ees df e oa "R < orm
i ncl udes Bljwﬁdefa‘an?fthém_ SFop@i ol tha B lihf Feddt HSmalltsd bdtvebRthed as
aromatic dicarboxylic acids are isophthalic acid, terephthalic acid, and
m xt ur es Rheswyddydroxyl groups of the dihydric phenol (I) residues and the ortho
esters. In any event, the residue dihydric phenols are removed as active
hydroxy compounds.
Heating promotes the desired reaction, and advantageously the
mixture of polycarbonate resin and ortho ester are heated to a temperature
within the range of from about 280°C. to about 380°C. at ambient atmospheric
pressures for a period of time sufficient to achieve reaction. Generally, 15 to
30 minutes is a sufficient period of time.
The process of the invention is advantageously carried out by mixing
and heating the mixture of polycarbonate resin by melt blending technique.
Thus, preferably the resin compositions of the invention are prepared by
homogeneously blending the polycarbonate and the ortho ester. The
blending may be carried out by use of conventional and known techniques
and apparatus for the blending together of synthetic polymeric resin
components. In general, the mixtures of components may be blended by pre-
mixing in conventional mixing rolls, dough mixers, Banbury mixers and the
like and by blending the pre-mix in an extruder or fluxing it on a mill at an
elevated temperature sufficient to achieve a homogenous blending. Upon
cooling, the blend may be pelletized and stored for molding into articles.
Advantageoﬁsly, the mielt blending is carried out in the presence of a
catalytic proportion of a catalyst to promote the reaction. A catalytic
proportion is generally one within the range of from about 0.00001 to 0.01 .
parts by weight of the resin composition. Useful catalysts are basic catalysts.
Representative of such catalysts are oxides, hydrides, hydroxides or amides

of alkali or alkaline earth metals such as, for example, lithium hydroxide and



Rat her than utilizing the dicarboxylic acid per se, it is possible, and
sonetinmes even preferred, to enploy the reactive derivatives of said acid.
Il'lustrative of these reactive derivatives are the acid halides. The
preferred acid halides are the acid dichlorides and the acid di brom des.
Thus, for exanple instead of using isophthalic acid, terephthalic acid or
m xtures thereof, it is possible to enpl oy isophthal oyl dichloride,

t erepht hal oyl dichloride, and m xtures thereof. The proportions of
reactants enpl oyed to prepare the copol yester- carbonate resins will vary
I n accordance with the proposed use of the blends of the invention
containinﬁggpgs géod ct_ resin. Those skilled in the art are aware of useful
proport i off€ 1&& e Masicanpial pides such ggzing axider and &e like.aBdsce. 1 n

general , e@é’i&ﬁﬂbe%ffutsgﬁxl%g{a%sitgggeg%adgw&ggaﬁ LA, 3RO L RliQpbout 90 nol e

percent, relative to the carbomna rexanple, MEg of bi spheno

A react i nsteacatp] egaing-tiahiurh daed1gstsGlich aopbtch@ltphlitdiatd|oRpisiin and 1 nole
of phosgene would give a co&pl vester-carbonate of 80 nol e percent ester
bonds. Theatabisie sudband bytgliimexidesaluainum ac borermanionidritainives pr ocess of

e L Pr e CRhwlyMERIPAs HbSe A3CiBOARE U8, PRS0 deB%ld 358069034 o' "
the like.

Preferred as a catalyst is tetrabutylammonium tetraphenylborate.

The following examples describe the manner and process of making
and using the invention and set forth the best mode contemplated by the
inventors for carrying out the invention but are not to be construed as
limiting the scope of the invention. All parts are by weight.

EXAMPLES 1-3

Polycarbonate resin powder made by homogeneously mixing 70
percent by weight of a branched polycarbonate resin (Lexan ®, General
Electric Co.) having an Mw of 37,500, with 30 percent by weight of a linear
polycarbonate resin (Mw 21,500) was blended with various amounts of
orthoester and, at times, with a trans-esterification catalyst. The mixture was
melt blended and extruded into plastic pellets. The melt was extruded after
mixing for about 20 minutes at a temperature of circa 320°C. The plastic

pellets were tested for free bisphenol A (BPA) content in the extruded plastic
pellets.



conventional nolding aids such as, for exanple, antioxidants; antistatic
agents; inert fillers such as glass, talc, mca, and clay; ultraviolet

radi ati on absorbers such as the benzophenones, benzotriazoles, and the

i ke; hydrolytic stabilizers such as the epoxides disclosed in U S. Pats.
Nos. 3,489, 716, 4,138,379 and 3,839,247, all of which are incorporated
herei n by reference i npact nodifiers and color stabilizers such as the

or ganophosphites; thermal stabilizersuch as phosphite; nold rel ease
agents and flane retardants. Some particularly useful flame retardants are
the alkali and al kaline earth netal salts of sulfonic acids. These types of
flame retardants are disclosed in U S. Pat. Nos. 3,933,734; 3,931, 100;
3,978, 024 EXAMME,1851; 3, 926, 980; 3,919, 167; 3,909, 490; 3,953, 396;

3, 953, 3005, 3. 917122 ionas 221, 910 and 3,940, 366, all of Whl%ﬁ pRLE, hgreby
|ncorpora?éﬂt%é%e¥ﬂ3%y—T%ference The ortho esters and ates
enpl oyed ipellethfeom powdergninfure (wotréeateddnt i on t o renove unr éb&pma di hydric
phenol re@@ﬁ.mrrémeu@beeseateb%e,dzis%ttneea‘hwmoﬁe,(zbategl ven, f}%ﬂﬂe are a vell

known cl ass_of organi.c conpounds _as are’the nethods for preparation.
Repr esent Zefeisirem PBY’FFFdreéEefié‘f‘g‘ U3t tomets! wthrByIrattea™ar e acyclic conpounds

of the f onw004%A tetfabiitylamimdnjum tetraphenylborate less than 1 ppm
EXAMPLE 2
Sample (polycarbonate) Free (BPA content)
pellets from powder mixture (untreated) 9.8 ppm
pellets from powder treated with 0.01% trimethyl orthobenzoate less than 1 ppm
pellets from powder treated with 0.02% trimethyl orthobenzoate 2.1 ppm
pellets from powder treated with 0.03% trimethyl orthobenzoate 1.7 ppm
pellets from powder treated with 0.03% 2-methoxy-2-phenyl-1,3

dioxolane 1.7 ppm

EXAMPLE 3
Sample (polycarbonate) Free (BPA content)
pellets from powder mixture (untreated) 16 ppm

pellets from powder treated with 0.0025% trimethyl orthobenzoate 16 ppm
pellets from powder treated with 0.05% trimethyl orthobenzoate 5.0 ppm
pellets from powder treated with 0.075% trimethyl orthobenzoate 1.0 ppm



wherein R err], Rerr], Rerr] and R err] are each independently al kyl,
aryl or aralkyl and pis O (an ortho ester) or 1 (an ortho carbonate). Al so
representative are the cyclic ortho esters and ortho car bonat es of the

formula: [err VI rein Rlerr], Rerr] omu cn ar-e—each

i ndepeamu h ﬁ[ rom the group consi|sti nYEREARLBr SIBRTS a| kySGand

aryl ] together with t 371801 t. 0 Whj

attached* forma 4 to 8 car bon nenberid rin 2 %Oﬁl %i&etgd] a] e‘%?gch

or arylene noiety; Rerr] represents hydro guf}grg‘l@mé@en (a\i\'/é'r'" ’IH( f
[

5 carbon atons, substituted or unsubstitut o d f T}
integer of from0O to 2, pis 0 or 1 and t féeptpf'$e O‘W‘i’é the-

carbon to which R5 is attached and R7 formanother ring. Representatrrve of
ortho esters are nethyl orthopropionate, nethyl orthoisobutyrate, ethyl

or t hof orWw{ AT ISIUNVAIMEDEPr opi onate, trimethyl orthobenzoate and the I|'ike.
The ortho esters nmay be prepared by well known nethods such as, for

exanple, the ¥ eactAcpromSStfhehcehngwd)mrhgnahe|raahs aesempm resodiilesm
al koxi de Soh

a 54, 2964 (1 sentative of
ortho ca Wﬁ?‘étgg ihg a%m??l Eé\‘ifl‘“ﬁlogea&?&?%‘?‘%ﬂ “%&F?ﬁ?‘h fded as
usef ul kM aTo) r I | i goneric
FRNG S b oy s L

presence of an ortho ester or an ortho carbonate.

2. The process of claim 1 wherein the dihydric phenol is of the

formula:

X)n (X)n
(A OH

@

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 groups such as halogen; -S- ; -SS-; -
5(0)- ; -S(O)z- ; -O-: or -C-; each X is independently selected from the group
consisting of hydrogen, halogen, and a monovalent hydrocarbon radical such
as an alkyl group of from 1 to about 8 carbon atoms, an aryl 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 m is zero or 1 and n is an integer of from 0 to 4.

3. The process of claim 2 wherein the dihydric phenol is bisphenol A.

This Sheet Has Been Replaced
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ortho carbonate functional groups, such as those described for exanple in
U S Patents 5,212,255 and 5, 391, 616, both of which are incorporated herein
by reference thereto. The process of the present invention may be carried

out by mxin [ i on (about 25 ppmto about 500) of the ortho ester
with the pol 3“’”[/@@"{&” mmf resin and heating the mxture. Al though the
I nventors are*not Al by any theory of operation, the resulting
reacti on may be between the phenyl hygsoxyl groups of the dihydric phenol
(1) residues and the ortho esters. In any event, the residue dihydric
phenol s are renoved as active hydroxy conpounds. Heating pronotes the
desired reaction, and advantageously the m xture of polycarbonate resin and
ortho ester are heated to a tenperature within the range of from about

280[ err] C. to ‘4bbhe peewsepf fleimd: whatsiinthe pehisaprrnate refivésares for a

period ofy ti| ffjCl hi eve reaction. Cenerally, 15 to 30 m nutes
Is a suf fl?rtg%\gﬁ?fggﬁcgafﬁat%?eéﬁ. The process of the invention is

advant ageous| y5.car r Thel pasdesd¥f cllaith MowaBFi A eRé: by chForiat s isof
pol ycarbonate resin by nelt bl ending technique.
linear polycarbonate resin.
6. The process of claim 1 wherein the polycarbonate is a polyester-
carbonate resin.
7. The process of claim 1 wherein the ortho ester or ortho carbonate is

of the formula:-

OR'
RZO—-(::—OR3
(O)pR*
VD
wherein R?, R?, R3 and R* are each independently alkyl, aryl or aralkyl and p
is O (an ortho ester) or 1 (an ortho carbonate). 8.
The process of claim 7 wherein the ortho ester is trimethyl

orthobenzoate.

9. The process of claim 1 wherein the ortho ester or ortho

carbonate is of the formula:-
(RO fC—®)—0_ O’
RY C—®)-0" N (0)—R®

VII
wherein R R7 and R® are each independently selected from the group
consisting of hydrogen, alkyl and aryl; R¢ is selected from the group
consisting of primary alkyl of 1 to 10 carbon atoms, inclusive, secondary alkyl
of 1 to 10 carbon atoms, inclusive, aralky! of 1 to 10 carbon atoms, inclusive,

an aromatic radical of 6 to 10 carbon atoms, inclusive, or an alkylene radical

This Sheet Has Been Replaced
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Thus, preferably the resin conpositions of the invention are prepared by
honogeneousl y bl endi ng the pol ycarbonate and the ortho ester. The bl endi ng
may be carried out by use of conventional and known techni ques and
apparatus for the blending together of synthetic polyneric resin

conmponen ral, the m xtures of conponents may be bl ended by pre-
m Xi ng |‘ [!mm&mﬁ ’l gixi ng rolls, dough m xers, Banbury m xers and the
| i ke and*byc B8 pre-mix in an extruder or fluxing it on a mll at
an el evated tenperature sufficient tik7 achi eve a honbgenous bl endi ng. Upon
cooling, the blend may be pelletized and stored for nolding into articles.
Advant ageously, the nelt blending is carried out in the presence of a
catal ytic proportion of a catalyst to pronote the reaction. A catalytic

proporti.on is ral |y one within.the range fr bout. 0. 00001 to 0.01
parts b§8{,%}%?(33§ ss%ég?%gi‘erfn %‘?ﬁﬁlor%?% i“é'rtlk.1 %%&Pnégﬁt%ﬁt‘ 15a_re basi c

cat al yStstacked thas Pratuvigdd bRyelic EthpbuBHIVAEoPRT 8RE Reyghthees .

hydr oxi des or ami des of alkali or alkaline earth netals such as, for
exanpl e withthé carbopdatori thewhinch they ke ahtacheédk éormhadoto thembonnet al  oxi des

e sal EeBberh ing: i BlErA dalertalgene of arylene morely; RIS 11 € ELYSLS
represents hydrogen, halogen, lower alkyl of 1 to 5 carbon atoms, substituted
or unsubstituted aryl; Lis Q or 1, nis an integer of from Oto 2, pisOorland t
is 1, except it is 0 when R5 and the carbon to which it is attached form a
compound.

10.  The process of claim 9 wherein the ortho carbonate is 2-
methoxy-2-phenyl-1,3-dioxolane.
11. The process of claim 1 wherein heating is at a temperature within
the range of from about 280°C to about 380°C.
12. The process of claim 1 wherein the catalyst is tetrabutylammonium.
tetraphenylborate.
13. The process of claim 1 wherein heating is carried out in the presence of
a catalyst.
14. The process of claim 11 wherein the catalyst is tetrabutylammonium
tetraphenylborate.
15.  The process of claim 1 wherein heating is carried out by melt blending
the ortho ester or ortho carbonate with polycarbonate.
16. The product of the process of claim 1.
17. A process for removing contaminant dihydric phenol from a
polycarbonate resin, which comprises;
melt blending the resin with from 25 to 500 ppm of an ortho ester or

ortho carbonate in the presence of a catalyst.

This Sheet Has Been Replaced
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Stearate; organo-titanium catal ysts such as tetraoctyl-titanate; organotin
catal ysts such as dibutyltin oxide; alum numor boron anion contai ning
catal ysts such as those described in U S. Patents 4,330,669 and 4, 395, 062
and the like. Preferred as a catalyst is tetrabutylamoni um

tetraphenyl borate. The foll owi ng exanpl es describe the manner and process
of maki ng and using the invention and set forth the best node contenpl ated
by the inventors for carrying out the i'éwenti on but are not to be construed
as limting the scope of the invention.” All parts are by wei ght EXAVPLES
1-3 Pol ycarbonate resi n powder nade by honogeneously m xing 70 percent by
wei ght. of aOBPHACKEAERS! b8 aPBONECAVENSER TN cRARYCARBONAEE BRQRYGT ¢ Co. )
havi ng an l\/%err] of 37,500, with 30 percent by weight of a |inear

pol ycar borsBeT RASTTWNOFM BEDISTI BSUREwas bl ended with vari ous ampunts of

orthoester and,,at tines, with a trans-esterification catalyst The m xture
was melt bl endedP Xﬁacfb(???fetﬁéﬁ‘siﬂf’Sreﬁaé%ft‘f'lfeﬁ%tﬁiéﬁ‘.du%@?mﬂ gliMElCext r uded

after m xiglnﬁenfo%e&b% e%ﬂ;l@}@&'tiﬁ?hé}{- pg?gﬁﬁgﬁg%égé%tﬁ%gg@gg@w” C. The

plastic p ets were tested’ for free sp I'n the
extruded pprasénce gfeirtied ssters or ortho carbonates.
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14 . EXAMPLE 1 Sanpl e (pol ycar bonat e) .
Free (BPA content) m powder m xture (untreated) Ep R
9.8 ppm pel | e\“ &@’\j eat ed with 0.03%trinmethyl orthobenzoate 1.8
ppm pel lets f eated with 0.Q3% trinethyl orthobenzoate and
0.004% t et rabutyl amoni um t et raphenyl borate | ess than 1 ppm
EXAMPLE 2 Sanpl e (pol ycar bonat e) Free
(BPA content) pellets from powder m QMW?UM r eat ed)

9.8 ppmpellets frompowder treated with 0.01%trinethyl orthobenzoate

| ess than 1Wlamipdhingddsisf r om powder treated with 0.02% tri net hyl

ort hobenzoate 2.1 ppmpellets frompowler treated with 0.03%tri net hyl

orthobenzoate 1 1 7 pPpRA gf‘dcl:ét for f thaiinp PlRSarbonget Reinwi tb refhoVd Yesidues of
2- met hoxy- 2- phenyl - 1, 3 di oxol ane

1.7 ppm EXANPLE 3, S c t cant )
Free (BPA Cgtﬂﬁe%%t?c} &Hﬂl ct(sp?\fgtrx%'lm?{)ag {a‘e rﬁl%ure (unr%t?%oz;?gdreac in the

16 ppm pellets from er treated with.O. S% Lrineth art hobe gate

To Do bel | BrepershPRORsEvat s A %“tﬁt‘sﬁ?’gﬁﬂ}“ﬁ st Y b RS %5 o
m

PP ortho ester or ortho carbonate, wherein the ortho ester or ortho carbonate is:

(1) an acyclic compound of the formula:

| REPLACEMENT SHEET
?Rl o 1MAR 1999
R2O— ~C— OR’
(0)pR | B

wherein R!, R%, R? and R? are each independently alkyl, aryl or
aralkyl and p is O (an ortho ester) or p is 1 (an ortho carbonate); or (2) a cyclic

compound of the formula:

9N q%c—(pf)z);o\ JOR’

R {c—®2)-0" MoK
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pellets frompowder treated with 0.075% trinethyl orthobenzoate 1.0 ppm
CLAI M5 What is clained is: 1. A process for | amﬁﬁm)onate
resins to renove residues of unreacted di hydri cgmm\m“ enpl oyed as
a nononer reactant in the preparative pi)%yrreri zakl o, whi*ch Scofipri ses;
heating the resin in the presence of an"ortho ester or ortho carbonate,
wherein the ortho ester or,ortho carbonate is: (1) an acyclic conpound of
the formul awhegin r &R igre each indepgndentiypelected framdheeequplcopsistingeth

i ndependently al kyl, aryl or aralkyl and p is O (an ortho ester) or pis 1
(an ortho chydwogen,ailkyland@eyl; R dysdléctedcopdabe grap comeisting nfipamafeakkyl 16
wherein R err], Rerr] and R err] are each independently selected fromthe
group consi gfiingo A0 carbon atoms, inclusive, secondary alkyl of 1 to 10 carbon atoms,

inclusive, aralkyl of 1 to 10 carbon atoms, inclusive, an aromatic radical of 6 to 10
carbon atoms, inclusive, or an alkylene radical forrniné a 4 to 8 carbon membered
ring with the carbon to which it is attached, thus producing a bicyclic compound
(VID); or R” and R® together with the carbon atom to which they are attached form
a 4 to 8 carbon membered ring; each R® is a divalent alkylene or arylene moiety; R®
represents hydrogen, halogen, lower alkyl of 1 to 5 carbon atoms, substituted or
unsubstituted aryl; L is 0 or 1, m is an integer of from Q0 to 2, pisOor 1 and tis 1,

except t is 0 when the carbon to which R’ is attached and R form another ring.

2. The process of claim 1 wherein the dihydric phenol is of the formula:

) Al 43{_ E\T” 1 -«1:
X0n . REPLACEVENT SHEET
(A)m OH | | 0 1MARM9

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 with substituent groups of halogen; --S--;--8S--; --§(0)--; --S(0),--;
--0--: or --C--; each X is independently selected from the group consisting of

hydrogen, halogen, and a monovalent hydrocarbon radical, an aryl group of from




hydr ogen, al kyl and aryl; R err] is selected fromthe group consisting of
primary al kyl of 1 to 10 carbon atons, inclusive, secondary al kyl of 1 to

10 carbon atons, inclusive, aralkyl of 1tol ﬂljﬂﬂ cl usi ve,
aromatic radical of 6 to 10 carbon atong; mcqm "m,ﬂmumpl ene radi cal
formng a 4 to 8 carbon menbered ring W|th the carboh tb whic¢h it is
attached, th abl lic co I err err]
Fo0et hor | w (41oRBER S ais &6 I BHHPCH TR taBOUR 4. Hoat Aot o8 Al §

car bon rrerrbered ring; each Rlerr] is a divalent al kylene or aryl ene noiety;
Rl err] reprgmaptaf faguir bipeaboub dhgehon atomey amplkpxy group efofremch idhabowi®ons,
substituted or unsubstituted aryl; Lis O or 1, mis an integer of fromO

to 2, p i s Garbbn htonmy] ok ahs:qalox;egﬁﬁptoftfrdrﬁ 60tovit8etarbdieatomspaml inoisvbichr R err]
is attached and R err] form another ring. 2. The process of claiml

wher ei n t he ) diBiuffsl 4n RRPRPLS EdnPd to ae fornula: [err] wherein Ais a
di val ent hydrocarbon radical containing from1 to about 15 carbon atons; a

substituted dival ent hydrocarbon radical containing from1 to about 15
carbon atons with substituent groups of hal ogen; --S--; --SS-- --S(O)--

--S(O[err]--; -- --C - eaphX s epgndent | y d fromthe
group consi sting of hﬁ?dﬁ%??ss ﬁ%P’Sﬁ%@ nﬁﬁ\ﬁﬁﬁ&é‘f’ F’Bﬂn‘\

radical, an aryl group of from 17

4, The process of claim 1 wherein the polycarbonate resin is a branched

polycarbonate resin.

S. The process of claim 1 wherein the polycarbonate resin is a linear

polycarbonate resin.

6. The process of claim 1 wherein the polycarbonate is a

polyester-carbonate resin.

REPLACEMENT SHEET
, 0 1MAR 1999
7. The product of the process of claim 1.
8. The process of claim 1 wherein the ortho ester is trimethyl
orthobenzoate.
9. The process of claim 1 wherein heating is carried out by melt blending

the ortho ester or ortho carbonate with polycarbonate.



6-carbon 18 atons, an aral kyl group of from7 to about 14 carbon atons, an

al karyl group of from7 to about 14 carbon atom;,lJ g” of from1l

to about 8 carbon atons, or an aryloxy group of f 4 nHﬂH%Zﬂtn at ons;
8. » §h

and mis zero or 1 and nis an integer Qf fromO to rocess of

claim2 wherein the dihydric phenol is 1 i sphenol A. 4. The process of
claim11 wherein the polycarbonate resin i s a branched pol ycarbonate resin.
5. The procesk0.of Eh&i arocesshedfei ¢laithe 1povharainpdhat orthesirhonate |isnear
pol ycarbonate resin. 6. The process of claim 1 wherein the

pol ycar bona2-methaxys2-phe¢nybdiediogalabonat e resin. 7. The product of the
process of claim1. 8. The process of claim 1 wherein the ortho ester
is trimethyl orthobenzoate. 9. The process of claim1l wherein heating is
carried out by nelt blending the ortho ester or ortho carbonate with

pol ycarbonate. ; 10. 1, ﬁ%ﬁ%{?&f&?ﬁ@ 2vhétel HBatide 1R aMperafife Rithl}Pihe

carbonate is 2-n€thoxy-
range of from about 280°C. to about 380°C.

12.  The process of claim 1 wherein heating is carried out in the presence

of a catalyst.

13.  The process of claim 12 wherein the catalyst is tetrabutylammonium

tetraphenylborate.

14. A process for removing contaminant dihydric phenol from a
polycarbonate resin, which comprises;

melt blending the resin with from 25 to 500 ppm of an ortho ester or

ortho carbonate in the presence of a catalyst, wherein the ortho ester or ortho

carbonate is: (1) an acyclic compound of the formula:

REPLACEMENT SHEET
1
) PR 3 0 1MAR 1999
R O—Cll—OR
(O)pR*

wherein R',R%,R?, and R* are each independently alkyl, aryl or aralkyl and p is 0 (an



11. The process of claim1l wherein heating is at a tenperature within the

range of from about 280[err]C. to about 380[err ocess of
claiml wherein heating is carried out in the i Fw}l@& n Mmal yst. 13.
The process of claim 12 wherein the catal yst is« I um

tetraphenyl borate. 14. A process f orl% enovi ng contam nant di hydric
phenol from a polycarbonate resin, which conprises; nelt blending the
resin wth drthmnesis) oop H0D (guporthof cagbonate);har (@2 eyclisrcommonnd efthsdaemelal n t he
presence of a catalyst, wherein the ortho ester or ortho carbonate is: (1)
an acyclic conpound of the formula: [err] wherein Rerr],Rerr],Rerr], and
Rl err] are each independently alkyl, aryl or aralkyl and pis 0 (an 19

ortho ester) or pis 1 (an(pj)rlho ark e~ ORr(2) a cyclic compound of
the fornmula: [err] wherein R e R[Qg‘?ﬁtgh /Rerr] are each independently

sel ected fromthe group conspst @__Qngg%(ﬂ.[@g ép%ly‘rk')ﬂs and aryl; Rlerr] is

sel ected fromthe group consisti o] iLmar y

wherein R’, R” and R® are each independently selected from the group consisting of
hydrogen, alkyl and aryl; R is selected from the group consisting of primary alkyl
of 1 to 10 carbon atoms, inclusive, secondary alkyl of 1 to 10 carbon atoms,
inclusive, aralkyl of 1 to 10 carbon atoms, inclusive, an aromatic radical of 6 to 10
carbon atoms, inclusive, or an alkylene radical forming a 4 to 8 carbon membered
ring with the carbon to which it is attached, thus producing a bicyclic compound
(VII); or R” and R® together with the carbon atom to which they are attached form
a 4 to 8 carbon membered ring; each R® is a divalent alkylene or arylene moiety; R’
represents hydrogen, halogen, lower alkyl of 1 to 5 carbon atoms, substituted or
unsubstituted aryl; Lis O or 1, m is an integer of from 0to 2, pisOor 1l and tis 1,

except t is 0 when the carbon to which R® is attached and R’ form another ring.
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of 1 to 10 carbon atons, inclusive, secondary alkyl of 1 to 10 carbon
atons, inclusive, aralkyl of 1 to 10 carbon atons, inclusive, an aronmatic
radical of 6 to 10 carbon atons, inclusive, or an al kylene radical form ng
a 4 to 8 carbon nenbered ring with the carbon to which it is attached, thus
produci ng a bicyclic conpound (VI1); or Rerr] and Rerr] together with the
carbon atomto which they are attached_forma 4 to 8 carbon nenbered ring;
each Rl err] is a dival ent al kyl ene or %?ylene noiety;, R err] represents
hydr ogen, hal ogen, lower alkyl of 1 to 5 carbon atons, substituted or

1and t 1 s S emens e oy, Se ANt gl AN GrHAO YRR bR Pached and
Rierr] T o) Badi A 'of 1k DISCLOSURE

Polycarbonate resins are freed of unreacted residues of the dihydric
phenol reactants employed in their preparétion by heating the resins in the

presence of ortho esters or ortho carbonates.
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