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(57) ABSTRACT 
Thermoplastic copolymers having excellent tensile and 
heat resistance properties are obtained by copolymer 
ization of a monovinyl aromatic monomer, an af3 
unsaturated dicarboxylic acid anhydride, an a, (3- 
unsaturated carboxylic acid, and a C1-C4 alkyl ester of 
methacrylic acid. In a preferred embodiment, a styre 
ne/maleic anhydride/methacrylic acid/methyl methac 
rylate random copolymer is prepared. Impact proper 
ties are improved by incorporation of an elastomer. 

17 Claims, No Drawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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HEAT RESISTANT THERMOPLASTIC 
COPOLYMERS 

FIELD OF THE INVENTION 

This invention pertains to thermoplastic resins. More 
particularly, this invention relates to moidable copoly 
mers comprised of recurring units of a monovinyl aro 
matic monomer, an af3-unsaturated dicarboxylic acid 
anhydride, an af3-unsaturated carboxylic acid and a 
C1-C4 alkyl ester of methacrylic acid. This invention 
also pertains to methods for the preparation of such 
polymeric materials. 

BACKGROUND OF THE INVENTION 

A wide variety of engineering resins have been devel 
oped which are useful for the preparation of molded 
articles. The properties of the polymers are such that 
the resins may be used to replace metal in certain appli 
cation. Heat resistance is a particularly critical property 
since in many applications the engineering resin must 
retain its mechanical properties and original form for 
prolonged periods at temperatures well above room 
temperature. 
One type of engineering resin currently in wide 

spread use is obtained by the copolymerization of sty 
rene and maleic anhydride. These styrene/maleic anhy 
dride copolymers contain from about 5 to 17 weight 
percent maleic anhydride and as a consequence have 
significantly higher heat resistance than polystyrene or 
acrylonitrile-butadiene-styrene (ABS) terpolymer. The 
maleic anhydride functionality also provides greatly 
improved adhesion to glass fiber, which is commonly 
used as a filler or reinforcement in the preparation of 
molded articles having high tensile strength and stiff 
CSS. 

However, despite the generally satisfactory proper 
ties of the styrene/maleic anhydride copolymers, in 
certain applications it would be desirable to increase the 
heat resistance and tensile strength of these copolymers. 
These desired improvements in properties cannot be 
achieved simply by increasing the proportion of maleic 
anhydride because of the very high chain transfer activ 
ity of maleic anhydride and the marked tendency of the 
styrene/maleic anhydride system to form a low molecu 
lar weight alternating copolymer. 

Accordingly, an object of the present invention is to 
provide thermoplastic resins having tensile strengths 
which are superior to comparable styrene/maleic anhy 
dride copolymers. 
A further object is to provide moldable plastics 

which have improved flexural strength relative to com 
parable styrene/maleic anhydride copolymers. 

Still another object is to provide engineering resins 
having improved heat resistance. 

SUMMARY OF THE INVENTION 

It has now been discovered that the tensile strength, 
flexural strength, and heat resistance of a styrene/- 
maleic anhydride copolymer are unexpectedly im 
proved when relatively minor amounts of an af3 
unsaturated carboxylic acid and a C to C4 alkyl ester of 
methacrylic acid are incorporated into the copolymer. 
In addition, the presence of the methacrylate monomer 
during copolymerization surprisingly increases the rate 
of polymerization and promotes the formation of higher 
molecular weight copolymer. 
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2 
This invention provides a thermoplastic copolymer 

comprising from about 40 to 97 weight percent of recur 
ring units of a monovinyl aromatic monomer, from 
about 1 to 30 weight percent of recurring units of an 
ag-unsaturated dicarboxylic acid anhydride, from 1 to 
30 weight percent of recurring units of an af3 
unsaturated carboxylic acid, and from 1 to 40 weight 
percent of recurring units of a C1-C4 alkyl ester of 
methacrylic acid. 

In another embodiment, this invention provides a 
resin composition comprising the thermoplastic copoly 
mer and from about 1 to 35 parts by weight of an elasto 
mer per 100 parts by weight of the thermoplastic co 
polymer. The elastomer improves the impact strength 
of the thermoplastic copolymer, yielding a resin with 
reduced brittleness. 
This invention additionally provides a method for 

producing the thermoplastic copolymer comprising 
copolymerizing a monovinyl aromatic monomer, an 
a,6-unsaturated dicarboxylic acid anhydride, an af3 
unsaturated carboxylic acid, and a C1-C4 alkyl ester of 
methacrylic acid, wherein the resulting thermoplastic 
copolymer is comprised of (a) from about 40 to 97 
weight percent of recurring units of the monovinyl 
aromatic monomer, (b) from about 1 to 30 weight per 
cent of recurring units of the ag-unsaturated dicarbox 
ylic acid anhydride, (c) from about 1 to 30 weight per 
cent of recurring units of the ag-unsaturated carbox 
ylic acid, and (d) from about 1 to 40 weight percent of 
recurring units of the C1-C4 alkyl ester of methacrylic 
acid. In a preferred embodiment, the copolymerization 
is carried out in the presence of an elastomer, preferably 
one having at least one ethylenically unsaturated func 
tional group. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The thermoplastic copolymer of this invention is a 
substantially random copolymer comprised of recurring 
units of (a) from about 40 to 97 weight percent, prefera 
bly from about 40 to 74 weight percent, most preferably 
from about 41 to 61 weight percent, of a monovinyl 
aromatic monomer, (b) from about 1 to 30 weight per 
cent, preferably from about 5 to 20 weight percent, 
most preferably from about 12 to 17 weight percent, of 
an ag-unsaturated dicarboxylic acid anhydride, (c) 
from about 1 to 30 weight percent, preferably from 
about 3 to 12 weight percent, most preferably from 
about 4 to 8 weight percent, of an af3-unsaturated car 
boxylic acid and (d) from about 1 to 40 weight percent, 
preferably from about 18 to 35 weight percent, most 
preferably from about 26 to 33 weight percent of a 
C1-C4 alkyl ester of methacrylic acid. 
The number average molecular weight of the copoly 

mer of the present invention generally must be at least 
about 25,000 in order to develop adequate physical 
properties. Most preferably, the number average molec 
ular weight is from about 50,000 to 120,000. 
The monovinyl aromatic monomers suitable for use 

in the thermoplastic copolymers of this invention in 
clude any of the addition polymerizable monomers in 
which a carbon-carbon double bond is attached directly 
to an aromatic ring. Suitable monovinyl aromatic mon 
omers include, but are not limited to, styrene, a-meth 
ylstyrene, ar-methyl styrene, ar-ethyl styrene, ar 
chlorostyrene, ar-bromostyrene, ar-(t-butyl)styrene, 
ar-cyanostyrene, ar-vinyl naphthalene, and mixtures 
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thereof. The preferred monovinyl aromatic monomer is 
styrene. 
The ag-unsaturated dicarboxylic acid anhydride 

may be any such monomer capable of copolymerization 
with the other comonomers comprising the copolymers 
of this invention. Examples of suitable af3-unsaturated 
dicarboxylic acid anhydrides include maleic anhydride, 
chloromaleic anhydride, citraconic anhydride, tetrahy 
drophthalic anhydride, itaconic anhydride, ethyl maleic 
anhydride, bromomaleic anhydride, methyl itaconic 
anhydride, and mixtures thereof. Maleic anhydride is 
the preferred afé-unsaturated dicarboxylic acid anhy 
dride. 
The af3-unsaturated carboxylic acids suitable for use 

in the thermoplastic copolymers of this invention con 
tain a carbon-carbon double bond in conjunction with a 
carboxylic acid functionality, wherein the double bond 
is capable of addition polymerization with the other 
monomers. The preferred ag-unsaturated carboxylic 
acid is methacrylic acid, although acrylic acid or a 
mixture of acrylic acid and methacrylic acid may also 
be used. 

Suitable methacrylates include the C1-C4 alkyl esters 
of methacrylic acid, such as methacrylate, ethyl meth 
acrylate, propyl methacrylate, iso-propyl methacrylate, 
iso-butyl methacrylate, sec-butyl methacrylate, t-butyl 
methacrylate and mixtures thereof. The C1-C3 alkyl 
esters of methacrylic acid are preferred. Methyl meth 
acrylate is a particularly preferred methacrylate mono 
her. 

A particularly preferred embodiment of this inven 
tion is a copolymer comprised of recurring units of 
styrene, maleic anhydride, methacrylic acid, and 
methyl methacrylate. Examples of other embodiments 
of the thermoplastic copolymer of this invention in 
clude, but are not limited to, styrene/citraconic anhy 
dride/methacrylic acid/methyl methacrylate, p-(t- 
butyl) styrene/maleic anhydride/methacrylic acid/- 
methyl methacrylate, styrene/p-methyl styrene/maleic 
anhydride/methacrylic acid/methyl methacrylate, 
styrene/chloromaleic anhydride/maleic anhydride/me 
thacrylic acid/methyl methacrylate, styrene/maleic 
anhydride/acrylic acid/methyl methacrylate, styrene/- 
maleic anhydride/methacrylate acid/iso-propyl meth 
acrylate, styrene/maleic anhydride/methacrylic acid/t- 
butyl methacrylate/methyl methacrylate, and the like. 

In one embodiment of this invention, a resin composi 
tion is provided which is comprised of the thermoplas 
tic copolymer described herein and an elastomer. The 
elastomer improves the impact strength of the copoly 
mer, which in the absence of the elastomer tends to be 
somewhat brittle. The elastomer is a relatively soft, 
flexible polymer having a glass transition temperature 
below about 0° C. Most preferably, the glass transition 
temperature is below about -30°C. The elastomer may 
be blended with the thermoplastic copolymer following 
copolymerization either in a dry form or with one or 
both components dissolved in a solvent. Preferably, 
however, the elastomer is present in the reaction mix 
ture while the mixture of monomers is copolymerized. 
It is particularly preferred that the elastomer contain at 
least one ethylenically unsaturated functional group per 
elastomer chain which is capable of grafting onto the 
random copolymer during copolymerization. The graft 
ing appears to promote uniform dispersion of the elasto 
mer through the copolymer, thereby maximizing the 
improvement in impact properties. The elastomer is 
preferably present in the form of small particles dis 
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4. 
persed in the copolymer continuous phase wherein the 
particles have an average diameter of less than about 10 
microns. An average elastomer particle diameter in the 
range of from about 1 to 5 microns is preferred. Mix 
tures of elastomers may be used. For example, one elas 
tomer may be added during the copolymerization and a 
second elastomer blended with the product after copo 
lymerization is completed. 

Suitable elastomers include, but are not limited to, 
conjugated diene polymers, random or block copoly 
mers of a conjugated diene and a monovinyl aromatic 
monomer, random copolymers of a conjugated diene 
and an unsaturated nitrile, terpolymers of ethylene, 
propylene, and a diene (EDPM type elastomers), hy 
drogenated random copolymers of a conjugated diene 
and a monovinyl aromatic monomer and hydrogenated 
block copolymers of a conjugated diene and a monovi 
nyl aromatic monomer. The preferred conjugated di 
enes include butadiene and isoprene, while the pre 
ferred monovinyl aromatic'monomer is styrene. Acry 
lonitrile is the preferred unsaturated nitrile. Methods of 
preparing elastomers of these types are described in 
Kirk-Othmer Encyclopedia of Chemical Technology vol. 
8, pp. 446-640, John Wiley, New York (1978), the 
teachings of which are incorporated herein by refer 
eCe. 

The amount of elastomer employed is from about 1 to 
35 parts by weight per 100 parts by weight of the ther 
moplastic copolymer. The elastomer content is prefera 
bly from about 5 to 25, most preferably from about 14 to 
21, parts by weight per 100 parts by weight of the ther 
moplastic copolymer. Low levels of elastomer may be 
insufficient to enhance the impact strength of the co 
polymer, while high levels may adversely affect the 
heat resistance and tensile properties of the resin com 
position. 

Preparation of the thermoplastic copolymers of this 
invention may be accomplished by random copolymer 
ization of the component monomers. In a preferred 
embodiment, the monomers are reacted in the presence 
of an effective amount of a free radical initiator until 
substantial conversion to copolymer is achieved. Suit 
able free radical initiators include, but are not limited to, 
azo compounds such as azobisisobutyronitrile, diacyl 
peroxides such as benzoyl peroxide, dialkyl peroxides 
such as di-t-butyl peroxide, peresters such as t-butyl 
perbenzoate, peroxalates such as di-isopropyl peroxydi 
carbonate, hydroperoxides such as t-butyl hydroperox 
ide, as well as persulfates and percarbonates. Mixtures 
of initiators may also be used. Benzoyl peroxide is a 
preferred initiator. The concentration of initiator may 
be any amount effective to accomplish copolymeriza 
tion, preferably between about 0.1 and 5.0 weight per 
cent based on total monomer. 
The copolymerization may be performed in bulk, in 

solution, or in suspension using either a batch, semi-con 
tinuous, or continuous process. In a preferred embodi 
ment, the copolymerization is carried out in a continu 
ous fashion in bulk so that under steady state conditions 
the concentration of copolymer in the polymerization 
mixture is from about 30 to 60%. The unreacted mono 
mers thus serve as a solvent for the process. Generally, 
reaction temperatures between about 50 and 150° C. 
are preferred. The reaction time required is not critical 
and can vary depending on the conditions used and the 
extent of monomer conversion desired. The monomers 
may be combined in a suitable reactor vessel in any 
order, provided that a substantially random copolymer 
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is obtained. Since the monomers may have different 
reactivities, it may be advantageous to use different 
rates of addition for the various monomers to ensure 
uniformity of the copolymer product. Moreover, if a 
process is used in which less than complete conversion 
of the monomers is accomplished, the composition of 
the final product may be somewhat different than the 
monomer feed composition. The feed composition can 
be adjusted to obtain the desired monomer ratio in the 
final copolymer. 

It may be useful to conduct the bulk copolymeriza 
tion in the presence of a small amount (typically, from 
about 1 to 10 parts per 100 parts monomer) of a solvent 
in order to reduce the viscosity of the mixture. Suitable 
solvents include, for example, aromatic hydrocarbons 
such as toluene and ethylbenzene and aliphatic ketones 
such as methyl ethyl ketone. Methyl ethyl ketone is the 
preferred solvent. 

Following copolymerization, the copolymer or resin 
composition of this invention may be recovered by any 
of the methods known in the art for separating a poly 
mer from a crude reaction mixture. For example, the 
copolymer may be precipitated from solution by adding 
a non-solvent such as isopropyl alcohol. The precipi 
tated copolymer can then be isolated by filtration. Typi 
cally, any solvent or unreacted monomer present can be 
removed from the copolymer in a drying step. The 
dried copolymer may be pelletized or otherwise pro 
cessed into a form suitable for use in the contemplated 
application. 
The thermoplastic copolymers or resin compositions 

of this invention may be molded into useful articles 
using any of the techniques well-established for the 
utilization of engineering resins in general, including 
injection molding, extrusion, molding foam-injection 
molding, blow-molding, thermo-forming, foam-mold 
ing of impregnated beads, spinning, rotation molding. 
and the like. The thermoplastic copolymer may be com 
bined with additives such as glass fibers, fillers, UV 
stabilizers, anti-oxidants, pigments, plasticizers, as well 
as other substances. Additionally, the copolymer can be 
blended with other thermoplastic resins to form useful 
blends and alloys. 
The following examples are illustrative of, but not in 

limitation of, the present invention. 
EXAMPLES 

Preparation of Thermoplastic Copolymers-General 
Procedure 

The copolymers shown in Table I were prepared in a 
continuous process by copolymerization of the compo 
nent monomers in a 1.6 liter jacketed CSTR (Continu 
ously Stirred Tank Reactor). Table I indicates the com 
positions of the final copolymers obtained rather than 
the amount of each monomer present in the feed mix 
tures. All runs were carried out at 100° C. using benzoyl 
peroxide as initiator. The benzoyl peroxide was intro 
duced as a 1% solution in styrene; the rate of initiator 
feed into the CSTR was varied to maintain the rate of 
polymerization between about 5 to 8 percent conver 
sion per hour and to achieve a steady state polymer 
(solids) concentration of about 50 percent. The mono 
mers and Stereon (R)721 (a graded block styrene-butadi 
ene elastomer containing about 10 percent styrene; a 
product of Firestone Synthetic Rubber and Latex) were 
simultaneously fed into the CSTR. The feed rate was 
adjusted to about 600 mL/hour under steady state con 
ditions to obtain an average residence time of about 2.8 
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6 
hours and a product rate of about 1.25 lb/hour at the 
desired solids level. Methyl ethyl ketone (4-5 parts per 
100 parts of copolymer) was used as a solvent to reduce 
the viscosity of the polymerization mixture. 
The resulting viscous syrup was blended with isopro 

pyl alcohol to precipitate the thermoplastic copolymer 
as a fine white powder. The powder was separated from 
the isopropyl alcohol/unreacted monomer solution by 
filtration and air-dried for 24 hours. Additional residual 
styrene was removed by drying in a 70° C. vacuum 
oven at 25-50 torr for 10 hours. 
The dried powder was then extruded and pelletized 

on a 1" Sterling single screw extruder with one vent. 
The temperature profile on the extruder barrels was set 
to a flat 480 F. with the vacuum vent section at 100 
torr. The pellets were re-extruded to reduce the level of 
residual styrene to less than 2500 ppm. 

After drying at 170 F. for 4 hours, the pellets were 
injection molded in a 30 ton, 2 oz. Battenfeld machine at 
a melt temperature of 480° F. The mold temperature 
was 140°F. The physical properties of the molded spec 
imens were measured using standard ASTM test meth 
ods. 

EXAMPLE 1 

This example (Table I) demonstrates the preparation 
of one particular embodiment of the resin composition 
of this invention containing 51 weight percent styrene, 
14 weight percent maleic anhydride, 6 weight percent 
methacrylic acid, 29 weight percent methyl methacry 
late, and 18 parts by weight per 100 parts copolymer of 
elastomer (Stereon (R)721). An excellent overall balance 
of properties was exhibited by the resin thus obtained. 

COMPARATIVE EXAMPLE 2 

To show the superior physical properties of the ther 
moplastic copolymer of this invention, an impact-modi 
fied copolymer containing only styrene and maleic an 
hydride was prepared for comparative purposes. The 
tensile strength, elongation at break, flex strength, and 
heat resistance of this product were significantly infe 
rior to the copolymer of Example 1, which contained 
styrene, maleic anhydride, methacrylic acid, and 
methyl methacrylate. 

COMPARATIVE EXAMPLE 3 

To demonstrate that the incorporation of methacrylic 
acid substantially contributes to the desirable properties 
of the thermoplastic copolymer of this invention, a 
terpolymer containing only styrene, maleic anhydride, 
and methyl methacrylate was prepared. Table I indi 
cates that the tensile and flex strength of the terpolymer 
were considerably lower than the corresponding prop 
erties of the copolymer of Example 1. The terpolymer 
also exhibited poorer resistance to heat sag than the 
copolymer of the present invention. 

COMPARATIVE EXAMPLE 4 

A terpolymer containing only styrene, maleic anhy 
dride, and methacrylic acid was prepared to show that 
certain properties are deficient if methyl methacrylate is 
not present. The data in Table 1 indicate that although 
the terpolymer has a DTUL comparable to that of the 
copolymer of Example 1, the tensile strength, elonga 
tion, flex strength, and flex modulus are lower. 
While preferred embodiments and examples have 

been described, it will be apparent to those skilled in the 
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art that various modification may be made without 
deviating from the inventive concepts defined in the 
following claims. 

TABLE I 
2t 38 

86 74 

4: 

80 

Example 
51 Styrene, 

wt.% 
Maleic 
Anhydride. 
wt.%l 
Methacrylic 6 O O 6 
Acid, 
wt.% 
Methyl 
Methacrylate, 
wt.% 
Stereon (R) 
721, phr 
Tensile 
Strength 
at yield (psi) 
at break (psi) 
Elongation at 
Break, 7 
Flex Strength 
at Yield, psi 
Flex 
Modulus. 
psi x 10 
DTUL (F.) 
(". 264 psi. 
unannealed) 
Notched 
zod. ft-lb/in 
Penetration 
Impact. 
Total 
Energy ft-lbs 

4. 4. 

29 O 12 O 

8 8 8 

7850 
6420 

59 

6630 
5750 

6800 
S410 
42 

6970 
5850 
30 

13,600 1,860 1630 12,230 

372 370 355 363 

28 

3. a 3.4 

0.5 
3.1 

12.3 
2.9 

2.5 10 

Comparative examples 
Composition of final product 

I claim: 
1. A thermoplastic copolymer comprised of 
(a) from about 40 to 97 weight percent of recurring 

units of a monovinyl aromatic monomer; 
(b) from about 1 to 30 weight percent of recurring 

units of an af3-unsaturated dicarboxylic acid anhy 
dride; 

(c) from about 1 to 30 weight percent of recurring 
units of an ag-unsaturated carboxylic acid; and 

(d) from about 1 to 40 weight percent of recurring 
units of a C1-C4 alkyl ester of methacrylic acid; 

wherein the thermoplastic copolymer has a substan 
tially randon structure. 

2. The thermoplastic copolymer of claim 1 wherein 
the monovinyl aromatic monomer is selected from the 
group consisting of styrene, a-methylstyrene, ar-methyl 
styrene, ar-ethyl styrene, ar-chlorostyrene, ar-bromos 
tyrene, ar-(t-butyl)styrene, ar-cyano-styrene, ar-vinyl 
naphthalene, and mixtures thereof. 

3. The thermoplastic copolymer of claim 1 wherein 
the o,3-unsaturated dicarboxylic acid anhydride is se 
lected from the group consisting of maleic anhydride, 
chloromaleic anhydride, citraconic anhydride, tetrahy 
drophthalic anhydride, itaconic anhydride, ethyl maleic 
anhydride, bromomaleic anhydride, methyl itaconic 
anhydride, and mixtures thereof. 

4. The thermoplastic copolymer of claim 1 wherein 
the af3-unsaturated carboxylic acid is selected from the 
group consisting of acrylic acid and methacrylic acid. 

5. The thermoplastic copolymer of claim 1 wherein 
the C1-C4 alkyl ester of methacrylic acid is selected 
from the group consisting of methyl methacrylate, ethyl 
methacrylate, propyl methacrylate, iso-propyl methac 
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8 
rylate, isobutyl methacrylate, sec-butyl methacrylate, 
t-butyl methacrylate and mixtures thereof. 

6. A thermoplastic copolymer comprised of 
(a) from about 40 to 74 weight percent of recurring 

units of styrene; 
(b) from about 5 to 20 weight percent of recurring 

units of maleic anhydride; 
(c) from about 3 to 12 weight percent of recurring 

units of methacrylic acid; and 
(d) from about 18 to 35 weight percent of recurring 

units of methyl methacrylate; 
wherein the thermoplastic copolymer has a substan 
tially random structure. 

7. A molded article produced by molding the thermo 
plastic copolymer of claim 1. 

8. A molded article produced by molding the thermo 
plastic copolymer of claim 6. 

9. A process for producing a thermoplastic copoly 
mer having a substantially random structure comprising 
copolymerizing a monovinyl aromatic monomer, an 
o,g-unsaturated dicarboxylic acid anhydride, an afé 
unsaturated carboxylic acid, and a C1-C4 alkyl ester of 
methacrylic acid, wherein the resulting thermoplastic 
copolymer is comprised of 

(a) from about 40 to 97 weight percent of recurring 
units of the monovinyl aromatic monomer; 

(b) from about 1 to 30 weight percent of recurring 
units of the ag-unsaturated dicarboxylic acid an 
hydride; 

(c) from about 1 to 30 weight percent of recurring 
units of the afé-unsaturated carboxylic acid; and 

(d) from about 1 to 40 weight percent of recurring 
units of the C-C4 alkyl ester of methacrylic acid. 

10. The process of claim 9 wherein the copolymeriza 
tion is carried out in the presence of an effective annount 
of a free-radical initiator. 

11. The process of claim 9 wherein the monovinyl 
aromatic monomer is selected from the group consisting 
of styrene, a-methylstyrene, ar-methylstyrene, ar-ethyl 
styrene, ar-chlorostyrene, ar-bromostyrene, ar-(t- 
butyl)styrene, ar-cyanostyrene, ar-vinyl naphthalene, 
and mixtures thereof. 

12. The process of claim 9 wherein the ag 
unsaturated dicarboxylic acid anhydride is selected 
from the group consisting of maleic anhydride, chloro 
maleic anhydride, citraconic anhydride, tetrahydroph 
thalic anhydride, itaconic anhydride, ethyl maleic anhy 
dride, bromomaleic anhydride, methyl itaconic anhy 
dride, and mixtures thereof. 

13. The process of claim 9 wherein the ag 
unsaturated carboxylic acid is selected from the group 
consisting of acrylic acid and methacrylic acid. 

14. The process of claim 9 wherein the C1-C4 alkyl 
ester of methacrylic acid is selected from the group 
consisting of methyl methacrylate, ethyl methacrylate, 
propyl methacrylate, iso-propyl methacrylate, isobutyl 
methacrylate, sec-butyl methacrylate, t-butyl methacry 
late and mixtures thereof. 

15. A process for producing a thermoplastic copoly 
mer having a substantially random structure comprising 
copolymerizing styrene, maleic anhydride, methacrylic 
acid, and methyl methacrylate in the presence of an 
effective amount of a free-radical initiator, wherein the 
resulting thermoplastic copolymer is comprised of 

(a) from about 40 to 74 weight percent of recurring 
units of styrene; 
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(b) from about 5 to 20 weight percent of recurring 16. The process of claim 9 wherein the copolymeriza 
units of maleic anhydride: tion is performed in a continuous manner. 

(c) from about 3 to 12 weight percent of recurring 17. A process for producing a molded article com 
units of methacrylic acid; and prising molding the thermoplastic copolymer of claim 

(d) from about 18 to 35 weight percent of recurring 5 1. 
units of methyl methacrylate. k xk k z k 
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