
PROCESS TO MAKE POLYCARBONATE FROM
BISMETHYLSALICYLCARBONATE Background of the Invention:
This invention relates to a method of preparing
polycarbonate. More particularly the method relates to
a method whereby a solution comprising a solvent and
an oligomeric polycarbonate is introduced into a
devolatilizing extruder wherein the oligomeric
polycarbonate is converted into high molecular weight
polycarbonate while simultaneously removing the
solvent. More particularly, the instant invention
relates to the formation under mild conditions of
polycarbonates having extremely low levels of Fries
rearrangement products, a high level of endcapping and
low levels of residual solvent. Polycarbonates, such
as bisphenol A polycarbonate, are typically prepared
either by interfacial or melt polymerization methods.
The reaction of a bisphenol such as bisphenol A (BPA)
with phosgene in the presence of water, a solvent such
as methylene chloride, an acid acceptor such as sodium
hydroxide and a phase transfer catalyst such as
triethylamine is typical of the interfacial
methodology. The reaction of bisphenol A with a source
of carbonate units such as diphenyl carbonate at high
temperature in the presence of a catalyst such as
sodium hydroxide is typical of currently employed melt
polymerization methods. Each method is practiced on a
large scale commercially and each presents significant
drawbacks. The interfacial method for making
polycarbonate has several inherent disadvantages.
First it is a disadvantage to operate a process which
requires phosgene as a reactant due to obvious safety
concerns. Second it is a disadvantage to operate a
process which requires using large amounts of an
organic solvent because expensive precautions must be
taken to guard against any adverse environmental
impact. Third, the interfacial method requires a
relatively large amount of equipment and capita]
investment. Fourth, the polycarbonate produced by the
interfacial process is prone to having inconsistent
color, higher levels of particulates, and higher
chloride content, which can cause corrosion. The melt
method, although obviating the need for phosgene or a
solvent such asmethylene chloride requires high
temperatures and relatively long reaction times. As a
result, by-products may be formed at high temperature,
such as the products arising by Fries rearrangement of
carbonate units along the growing polymer chains.
Fries rearrangement gives rise to undesired and
uncontrolled polymer branching which may negatively
impact the polymer's flow properties and performance.
The melt method further requires the use of complex
processing equipment capable of operation at high
temperature and low pressure, and capable of efficient
agitation of the highly viscous polymer melt during
the relatively long reaction times required to achieve
high molecular weight. Some years ago, it was reported
in U.S. Pat. No. 4,323,668 that polycarbonate could be
formed under relatively mild conditions by reacting a
bisphenol such as BPA with the diaryl carbonate formed
by reaction phosgene with methyl salicylate. The
method used relatively high levels of
transesterification catalysts such as lithium stearate
in order to achieve high molecular weight
polycarbonate. High catalyst loadings are particularly
undesirable in melt polycarbonate reactions since the
catalyst remains in the product polycarbonate
following the reaction. The presence of a
transesterification catalyst in the polycarbonate may
shorten the useful life span of articles made
therefrom by promoting increased water absorption,
polymer degradation at high temperatures and
discoloration. In US 6,420,512, extrusion of a mixture
of an ester-substituted diaryl carbonate, such as
bis-methyl salicyl carbonate, a dihydroxy aromatic
compound, such as bisphenol A, and a
transesterification catalyst, such as
tetrabutylphosphonium acetate (TBPA), afforded high
molecular weight polycarbonate. The extruder employed
was equipped with one or more vacuum vents to remove
by-product ester-substituted phenol. Similarly, a
precursor polycarbonate having ester-substituted
phenoxy endgroups, for example methyl salicyl 



endgroups, when subjected to extrusion afforded a
polycarbonate having a significantly increased
molecular weight relative to the precursor
polycarbonate. The reaction to form a higher molecular
weight polycarbonate may be catalyzed by residual
transesterification catalyst present in the precursor
polycarbonate, or by a combination of any residual
catalyst and an additional catalyst such as TBPA
introduced in the extrusion step. Fries rearrangement
products were notobserved in the product
polycarbonates. Although the methods described in US
6,420,512 represent significant enhancements in the
preparation of polycarbonate relative to older
methods, additional improvements are needed. For
example, it would be highly desirable to increase the
throughput rate of starting materials through the
extruder in order to achieve greater efficiency
without observing the entrainment of the feed and
polycarbonate at the vent ports of the extruder. In
addition, it would be highly desirable to avoid having
to isolate a precursor polycarbonate having
ester-substituted phenoxy endgroups prior to its
extrusion to afford a higher molecular weight
polycarbonate. Summary of the Invention: Applicants
have discovered a superior process for the production
of polycarbonate using an ester-substituted carbonate.
In accordance with an embodiment of the present
invention polycarbonate is prepared by the method
comprises the steps of: (i) introducing to an extruder
through a feed port a plurality of reaction components
comprising a polycarbonate oligomer, an activated
carbonate residue, and a transesterification catalyst,
wherein the extruder comprises the feed port, a first
back vent port, and a polycarbonate exit port, wherein
the feed port is located between the first back vent
port and the polycarbonate exit port, and wherein the
resistance to flow of the reaction components from the
feed port to the first back vent port is less than or
equal to the resistance to flow of the reaction
components from the feed port to the polycarbonate
exit port, and (ii) extruding the reaction components
at one or more temperatures in a range between 100 0C
and 400 0C, wherein during the extrusion of the
reaction components, activated carbonate residue is
removed through the first back vent port, thereby
preparing a polycarbonate. The present invention is an
improvement over the prior art. It has been found that
theprocess of the present invention allows for
superior polycarbonate production using a back vented
extruder while minimizing residence time and the
number of barrels required in typical extrusion
methods. Further it has been found that a back vent
port on an extruder may be operated under conditions
to remove activated carbonate residue without the
entrainment of oligomer at the vent port even in the
circumstance that the resistance to flow of the
reaction components from the feed port to the back
vent port is less than or equal to the resistance to
flow of the reaction components from the feed port to
the polycarbonate exit port. Brief Description of the
Drawings Fig. 1: shows an apparatus for practicing the
invention Detailed Description of the Invention The
present invention may be understood more readily by
reference to the following detailed description of
preferred embodiments of the invention and the
examples included therein. In the specification and
the claims which follow, reference will be made to a
number of terms which shall be defined to have the
following meanings: The singular forms "a", "an" and
"the" include plural referents unless the context
clearly dictates otherwise. "Optional" or "optionally"
means that the subsequently described event or
circumstance may or may not occur, and that the
description includes instances where the event occurs
and instances where it does not. As used herein, the
terms "polycarbonate oligomer" and "oHgomeric
polycarbonate" are synonymous and refer to a
polycarbonate oligomer having a number average
molecular weight of less than 7000 Daltons and
includes oligomeric polycarbonates comprising
polycarbonate repeat 



units derived from one or more dihydroxy aromatic
compounds. As used herein, when describing an
oligomeric polycarbonate, the expression
"polycarbonate repeat units derived from at least one
dihydroxy compound" means a repeat unit incorporated
into an oligomeric polycarbonate by reaction of a
dihydroxy compound with asource of carbonyl units, for
example the reaction of bisphenol A with bis(methyl-
salicyl) carbonate. As used herein, the term "high
molecular weight polycarbonate" means polycarbonate
having a number average molecular weight, Mn, of 8000
Daltons or more. As used herein, the term "solvent"
can refer to a single solvent or a mixture of
solvents. As used herein, the term "solution
comprising a solvent and an oligomeric polycarbonate"
refers to a liquid oligomeric polycarbonate comprising
at least 5 percent by weight solvent. As used herein,
the term "melt polycarbonate" refers to a
polycarbonate made by the transesterification of a
diary] carbonate with a dihydroxy compound. As used in
the examples section of the specification the term
"TLTM" refers to values that were too low to measure.
"BPA" is herein defined as bisphenol A or
2,2-bis(4-hydroxyphenyl)propane. As used herein the
term "Fries product" is defined as a structural unit
of the product polycarbonate which upon hydrolysis of
the product polycarbonate affords a
carboxy-substituted dihydroxy aromatic compound
bearing a carboxy group adjacent to one or both of the
hydroxy groups of said carboxy-substituted dihydroxy
aromatic compound. For example, in bisphenol A
polycarbonate prepared by a melt reaction method in
which Fries reaction occurs, the Fries product
includes those structural features of the
polycarbonate which afford 2-carboxy bisphenol A upon
complete hydrolysis of the product polycarbonate. The
terms "Fries product" and "Fries group" are used
interchangeably herein. The terms "Fries reaction" and
"Fries rearrangement" are used interchangeably herein.
The terms "double screw extruder" and "twin screw
extruder" are used interchangeably herein. As used
herein the term "monofunctional phenol" means a phenol
comprising a single reactive hydroxy group. The terms
"vent port" and "vent" are used interchangeably
herein. "Polycarbonate" refers to polycarbonates
incorporating repeat units derived from at least one
dihydroxy aromatic compound and includes
copolyestercarbonates, for example apolycarbonate
comprising repeat units derived from resorcinol,
bisphenol A, and dodecandioic acid. Nothing in the
description and claims of this application should be
taken as limiting the polycarbonate to only one
dihydroxy residue unless the context is expressly
limiting. Thus, the application encompasses
copolycarbonates with residues of 2, 3, 4, or more
types of dihydroxy compounds. Numerical values in the
specification and claims of this application reflect
average values. Furthermore, the numerical values
should be understood to include numerical values which
are the same when reduced to the same number of
significant figures and numerical values which differ
from the stated value by less than the experimental
error of the measurement technique used in the present
application to determine the value. US patent
application 10/389,009 (pub. No. US 2003/0236384),
herein incorporated by reference, shows a back vented
extruder in figure 3. However, US 2003/0236384
discloses the use of an active element, (i.e. a
kneading element), that is placed between the back
vent ahd the feed port of the extruder to increase the
resistance of flow of the reaction components to the
back vent to reduce or eliminate the entrainment of
oligomer/polymer in the back vent. It has herein been
found that no such active element is required to
prevent the entrainment of the oligomer/polymer in the
back vent. Thus, the extruder of the present invention
has a back vent wherein the resistance to flow of the
reaction components from the feed port to the back
vent port is less than or equal to the resistance to
flow of the reaction components from the feed port to
the 



polycarbonate exit port. The method of the invention
effects both the conversion of the oligomeric
polycarbonate to a product polycarbonate having higher
molecular weight, and a separation of the solvent
initially present in the solution of the oligomeric
polycarbonate from the product polycarbonate.
Additionally, the method provides for the removal of
other volatile materials which may be present in the
initial solution of oligomeric polycarbonate, or
formed as by-products as the oligomeric polycarbonate
is transformed in the extruder to the product
polycarbonate. One embodiment of the present invention
provides a method for preparing polycarbonate
comprising the steps of:(i) introducing to an extruder
through a feed port a plurality of reaction components
comprising a polycarbonate oligomer, an activated
carbonate residue, and a transesterification catalyst,
wherein the extruder comprises the feed port, a first
back vent port, and a polycarbonate exit port, wherein
the feed port is located between the first back vent
port and the polycarbonate exit port, and wherein the
resistance to flow of the reaction components from the
feed port to the first back vent port is less than or
equal to the resistance to flow of the reaction
components from the feed port to the polycarbonate
exit port, and (ii) extruding the reaction components
at one or more temperatures in a range between 100 0C
and 400 0C, wherein during the extrusion of the
reaction components, activated carbonate residue is
removed through the first back vent port.The Activated
Diaiyl Carbonate: The carbonate is preferably derived
from an activated dicarbonate or a mixture of an
activated carbonate with diphenyl carbonate. A
preferred activated carbonate of the present invention
is an activated diarylcarbonate such as
bismethylsalicylcarbonate (BMSC). However, as used
herein the term "activated carbonate" is defined as a
diarylcarbonate which is more reactive than
diphenylcarbonate toward transesterification
reactions. Such activated carbonates are of the
general formula: o Ar-O-C-O-Ar wherein Ar is a
substituted aromatic radical having 6 to 30 carbon
atoms. The preferred activated carbonates have the
more specific general formula: wherein Q and Q' are
each independently activating groups. A and A' are
each independently aromatic rings which can be the
same or different depending on the number and location
of their substituent groups, and n or n' are whole
numbers of zero up to a maximum equivalent to the
number of replaceable hydrogen groups substituted on
the aromatic rings A and A', wherein n + n' is greater
than or equal to 1. R and R' are each independently
substituent groups such as alkyl, substituted alkyl,
cycloalkyl, alkoxy, aryl, alkylaryl, cyano, nitro,
halogen, and carboalkoxy. The number of R groups is a
whole number and can be 0 up to a maximum equivalent
to the number of replaceable hydrogen groups on the
aromatic rings A minus the number n. The number of R'
groups is a whole number and can be 0 up to a maximum
equivalent to the number of replaceablehydrogen groups
on the aromatic rings A minus the number n'. The
number, type, and location of the R and R'
substituents on the aromatic ring are not limited
unless they deactivate the carbonate and lead to a
carbonate which is less reactive than
diphenylcarbonate. Non-limiting examples of activating
groups Q and Q' are: alkoxycarbonyl groups, halogens,
nitro groups, amide groups, sulfone groups, sulfoxide
groups, or imine groups with structures indicated
below: Alkoxy Specific and non-limiting examples of
activated carbonates include
bis(o-methoxycarbonylpheny])carbonate,
bis(o-chlorophenyl)carbonate, bis(o-nitro
rhenyl)carbonate, bis(o-acetylphenyl)carbonate,
bis(o-phenylketonephenyl)carbonate,
bis(o-formylphenyl)carbonate. Unsymmetrical
combinations of these structures, where the
substitution number and type on A and A' are
different, are also possible to employ in the current
invention. A preferred structure for an activated
carbonate is an ester-substituted diarylcarbonate 



having the structure:wherein R1 is independently at
each occurrence a C1-C20 alkyl radical, C4-C20
cycloalkyl radical, or C4-C20 aromatic radical; R2 is
independently at each occurrence a halogen atom, cyano
group, nitro group, C -C20 alkyl radical, C -C20
cycloalkyl radical, C4-C20 aromatic radical, C1-C20
alkoxy radical, C4-C20 cycloalkoxy radical, C4-C20
aryloxy radical, C1-C20 alkylthio radical, C4-C20
cycloalkylthio radical, C4-C20 arylthio radical,
C1-C20 alkylsulfinyl radical, C4-C20
cycloalkylsulfinyl radical, C4-C20 arylsulfinyl
radical, C1-C20 alkylsulfonyl radical, C4-C20
cycloalkylsulfony] radical, C4-C20 arylsulfonyl
radical, C -C20 alkoxycarbonyl radical, C4-C20
cycloalkoxycarbonyl radical, C4-C20 aryloxycarbonyl
radical, C2-C60 alkylamino radical, C6-C60
cycloalkylamino radical, C5-C60 arylamino radical,
C1-C40 alkylaminocarbonyl radical, C -C40
cycloalkylaminocarbonyl radical, C4-C40
arylaminocarbonyl radical, or C1-C20 acylamino
radical; and b is independently at each occurrence an
integer 0-4. At least one of the substituents CO2R1 is
preferably attached in an ortho position relative to
the carbonate group. Examples of preferred
ester-substituted diarylcarbonates include but are not
limited to bis(methylsalicyl)carbonate (CAS Registry
No. 82091-12-1), bis(ethyl salicyl)carbonate,
bis(propyl salicyl) carbonate, bis(butylsalicyl)
carbonate, bis(benzyl salicy])carbonate, bis(methyl
4-chlorosalicyl)carbonate and the like. Typically BMSC
is preferred for use in melt polycarbonate synthesis
due to its lower molecular weight and higher vapor
pressure. One method for determining whether a certain
diarylcarbonate is activated or is not activated is to
carry out a model transesterification reaction between
the certain diarylcarbonate with a phenol such as
p-(l,l,3,3-tetramethyl)butylphenol. This phenol is
preferred because it possesses only one reactive site,
possesses a low volatility and possesses a similar
reactivity tobisphenol-A. The model
transesterification reaction was carried out at
temperatures above the melting points of the certain
diarylcarbonate and p-(l,l
,3,3-tetramethyl)butylphenol and in the presence of a
transesterification catalyst, which is usually an
aqueous solution of sodium hydroxide or sodium
phenoxide. Preferred concentrations of the
transesterification catalyst are 0.001 mole % based on
the number of moles of the phenol or diarylcarbonate.
And a preferred reaction temperature is 200 0C. But
the choice of conditions and catalyst concentration
can be adjusted depending on the reactivity of the
reactants and melting points of the reactants to
provide a convenient reaction rate. The only
limitation to reaction temperature is that the
temperature must be below the degradation temperature
of the reactants. Sealed tubes can be used if the
reaction temperatures cause the reactants to
volatilize and affect the reactant molar balance. The
determination of the equilibrium concentration of
reactants is accomplished through reaction sampling
during the course of the reaction and then analysis of
the reaction mixture using a well-known detection
method to those skilled in the art such as HPLC (high
pressure liquid chromatography). Particular care needs
to be taken so that reaction does not. continue after
the sample has been removed from the reaction vessel.
This is accomplished by cooling down the sample in an
ice bath and by employing a reaction quenching acid
such as acetic acid in the water phase of the HPLC
solvent system. It may also be desirable to introduce
a reaction quenching acid directly into the reaction
sample in addition to cooling the reaction mixture. A
preferred concentration for the acetic acid in the
water phase of the HPLC solvent system is 0.05 %
(v/v). The equilibrium constant was determined from
the concentration of the reactants and product when
equilibrium is reached. Equilibrium is assumed to have
been reached when the concentration of components in
the reaction mixture reach a point of little or no
change on sampling of the reaction mixture. The
equilibrium constant can be determined from the
concentration of the reactants and products at
equilibrium by methods well known to those skilled in
the art. A diarylcarbonate which possesses a relative
equilibrium constant (KIest/KDPC) of greater than 1 is
considered to possess a more favorable equilibrium
than diphenylcarbonate and is an activated carbonate,
whereas a diarylcarbonate which possesses an
equilibrium constant of 1 or less is considered to
possess the same or a less favorable equilibrium
thandiphenylcarbonate and is considered not to be
activated. It is generally preferred to employ an
activated carbonate with very high reactivity compared
to diphenylcarbonate when conducting 



transesterification reactions. Preferred are activated
carbonates with an equilibrium constant greater than
at least 10 times that of diphenylcarbonate. Some
non-limiting examples of non-activating groups which,
when present in an ortho position relative to the
carbonate group, would not be expected to result in
activated carbonates are alkyl, cycolalky] or cyano
groups. Some specific and non-limiting examples of
non-activated carbonates are
bis(o-methylphenyl)carbonate,
bis(p-cumylphenyl)carbonate, bis(p-(l
,1,3,3-tetramethy])butylpheny])carbonate and
bis(o-cyanophenyl)carbonate. Unsymmetrical
combinations of these structures are also expected to
result in non-activated carbonates. Unsymmetrical
diarylcarbonates wherein one aryl group is activated
and one aryl is unactivated or de-activated would also
be useful in this invention if the activating group
renders the diaryl carbonate still more reactive than
diphenyl carbonate. The carbonate may also be derived
from dicarboxylic acids, dicarboxylic acid esters, or
dicarboxylic acid halides. Such constituent repeating
units are typically polyester-polycarbonate units.
Non-limiting examples of dicarboxylic acids include
terephthalic acid, isophthalic acid, sebacic acid,
decanedioic acid, dodecanedioic acid, etc.
Non-limiting examples of dicarboxylic acid esters
include diphenyl sebacate, diphenyl terephthalate,
diphenyl isophthalate, diphenyl decanedioate, diphenyl
dodecanedioate, etc. Non-limiting examples of
dicarboxylic acid halides include terephthaloy]
chloride, isophthaloyl chloride, sebacoyl chloride,
decanedioyl chloride, dodecanedioyl chloride, etc.
Such polyester-polycarbonate units may be present in
proportions of up to 50 mole %, preferably not more
than 30 mole %, in copolymerized polycarbonates in
accordance with the present invention. The theoretical
stoichiometry of the reaction within the equilibration
vessel requires a molar ratio of dihydroxy compound to
diaryl carbonate composition of 1:1. However, in
practicing the present invention the molar ratio in
the equilibration vessel is typically between 0.25:1
to 3:1, more preferably 1:0.95 to 1:1.05 and more
preferably 1:0.98 to 1:1.02.Hie Dihydroxy: The
dihydroxy compound is not limited to aromatic
dihydroxy compounds. However, such dihydroxy aromatic
compounds are frequently preferred for use in these
types of applications. It is contemplated that the
dihydroxy compound comprises aliphatic diols and/or
acids. The following is a non limiting list of such
compounds: Aliphatic Diols:
Isosorbide:l,4:3,6-dianhydro-D-sorbitol,
Tricyclodecane-dimethanol (TCDDM),
4,8-Bis(hydroxymethyl)tricyclodecane,
Tetramethylcyclobutanediol (TMCBD),
2,2,4,4,-tetramethy]cyclobutane-l,3-diol, mixed
isomers, cis/trans-l,4-CyclohexanedimethanoI (CHDM),
cis/trans-l,4-Bis(hydroxymethyl)cyclohexane,
cyclohex-l,4-ylenedimethanol,
trans-l,4-Cyclohexanedimethanol (tCHDM),
trans-l,4-Bis(hydroxymethyl)cyclohexane,
cis-M-Cyclohexanedimethanol (cCHDM), cis-1
,4-Bis(hydroxymethyl)cyclohexane,
cis-l,2,-cyclohexanedimethanol,
l,l'-bi(cyclohexy])-4,4'-diol, dicylcohexyl-4,4'-diol,
4,4'-dihydroxybicyclohexyl, and Poly(ethylene glycol).
Acids: 1,10-Dodecanedioic acid (DDDA), Adipic acid,
Hexanedioic acid, Isophthalic
acid,l,3-Benzenedicarboxylic acid, Teraphthalic acid,
1,4-Benzenedicarboxylic acid,
2,6-Naphthalenedicarboxylic acid, 3-hydroxybenzoic
acid (mHBA), and 4-hydroxybenzoic acid (pHBA). It is
further contemplated that the dihydroxy composition
comprises a dihydroxy aromatic compound. A preferred
dihydroxy aromatic composition of the present
invention is bisphenol A (BPA). However, other
dihydroxy aromatic compounds of the present invention
can be used and are selected from the group consisting
of bisphenols having structure,wherein R - R are
independently a hydrogen atom, halogen atom, nitro
group, cyano group, C - C20 alkyl radical, C4 - C20
cycloalkyl radical, or C6 - C20 C aryl radical; W is a
bond, an oxygen 



atom, a sulfur atom, a SO2 group, a C1 - C20 aliphatic
radical, a C6 - C20 aromatic radical, a C6 - C20
cycloaliphatic radical, or the group wherein R1 1 and
R12 are independently a hydrogen atom, Cj - C20 alkyl
radical, C4 - C20 cycloalkyl radical, or C4 - C20 aryl
radical; or Rp and R12 together form a C4 - C20
cycloaliphatic ring which is optionally substituted by
one or more C1 - C20 alkyl, C6 - C20 aryl, C5 - C2 1,
aralkyl, C5 - C20 cycloalkyl groups, or a combination
thereof; dihydroxy benzenes having structure wherein
R15 is independently at each occurrence a hydrogen
atom, halogen atom, nitro group, cyano group, C1 - C20
alkyl radical, C4 - C20 cycloalkyl radical, or C4 -
C20 aryl radical, d is aninteger from 0 to 4; and
dihydroxy naphthalenes having structures, wherein R16
, R17 , R18 and R19 are independently at each
occurrence a hydrogen atom, halogen atom, nitro group,
cyano group, C1 - C20 alkyl radical, C4 - C20
cycloalkyl radical, or C4 - C20 aryl radical; e and f
are integers from 0 to 3, g is an integer from 0 to 4,
and h is an integer from 0 to 2. Suitable bisphenols
are illustrated by 2,2-bis(4-hydroxyphenyl)propane
(bisphenol A);
2,2-bis(3-chloro-4-hydroxyphenyl)propane;
2,2-bis(3-bromo-4-hydroxyphenyl)propane;
2,2-bis(4-hydroxy-3-methylphenyl)propane;
2,2-bis(4-hydroxy-3-isopropylphenyl)propane;
2,2-bis(3-t-buty]-4-hydroxypheny])propane;
2,2-bis(3-pheny3-4-hydroxypheny])propane;
2,2-bis(3,5-dichloro-4-hydroxyphenyl)- rropane;
2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane;
2,2-bis(3,5-dimethyl-4-hydroxypheny])propane;
2,2-bis(3-chloro-4-hydroxy-5-methylphenyl)propane;
,2-bis(3-bromo-4-hydroxy-5-methylpheny])propane;
,2-bis(3-chloro-4-hydroxy-5-isorropylphenyl)propane;
,2-bis(3-bromo-4-hydroxy-5-isopropyl rhenyl)propane;
,2-bis(3-t-butyl-5-chloro-4-hydroxyphenyl)propane;
,2-bis(3-bromo-5-t-butyl-4-hydroxyphenyl)propane;
2,2-bis(3-chloro-5-phenyl-4-hydroxyphenyl) rropane;
2,2-bis(3-bromo-5-phenyl-4-hydroxyphenyl)propane;
2,2-bis(3,5-disopropyl-4-hydroxyphenyl)propane;
2,2-bis(3,5-di-t-butyl-4-hydroxyphenyl)propane;
2,2-bis(3,5-diphenyl-4-hydroxyphenyl)propane;
2,2-bis(4-hydroxy-2,3,5,6-tetrachlorophenyl)propane;
2,2-bis(4-hydroxy-2 ,3,5 ,6-tetrabromophenyl)propane;
2,2-bis(4-hydroxy-2,3,5,6-tetramethylphenyl)propane;
2,2-bis(2,6-dichloro-3,5-dimethyl-4-hydroxyphenyl)pro
rane;
2,2-bis(2,6-dibromo-3,5-dimethyl-4-hydroxyphenyl)propa
ne; 1,1-bis(4-hydroxyphenyl)cyclohexane;
1,1-bis(3-chloro-4-hydroxyphenyl)cyclohexane;
1,1-bis(3-bromo-4-hydroxyphenyl)cyclohexane; 1,1
-bis(4-hydroxy-3-methylphenyl)cyclohexane;
1,1-bis(4-hydroxy-3-isopropylphenyl)cyclohexane;
1,1-bis(3-t-butyl-4-hydroxyphenyl)cyclohexane;
1,1-bis(3-phenyl-4-hydroxyphenyl)cycIohexane; 1,1
-bis(3 ,5-dichloro-4-hydroxyphenyl)cyclohexane;
1,1-bis(3,5-dibromo-4-hydroxyphenyl)cyclohexane;
1,1-bis(3,5-dimethyl-4-hydroxyphenyl)cyclohexane;
1,1-bis(3-chloro-4-hydroxy-5-methylphenyl)cyclohexane;
1,1-bis(3-bromo-4-hydroxy-5-methylphenyl)cyclohexane;
1,1-bis(3-chloro-4-hydroxy-5-isopropylphenyl)cyclohexa
ne;
1,1-bis(3-bromo-4-hydroxy-5-isopropylphenyl)cyclohexan
e;
1,1-bis(3-t-butyl-5-chloro-4-hydroxyphenyl)cyclohexane
;
1,1-bis(3-bromo-5-t-butyl-4-hydroxyphenyl)cyclohexane;
1,1-bis(3-chloro-5-phenyl-4-hydroxyphenyl)cyclohexane;
1,1-bis(3-bromo-5-phenyl-4-hydroxyphenyl)cyclohexane;
1,1-bis(3,5-disopropyl-4-hydroxyphenyl)cyclohexane;
1,1-bis(3,5-di-t-butyl-4-hydroxyphenyl)cyclohexane; 



1,1-bis(3,5-diphenyl-4-hydroxyphenyl)cyclohexane;
1,1-bis(4-hydroxy-2,3,5,6-tetrachlorophenyl)cyclohexan
e;
1,1-bis(4-hydroxy-2,3,5,6-tetrabromophenyl)cyclohexane
;
1,1-bis(4-hydroxy-2,3,5,6-tetramethylphenyl)cyclohexan
e;
1,1-bis(2,6-dichloro-3,5-dimethyl-4-hydroxyphenyl)cycl
ohexane;
1,1-bis(2,6-dibromo-3,5-dimethyl-4-hydroxyphenyl)cyclo
hexane;
1,1-bis(4-hydroxyphenyl)-3,3,5-trimethy]cyclohexane;
1,1-bis(3-chloro-4-hydroxyphenyl)-3,3,5-trimethylcyclo
hexane;
1,1-bis(3-bromo-4-hydroxyphenyl)-3,3,5-trimethylcycloh
exane;
1,1-bis(4-hydroxy-3-methylphenyl)-3,3,5-trimethylcyclo
hexane;
1,1-bis(4-hydroxy-3-isopropylpheny])-3,3,5-trimethylcy
clohexane;
1,1-bis(3-t-butyl-4-hydroxyphenyl)-3,3,5-trimethylcycl
ohexane;
1,1-bis(3-phenyl-4-hydroxyphenyl)-3,3,5-trimethylcyclo
hexane;
1,1-bis(3,5-dichloro-4-hydroxyphenyl)-3,3,5-trimethylc
yclohexane;
1,1-bis(3,5-dibromo-4-hydroxyphenyl)-3,3,5-trimethylcy
clohexane;
1,1-bis(3,5-dimethyl-4-hydroxypheny])-3,3,5-trimethylc
yclohexane;
1,1-bis(3-chloro-4-hydroxy-5-methylphenyl)-3,3,5-trime
thylcyclohexane;
1,1-bis(3-bromo-4-hydroxy-5-methylphenyl)-3,3,5-trimet
hylcyclohexane;
1,1-bis(3-chloro-4-hydroxy-5-isopropylphenyl)-3,3,5-tr
imethylcyclohexane;
1,1-bis(3-bromo-4-hydroxy-5-isopropylphenyl)-3,3,5-tri
methylcyclohexane;
1,1-bis(3-t-butyl-5-chloro-4-hydroxyphenyl)-3,3,5-trim
ethylcyclohexane;
1,1-bis(3-bromo-5-t-butyl-4-hydroxypheny1)-3,3,5-trime
thylcyclohexane;
bis(3-chloro-5-phenyl-4-hydroxyphenyl)-3,3,5-trimethyl
cyclohexane;
1,1-bis(3-bromo-5-phenyl-4-hydroxyphenyl)-3,3,5-trimet
hylcyclohexane;
1,1-bis(3,5-disopropyl-4-hydroxyphenyl)-3,3,5-trimethy
lcyclohexane;
1,1-bis(3,5-di-t-butyl-4-hydroxyphenyl)-3,3,5-trimethy
lcyclohexane;
1,1-bis(3,5-diphenyl-4-hydroxyphenyl)-3,3,5-trimethylc
yclohexane;
1,1-bis(4-hydroxy-2,3,5,6-tetrachlorophenyl)-3,3,5-tri
methylcyclohexane;
1,1-bis(4-hydroxy-2,3,5,6-tetrabromophenyl)-3,3,5-trim
ethylcyclohexane;
1,1-bis(4-hydroxy-2,3,5,6-tetramethylphenyl)-3,3,5-tri
methylcyclohexane;
l,l-bis(2,6-dichloro-3,5-dimethyl-4-hydroxypheny])-3,3
,5-trimethylcyclohexane; l
Jl-bis(2,6-dibromo-3,5-dimethyl-4-hydroxyphenyl)-3,3,5
-trimethylcyclohexane; 4,4'dihydroxy-l,l-bi phenyl;
4,4'-dihydroxy-3,3'-dimethyl-l,l-biphenyl;
4,4'-dihydroxy-3,3'-dioctyl-l,l-biphenyl;
4,4'-dihydroxydiphenylether;
4,4'-dihydroxydiphenylthioether;
l,3-bis(2-(4-hydroxyphenyl)-2-propyl)benzene;
l,3-bis(2-(4-hydroxy-3-methylphenyl)-2-propyl)benzene;
l,4-bis(2-(4-hydroxyphenyl)-2-propy])benzene, and
l,4-bis(2-(4-hydroxy-3-methylphenyl)-2-propyl)benzene.
Suitable dihydroxy benzenes are illustrated by
hydroquinone, resorcino], methylhydroquinone,
butylhydroquinone, phenylhydroquinone,
4-phenylresorcinol and 4-methylresorcino3. Suitable
dihydroxy naphthalenes are illustrated by
2,6-dihydroxy naphthalene; 2,6-dihydroxy-3-methyl
naphthalene; and 2,6-dihydroxy-3-phenyl naphthalene.
Suitable dihydroxy naphthalenes are illustrated by
1,4-dihydroxy naphthalene; l,4-dihydroxy-2-methyl
naphthalene; l,4-dihydroxy-2-phenyl naphthalene and
1,3-dihydroxy naphthalene. The relative amounts of BPA
and other comonomers are selected based on the desired
composition of the oligomers. If other comonomers are
used, they can be added as part of the same feed, in a
separate feed, or both. Hie Activated Carbonate Reside
and Solvents: The reaction components of the present
invention comprise a polycarbonate oligomer, an 



activated carbonate residue, and a transesterification
catalyst. The activated carbonate residue will also
herein be referred to as a solvent. The solvent may be
a single activated carbonate residue or a mixture
activated carbonate residues and other solvents.
Typically the solvent present in the solution of the
oligomeric polycarbonate comprises from 1 percent by
weight to 99 percent by weight, preferably from 1
percent by weight to 70 percent by weight of the
solution. For example a solution of oligomeric
bispheno] A polycarbonate dissolved in methyl
salicylate is40 percent by weight of the oligomei c
polycarbonate and 60 percent by weight methyl
salicylate. Alternatively the solution may comprise
more than one solvent, for example a solution of
oligomeric bisphepol A polycarbonate dissolved in a
mixture of ortho-dichlorobenzene (ODCB) and methyl
salicylate, the solution being 40 percent by weight of
oligomeric polycarbonate, 30 percent by weight ODCB,
and 30 percent by weight methyl salicylate. In one
embodiment of the present invention the solvent
employed comprises at least one ester-substituted
phenol (i.e. activated carbonate residue) having the
structure, wherein R1 is a C1- C20 alkyl group, C4 -
C20 cycloalkyl group, or C4 - C20 aryl group; R2 is
independently at each occurrence a halogen atom, cyano
group, nitro group, C1- C20 alkyl group, C4 - C20
cycloalkyl group, C4 - C20 aryl group, C1- C20 alkoxy
group, C4 - C20 cycloalkoxy group, C4 - C20 aryloxy
group, C1- C20 alkylthio group, C4 - C20
cycloalkylthio group, C4 - C20 arylthio group, C1- C20
alkylsulfinyl group, C4 - C20 cycloalkylsulfinyl
group, C4 - C20 arylsulfinyl group, C1- C20
alkylsulfonyl group, C4 - C20 cycloalkylsulfonyl
group, C4 - C20 arylsulfonyl group, C, - C20
alkoxycarbonyl group, C4 - C20 cycloalkoxycarbonyl
group, C4 - C20 aryloxycarbony] group, C2 - C60
alkylamino group, C6 - C60 cycloalkylamino group, C5 -
C60 arylamino group, C1- C40 alkylaminocarbonyl group,
C4 - C40 cycloalkylaminocarbonyl group, C4 - C40
arylaminocarbonyl group, or C1 - C20 acylamino group;
and b is an integer 0-4. Examples of ester-substituted
phenols (i.e. activated carbonate residues) include
methyl salicylate, ethyl salicylate, propyl
salicylate, butyl salicylate, 4-chloro methyl
salicylate, benzyl salicylate and mixtures thereof.
Typically, methyl salicylate is preferred. Further the
solvent may be recovered and reused. For example,
ester-substituted phenols such as methyl salicylate
may be recovered, purified, and reacted with phosgene
to make ester-substituted diarylcarbonates which in
turn can be used to prepare oligomeric polycarbonates.
Typically, purification of the recovered
ester-substituted phenol is efficiently carried out by
distillation. The solvent used according to the method
of the present invention optionally comprises a
halogenated aliphatic solvent, a halogenated aromatic
solvent, a non-halogenated aromatic solvent, a
non-halogenated aliphatic solvent, or a mixture
thereof. Halogenated aromatic solvents are illustrated
by ortho-dichlorobenzene (ODCB), chlorobenzene and the
like. Non-halogenated aromatic solvents are
illustrated by toluene, xylene, anisole, phenol;
2,6-dimethylphenol; and the like. Halogenated
aliphatic solvents are illustrated by methylene
chloride; chloroform; 1,2-dichloroethane; and the
like. Non-halogenated aliphatic solvents are
illustrated by ethanol, acetone, ethyl acetate,
cyclohexanone, and the like. In one embodiment of the
present invention the solvent employed comprises a
mixture of a halogenated aromatic solvent and an
ester-substituted phenol, for example a mixture of
ortho-dichlorobenzene (ODCB) and methyl salicylate.
The Transesterification Catalyst: A catalyst system
used in the method of the present invention comprises
a base, and preferably comprises at least one source
of alkaline earth ions or alkali metal ions, and/or at
least one quaternary ammonium compound, a quaternary
phosphonium compound or a mixture thereof. The source
of alkaline earth ions or alkali metal ions being used
in an amount such that the amount of alkaline earth or
alkali metal ions present in the reaction mixture is
in a range between 10~5 and 10 8 moles alkaline earth
or alkali metal ion per mole of dihydroxy compound
employed. The quaternary ammonium compound is selected
from the group of organic ammonium compounds having
structure, 



R ' xwherein R20 R23 are independently a C1 - C20
alky] radical, C4 - C20 cycloalkyl radical, or a C4
C20 aryl radical; and X is an organic or inorganic
anion. In one embodiment of the present invention
anion X is selected from the group consisting of
hydroxide, halide, carboxylate, sulfonate, sulfate,
formate, carbonate, and bicarbonate. Non-limiting
examples of suitable organic quaternary ammonium
compounds are tetramethyl ammonium hydroxide,
tetrabutyl ammonium hydroxide, tetramethyl ammonium
acetate, tetramethyl ammonium formate and tetrabutyl
ammonium acetate. Tetramethyl ammonium hydroxide is
often preferred. The quaternary phosphonium compound
is selected from the group of organic phosphonium
compounds having structure, wherein R24 - R27 are
independently a C1 - C20 alkyl radical, C4 - C20
cycloalkyl radical, or a C4 - C20 aryl radical; and X
is an organic or inorganic anion. In one embodiment of
the present invention anion X is an anion selected
from the group consisting of hydroxide, halide,
carboxylate, sulfonate, sulfate, formate, carbonate,
and bicarbonate. Suitable organic quaternary
phosphonium compounds are illustrated by tetramethyl
phosphonium hydroxide, tetramethyl phosphonium
acetate, tetramethyl phosphonium formate, tetrabutyl
phosphonium hydroxide, and tetrabutyl phosphonium
acetate (TBPA). TBPA is often preferred. Where X is a
polyvalent anion such as carbonate or sulfate it is
understood that the positive and negative charges in
the quaternary ammonium and phosphonium structures are
properly balanced. For example, where R20 - R23 are
each methyl groups and X is carbonate, it is
understood that X represents V2 (CO3 2) . Suitable
sources of alkaline earth ions include alkaline earth
hydroxides such as magnesium hydroxide and calcium
hydroxide. Suitable sources of alkali metal ions
include thealkali metal hydroxides illustrated by
lithium hydroxide, sodium hydroxide and potassium
hydroxide. Other sources of alkaline earth and alkali
metal ions include salts of carboxylic acids, such as
sodium acetate and derivatives of ethylene diamine
tetraacetic acid (EDTA) such as EDTA tetrasodium salt,
and EDTA magnesium disodium salt. Sodium hydroxide is
often preferred. Further sodium hydroxide is often
contained within the reaction components as an
impurity and is contained in such an amount to
catalyze the reaction without the addition of
additional catalysts. In order to achieve the
formation of polycarbonate using the method of the
present invention an effective amount of catalyst must
be employed. The amount of catalyst employed is
typically based upon the total number of moles of
dihydroxy compounds employed in the polymerization
reaction. When referring to the ratio of catalyst, for
example phosphonium salt, to all dihydroxy compounds
employed in the polymerization reaction, it is
convenient to.refer to moles of phosphonium salt per
mole of the dihydroxy compound(s), meaning the number
of moles of phosphonium salt divided by the sum of the
moles of each individual dihydroxy compound present in
the reaction mixture. The amount of organic ammonium
or phosphonium salts employed typically will be in a
range between 1 x 10"2 and 1 x 10 5, preferably
between 1 x 10 3 and 1 x 10 4 moles per mole of the
first and second dihydroxy compounds combined. The
inorganic metal hydroxide catalyst typically will be
used in an amount corresponding to between 1 x 10 4
and 1 x 10 8, preferably 1 x 10 4 and 1 x 10 7 moles
of metal hydroxide per mole of the first and second
dihydroxy compounds combined. In a third catalyst
system according to the method of the present
invention, solely a alkali metal hydroxide may be
employed. As discussed above, alkali metal hydroxides
are illustrated by sodium hydroxide, lithium
hydroxide, and potassium hydroxide. Due to its
relatively low cost, sodium hydroxide is often
preferred. The Process: Typically, the oligomeric
polycarbonate introduced to the back vented extruder
is 



prepared by heating a dihydroxy compound with an
ester-substituted diary] carbonate in thepresence of a
transesterification catalyst. The reactants are
typically combined in a vessel in a ratio between 0.95
and 1.3 moles, preferably between 1.0 and 1.05 moles
of ester-substituted diaryl carbonate per mole of
dihydroxy aromatic compound. The amount of
transesterification catalyst employed is between 1.0 x
10 8 and 1 x 10 3, preferably between 1.0 x 10 6 and
2.5 x 10 4 moles of transesterification catalyst per
mole of dihydroxy aromatic compound employed. Upon
heating the mixture at one or more temperatures in a
range from 100 0C to 400 C, preferably from 100 0C to
300 0C, and still more preferably from 150 0C to 250
0C, reaction occurs to produce a solution comprising
an equilibrium mixture of oligomeric polycarbonate,
by-product ester-substituted phenol (solvent),
transesterification catalyst, and low levels of the
starting materials, dihydroxy compound and
ester-substituted diaryl carbonate. This is referred
to as "equilibrating" the reactants. Typically the
equilibrium strongly favors the formation of product
oligomeric polycarbonate and by-product
ester-substituted phenol and only traces of the
starting materials are observed. The "equilibrated"
product mixture is then introduced into a back vented
devolatilizing extruder to effect removal of the
by-product ester-substituted phenol solvent while
converting the oligomeric polycarbonate into a higher
molecular weight product polycarbonate. Because, the
transesterification catalyst is typically neither
consumed in the equilibration step nor removed prior
to extrusion, there is typically no need to add
additional catalyst during extrusion. Where no
additional catalyst is added, the amount of catalyst
present during extrusion step (expressed in terms of
moles catalyst per mole of polycarbonate repeat units
in the oligomeric polycarbonate) will closely
approximate the amount of catalyst used in the
equilibration step, expressed in moles catalyst per
mole dihydroxy aromatic compound. In some instances it
may be desirable to remove a portion of the
ester-substituted phenol formed during the
equilibration of the monomers. This may be effected by
a batch concentration step, for example, heating the
mixture of monomers and the transesterification
catalyst under vacuum, typically from 0.01 atmospheres
to 0.9 atmospheres, and distilling off a portion of
the ester-substituted phenol. This may be further
accomplished by a continuous concentration step, for
example, a flash tank may be incorporated to remove
solvent prior to its introduction to the back vented
extruder. As ester-substituted phenol is distilled
from the mixture undergoing theequilibration reaction,
the molecular weight of the oligomeric polycarbonate
will tend to increase. If sufficient ester-substituted
phenol by-product is removed, the number average
molecular weight (Mn) of the polycarbonate product may
be in excess of 5000 Daltons and in some instances in
excess of 8000 Daltons. Thus, in one aspect of the
present invention a mixture comprising at least a
dihydroxy compound is reacted with at least one
ester-substituted diaryl carbonate in the presence of
a transesterification catalyst at a temperature
between 100 0C and 300 0C and a portion of the
by-product ester-substituted phenol is removed by
distillation either in batch operation, continuous
operation, or a combination of both. The equilibration
product may be a mixture comprising an
ester-substituted phenol solvent and polycarbonate
oligomers and having a number average molecular weight
in excess of 5000 Daltons. This equilibration product
is then fed to a back vented devolatilizing extruder
wherein the polycarbonate is converted to still higher
molecular weight product polycarbonate, said product
polycarbonate having a high level of endcapping, a low
level of Fries product, and a low level of residual
solvent. In one embodiment of the present invention, a
portion of the ester-substituted phenol formed during
equilibration is distilled from the mixture undergoing
equilibration and a like amount of ODCB is added to
provide a solution comprising a polycarbonate having a
number average molecular weight in excess of 5000
Daltons, ester-substituted phenol and ODCB. This
solution is then fed to a devolatilizing extruder
wherein the polycarbonate is converted to a product
polycarbonate having a higher molecular weight, said
product polycarbonate having a Fries content of under
100 ppm, an endcapping level of at least 90%, and less
than 1 percent by weight solvent. Typically, in
instances in which the polycarbonate formed in the
equilibration reaction has a number average molecular
weight in excess of 5000 Daltons, it will have aMn 



value in a range between 5000 Daltons and 15000
Daltons. The oligomeric polycarbonate mixture may be
prepared by a variety of other methods in addition to
the equilibration method described and the method is
not particularly limited. For example, oligomeric
bischloroformates of bisphenoJs may be prepared by
reaction of one or more bisphenols with phosgene under
interfacial conditions in a methylene chloride water
mixture at low pH. Such bischloroformates may then be
further reacted under interfacial conditions with
anester-substituted phenol, for example methyl
salicylate, to afford an oligomeric polycarbonate
comprising ester-substituled terminal phenoxy groups
in methylene chloride solution. The product oligomeric
polycarbonate in solution may then be subjected to the
method of the present invention. Catalysts employed
during the interfacial reaction are typically removed
from the solution of the oligomeric polycarbonate in a
series of washing steps in which the methylene
chloride solution of the oligomeric polycarbonate is
washed repeatedly with water to remove sodium
chloride. Under such circumstances, additional
catalyst may be required and may be added during or
just prior to the extrusion step. In one embodiment, a
monofunctional phenol chainstopper is added to a
solution of an oligomeric polycarbonate comprising
ester-substituted phenoxy terminal groups, said
oligomeric polycarbonate being prepared using the
equilibration technique described herein. The solution
is then subjected to extrusion devolatilization to
afford a product polycarbonate incorporating terminal
phenoxy groups derived from said chainstopper.
Suitable monofunctional phenol chainstoppers include
p-cumylphenol and cardanol. The extruder used
according to the method of the present invention is a
back venting devolatilizing extruder. That is, it is
an extruder adapted for separating substantial amounts
of solvent from a polymer-solvent mixture with the use
of back venting. The extruder, therefore must possess
at least one and preferably a greater number of vents
adapted for solvent removal located upstream from the
feed port of the oligomer mixture to the extruder. As
mentioned a back vent of the extruder of the present
invention is located such that the resistance to flow
of the reaction components from the feed port to the
back vent port is less than or equal to the resistance
to flow of the reaction components from the feed port
to the polycarbonate exit port. Figure 1 illustrates a
devolatilizing extruder and feed system suitable for
use according to the method of the present invention.
In one embodiment of the invention reaction components
comprising an ester-substituted diaryl carbonate, a
dihydroxy compound and a transesterification catalyst
are combined in a reaction vessel 10 and heated at a
temperature in a range between 100 0C and 300 0C,
preferably between 15O 0C and 250 0C, at a pressure
between 1 atmosphere and 10 atmospheres, preferably
between 1 and 2 atmospheres, to provide a solution of
anoligomeric polycarbonate in an ester-substituted
phenol. The solution is transferred by means of a gear
pump 12 via piping 14 which is directly plumbed into a
fourteen barrel, vented, twin screw extruder 20, said
extruder possessing screw design 30. The extruder is
operated at a temperature between 100 0C and 400 0C,
preferably between 200 0C and 350 0C, at a screw speed
between 50 and 1200 rpm. The solution is introduced
into the upstream edge of barrel five 22. The
segmentations along the extruder indicate the
transitions from one extruder barrel to the next. The
extruder is equipped with two back vents 25 and 27,
here located on the upstream side of barrels one 24
and barrel four 26. The extruder screw design 30
consists of conveying screw elements illustrated by 32
and mixing sections which include an initial mixing
section 34 and four zones of intense mixing 36. Vents
25, 27, and 40 are house vacuum vents, and are
connected to a manifold 42 for removal of
ester-substituted phenol solvent and other volatile
by-products contained within the oligomeric feed and
those formed as the oligomeric polycarbonate is
converted into product polycarbonate within the
extruder. Solvent vapors and other volatile
by-products are condensed in a shell and tube
condenser 44 which is attached to a source of house
vacuum 46. The extruder is further equipped with three
vacuum vents 50, 52, and 54. Vacuum vent 50 is
connected via a cold trap 56 to a vacuum pump 58.
Vacuum vents 52 and 54 are connected via cold trap 60
to a vacuum pump 62. As mentioned, the extruder 



comprises four mixing sections which provide for
intense mixing of the contents of the extruder. These
are indicated in the screw design 30 as the mixing
sections labeled 36. Mixing sections labeled 36 in the
screw design are believed to provide for enhanced
rates of polycarbonate chain growth relative to other
domains within the extruder. The extruder used
according to the method of the present invention is
typically operated at one or more temperatures in a
range between 100 0C and 400 C and at one or more
screw speeds in a screw speed range, said range being
between 50 revolutions per minute (rpm) and 1200 rpm,
preferably between 50 rpm and 500 rpm. Extruders
suitable for use according to the method of the
present invention include co-rotating intermeshing
double screw extruders, counter-rotating
non-intermeshing double screw extruders, single screw
reciprocating extruders, single screw
non-reciprocating extruders,and a multiple screw
extruder. It is a general principle of extruder
operation that as the feed rate is increased a
corresponding increase in the screw speed must be made
in order to accommodate the additional material being
fed. Moreover, the screw speed determines the
residence time of the material being fed to the
extruder, here the solution of the oligomeric
polycarbonate and transesterification catalyst. Thus
the screw speed and feed rate are typically
interdependent. It is useful to characterize this
relationship between feed rate and screw speed as a
ratio. Typically the extruder is operated such that
the ratio of starting material introduced into the
extruder in pounds per hour to the screw speed
expressed in rpm falls within a range of from 0.01 to
100, preferably from 0.05 to 1. For example, the ratio
of feed rate to screw speed where the solution
comprising an oligomeric polycarbonate and
transesterification catalyst is being introduced at
1000 pounds per hour into an extruder being operated
at 400 rpm is 2.5. The maximum and minimum feed rates
and extruder screw speeds are determined by, among
other factors, the-size of the extruder, the general
rule being the larger the extruder the higher the
maximum and minimum feed rates. In one embodiment of
the present invention, a mixture of an oligomeric
polycarbonate and a solvent is heated under pressure
to produce a "superheated" solution, meaning that the
temperature of said superheated solution is greater
than the boiling point of the solvent at a flash
pressure. Typically, the temperature of the
superheated oligomeric polycarbonate will be between 2
0C and 200 0C higher than the boiling point of the
solvent at the flash pressure. In instances where
there are multiple solvents present, the solution of
oligomeric polycarbonate is "superheated" with respect
to at least one of the solvent components. Where the
solution of oligomeric polycarbonate contains
significant amounts of both high and low boiling
solvents, it may be advantageous to superheat the
solution of oligomeric polycarbonate with respect to
all solvents present (i.e. above the boiling point at
atmospheric pressure of the highest boiling .
solvent). Superheating of the solution of the
oligomeric polycarbonate may be achieved by heating
the mixture under pressure, typically at a pressure
less than 10 atmospheres. Superheated solutions of
oligomeric polycarbonates are conveniently prepared in
pressurized heated feedtanks, pressurized heat
exchangers, extruders, pressurized reaction vessels
and the like. Figure 1 illustrates the use of a heat
exchanger 70 for superheating the oligomeric feed line
14. The superheated solution is then introduced into
the back vented devolatilizing extruder through a
pressure control valve 72, the pressure control valve
72 having a cracking pressure higher than the flash.
The back pressure generated by the pressure control
valve prevents evaporation of the solvent prior to
introducing the solution into the extruder. Typically,
the pressure control valve 72 is attached (plumbed)
directly to the extruder and serves as the principal
feed inlet of the back vented extruder. The ratio of
the feed pressure to the vent located upstream and
adjacent to the feed port are suitably in a range from
0.01 to 1.00 sometimes more preferably from 0.1 to
1.0. The extruder can be equipped with at least one
side feeder which is operated as a vent. The back
vented extruder in combination with the side feeder is
equipped with one or more back vents in close
proximity to the principal feed inlet comprising the
pressure control valve. The 



side feeder is typically positioned in close proximity
to the pressure control valve through which the
superheated oligomeric polycarbonate is introduced
into the extruder. The side feeder comprises at least
one vent. Alternatively, the pressure control valve
through which the superheated oligomeric polycarbonate
is introduced may be attached to the side feeder
itself in which instance the pressure control valve is
attached to the side feeder at a position between the
point of attachment of the side feeder to the extruder
and the atmospheric vent located on the side feeder.
In yet another embodiment, the superheated solution of
oligomeric polycarbonate may be introduced through
multiple pressure control valves which may be attached
to the side feeder, the extruder, or to both extruder
and side feeder. The heated zones of the extruder are
typically operated at one or more temperatures between
100 0C and 400 0C. The expression "wherein the
extruder is operated at a temperature between 100 0C
and 400 0C" refers to the heated zones of the
extruder, it being understood that the extruder may
comprise both heated and unheated zones. In an
embodiment as depicted in Figure 1, the superheated
solution of oligomeric polycarbonate passes through
the pressure control valve 72 into the feed zone of
the extruder which due to the presence of the
aforementioned vents is at sub-atmospheric pressure.
The solvent present in the superheated solution of
oligomeric polycarbonate undergoes sudden andrapid
evaporation thereby effecting at least partial
separation of the oligomeric polycarbonate and the
solvent. The solvent vapors then are eliminated from
the extruder via the back vents 25 and 27 as well as
atomospheric vent 40. The vents are attached.to a
solvent vapor manifold and condenser in order to
recover solvent and prevent its adventitious release.
Additionally, the extruder is typically equipped with
at least one downstream vent operated at atmospheric
pressure or preferably sub-atmospheric which serves to
remove solvent not removed through the back venting.
Vents operated at sub-atmospheric pressure are
referred to herein as "vacuum vents" and are
maintained at from 1 to 30, preferably from 10 to 29
inches of mercury as measured by a vacuum gauge
measuring vacuum (as opposed to a pressure gauge
measuring pressure). Typically, at least two vacuum
vents are preferred. In figure 1, vents 50, 52, and 54
are vacuum vents. Extruders suitable for use in
embodiments of the present invention wherein a
superheated oligomeric polycarbonate solution is being
fed include co-rating intermeshing double screw
extruders, counter-rotating non-intermeshing double
screw extruders, single screw reciprocating extruders,
and single screw non-reciprocating extruders. In some
instances, it may be found that the product
polycarbonate prepared according to the method of the
present invention is of insufficient molecular weight
or retains too much of the solvent originally present
in the solution of the oligomeric polycarbonate. In
such instances, simply subjecting the product
polycarbonate to a second extrusion on the same or a
different devolatilizing extruder typically results in
a product polycarbonate having an increased molecular
weight and a reduced level of residual solvent. Thus,
in one embodiment of the present invention, a solution
of an oligomeric polycarbonate and a solvent is
subjected to devolatilization extrusion at a
temperature between 100 0C and 400 0C on an extruder
equipped with at least one vent adapted for solvent
removal located upstream from and adjacent to the feed
port to provide an initial product polycarbonate. The
initial product polycarbonate is then introduced into
a second extruder, said second extruder being equipped
with at least one vacuum vent. The second extruder is
operated at a temperature in a range between 100 0C
and 400 0C, and at a screw speed in a range between 50
and 1200 rpm.The method of the present invention may
be carried out in a batch or continuous mode. In one
embodiment, the method of the present invention is
carried out as a batch process wherein monomers and
transesterification catalyst are equilibrated in a
batch reactor to form a solution of the oligomeric
polycarbonate. This solution is then fed to a back
vented devolatilizing extruder and the product
polycarbonate is isolated until the solution is
consumed. Alternatively, the method of the present
invention may be carried out as a continuous process
wherein the monomers and catalyst are continuously fed
to, and the solution of oligomeric polycarbonate is 



continuously removed from a continuous reactor. Thus a
mixture of BMSC, BPA and/or other dihydroxy compounds,
and a transesterification catalyst may be fed to one
end of a tube reactor heated to a temperature between
160 0C and 250 C. A solution of an oligomeric
polycarbonate emerges at the opposite end of the tube
reactor and is fed to the back vented devolatilizing
extruder from which emerges the product polycarbonate.
In yet another embodiment of the present invention a
method of preparing polycarbonate is provided wherein
the method comprises the steps of: (i) forming a
reaction mixture comprising at least one dihydroxy
compound, an activated carbonate, and a
transesterification catalyst, (ii) heating the
reaction mixture at a temperature in a range between
100 0C and 300 0C to provide the reaction components
comprising a polycarbonate oligomer, an activated
carbonate residue, and a transesterification catalyst,
(iii) removing activated carbonate residue from the
reaction components prior to introduction to an
extruder, (iv) heating the reaction components to a
temperature greater than the boiling point of the
activated carbonate residue, the boiling point being
the boiling point of the activated carbonate residue
at a flash pressure, the heating being carried out at
a feed pressure, the feed pressure being greater than
the flash pressure to provide superheated reaction
components,(v) flashing the superheated reaction
components to the extruder at the flash pressure
through at least one pressure control valve feed port,
wherein the extruder comprises the feed port, a first
back vent port, and a polycarbonate exit port, wherein
the feed port is located between the first back vent
port and the polycarbonate exit port, and wherein the
resistance to flow of the reaction components from the
feed port to the first back vent port is less than or
equal to the resistance to flow of the reaction
components from the feed port to the polycarbonate
exit port, and (vi) extruding the reaction components
at one or more temperatures in a range between 100 0C
and 400 C, wherein during the extrusion of the
reaction components activated carbonate residue is
removed through the first back vent port. It is
understood, especially for melt reactions of the type
presented in the instant invention, that purity of the
monomers employed may strongly affect the properties
of the product polycarbonate. Thus, it is frequently
desirable that the monomers employed be free of, or
contain only very limited amounts of, contaminants
such as metal ions, halide ions, acidic contaminants
and other organic species. This may be especially true
in applications such as optical disks, (e.g. compact
disks) where contaminants present in the polycarbonate
can affect disk performance. Typically the
concentration of metal ions, for example iron, nickel,
cobalt, sodium, and potassium, present in the monomer
should be less than 10 ppm, preferably less than 1ppm
and still more preferably less than 100 parts per
billion (ppb). The amount of halide ion present in the
polycarbonate, for example fluoride, chloride and
bromide ions, should be minimized in order to inhibit
the absorption of water by the product polycarbonate
as well as to avoid the corrosive effects of halide
ion on equipment used in the preparation of the
polycarbonate. Certain applications, for example
optical disks, may require very low levels of halide
ion contaminants. Preferably, the level of halide ion
present in each monomer employed should be less than 1
ppm. The presence of acidic impurities, for example
organic sulfonic acids which may be present in
bisphenols such as BPA, should be minimized since only
minute amounts of basic catalysts are employed in the
oligomerization and subsequent polymerizationsteps.
Even a small amount of an acidic impurity may have a
large effect on the rate of oligomerization and
polymerization since it may neutralize a substantial
portion of the basic catalyst employed. Lastly, the
tendency of polycarbonates to degrade at high
temperature, for example during molding, with
concomitant loss of molecular weight and discoloration
correlates strongly with the presence of contaminating
species within the polycarbonate. In general, the
level of purity of a product polycarbonate prepared
using a melt reaction method such as the 



instant invention will closely mirror the level of
purity of the starting monomers. Product
polycarbonates prepared by the method of the present
invention frequently contain only very low levels of
Fries products. In many cases no Fries product is
detectable when the polycarbonate is subjected to a
Fries product analysis. The Fries product analysis is
carried out by completely hydrolyzing the
polycarbonate and analyzing the hydrolysis product by
HPLC. For bisphenol A polycarbonate produced by the
method of the present invention, the level of Fries
product is a value expressed as parts 2-carboxy
bisphenol A per million parts of the product bisphenol
A polycarbonate which was subjected to hydrolysis. For
bisphenol A polycarbonates prepared using the method
of the present invention this value is frequently zero
or very close to it. The product polycarbonates
prepared according to the method of the present
invention are found to have very high levels,
frequently 90 percent or higher, of endcapping.
Typically product polycarbonates will be from 97 to 99
percent endcapped. Free hydroxyl groups at the
polycarbonate chain ends typically comprise less than
100 ppm of the total polymer weight. Two types of free
hydroxyl chain ends are typically observed for
polycarbonates prepared according to the method of the
present invention from BPA and BMSC: hydroxyl groups
attached to a BPA residue ("BPA OH"), and hydroxyl
groups attached to a salicyl ester residue ("salicyl
OH"). Typically, the concentration of "BPA OH"
endgroups is less than 100 ppm based on the total
weight of the product polymer. Likewise, the
concentration of "salicyl OH" is typically less than
100 ppm. Endgroups bearing "salicyl OH" groups have
the structure indicated by structure,and are
quantified by nuclear magnetic resonance spectroscopy
(NMR). It should be noted that the concentrations of
hydroxy] endgroups and percent endcapping described
above refers to product polycarbonate and not the
oligomeric polycarbonate. Additionally, in instances
in which the product polycarbonate has been prepared
by first equilibrating a mixture of an
estersubstituted diary! carbonate with one or more
dihydroxy aromatic compounds to afford a solution
comprising an oligomeric polycarbonate and
subsequently subjecting said solution to extrusion on
a devolatilizing extruder, the concentrations of
hydroxyl endgroups and percent endcapping in the
product polycarbonate will reflect the molar ratio of
ester-substituted diaryl carbonate to total dihydroxy
aromatic compound. Typically, this ratio should be in
a range between 0.95 and 1.1. Typically, the product
polycarbonate prepared by the method of the present
invention will contain only very small amounts of
residual starting dihydroxy aromatic compound
(generally less than 50 ppm) and ester-substituted
diaryl carbonate (generally less than 500 ppm). The
product polycarbonates prepared by the method of the
present invention may optionally be blended with any
conventional additives used in thermoplastics
applications, such as preparing molded articles. These
additives include UV stabilizers, antioxidants, heat
stabilizers, mold release agents, coloring agents,
antistatic agents, slip agents, antiblocking agents,
lubricants, anticlouding agents, coloring agents,
natural oils, synthetic oils, waxes, organic fillers,
inorganic fillers, and mixtures thereof. Typically, it
is preferable to form a blend of the polycarbonate and
additives which aid in processing the blend to form
the desired molded article, such as an optical
article. The blend may optionally comprise from 0.0001
to 10% by weight of the desired additives, more
preferably from 0.0001 to 1.0% by weight of the
desired additives. Examples of UV absorbers include,
but are not limited to, salicylic acid UV
absorbers,benzophenone UV absorbers, benzotriazole UV
absorbers, cyanoacrylate UV absorbers and mixtures
thereof. Examples of the aforementioned heat-resistant
stabilizers, include, but are not limited to, phenol
stabilizers, organic thioether stabilizers, organic
phosphite stabilizers, hindered amine stabilizers,
epoxy stabilizers and mixtures thereof. The
heat-resistant stabilizer may be added in the form of
a solid or liquid. Examples of the mold-release agents
include, but are not limited to natural and synthetic
paraffins, polyethylene waxes, fluorocarbons, and
other hydrocarbon mold-release agents; stearic 



acid, hydroxystearic acid, and other higher fatty
acids, hydroxyfatty acids, and other fatty acid
mold-release agents; stearic acid amide,
ethylenebisstearamide, and other fatty acid amides,
alkylenebisfatty acid amides, and other fatty acid
amide mold-release agents; stearyl alcohol, cetyl
alcohol, and other aliphatic alcohols, polyhydric
alcohols, polyglycols, polyglycerols and other
alcoholic mold release agents; butyl stearate,
pentaerythritol tetrastearate, and other lower alcohol
esters of fatty acids, polyhydric alcohol esters of
fatty acids, polyglycol esters of fatty acids, and
other fatty acid ester mold release agents; silicone
oil and other silicone mold release agents, and
mixtures of any of the aforementioned. The coloring
agent may be either pigments or dyes. Inorganic
coloring agents and organic coloring agents may be
used separately or in combination in the invention.
The polycarbonates prepared by the method of the
present invention may be random copolymers, block
copolymers, branched or linear. When the product
polycarbonate is branched a suitable branching agent,
such as THPE, 9-carboxyoctadecandioic acid, or
1,3,5-trihydroxybenzne is employed. For example, the
inclusion of 0.02 moles of THPE per mole of BPA in the
equilibration reaction of 1 mole of BPA with 1.03
moles of BMSC to form a solution comprising an
oligomeric polycarbonate in methyl salicylate, and
subsequent extrusion of the solution on a
devolatilizing extruder according to the method of the
present invention will provide a branched bisphenol A
polycarbonate. Molded articles, such as a molded
optical article, comprising the polycarbonates
prepared by the method of the present invention, may
be obtained by conventional molding techniques,
forexample injection molding, blow molding, and
compression molding. Additionally molded articles may
be prepared from a blend of the product polycarbonate
with one or more additional polymers. Such blends,
typically prepared using extrusion methods, may be
molded using conventional techniques. Injection
molding is the more preferred method of forming the
molded article. Because the polycarbonates prepared by
the method of the present invention possess
advantageous properties such as high impact strength,
high clarity, low water absorption, good
processability and low birefringence, they can be
advantageously utilized to produce optical articles.
End-use applications for the optical article of the
invention include, but are not limited to, a digital
audio disk, a digital versatile disk, an optical
memory disk, a compact disk, an ASMO device and the
like; optical lenses, such as contact lenses, lenses
for glasses, lenses for telescopes, and prisms;
optical fibers; magneto optical disks; information
recording media; information transferring media; disks
for video cameras, disks for still cameras and the
like. Therefore the present invention further
comprises molded articles and a method of making
molded articles comprising the steps of: (a) preparing
a polycarbonate by, (i) introducing to an extruder
through a feed port a plurality of reaction ;
components comprising a polycarbonate oligomer, an
activated carbonate residue, and a transesterification
catalyst, wherein the extruder comprises the feed
port, a first back vent port, and a polycarbonate exit
port, wherein the feed port is located between the
first back vent port and the polycarbonate exit port,
and wherein the resistance to flow of the reaction
components from the feed port to the first back vent
port is less than or equal to the resistance to flow
of the reaction components from the feed port to the
polycarbonate exit port, and (ii) extruding the
reaction components at one or more temperatures in a
range between 100 0C and 400 0C, wherein during the
extrusion of the reaction components, activated
carbonate residue is removed through the first back
vent port, and(b) forming a molded article from the
polycarbonate. The polycarbonates prepared by the
method of the present invention may function as the
medium for data storage, i.e. the data may be fixed
onto or into the polycarbonate. The polycarbonate may
also function as the substrate onto which a data
storage medium is applied. Further, some combination
of both functions may be employed in a single device,
as for instance 



when the polycarbonate is imprinted with tracking to
aid in reading a data storage medium which is applied
to the polycarbonate. EXAMPLES: The following examples
are set forth to provide those of ordinary skill in
the art with a detailed description of how the methods
claimed herein are evaluated, and are not intended to
limit the scope of what the inventors regard as their
invention. Unless indicated otherwise, parts are by
weight, temperature is in 0C. Molecular weights are
reported as number average (Mn) or weight average (Mw)
molecular weight and were determined by gel permeation
chromatography (GPC) analysis, using a polycarbonate
molecular weight standard to construct a broad
standard calibration curve against which polymer
molecular weights were determined. The temperature of
the gel permeation columns was about 25 0C and the
mobile phase was chloroform. Fries content is measured
by the KOH methanolysis of resin and is reported as
parts per million (ppm). The Fries content is
determined as follows. First, 0.50 grams of
polycarbonate is dissolved in 4.0 ml of THF
(containing p-terphenyl as internal standard). Next,
3.0 mL of 18% KOH in methanol is added to this
solution. The resulting mixture is stirred for two
hours at room temperature. Next, 1.0 mL of acetic acid
is added, and the mixture is stirred for 5 minutes.
Potassium acetate by-product is allowed to crystallize
over 1 hour. The solid is filtered off and the
resulting filtrate is analyzed by high performance
liquid chromatography (HPLC) using p-terphenyl as the
internal standard. Concentrations of "BPA-OH" and
"salicyl-OH" endgroups were measured by 3 1P-NMR.
Terminal hydroxy groups were first derivatized with
2-chloro-l,3,2-dioxaphospholane (Aldrich).Examples 1 -
5 Solutions of oligomeric polycarbonate in methyl
salicylate were prepared by equilibrating a mixture of
bis(methyl salicyl) carbonate (BMSC), bisphenol A
(BPA) and transesterification catalyst,
tetrabutylpbosphonium acetate (TBPA), at a temperature
in a range between about 160 C and about 220 C in a
batch melt reactor under a nitrogen atmosphere. The
reaction mixture was stirred and heated until
equilibrium was reached. Equilibrium was reached in
about 80 minutes at about 165 0C and in about 10
minutes at about 220 0C. At equilibrium, the solution
of oligomeric polycarbonate prepared from mixtures of
BMSC (1.03 moles BMSC per mole BPA), BPA and TBPA (2.5
x 10 4 moles per mole BPA) was about 45 percent by
weight polycarbonate oligomer and about 54 to about 55
percent by weight methyl salicylate. Examples 1-5 in
Table 1 illustrate both the characteristics of the
equilibrated solution at different temperatures and
document the truly oligomeric nature of the material
being fed to the back vented extruder. The column
heading "[BMSC]/[BPA]" indicates the molar ratio of
BMSC and BPA employed in the equilibration reaction.
The heading "Mn " indicates the number average
molecular weight as determined by gel permeation
chromatography measured using a polycarbonate
molecular weight standard. Values of Mn are given in
Daltons. The data in Table 1 illustrate the speed at
which equilibration of the reactants can be achieved.
Example 1 indicates that solid reactants can be
converted into a solution of an oligomeric
polycarbonate and transesterification catalyst in
methyl salicylate solvent in as little as ten minutes.
Because residence times in the extruder are short
(from about 1 to about 4 minutes on the equipmentbeing
used in the Examples which follow), the overall
process of converting starting monomers into product
polycarbonate can be achieved in under 15 minutes.
Examples 6 - 36 were prepared with the following
protocols. Solutions of oligomeric bisphenol A
polycarbonate in methyl salicylate were prepared as in
Examples 1-5 at an equilibration temperature of
between 160 C and 220 0C using as a catalyst either
TBPA alone (as in Examples 1-5) or a combination of
TBPA with sodium hydroxide. The amount of catalyst
employed was about 2.5 x 10 4 moles TBPA per mole BPA
and (when present) about 2 x 10 6 moles sodium
hydroxide per mole BPA. Following the equilibration
reaction, the solution was 



transferred by means of nitrogen pressure (about 20-40
psi) to a gear pump which pumped the solution via an
insulated pipe connected directly (hard plumbed) to
the upstream edge of barrels four or five of a 25
millimeter diameter, 14 barrel, co-rotating
intermeshing twin screw extruder having a length to
diameter ratio of 56. The extruder comprised 6 vents
Vl - V6 located at the upstream edges of barrel one
(Vl, vacuum or atmospheric vent), barrels four or five
(V2 vacuum or atmospheric vent), barrel seven (V3,
atmospheric or vacuum vent), barrel nine (V4, vacuum
vent), barrel eleven (V5, vacuum vent) and barrel
thirteen (V6, vacuum vent). Vacuum vents Vl, V2, V3
and V4 if open were connected to the house vacuum and
operated at 10-28 in Hg of vacuum. Vacuum vents V5 and
V6 were connected to a vacuum pump and operated at
moderate to high vacuum (>28 in Hg of vacuum). When
operated at slight to moderate vacuum (10-28 in Hg),
vacuum was supplied to vents V1-V4 with "house"
vacuum. In a number of instances, vacuum vent V6 or
vacuum vents V5 together with V6 were operated under
high (i.e. "full") vacuum (about 29 in Hg, as measured
by a vacuum gauge). The vacuum vents were connected
through solvent recovery manifold and condenser
systems to their respective sources of vacuum. In
instances in which either V6 alone or V5 and V6 were
operated at "full" vacuum, the vent or vents being
operated at "full" vacuum were connected via a cold
trap to a vacuum pump. Vents V1-V4 were equipped with
type "C" vent port inserts. Vent port inserts are
available from the Werner & Pfleiderer Company. Vent
port inserts differ in the cross sectional area
available for the solvent vapors to escape the
extruder: Type "A" inserts are the most restrictive
(smallest cross section) and Type "C" are the least
restrictive (largest cross section). As noted, V2
waskept closed in some instances and remained open in
others. The screw design comprised conveying elements
under the feed inlet and all vents. The screw design
further comprised kneading blocks in four "reaction
zones" (zones comprising screw elements providing
intense mixing) located between vents. The data in
Tables 2 - 13 below demonstrate the effects of changes
in reaction conditions on the properties of the
product polycarbonate. Further the data, provided in
Tables 2 - 13 demonstrate that polycarbonate can be
produced in an extruder containing a back vent wherein
the resistance to flow of the reaction components from
the feed port to back vent is less than or equal to
the resistance to flow of the reaction components from
the feed port to the polycarbonate exit port. Examples
6 16 A 30-gallon titanium reactor, maintained at about
175 0C, was used to prepare and feed the equilibrated
mixture of oligomers to the feed port of the extruder
using a positive-displacement, Zenith gear pump. The
feed contained an oligomeric mixture of BPA, BMSC, and
catalyst (25 eq TMAH and 2 eq sodium hydroxide)
partially reacted and pre-equilibrated in the reactor
to about 55 percent by weight of methyl salicylate.
The BMSOBPA molar ratio was equal to 1.025. The
extruder was a 25mm diameter extruder, 14-barrel (L/D
= 56) and a 2-hole die plate. Six vent ports were used
of which two were located upstream of the feed port.
Conveying elements were located under feed and all
vents and kneading blocks in the reaction zones
between vents. The feed port was located on the
upstream edge of barrel 5 for liquid injection. The
vents were located upstream of barrels 1, 4, 7, 9, 11,
and 13. Vents 1, 2, 3, and 4 were connected to the
house vacuum manifold which is maintained at about
28-29 in Hg of vacuum, while vents 5 and 6 were
connected to two vacuum pumps connected to a manifold
drawing at about 29 in Hg of vacuum. Vent inserts of
type "C" were inserted into vents Vl, V2, V3, and V4.
Vents V5 and V6 had no insert.WEATHERABLE RESINOUS
COMPOSITION WITH IMPROVED HEAT RESISTANCE BACKGROUND
OF THE INVENTION The present invention relates to a
weatherable resinous composition which exhibits
improved heat resistance. In particular embodiments
the present invention relates to a composition
comprising a rubber modified thermoplastic resin
comprising a 



discontinuous elastomeric phase dispersed in a rigid
thermoplastic phase, wherein at least a portion of the
rigid thermoplastic phase is grafted to the
elastomeric phase; which resin exhibits weatherability
and improved heat resistance. Resinous compositions
such as acrylonitrile-styrene-acrylate (ASA) graft
copolymers are often employed in applications which
require long-term use in outdoor conditions under
exposure to ultraviolet radiation and moisture.
Resistance to such conditions is generally referred to
as "weatherability". However, many applications
requiring weatherability also require high heat
resistance, as measured, for example, by heat
distortion temperature (HDT) or Vicat temperature.
Blends based on poly(methyl methacrylate) (PMMA) as
the continuous rigid phase and an impact modifier
based on poly(butyl acrylate) (PBA) rubber are
well-recognized as weatherable resins. However, these
blends are also often characterized by relatively low
impact strength and stiff flow, among other
deficiencies. Many of the problems associated with
such blends have been addressed by employing
compositions with improved weatherability comprising
methyl methacrylate-modified ASA, as disclosed, for
example, in commonly assigned, copending application
Serial No. 10/434,914, filed May 9, 2003. However,
these compositions often suffer from inadequate heat
resistance for many applications. A problem to be
solved is to provide a weatherable resinous
composition with improved heat resistance, which
retains an adequate balance of other properties. BRIEF
DESCRIPTION OF THE INVENTION The present inventors
have discovered novel compositions which exhibit
improved heat resistance, while maintaining other
desirable physical properties,
includingweatherability. In one embodiment the present
invention comprises a composition comprising: (i) a
rubber modified thermoplastic resin comprising a
discontinuous elastomeric phase dispersed in a rigid
thermoplastic phase, wherein at least a portion of the
rigid thermoplastic phase is grafted to the
elastomeric phase, and wherein the elastomeric phase
comprises a polymer having structural units derived
from at least one (C -Ci2)alkyl(meth)acrylate monomer;
(ii) a second polymer consisting essentially of
structural units derived from at least one (C
-Ci2)alkyl(meth)acrylate monomer; and optionally (iii)
a third polymer comprising structural units derived
from at least one alkenyl aromatic monomer and at
least one monoethylenically unsaturated nitrile
monomer prepared in a separate polymerization step and
added to the composition. In other embodiments the
present invention comprises articles made from said
compositions. Various other features, aspects, and
advantages of the present invention will become more
apparent with reference to the following description
and appended claims. BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a graph of delta E* versus exposure for
compositions of the invention and comparative
compositions comprising 33% ASA. Figure 2 shows a
graph of delta E* versus exposure for compositions of
the invention and comparative compositions comprising
50% ASA. Figure 3 shows a graph of delta E* versus
exposure for compositions of the invention and
comparative compositions comprising 67% ASA. DETAILED
DESCRIPTION OF THE INVENTION In the following
specification and the claims which follow, reference
will be made to a number of terms which shall be
defined to have the following meanings. The singular
fopns "a", "an" and "the" include plural referents
unless the context clearly dictates otherwise.
"Optional" or "optionally" means that the subsequently
described event or circumstance may or may not occur,
and that the description includes 



instances where the event occurs and instances where
it does not. The tepninology "monoethylenically
unsaturated" means having a single site of ethylenic
unsaturationper molecule. The terminology
"polyethylenically unsaturated" means having two or
more sites of ethylenic unsaturation per molecule. The
terminology "(meth)acrylate" refers collectively to
acrylate and methacrylate; for example, the term
"(meth)acrylate monomers" refers collectively to
acrylate monomers and methacrylate monomers. The term
"(meth)acrylamide" refers collectively to acrylamides
and methacrylamides. The term "alkyl" as used in the
various embodiments of the present invention is
intended to designate linear alkyl, branched alkyl,
aralkyl, cycloalkyl, bicycloalkyl, tricycloalkyl and
polycycloalkyl radicals containing carbon and hydrogen
atoms, and optionally containing atoms in addition to
carbon and hydrogen, for example atoms selected from
Groups 15, 16 and 17 of the Periodic Table. Alkyl
groups may be saturated or unsaturated, and may
comprise, for example, vinyl or allyl. The term
"alkyl" also encompasses that alkyl portion of
alkoxide groups. In various embodiments normal and
branched alkyl radicals are those containing from 1 to
about 32 carbon atoms, and include as illustrative
non-limiting examples C1-C32 alkyl (optionally
substituted with one or more groups selected from Q-C
2 alkyl, C -C15 cycloalkyl or aryl); and C -Ci 5
cycloalkyl optionally substituted with one or more
groups selected from Ci-C 3 alkyl. Some particular
illustrative examples comprise methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl,
tertiary-butyl, pentyl, neopentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl and dodecyl. Some
illustrative non-limiting examples of cycloalkyl and
bicycloalkyl radicals include cyclobutyl, cyclopentyl,
cyclohexyl, methylcyclohexyl, cycloheptyl,
bicycloheptyl and adamantyl. In various embodiments
aralkyl radicals are those containing from 7 to about
14 carbon atoms; these include, but are not limited
to, benzyl, phenylbutyl, phenylpropyl, and
phenylethyl. The term "aryl" as used in the various
embodiments of the present invention is intended to
designate substituted or unsubstituted aryl radicals
containing from 6 to 20 ring carbon atoms. Some
illustrative non-limiting examples of these aryl
radicals include C -C 0 aryl optionally substituted
with one or more groups selected from C1-C32 alkyl,
C3-Ci cycloalkyl, aryl, and functional groups
comprising atoms selected from Groups 15, 16 and 17 of
the Periodic Table. Some particular illustrative
examples of aryl radicals comprise substituted or
unsubstituted phenyl, biphenyl, tolyl, naphthyl and
binaphthyl.Compositions of the present invention
comprise a rubber modified thermoplastic resin
comprising a discontinuous elastomeric phase dispersed
in a rigid thermoplastic phase, wherein at least a
portion of the rigid thepnoplastic phase is grafted to
the elastomeric phase. The rubber modified
thermoplastic resin employs at least one rubber
substrate for grafting. The rubber substrate comprises
the discontinuous elastomeric phase of the
composition. There is no particular limitation on the
rubber substrate provided it is susceptible to
grafting by at least a portion of a graftable monomer.
In some embodiments suitable rubber substrates
comprise dimethyl siloxane/butyl acrylate rubber, or
silicone/butyl acrylate composite rubber; polyolefin
rubbers such as ethylene-propylene rubber or
ethylene-propylene-diene (EPDM) rubber; or silicone
rubber polymers such as polymethyl siloxane rubber.
The rubber substrate typically has a glass transition
temperature, Tg, in one embodiment less than or equal
to 250C, in another embodiment below about 00C, in
another embodiment below about minus 2O0C, and in
still another embodiment below about minus 300C. As
referred to herein, the Tg of a polymer is the T value
of polymer as measured by differential scanning
calorimetry (DSC; heating rate 20C/minute, with the Tg
value being determined at the inflection point). In
one embodiment the rubber substrate is derived from
polymerization by known 



methods of at least one monoethylenically unsaturated
alkyl (meth)acrylate monomer selected from (C
-Ci2)alkyl(meth)acrylate monomers and mixtures
comprising at least one of said monomers. As used
herein, the terminology "(Cx-Cy)", as applied to a
particular unit, such as, for example, a chemical
compound or a chemical substituent group, means having
a carbon atom content of from "x" carbon atoms to "y"
carbon atoms per such unit. For example, "(C
-Ci2)alkyl" means a straight chain, branched or cyclic
alkyl substituent group having from 1 to 12 carbon
atoms per group. Suitable (C -Ci2)alkyl(meth)acrylate
monomers include, but are not limited to, (Ci- C
)alkyl acrylate monomers, illustrative examples of
which comprise ethyl acrylate, butyl acrylate,
iso-pentyl acrylate, n-hexyl acrylate, and 2-ethyl
hexyl acrylate; and their (C -C 2)alkyl methacrylate
analogs, illustrative examples of which comprise
methyl methacrylate, ethyl methacrylate, propyl
methacrylate, iso-propyl methacrylate, butyl
methacrylate, hexyl methacrylate, and decyl
methacrylate. In a particularembodiment of the present
invention the rubber substrate comprises structural
units derived from n-butyl acrylate. In various
embodiments the rubber substrate may also optionally
comprise a minor amount, for example up to about 5
wt.%, of structural units derived from at least one
polyethylenically unsaturated monomer, for example
those that are copolymerizable with a monomer used to
prepare the rubber substrate. A polyethylenically
unsaturated monomer is often employed to provide
cross-linking of the rubber particles and/or to
provide "graftlinking" sites in the rubber substrate
for subsequent reaction with grafting monomers.
Suitable polyethylenically unsaturated monomers
include, but are not limited to, butylene diacrylate,
divinyl benzene, butene diol dimethacrylate,
trimethylolpropane tri(meth)acrylate, allyl
methacrylate, diallyl methacrylate, diallyl maleate,
diallyl fumarate, diallyl phthalate, triallyl
methacrylate, triallyl cyanurate, triallyl
isocyanurate, the acrylate of tricyclodecenylalcohol
and mixtures comprising at least one of such monomers.
In a particular embodiment the rubber substrate
comprises structural units derived from triallyl
cyanurate. In some embodiments the rubber substrate
may optionally comprise structural units derived from
minor amounts of other unsaturated monomers, for
example those that are copolymerizable with a monomer
used to prepare the rubber substrate. In particular
embodiments the rubber substrate may optionally
include up to about 25 wt.% of structural units
derived from one or more monomers selected from
(meth)acrylate monomers, alkenyl aromatic monomers and
monoethylenically unsaturated nitrile monomers.
Suitable copolymerizable (meth)acrylate monomers
include, but are not limited to, C1-C12 aryl or
haloaryl substituted acrylate, C1-C12 aryl or haloaryl
substituted methacrylate, or mixtures thereof;
monoethylenically unsaturated carboxylic acids, such
as, for example, acrylic acid, methacrylic acid and
itaconic acid; glycidyl (meth)acrylate, hydroxy alkyl
(meth)acrylate, hydroxy(C|- Cia)alkyl (meth)acrylate,
such as, for example, hydroxyethyl methacrylate; (C4-
C i2)cycloalkyl (meth)acrylate monomers, such as, for
example, cyclohexyl methacrylate; (meth)acrylamide
monomers, such as, for example, acrylamide,
methacrylamide and N-substituted-acrylamide or
N-substituted-methacrylamides; maleimide monomers,
such as, for example, maleimide, N-alkyl maleimides,
N-arylmaleimides, N-phenyl maleimide, and haloaryl
substituted maleimides; maleic anhydride; methyl vinyl
ether, ethyl vinyl ether, and vinyl esters, such as,
for example, vinyl acetate and vinyl propionate.
Suitable alkenyl aromatic monomers include, but are
not limited to, vinyl aromatic monomers, such as, for
example, styrene and substituted stymies having one or
more alkyl, alkoxy, hydroxy or halo substituent groups
attached to the aromatic ring, including, but not
limited to, alpha-methyl styrene, p-methyl styrene,
3,5-diethylstyrene, 4-n-propylstyrene,
4-isopropylstyrene, 



vinyl toluene, alpha-methyl vinyl toluene, vinyl
xylene, trimethyl styrene, butyl styrene, t-butyl
styrene, chlorostyrene, alpha-chlorostyrene,
dichlorostyrene, tetrachlorostyrene, bromostyrene,
alpha-bromostyrene, dibromostyrene, phydroxystyrene,
p-acetoxystyrene, methoxystyrene and vinyl-substituted
condensed aromatic ring structures, such as, for
example, vinyl naphthalene, vinyl anthracene, as well
as mixtures of vinyl aromatic monomers and
monoethylenically unsaturated nitrile monomers such
as, for example, acrylonitrile, ethacrylonitrile,
methacrylonitrile, alpha-bromoacrylonitrile and
alpha-chloro acrylonitrile. Substituted styrenes with
mixtures of substituents on the aromatic ring are also
suitable. As used herein, the term "monoethylenically
unsaturated nitrile monomer" means an acyclic compound
that includes a single nitrile group and a single site
of ethylenic unsaturation per molecule and includes,
but is not limited to, acrylonitrile,
methacrylonitrile, alpha-chloro acrylonitrile, and the
like. In a particular embodiment the rubber substrate
comprises repeating units derived from one or more (C
-Ci2)alkyl acrylate monomers. In still another
particular embodiment, the rubber substrate comprises
from 40 to 95 wt.% repeating units derived from one or
more (C -Ci2)alkyl acrylate monomers, and more
preferably from one or more monomers selected from
ethyl acrylate, butyl acrylate and n-hexyl acrylate.
The rubber substrate may be present in the rubber
modified thermoplastic resin in one embodiment at a
level of from about 4 wt.% to about 94 wt.%; in
another embodiment at a level of from about 10 wt.% to
about 80 wt.%; in another embodiment at a level of
from about 15 wt.% to about 80 wt.%; in another
embodiment at a level of from about 35 wt.% to about
80 wt.%; in another embodiment at a level of from
about 40wt.% to about 80 wt.%; in another embodiment
at a level of from about 25 wt.% to about 60 wt.%, and
in still another embodiment at a level of from about
40 wt.% to about 50 wt.%, based on the weight of the
rubber modified thermoplastic resin. In other
embodiments the rubber substrate may be present in the
rubber modified thermoplastic resin at a level of from
about 5 wt.% to about 50 wt.%; at a level of from
about 8 wt.% to about 40 wt.%; or at a level of from
about 10 wt.% to about 30 wt.%, based on the weight of
the particular rubber modified thermoplastic resin.
There is no particular limitation on the particle size
distribution of the rubber substrate (sometimes
referred to hereinafter as initial rubber substrate to
distinguish it from the rubber substrate following
grafting). In some embodiments the initial rubber
substrate may possess a broad, essentially monomodal,
particle size distribution with particles ranging in
size from about 50 nanometers (nm) to about 1000 nm.
In other embodiments the mean particle size of the
initial rubber substrate may be less than about 100
nm. In still other embodiments the mean particle size
of the initial rubber substrate may be in a range of
between about 80 nm and about 400 nm. In other
embodiments the mean particle size of the initial
rubber substrate may be greater than about 400 nm. In
still other embodiments the mean particle size of the
initial rubber substrate may be in a range of between
about 400 nm and about 750 nm. In still other
embodiments the initial rubber substrate comprises
particles which are a mixture of particle sizes with
at least two mean particle size distributions. In a
particular embodiment the initial rubber substrate
comprises a mixture of particle sizes with each mean
particle size distribution in a range of between about
80 nm and about 750 nm. In another particular
embodiment the initial rubber substrate comprises a
mixture of particle sizes, one with a mean particle
size distribution in a range of between about 80 nm
and about 400 nm; and one with a broad and essentially
monomodal mean particle size distribution. 



The rubber substrate may be made according to known
methods, such as, but not limited to, a bulk,
solution, or emulsion process. In one non-limiting
embodiment the rubber substrate is made by aqueous
emulsion polymerization in the presence of a free
radical initiator, e.g., an azonitrile initiator, an
organic peroxide initiator, a persulfateinitiator or a
redox initiator system, and, optionally, in the
presence of a chain transfer agent, e.g., an alkyl
mercaptan, to form particles of rubber substrate. The
rigid thermoplastic resin phase of the rubber modified
thermoplastic resin comprises one or more
thermoplastic polymers. In one embodiment of the
present invention monomers are polymerized in the
presence of the rubber substrate to thereby form a
rigid thermoplastic phase, at least a portion of which
is chemically grafted to the elastomeric phase. The
portion of the rigid thermoplastic phase chemically
grafted to rubber substrate is sometimes referred to
hereinafter as grafted copolymer. The rigid
thermoplastic phase comprises a thermoplastic polymer
or copolymer that exhibits a glass transition
temperature (Tg) in one embodiment of greater than
about 250C, in another embodiment of greater than or
equal to 900C, and in still another embodiment of
greater than or equal to 1000C. In a particular
embodiment the rigid thermoplastic phase comprises a
polymer having structural units derived from one or
more monomers selected from the group consisting of
(Ci-C 2)alkyl-(meth)acrylate monomers,
aryl-(meth)acrylate monomers, alkenyl aromatic
monomers and monoethylenically unsaturated nitrile
monomers. Suitable (C -C 2)alkyl-(meth)acrylate and
aryl-(meth)acrylate monomers, alkenyl aromatic
monomers and monoethylenically unsaturated nitrile
monomers include those set forth hereinabove in the
description of the rubber substrate. In addition, the
rigid thermoplastic resin phase may, provided that the
Tg limitation for the phase is satisfied, optionally
include up to about 10 wt.% of third repeating units
derived from one or more other copolymerizable
monomers. The rigid thermoplastic phase typically
comprises one or more alkenyl aromatic polymers.
Suitable alkenyl aromatic polymers comprise at least
about 20 wt.% structural units derived from one or
more alkenyl aromatic monomers. In one embodiment the
rigid thermoplastic phase comprises an alkenyl
aromatic polymer having structural units derived from
one or more alkenyl aromatic monomers and from one or
more monoethylenically unsaturated nitrile monomers.
Examples of such alkenyl aromatic polymers include,
but are not limited to, styrene/acrylonitrile
copolymers, alpha-methylstyrene/acrylonitrile
copolymers, or
alphamethylstyrene/styrene/acrylonitrile copolymers.
In another particular embodiment the rigid
thermoplastic phase comprises an alkenyl aromatic
polymer having structural units derived from one or
more alkenyl aromatic monomers; from one or more
monoethylenically unsaturated nitrile monomers; and
from one or more monomers selected from the group
consisting of (C -Ci2)alkyl- and aryl-(meth)acrylate
monomers. Examples of such alkenyl aromatic polymers
include, but are not limited to,
styrene/acrylonitrile/methyl methacrylate copolymers,
alphamethylstyrene/ acrylonitrile/methyl methacrylate
copolymers and alphamethylstyrene/
styrene/acrylonitrile/methyl methacrylate copolymers.
Further examples of suitable alkenyl aromatic polymers
comprise styrene/methyl methacrylate copolymers,
styrene/maleic anhydride copolymers;
styrene/acrylonitrile/maleic anhydride copolymers, and
styrene/acrylonitrile/acrylic acid copolymers. These
copolymers may be used for the rigid thermoplastic
phase either individually or as mixtures. When
structural units in copolymers are derived from one or
more monoethylenically unsaturated nitrile monomers,
then the amount of nitrile monomer added to form the
copolymer comprising the grafted copolymer and the
rigid thermoplastic phase may 



be in one embodiment in a range of between about 5
wt.% and about 40 wt.%, in another embodiment in a
range of between about 5 wt.% and about 30 wt.%, in
another embodiment in a range of between about 10 wt.%
and about 30 wt.%, and in yet another embodiment in a
range of between about 15 wt.% and about 30 wt.%,
based on the total weight of monomers added to form
the copolymer comprising the grafted copolymer and the
rigid thermoplastic phase. When structural units in
copolymers are derived from one or more (C -Ci2)alkyl-
and aryl-(meth)acrylate monomers, then the amount of
the said monomer added to form the copolymer
comprising the grafted copolymer and the rigid
thermoplastic phase may be in one embodiment in a
range of between about 5 wt.% and about 50 wt.%, in
another embodiment in a range of between about 5 wt.%
and about 45 wt.%, in another embodiment in a range of
between about 10 wt.% and about 35 wt.%, and in yet
another embodiment in a range of between about 15 wt.%
and about 35 wt.%,based on the total weight of
monomers added to form the copolymer comprising the
grafted copolymer and the rigid thermoplastic phase.
The amount of grafting that takes place between the
rubber substrate and monomers comprising the rigid
thermoplastic phase varies with the relative amount
and composition of the rubber phase. In one
embodiment, greater than about 10 wt.% of the rigid
thermoplastic phase is chemically grafted to the
rubber substrate, based on the total amount of rigid
thermoplastic phase in the composition. In another
embodiment, greater than about 15 wt.% of the rigid
thermoplastic phase is chemically grafted to the
rubber substrate, based on the total amount of rigid
thermoplastic phase in the composition.. In still
another embodiment, greater than about 20 wt.% of the
rigid thermoplastic phase is chemically grafted to the
rubber substrate, based on the total amount of rigid
thermoplastic phase in the composition. In particular
embodiments the amount of rigid thermoplastic phase
chemically grafted to the rubber substrate may be in a
range of between about 5 wt.% and about 90 wt.%;
between about 10 wt.% and about 90 wt.%; between about
15 wt.% and about 85 wt.%; between about 15 wt.% and
about 50 wt.%; or between about 20 wt.% and about 50
wt.%, based on the total amount of rigid thermoplastic
phase in the composition. In yet other embodiments,
about 40 wt.% to 90 wt.% of the rigid thermoplastic
phase is free, that is, non-grafted. The rigid
thermoplastic phase may be present in the rubber
modified thepnoplastic resin in one embodiment at a
level of from about 85 wt.% to about 6 wt.%; in
another embodiment at a level of from about 65 wt.% to
about 6 wt.%; in another embodiment at a level of from
about 60 wt.% to about 20 wt.%; in another embodiment
at a level of from about 75 wt.% to about 40 wt.%, and
in still another embodiment at a level of from about
60 wt.% to about 50 wt.%, based on the weight of the
rubber modified thermoplastic resin. In other
embodiments the rigid thermoplastic phase may be
present in a range of between about 90 wt.% and about
30 wt.%, based on the weight of the rubber modified
thermoplastic resin. Two or more different rubber
substrates, each possessing a different mean particle
size, may be separately employed in a polymerization
reaction to prepare rigid thermoplastic phase, and
then the products blended together to make the rubber
modified thepnoplastic resin. In
illustrativeembodiments wherein such products each
possessing a different mean particle size of initial
rubber substrate are blended together, then the ratios
of said substrates may be in a range of about 90:10 to
about 10:90, or in a range of about 80:20 to about
20:80, or in a range of about 70:30 to about 30:70. In
some embodiments an initial rubber substrate with
smaller particle size is the major component in such a
blend containing more than one particle size of
initial rubber substrate. In alternative embodiments
the rigid thermoplastic phase may be formed solely by
polymerization carried out in the 



presence of rubber substrate, or by addition of one or
more separately synthesized rigid thermoplastic
polymers to the rubber modified thermoplastic resin
comprising the composition, or by a combination of
both processes. The rigid thermoplastic phase may be
made according to known processes, for example, mass
polymerization, emulsion polymerization, suspension
polymerization or combinations thereof, wherein at
least a portion of the rigid thermoplastic phase is
chemically bonded, i.e., "grafted" to the rubber phase
via reaction with unsaturated sites present in the
rubber phase. The grafting reaction may be performed
in a batch, continuous or semi-continuous process.
Representative procedures include, but are not limited
to, those taught in U.S. Patent No. 3,944,631; and in
U.S. patent application Serial No. 08/962,458, filed
October 31, 1997. The unsaturated sites in the rubber
phase are provided, for example, by residual
unsaturated sites in those structural units of the
rubber that were derived from a graftlinking monomer.
In some embodiments of the present invention monomer
grafting to rubber substrate with concomitant
formation of rigid thermoplastic phase may optionally
be perfonned in stages wherein at least one first
monomer is grafted to rubber substrate followed by at
least one second monomer different from said first
monomer. Representative procedures for staged monomer
grafting to rubber substrate include, but are not
limited to, those taught in commonly assigned U.S.
patent application Serial No. 10/748,394, filed
December 30, 2003. In a preferred embodiment the
rubber modified thermoplastic resin is an ASA graft
copolymer such as that manufactured and sold by
General Electric Company under the trademark GELOY(r),
or an acrylate-modified acrylonitrile-styrene-acrylate
graft copolymer. ASA polymeric materials include, for
example, those disclosed in U.S.Patent No. 3,71 1,575.
Acrylonitrile-styrene-acrylate graft copolymers
comprise those described in commonly assigned U.S.
Patent Nos. 4,73 1,414 and 4,831,079. In some
embodiments of the invention where an
acrylate-modified ASA is used, the ASA component
further comprises an additional acrylate-graft formed
from monomers selected from the group consisting of to
alkyl- and aryl-(meth)acrylate as part of either the
rigid phase, the rubber phase, or both. Such
copolymers are referred to as acrylate-modified
acrylonitrile-styrene-acrylate graft copolymers, or
acrylate-modified ASA. A preferred monomer is methyl
methacrylate to result in a PMMA-modified ASA
(sometimes referred to hereinafter as "MMA-ASA").
Compositions of the invention also comprise a second
polymer comprising structural units derived from at
least one (C -C 2)alkyl(meth)acrylate monomer,
sometimes referred to herein as "acrylic polymers". In
a particular embodiment compositions of the invention
comprise a second polymer consisting essentially of
structural units derived from at least one (C
-Ci2)alkyl(meth)acrylate monomer. In the present
context consisting essentially of structural units
derived from at least one (C - C )alkyl(meth)acrylate
monomer means that the second polymer comprises in one
embodiment greater than 90% of said structural units;
in another embodiment greater than 95% of said
structural units; in still another embodiment greater
than 98% of said structural units; and in still
another embodiment greater than 99% of said structural
units. Suitable (C -Ci2)alkyl(meth)acrylate monomers
for use in the said polymers comprise those (C
-Ci2)alkyl(meth)acrylate monomers described
hereinabove. In particular embodiments suitable (C
-Ci2)alkyl(meth)acrylate monomers include, but are not
limited to, (C -Ci2)alkyl acrylate monomers,
illustrative examples of which comprise ethyl
acrylate, butyl acrylate, iso-pentyl acrylate, n-hexyl
acrylate, and 2- ethyl hexyl acrylate; and their (Cr C
i2)alkyl methacrylate analogs, illustrative examples
of which comprise methyl methacrylate, ethyl
methacrylate, propyl 



methacrylate, iso-propyl methacrylate, butyl
methacrylate, hexyl methacrylate, and decyl
methacrylate. In a particular embodiment the polymer
comprises structural units derived from methyl
methacrylate (said polymer being known as poly(methyl
methacrylate) or PMMA). The amount of said second
polymer in compositions of the invention may be in one
embodiment in a range of between about 3 wt.% and
about70 wt.%, in another embodiment in a range of
between about 3 wt.% and about 67 wt.%, in another
embodiment in a range of between about 3 wt.% and
about 60 wt.%, in another embodiment in a range of
between about 3 wt.% and about 55 wt.%, in another
embodiment in a range of between about 5 wt.% and
about 55 wt.%, in another embodiment in a range of
between about 8 wt.% and about 52 wt.%, in another
embodiment in a range of between about 10 wt.% and
about 50 wt.%, in another embodiment in a range of
between about 10 wt.% and about 45 wt.%, in another
embodiment in a range of between about 10 wt.% and
about 40 wt.%, and in still another embodiment in a
range of between about 15 wt.% and about 35 wt.%,
based on the weight of resinous components in the
composition. In another particular embodiment the
amount of said second polymer in compositions of the
invention may be in a range of between about 12 wt.%
and about 55 wt.%, based on the weight of resinous
components in the composition. Compositions of the
invention may optionally comprise a third polymer
comprising structural units derived from at least one
alkenyl aromatic monomer and at least one
monoethylenically unsaturated nitrile monomer prepared
in a separate polymerization step and added to the
composition. In a particular embodiment said third
polymer consists essentially of structural units
derived from at least one alkenyl aromatic monomer and
at least one monoethylenically unsaturated nitrile
monomer prepared in a separate polymerization step and
added to the composition. In the present context
consisting essentially of structural units derived
from derived from at least one alkenyl aromatic
monomer and at least one monoethylenically unsaturated
nitrile monomer means that the third polymer comprises
in one embodiment greater than 90% of said structural
units; in another embodiment greater than 95% of said
structural units; in still another embodiment greater
than 98% of said structural units; and in still
another embodiment greater than 99% of said structural
units. In another particular embodiment said third
polymer is free of structural units derived from at
least one (C -Ci2)alkyl(meth)acrylate monomer. Said
third polymer may be prepared by known methods. In
some embodiments said third polymer comprises
structural units essentially identical to those of the
rigid thermoplastic phase comprising the rubber
modified thermoplastic resin. In some particular
embodiments said third polymercomprises structural
units derived from styrene and acrylonitrile;
alpha-methylstyrene and acrylonitrile; or
alpha-methylstyrene, styrene, and acrylonitrile. When
present, the amount of said third polymer is in one
embodiment in a range of between about 3 wt.% and
about 55 wt.%, in another embodiment in a range of
between about 5 wt.% and about 45 wt.%, and in still
another embodiment in a range of between about 5 wt.%
and about 40 wt.%, based on the weight of resinous
components in the composition. When both the second
polymer and the third polymer are present in the
compositions, then they may be present at a combined
level in a range of between about 5% and about 85%
based on the weight of resinous components in the
composition. Compositions of the present invention may
optionally comprise additives known in the art
including, but not limited to, stabilizers, such as
color stabilizers, heat stabilizers, light
stabilizers, antioxidants, UV screeners, and UV
absorbers; flame retardants, anti-drip agents,
lubricants, flow promoters and other processing aids;
plasticizers, antistatic agents, mold release agents,
impact modifiers, fillers, and 



colorants such as dyes and pigments which may be
organic, inorganic or organometallic; and like
additives. Illustrative additives include, but are not
limited to, silica, silicates, zeolites, titanium
dioxide, stone powder, glass fibers or spheres, carbon
fibers, carbon black, graphite, calcium carbonate,
talc, lithopone, zinc oxide, zirconium silicate, iron
oxides, diatomaceous earth, calcium carbonate,
magnesium oxide, chromic oxide, zirconium oxide,
aluminum oxide, crushed quartz, clay, calcined clay,
talc, kaolin, asbestos, cellulose, wood flour, cork,
cotton and synthetic textile fibers, especially
reinforcing fillers such as glass fibers, carbon
fibers, metal fibers, and metal flakes, including, but
not limited to aluminum flakes. Often more than one
additive is included in compositions of the invention,
and in some embodiments more than one additive of one
type is included. In a particular embodiment a
composition further comprises an additive selected
from the group consisting of colorants, dyes,
pigments, lubricants, stabilizers, heat stabilizers,
light stabilizers, antioxidants, UV screeners, UV
absorbers, fillers and mixtures thereof. In a
particular embodiment compositions of the invention
may optionally comprise mixtures of at least one metal
salt of a fatty acid and at least one amide. The
fattyacids generally comprise from 16 to 18 carbon
atoms. Representative examples include stearic acid,
oleic acid, palmitic acid and mixtures thereof. In a
preferred embodiment the fatty acid comprises stearic
acid. Fatty acid mixtures may additionally comprise
9,1 2-linoleic acid, 9,1 1-linoleic acid (conjugated
linoleic acid), pinolenic acid, palmitoleic acid,
magaric acid, octadecadienoic acid, octadecatrienoic
acid, and the like. Fatty acid mixtures may contain
minor amounts of rosin acids. Illustrative rosin acids
include, but are not limited to, those generally found
in tall oil fatty acid mixtures, and may comprise
abietic acid, dihydroabietic acid,
palustric/levopimaric acid, pimaric acids,
tetrahydroabietic acid, isopimaric acid, neoabietic
acid, and the like. Suitable metal salts include, but
are not limited to, those comprising aluminum,
magnesium, calcium, and zinc, and mixtures thereof. In
some embodiments suitable amides comprise those
derived from C -C g carboxylic acids and
hydroxy-substituted amines. The ratio of fatty acid
metal salt to amide component in the mixture is that
which is effective to obtain a reduction in plate-out
in compositions of the invention. Mixtures of at least
one metal salt of a fatty acid and at least one amide
may be prepared by mixing the individual components.
Commercial mixtures suitable for use in compositions
of the present invention comprise those available from
Struktol Company of America (Stow, Ohio), including,
but are not limited to, STRUKTOL TR 251, STRUKTOL TR
255, STRUKTOL TR 071, and STRUKTOL TR 016. In various
embodiments the amount of said mixture in compositions
of the invention may be in a range of between 0 phr
and about 5 phr, or in a range of between about 0.2
phr and about 4 phr, or in a range of between about
0.5 phr and about 4 phr, or in a range of between
about 1 phr and about 3 phr. Compositions of the
invention and articles made therefrom may be prepared
by known thermoplastic processing techniques. Known
thermoplastic processing techniques which may be used
include, but are not limited to, extrusion,
calendering, kneading, profile extrusion, sheet
extrusion, coextrusion, molding, extrusion blow
molding, thermoforming, injection molding,
co-injection molding and rotomolding. The invention
further contemplates additional fabrication operations
on said articles, such as, but not limited to, in-mold
decoration, baking in a paint oven, surface etching,
lamination, and/or thermoforming.The compositions of
the present invention can be formed into useful
articles. In some embodiments the articles comprise
unitary articles. Illustrative unitary articles
comprise those consisting essentially of a composition
of the present invention. In still other embodiments
the articles may comprise multilayer articles
comprising at 



least one layer comprising a composition of the
present invention. In various embodiments multilayer
articles may comprise a cap-layer comprising a
composition of the invention and a substrate layer
comprising at least one thermoplastic resin different
from said cap-layer. In some particular embodiments
said substrate layer comprises at least one of an
acrylic polymer; PMMA; a rubber-modified acrylic
polymer; rubber-modified PMMA; ASA; polyvinyl
chloride) (PVC); acrylonitrilebutadiene- styrene
copolymer (ABS); polycarbonate (PC); and mixtures
comprising at least one of the aforementioned
materials, including, but not limited to, mixtures of
ASA and PC; mixtures of ABS and PC; mixtures of ABS
and an acrylic polymer; and mixtures of ABS and PMMA.
In some particular embodiments PC consists essentially
of bisphenol A polycarbonate. In addition in some
embodiments said multilayer article may comprise at
least one substrate layer and at least one tielayer
between said substrate layer and said cap-layer.
Additional illustrative examples of resins suitable
for substrate layers comprise polyesters, such as
poly(alkylene terephthalates), poly(alkylene
naphthalates), poly(ethylene terephthalate),
poly(butylene terephthalate), poly(trimethylene
terephthalate), poly(ethylene naphthalate),
poly(butylene naphthalate), poly(cyclohexanedimethanol
terephthalate), poly(cyclohexanedimethanol-co-ethylene
terephthalate), poly(l ,4-cyclohexanedimethyl-
l,4-cyclohexanedicarboxylate), polyarylates, the
polyarylate with structural units derived from
resorcinol and a mixture of iso- and terephthalic
acids, polyestercarbonates, the polyestercarbonate
with structural units derived from bisphenol A,
carbonic acid and a mixture of iso- and terephthalic
acids, the polyestercarbonate with structural units
derived from resorcinol, carbonic acid and a mixture
of iso- and terephthalic acids, and the
polyestercarbonate with structural units derived from
bisphenol A, resorcinol, carbonic acid and a mixture
of iso- and terephthalic acids. Additional
illustrative examples of resins suitable for substrate
layers further comprise aromatic polyethers such as
polyarylene ether homopolymers and copolymers such as
those comprising 2,6-dimethyl-l,4-phenylene ether
units,optionally in combination with
2,3,6-trimethyl-l,4-phenylene ether units;
polyetherimides, polyetherketones,
polyetheretherketones, polyethersulfones; polyarylene
sulfides and sulfones, such as polyphenylene sulfides,
polyphenylene sulfones, and copolymers of
polyphenylene sulfides with polyphenylene sulfones;
polyamides, such as poly(hexamethylene adipamide) and
poly(e-aminocaproamide); polyolefin homopolymers and
copolymers, such as polyethylene, polypropylene, and
copolymers containing at least one of ethylene and
propylene; polyacrylates, poly(methyl methacrylate),
poly(ethylene-co-acrylate)s including SURLYN;
polystyrene, syndiotactic polystyrene,
poly(styrene-co-acrylonitrile), poly(styrene-comaleic
anhydride); and compatibilized blends comprising at
least one of any of the aforementioned resins, such as
thermoplastic polyolefin (TPO); poly(phenylene
ether)-polystyrene, poly(phenylene ether)-polyamide,
poly(phenylene ether)-polyester, poly(butylene
terephthalate)-polycarbonate, poly(ethylene
terephthalate)- polycarbonate,
polycarbonate-polyetherimide, and
polyester-polyetherimide. Suitable substrate layers
may comprise recycled or reground thermoplastic resin.
Multilayer articles comprising a cap-layer comprised
of a composition of the present invention may exhibit
improved weatherability compared to similar articles
without said caplayer. Multilayer and unitary articles
which can be made which comprise compositions of the
present invention include, but are not limited to,
articles for outdoor vehicle and device (OVAD)
applications; exterior and interior components for
aircraft, automotive, truck, military vehicle
(including automotive, aircraft, and water-borne
vehicles), scooter, and motorcycle, including panels,
quarter panels, rocker panels, 



vertical panels, horizontal panels, trim, pillars,
center posts, fenders, doors, decklids, trunklids,
hoods, bonnets, roofs, bumpers, fascia, grilles,
mirror housings, pillar appliques, cladding, body side
moldings, wheel covers, hubcaps, door handles,
spoilers, window frames, headlamp bezels and housings,
tail lamp housings, tail lamp bezels, license plate
enclosures, roof racks, and running boards;
enclosures, housings, panels, and parts for outdoor
vehicles and devices; enclosures for electrical and
telecommunication devices; outdoor furniture; aircraft
components; boats and marine - equipment, including
trim, enclosures, and housings; outboard motor
housings; depthfinder housings, personal water-craft;
jet-skis; pools; spas; hot-tubs; steps; step
coverings; building and construction applications such
as gutters, handrails, pricing channels, corner
guards, down spouts, glazing, fencing, fence posts,
decking planks, roofs; siding, particularly vinyl
siding applications; windows, window frames, floors,
decorative window furnishings or treatments; wall
panels, doors and door frames; outdoor and indoor
signs; enclosures, housings, panels, and parts for
automatic teller machines (ATM); enclosures, housings,
panels, and parts for lawn and garden tractors, lawn
mowers, and tools, including lawn and garden tools;
window and door trim; sports equipment and toys;
enclosures, housings, panels, and parts for
snowmobiles; recreational vehicle panels and
components; playground equipment; articles made from
plastic-wood combinations; golf course markers;
utility pit covers; mobile phone housings; radio
sender housings; radio receiver housings; light
fixtures; light switches; electrical sockets; lighting
appliances; reflectors; network interface device
housings; transformer housings; air conditioner
housings; cladding or seating for public
transportation; cladding or seating for trains,
subways, or buses; meter housings; antenna housings;
cladding for satellite dishes; and like applications.
Said articles may be prepared by a variety of known
processes and fabrication steps which include, but are
not limited to, profile extrusion, sheet extrusion,
coextrusion, calendering, extrusion blow molding,
thermoforming, injection molding, compression molding,
inmold decoration, baking in a paint oven, plating,
and lamination. Without further elaboration, it is
believed that one skilled in the art can, using the
description herein, utilize the present invention to
its fullest extent. The following examples are
included to provide additional guidance to those
skilled in the art in practicing the claimed
invention. The examples provided are merely
representative of the work that contributes to the
teaching of the present application. Accordingly,
these examples are not intended to limit the
invention, as defined in the appended claims, in any
manner. In the following examples resinous components
are expressed in wt.%. Non-resinous components are
expressed in phr. The abbreviation "C. Ex." means
Comparative Example. Vicat B values were determined
according to ISO 306. HDT values in 0C were determined
according to ISO 179. Values for melt flow rate in
grams per 10minutes were determined at 22O0C using a
weight of 10 kilograms according to ISO 1133.
Viscosity values in units of pascal-seconds were
determined at various shear rates using a Kayeness
capillary rheometer under conditions of 2600C melt
temperature. Molded test specimens were subjected to
color measurements in the CIE L*a*b* space using a
MacBeth 7000 spectrophotometer for color measurement.
EXAMPLES 1-8 AND COMPARATIVE EXAMPLES 1-7 In the
compositions of the following examples and comparative
examples ASA was a copolymer comprising structural
units derived from 37.5 wt.% styrene, 18 wt.%
acrylonitrile, and about 44.5 wt.% butyl acrylate.
MMA-ASA was a copolymer comprising structural units
derived from about 11 wt.% methyl methacrylate, about
30 wt.% styrene, about 14 wt.% acrylonitrile, and
about 45 wt.% butyl acrylate. The types of SAN
employed were SAN-I , a copolymer comprising 75 wt.%
styrene and 25 



wt.% acrylonitrile; and SAN-2, a copolymer comprising
72 wt.% styrene and 28 wt.% acrylonitrile with a
weight average molecular weight (Mw) of about 100,000
made by a bulk polymerization process. MMA-SAN was a
copolymer comprising structural units derived from 35
wt.% methyl methacrylate, 40 wt.% styrene, and 25 wt.%
acrylonitrile made by a bulk polymerization process.
All of the compositions comprised 1 phr ethylene
bis-stearamide (EBS) wax; 1.4 phr of a mixture of
hindered phenolic anti-oxidants, ultraviolet light
absorbers, and phosphorus-comprising stabilizers; and
5 phr titanium dioxide. Properties of molded test
parts are shown in the table. Examples 6, 7, and 8 are
replicates of the same composition, and may all be
compared to Comparative Example 6.TABLE 1
OCompositions of the invention comprising ASA, SAN,
and PMMA show consistently higher HDT values and Vicat
temperatures than do comparative compositions
comprising ASA and MMA-SAN. Compositions comprising
ASA, SAN, and PMMA also show consistently higher melt
flow rate and lower viscosity than do similar
compositions comprising ASA and MMA-SAN, resulting is
better flow and ease of processability. Compositions
of the invention comprising MMA-ASA, SAN, and PMMA
show consistently higher HDT and Vicat temperatures
than do comparative compositions comprising MMA-ASA
and MMA-SAN. Also, in most cases compositions
comprising MMA-ASA, SAN, and PMMA also show higher
melt flow rate and lower viscosity than do similar
compositions comprising MMA-ASA and MMA-SAN, resulting
is better flow and ease of processability. EXAMPLES
9-1 8 AND COMPARATIVE EXAMPLE 8 In the compositions of
the following examples and comparative examples
MMAASA- I was a copolymer comprising structural units
derived from about 9 wt.% methyl methacrylate, about
32 wt.% styrene, about 15 wt.% acrylonitrile, and
about 45 wt.% butyl acrylate, wherein the initial
rubber particle size was about 110 nm. MMAASA- 2 was a
copolymer comprising structural units derived from
about 9 wt.% methyl methacrylate, about 32 wt.%
styrene, about 15 wt.% acrylonitrile, and about 45
wt.% butyl acrylate, wherein the initial rubber
particle size was about 500 run. MMAASA- 3 was a
copolymer comprising structural units derived from
about 11 wt.% methyl methacrylate, about 30 wt.%
styrene, about 14 wt.% acrylonitrile, and about 45
wt.% butyl acrylate, wherein the initial rubber
particle size distribution was broad and essentially
monomodal. The type of SAN employed was SAN-I , a
copolymer comprising 75 wt.% styrene and 25 wt.%
acrylonitrile. MMA-SAN was a copolymer comprising
structural units derived from 35 wt.% methyl
methacrylate, 40 wt.% styrene, and 25 wt.%
acrylonitrile. All of the compositions comprised 0.5
phr ethylene bis-stearamide (EBS) wax; 1.5 phr of a
mixture of hindered phenolic anti oxidants,
ultraviolet light absorbers, and phosphorus-comprising
stabilizers; 0.1 phr silicone oil; and 1 phr carbon
black. Properties of molded test parts are shown in
the table. Examples 9, 10, and 11 are replicates of
the same composition, and may all be compared to
Comparative Example 8.TABLE 2Compositions of the
invention comprising MMA-ASA, SAN, and PMMA in
Examples 9-1 1 show higher HDT values than does the
composition of Comparative Example 8 of similar
composition comprising MMA-ASA and MMA-SAN.
Compositions comprising MMA-ASA, SAN, and PMMA in
Examples 9-1 1 also show higher melt flow rate and
lower viscosity than does the composition of
Comparative Example 8 of similar composition
comprising MMA-ASA and MMASAN, resulting is better
flow and ease of processability. The depth of black
color or "jetness" of compositions comprising MMA-ASA,
SAN, and PMMA in Examples 9- 11 is also superior, as
seen in the lower L* excluded value compared to the L*



excluded value for a similar composition comprising
MMA-ASA and MMA-SAN (Comparative Example 8). EXAMPLES
19-31 AND COMPARATIVE EXAMPLES 9-1 1 In the
compositions of the following examples and comparative
examples ASA was a copolymer comprising structural
units derived from 37.5 wt.% styrene, 18 Wt.%
acrylonitrile, and about 44.5 wt.% butyl acrylate. The
type of SAN employed was SAN-I, a copolymer comprising
75 wt.% styrene and 25 wt.% acrylonitrile. MMASAN was
a copolymer comprising structural units derived from
35 wt.% methyl methacrylate, 40 wt.% styrene, and 25
wt.% acrylonitrile. All of the compositions comprised
0.5 phr ethylene bis-stearamide (EBS) wax; 1.5 phr of
a mixture of hindered phenolic anti-oxidants,
ultraviolet light absorbers, and phosphoruscomprising
stabilizers; 0.1 phr silicone oil; and 1 phr carbon
black. Properties of molded test parts are shown in
the table. Examples 23-24 are replicates of the same
composition.TABLE 3 4-Compositions of the invention
comprising ASA and different ratios of SAN and PMMA
show generally higher HDT values and Vicat
temperatures than do the corresponding Comparative
Examples of similar composition comprising ASA and
MMA-SAN. The depth of black color or "jetness" of
compositions comprising ASA, SAN, and PMMA improves as
the level of PMMA increases, as seen in the lower L*
excluded value. EXAMPLES 32-42 AND COMPARATIVE EXAMPLE
12 In the compositions of the following examples and
comparative examples MMAASA- I, MMA-ASA-2 and
MMA-ASA-3, SAN-I , and MMA-SAN were as described in
examples above. All of the compositions comprised 0.5
phr ethylene bisstearamide (EBS) wax; 1.5 phr of a
mixture of hindered phenolic anti-oxidants,
ultraviolet light absorbers, and phosphorus-comprising
stabilizers; 0.1 phr silicone oil; and 1 phr carbon
black. Properties of molded test parts are shown in
the table.TABLE 4Compositions of the invention
comprising SAN, PMMA and a mixture of MMA-ASA types
with two different particle size distributions show
excellent HDT values and good flow. The compositions
of the invention also show there is an benefit to
depth of black color or "jetness" as seen in the lower
L* excluded value in compositions of the invention
when a mixture of MMA-ASA types with two different
particle size distributions is used in place of
MMA-ASA with broad particle size distribution alone
(Example 10). EXAMPLES 43-56 In the compositions of
the following examples and comparative examples ASA
was a copolymer comprising structural units derived
from 37.5 wt.% styrene, 18 wt.% acrylonitrile, and
about 44.5 wt.% butyl acrylate. The types of SAN
employed were SAN-2, a copolymer comprising 72 wt.%
styrene and 28 wt.% acrylonitrile with Mw of about
100,000 made by a bulk polymerization process; and
SAN-3, a copolymer comprising 72 wt.% styrene and 28
wt.% acrylonitrile with Mw of about 160,000- 180,000
made by a bulk polymerization process. All of the
compositions comprised 0.5 phr EBS wax; 1.5 phr of a
mixture of hindered phenolic anti-oxidants,
ultraviolet light absorbers, and phosphorus-comprising
stabilizers; 0.1 phr silicone oil; and 1 phr carbon
black. Properties of molded test parts are shown in
the table. Examples 44 and 45 are replicates of the
same composition, as are Examples 5 1 and 52.TABLE 5
OOCompositions of the invention comprising ASA, PMMA,
and either SAN-2 or SAN-3 show HDT values and Vicat
temperatures similar to those of similar examples in
Table 1 even though these types of SAN are not
miscible with PMMA. In contrast SAN-I used in certain
Examples in Table 1 is miscible with PMMA. 



EXAMPLES 57-62 AND COMPARATIVE EXAMPLES 13-18 In the
compositions of the following examples and comparative
examples ASA; MMA-ASA-3; SAN-I, and MMA-SAN were as
described in examples above. All of the compositions
comprised 0.5 phr EBS wax; 1.5 phr of a mixture of
hindered phenolic anti-oxidants, ultraviolet light
absorbers, and phosphorus-comprising stabilizers; and
5 phr titanium dioxide. The proportions of components
in the examples and comparative examples are shown in
the table.TABLE 6 OCompositions of the invention
comprising SAN, PMMA and either MMA-ASA or ASA show
higher HDT and Vicat values, and generally higher flow
compared to comparative examples comprising MMA-SAN
and either MMA-ASA or ASA. Compositions of the
invention and comparative compositions were molded and
subjected to accelerated weathering under the SAE J
1960 protocol through 5000 kilojoules per square meter
exposure (kJ/rrf) (measured at 340 nm). Figures 1, 2,
and 3 show the results of color retention measured as
a function of exposure (CIELAB delta E* versus
cumulative exposure in kJ/m2). Figures 1, 2, and 3 are
for compositions of the invention and comparative
compositions comprising 33%, 50% and 67%,
respectively, of either ASA or MMA-ASA-3. The figures
demonstrate that compositions of the invention
comprising PMMA exhibit enhanced resistance to color
change during accelerated weathering compared to the
comparative compositions without PMMA in most
embodiments. While the invention has been illustrated
and described in typical embodiments, it is not
intended to be limited to the details shown, since
various modifications and substitutions can be made
without departing in any way from the spirit of the
present invention. As such, further modifications and
equivalents of the invention herein disclosed may
occur to persons skilled in the art using no more than
routine experimentation, and all such modifications
and equivalents are believed to be within the spirit
and scope of the invention as defined by the following
claims. All Patents and published articles cited
herein are incorporated herein by reference.CLAIMS: 1.
A composition comprising: (i) a rubber modified
thermoplastic resin comprising a discontinuous
elastomeric phase dispersed in a rigid thermoplastic
phase, wherein at least a portion of the rigid
thermoplastic phase is grafted to the elastomeric
phase, and wherein the elastomeric phase comprises a
polymer having structural units derived from at least
one (C -Ci2)alkyl(meth)acrylate monomer; (ii) a second
polymer consisting essentially of structural units
derived from at least one (Ci- Ci2)alkyl(meth)acrylate
monomer; and optionally (iii) a third polymer
comprising structural units derived from at least one
alkenyl aromatic monomer and at least one
monoethylenically unsaturated nitrile monomer prepared
in a separate polymerization step and added to the
composition. 2. The composition of claim 1, wherein
the elastomeric phase comprises a polymer having
structural units derived from butyl acrylate. 3. The
composition of claim 1, wherein the polymer of the
elastomeric phase further comprises structural units
derived from at least one polyethylenically
unsaturated monomer. 4. The composition of claim 3,
wherein the polyethylenically unsaturated monomer is
selected from the group consisting of butylene
diacrylate, divinyl benzene, butene diol
dimethacrylate, trimethylolpropane tri(meth)acrylate,
allyl methacrylate, diallyl methacrylate, diallyl
maleate, diallyl fumarate, diallyl phthalate, triallyl
methacrylate, triallyl isocyanurate, triallyl
cyanurate, the acrylate of tricyclodecenylalcohol and
mixtures thereof. 



5. The composition of claim 1, wherein the elastomeric
phase comprises about 10 wt.% to about 80 wt.% of the
rubber modified thepnoplastic resin. 6. The
composition of claim 1, wherein the elastomeric phase
comprises about 35 wt.% to about 80 wt.% of the rubber
modified thermoplastic resin.7. The composition of
claim 1, wherein at least about 5 wt.% to about 90
wt.% of rigid thermoplastic phase is chemically
grafted to the elastomeric phase, based on the total
amount of rigid thermoplastic phase in the
composition. 8. The composition of claim 1, wherein
the rigid thermoplastic phase comprises structural
units derived from at least one monomer selected from
the group consisting of vinyl aromatic monomers,
monoethylenically unsaturated nitrile monomers, (Ci-
C|2)alkyl- and aryl-(meth)acrylate monomers, and
mixtures thereof. 9. The composition of claim 1,
wherein the rigid thermoplastic phase comprises
structural units derived from styrene and
acrylonitrile; or styrene, alpha-methyl styrene, and
acrylonitrile; or styrene, acrylonitrile, and methyl
methacrylate; or alphamethyl styrene, acrylonitrile
and methyl methacrylate; or styrene, alpha-methyl
styrene, acrylonitrile and methyl methacrylate. 10.
The composition of claim 9, wherein the rigid
thermoplastic phase comprises structural units derived
from styrene, acrylonitrile, and methyl methacrylate
and the initial elastomeric phase is selected from the
group consisting of an elastomeric phase with a
particle size distribution in a range of between about
80 nm and about 400 nm; an elastomeric phase with a
particle size distribution in a range of between about
400 nm and about 750; an elastomeric phase with a
broad, essentially monomodal particle size
distribution, and mixtures of these elastomeric
phases. 11. The composition of claim 1, wherein the
second polymer comprises poly(methyl methacrylate).
12. The composition of claim 1, wherein the second
polymer is present in a range of between about 3 wt.%
and about 70 wt.% based on the weight of resinous
components in the composition. 13. The composition of
claim 1, wherein the third polymer is present. 14. The
composition of claim 12, wherein the third polymer
comprises structural units derived from styrene and
acrylonitrile; alpha-methyl styrene and acrylonitrile;
or alpha-methylstyrene, styrene, and acrylonitrile.15.
The composition of claim 12, wherein the third polymer
is present in an amount of between about 5 wt.% and
about 90 wt.%, based on the weight of resinous
components in the composition. 16. The composition of
claim 1 further comprising at least one additive
selected from the group consisting of a stabilizer; a
color stabilizer; a heat stabilizer; a light
stabilizer; an antioxidant; a UV screener; a UV
absorber; a flame retardant; an antidrip agent; a
lubricant; a flow promoter; a processing aid; a
plasticizer; an antistatic agent; a mold release
agent; an impact modifier; a filler; a colorant; a
dye; a pigment; metal flakes; a mixture of at least
one metal salt of a fatty acid and at least one amide;
and mixtures thereof. 17. An article made from the
composition of claim 1. 18. A composition comprising:
(i) a rubber modified thermoplastic resin comprising a
discontinuous elastomeric phase dispersed in a rigid
thermoplastic phase, wherein at least a portion of the
rigid thermoplastic phase is grafted to the
elastomeric phase, and wherein the elastomeric phase
comprises a polymer having structural units derived
from butyl acrylate; (ii) a second polymer present in
a range of between about 3 wt.% and about 70 wt.%
based on the weight of resinous components in the
composition and consisting essentially of structural
units derived from methyl methacrylate; and optionally
(iii) a third polymer comprising structural units
derived 



from at least one alkenyl aromatic monomer and at
least one monoethylenically unsaturated nitrile
monomer prepared in a separate polymerization step and
added to the composition. 19. The composition of claim
1, wherein the third polymer is present. 20. The
composition of claim 19, wherein the third polymer
comprises structural units derived from styrene and
acrylonitrile; alpha-methylstyrene and acrylonitrile;
or alpha-methylstyrene, styrene, and acrylonitrile. 2
1. The composition of claim 19, wherein the third
polymer is present in an amount of between about 5
wt.% and about 90 wt.%, based on the weight of
resinous components in the composition.22. The
composition of claim 18 further comprising at least
one additive selected from the group consisting of a
stabilizer; a color stabilizer; a heat stabilizer; a
light stabilizer; an antioxidant; a UV screener; a UV
absorber; a flame retardant; an antidrip agent; a
lubricant; a flow promoter; a processing aid; a
plasticizer; an antistatic agent; a mold release
agent; an impact modifier; a filler; a colorant; a
dye; a pigment; metal flakes; a mixture of at least
one metal salt of a fatty acid and at least one amide;
and mixtures thereof. 23. An article made from the
composition of claim 18. 


