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Influence of Polar Monomers on the 
Performance of Wood Fiber 
Reinforced Polystyrene Composites. 
1. Evaluation of Critical Conditions 
D. MALDAS and B. V. KOKTA 
Centre de recherche en pates et papiers, Universitb du Quebec B Trois-RiviBres, C. P. 500, 
Trois-Rivihes, QuBbec, Canada, G9A 5H7 

Oeceived March 22, 1989; in final form January 29, 1990) 

Wood fibers and nonpolar thermoplastics, e.g. polystyrene, are not the ideal partner for the 
preparation of composites because of a wide difference in their polarity. In the present study, polarity 
of the polystyrene was modified by the introduction of a -COOH group, through the reaction with 
maleic anhydride (MA) in the presence of an initiator (benzoyl peroxide: BPO) in a roll mill at the 
elevated temperatures. Optimum conditions for the preparation of polar polystyrene have been 
investigated. The temperature of the roll mill, i.e., the reaction temperature, and reaction time varied 
between 160-175°C and 10-15 min., respectively. The concentrations of the monomer, (MA) as well 
as the initiator (BPO), also varied &lo% and 0-2% (by weight of polymer), respectively. The 
mechanical properties of chemitherrnomechanical pulp (CIUP)-filled modified polystyrenes were 
evaluated. The effect of 3% coupling agent (e.g. poly(methy1ene (polyphenyl isocyanate))] (PMPPIC) 
on the mechanical properties of the same composites was also determined. 

Generally, mechanical properties of the composite materials were enhanced when modified 
polymers were used as base polymers. Moreover, the extent of the improvement in mechanical 
properties depends on the reaction temperature and time, as well as on the concentrations of the 
monomer (maleic anhydride) and initiator. Maximum improvements in mechanical properties OCCUT 
when the temperature was maintained at 175°C for 15 min. In addition, preferred concentrations of 
both the monomer and initiator were found to be 5% and 1% (by polymer weight), respectively. 
Once again, properties were further accelarated when coupling agent (e.g. PMPPIC) was used in 
addition to the modified polystyrene. The improvements in mechanical properties (over those of the 
original polymer and those of composites containing unmodified polymers) indicate that the 
compatibility between hydrophilic cellulosic fiber and hydrophobic polymer has increased. 

Keywords: Thermoplastic composites, polystyrene, polar monomer, wood fiber, coupling agent, graft 
copolymerization, mechanical properties. 

INTRODUCTION 

Wood fiber reinforced thermoplastic composites are presently the subject of 
intense research. Unfortunately, wood fibers and nonpolar thermoplastics, e.g. 
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166 D. MALDAS AND B. V. KOKTA 

polystyrene, are not the ideal partner for the preparation of composites because 
of a wide difference in their polarity. The compatibility between wood fibers and 
thermoplastics can be modified using a coupling agent or through graft 
c~polymerization.~'~ Compared to other methods, graft copolymerization is 
profitable because the polarity of either the fiber or the polymer can be modified 
chemically.'"'* Moreover, a chemical affinity between the filler and the matrix 
can be established through the judicious selection of reactive groups among the 
grafted materials. In the present study, polar monomer units (e.g. -COOH 
group) have been introduced in the polystyrene matrix by grafting maleic 
anhydride. To obtain a satisfactory performance, processing conditions have also 
been optimized. Furthermore, the impact of the coupling agent-poly(methy1ene 
(polyphenyl isocyanate))-on the mechanical properties of the composites of 
modified polystyrene-chemithermomethanical pulp have been evaluated. 

MATERIALS 

Thermoplastics 

i) high impact polystyrene (PS 525) and 
ii) high heat crystal polystyrene (PS 201) were supplied by Polysar Limited, 

Sarnia, Ontario, Canada. 

Fiber 

Hardwood aspen (Popuius Tremuloides Mchx) was used in the form of 
chemithermomechanical pulp (CTMP). This pulp was prepared in a Sund 
Defibrator under the same conditions as described earlier.' 

Coupling agent 

Poly[methylene (polyphenyl isocyanate)] (PMPPIC), was supplied by Polysci- 
ences Inc., U.S.A. 

Monomer 

Maleic anhydride was supplied by Anachemia, Montreal, Canada. 

EXPERIMENTAL 

CTMP aspen pulp was oven-dried by circulating air at 55°C for 48 hours, then 
ground to a mesh size 60 mixture: 60.5%, mesh 60; 20.2%, mesh 80; 15.5%, 
mesh 100; 3.5%, mesh 200. 
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Graft copolymerization 

Polymer, maleic anhydride (MA) and benzoyl peroxide (BPO) were mixed with a 
roll mill, C.W. Brabender Laboratory preparation Mill, Model 065. The 
temperature of the roll mill and the reaction time varied between 160-175°C for 
10-15 min, respectively. The concentrations of the monomer, (MA) as well as the 
initiator (BPO), also varied: &lo% and 0-2% (by weight of polymer), 
respectively. The resulting modified polymers were ground to mesh 20. 

Preparation of the composites 

Usually, a 25 gr mixture of modified polymer (with or without 3% of PMPPIC) 
and pulp (15-35% by weight of composite) were mixed at 175°C in a roll mill. 
After mixing 5-10 times, the resulting mixtures were reground to mesh size 20. 
The mixtures were then molded (24 at a time) into shoulder-shaped test 
specimens (ASTM D638, Type V). Standard molding conditions were: tempera- 
ture, 175°C; pressure during heating and cooling, 3.8 MPa; heating time, 20 min; 
cooling time, 15 min. Width and thickness of each specimen were measured with 
the help of a micrometer. 

Mechanical tests 

The mechanical properties (e.g. tensile modulus, tensile strength at maximum 
point and the corresponding elongation and energy) of all the samples were 
measured with an Instron Tester (Model 4201). A standard general Tensile Test 
Program method, called "PLA 10," was used, and mechanical properties were 
automatically calculated by a HP-86B computer. The strain rate was 1.5 mm/min 
and tensile modulus was reported at 0.1% strain. The impact strength (hod, 
un-notched) was tested with an Impact Tester (model TMI, no. 43-01), supplied 
by Testing Machines Inc., U.S.A. The samples were tested after conditioning at 
23f0.5"C and 50% R.H. for at least 18 hours in a controlled atmosphere. 
Mechanical properties were reported after taking the statistical average of six 
measurements. The coefficients of variation, 2.5-8.5%, were taken into account 
for each set of tests. 

RESULTS AND DISCUSSION 

Table I shows the effect of the reaction conditions, e.g. concentrations of 
monomer maleic anhydride (MA) and the benzoyl peroxide initiator (BPO), as 
well as reaction time and temperature, on the ultimate mechanical properties of 
these modified polystyrenes (PS 201 and PS 525). This table reveals that mechani- 
cal properties (except energy of the polymer containing 10% MA and 1% BPO) 
deteriorate because of the grafting of maleic anhydride. In the case of PS525, 
however, all mechanical properties, except for modulus, improve. In order to 
remove the non-reacting maleic anhydride, only one modified PS 201 (which was 
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WOOD FIBER REINFORCED POLYSTYRENE 169 

prepared by reacting 5% of M A  and 1% of BPO at 175°C for 15 min) underwent 
boiling water extraction for 24 hours. After this treatment, the gross loss in 
weight was determined as 1.92%. The mechanical properties of the extracted 
polymer are also included in Table I. The level of strength, in the case of this 
polymer, is close to that of the original polymer, but both elongation and energy 
improve while modulus weakens. The decrease in the mechanical properties of 
the non-extracted and modified polystyrene may be due to the presence of 
unreacting maleic anhydride. 

A S O y M  M W C .  100% 

X 15yM M W G .  176'C 

0 16YM HIXlNG.IO0'C V S O y M  M W C .  175.C 

10 I I 
I5 25 35 

WEIGHT OF FIBER ( X )  

FIGURE l a  Effect of the reaction temperature and time on the strength of non-treated 
PSSZ-CTMP composites. Concentrations of monomer and initiator are 5% and 1% respectively, 
according to the weight of the polymer. 

0 
18 26 w 

WEIGHT OF FIBER ( X )  

FIGURE l b  Effect of the reaction temperature and time on the strength of 3% PMPPIC treated 
PSSZ-CI'MP composites. Concentrations of monomer and initiator are 5% and 1% respectively, 
according to the weight of the polymer. 
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170 D. MALDAS AND B. V. KOKTA 

Figures la-4a provide the mechanical properties of composites of CTMP and 
modified PS 525 for which the reaction temperature and time vaned (tempera- 
ture: 160 and 175'C, time: 10 and 15 min) while the concentrations of monomer 
(5% by weight of polymer) and initiator (1% by weight of polymer) remained 
constant. Figures lb-4b show the mechanical properties of the same composites 
which were treated with a 3% coupling agent poly(rnethy1ene (polyphenyl 
isocyanate)) (PMF'PIC). These figures reveal that the mechanical properties, 

' I  
0' 

I 5  
.. ___. 

T 

25 35 

WEIGHT OF FIBER ( X )  

FIGURE 2a Effect of the reaction temperature and time on the elongation of non-treated 
PS525-CTMF' composites. Concentrations of monomer and initiator are 5% and 1% respectively, 
according to the weight of the polymer. 

FIGURE 2b Effect of the reaction temperature and time on the elongation of 3% PMPPIC treated 
PS525-cTup composites. Concentrations of monomer and initiator are 5% and 1% respectively, 
according to the weight of the polymer. 
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WOOD FIBER REINFORCED POLYSTYRENE 171 

except for modulus of the composites containing modified polystyrenes, improve 
compared to those of both the original polymer and the composites containing 
unmodified polystyrene. Once again, properties modified even more when a 
coupling agent PMPPIC was used in addition to the modified polystyrene. 
Although the modulus of untreated composites is inferior compared to that of 
unmodified polystyrene (Figure 4a), this situation is quite opposite in the case of 
isocyanate treated composites (Figure 4b). At a temperature of 175"C, results 

140 

100 - 

A 30yM MIXING. I60.C 

t NON-TRE*TED x l5yM M W C .  175C 

0 15- MWG.16O'C V 30yM M W G .  175% 

B - 80 PS 525 
r 
0 

0 
15 25 s5 

WEIGHT OF FIBER ( X )  

FIGURE 3a Effect of the reaction temperature and time on the energy of non-treated PS 525-CTMP 
composites. Concentrations of monomer and initiator are 5% and 1% respectively, according to the 
weight of the polymer. 

_____~~_._ 

PS 525 

+ NON-"RMBD 
170 - 

S O W  M W G ,  160.C 

x 16YM M W G .  175.C 

50 - 

30 - - - 
- 10 I 

15 25 

WEIGHT OF FIBER ( X )  

FIGURE 3b Effect of reaction the temperature and the time on the energy of 3% PMPPIC treated 
PS525-cTup composites. Concentrations of monomer and initiator are 5% and 1% respectively, 
according to the weight of the polymer. 
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l E l G a T  OF FIBER ( X )  

FIGURE 4a Effect of the reaction temperature and time on the modulus of non-treated 
PS525-(3TMp composites. Concentrations of monomer and initiator are 5% and 1% respectively, 
according to the weight of the polymer. 

- NOW-TREATED x l5m YIWC. 176.C 

I5 26 35 

WEIGHT OP W E R  ( X )  

FIGURE 4b Effect of the reaction temperature and time on the modulus of 3% PMPPlC treated PS 
525-CTMP composites. Concentrations of monomer and initiator are 5% and 1% respectively, 
according to the weight of the polymer. 

appear superior to those registered at 160°C. In fact, a reaction time of 15 min is 
better for some properties while 30min is better for others. It is indeed quite 
diacult to make a proper selection of lengths of time between these two. In order 
to avoid confusion, a similar study was performed taking PS201 as a base 
polymer. The experimental results are illustrated in Table I1 which also indicates 
the positive influence of modified polystyrene as observed in the case of PS 525. It 
appears clearly that higher reaction time, e.g. 15min, provide maximum 
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15% W E R  

+ 25% FIBER 

0 95% W E R  40 

i 

0 '-1 0 2 10 

MONOMER CONCENTRATION (WEIGHT X )  

FIGURE 5a Effect of the monomer concentration on the strength of non-treated PS525-CTMP 
composites. Reaction temperature and time are 175°C and 15 minutes, respectively, and the 
concentration of the initiator is 1% by weight of polymer. 

0 1 2 5 7 10 

MONOMER CONCENTRATION (WEIGHT X )  

FIGURE 5b Effect of the monomer concentration on the strength of 3% PMPPIC treated 
PS 5 2 5 - C I "  composites. Reaction temperature and time are 175°C and 15 minutes, respectively, 
and the concentration of the initiator is 1% by weight of polymer. 

improvements. For further studies the standard (optimum) reaction conditions 
were determined to be: temperature 175°C for 15 min. 

Once again, isocyanate provides some synergistic effect. The mechanical 
properties of the composites comprising modified and extracted polymer, as well 
as CTMP are also included in Table 11. When one compares the properties of the 
composites containing unextracted, as well as extracted modified polymers, one 
observes that strength and modulus diminish due to extraction, whereas both 
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FIGURE 6a Effect of the monomer concentration on the elongation of non-treated PS 525-(3zuP 
composites. Reaction temperature and time are 175°C and 15 minutes, respectively. and the 
concentration of the initiator is 1% by weight of polymer. 
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FIGURE 6b Effect of the monomer concentration on the elongation of 3% PMPPIC treated 
PS 5 2 5 - c T u p  composites. Reaction temperature and time are 175°C and 15 minutes, respectively, 
and the concentration of the initiator is 1% by weight of polymer. 

elongation and energy increase for the same treatment. The opposite is true when 
isocyanate treated composites are compared. 

Figures 5a-8a show the variation in mechanical properties accompanied by the 
change in monomer (MA) concentrations (varied from 0-10% of polymer 
weight) in the modified PS 525 of the composites comprising ClMP and PS 525. 
Results of a similar study with 3% of PMPPIC treated modified PS 525 are given 
in Figures 5b-8b. From these figures, it is obvious that most of the mechanical 
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FIGURE 7a Effect of the monomer concentration on the energy of non-treated PS525-WP 
composites. Reaction temperature and time are 175°C and 15 minutes respectively, and the 
concentration of the initiator is 1% by weight of polymer. 
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FIGURE 7b Effect of the monomer concentration on the energy of 3% PMPPIC treated 
PS525-C" composites. Reaction temperature and time are 175°C and 15 minutes, respectively, 
and the concentration of the initiator is 1% by weight of polymer. 

properties increase with a rise in the concentration of monomers in the initial 
phase, and decrease later on showing maxima around 2-5% concentration of 
maleic anhydride. When one considers the effect of adding fibers to composites, 
both strength and modulus increase (Figures 5a and 5b) when 35% of fibers are 
added to composites, as opposed to both elongation and energy of untreated 
composites. Both elongation and energy of treated composites increase with that 
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the monomer concentration on the modulus of non-treated PS525-CTMP 
composites. Reaction temperature and time are 175°C and 15, minutes, respectively, and the 
concentration of the initiator is 1% by weight of polymer. 
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FIGURE 8b Effect of the monomer concentration on the modulus of 3% PMPPIC treated 
p S 5 2 5 - m  composites. Reaction temperature and time are 175°C and 15 minutes, respectively, 
and the concentration of the initiator is 1% by weight of polymer. 

of the weight percentage of fibers up to a 25% weight level. Moreover, properties 
are always superior to those of .unmodified PS 525. 

To verify the effect of increasing the amounts of monomer (MA), the monomer 
concentrations in PS 201 have also been vaned in the same range, 0-10% and the 
mechanical properties of the composites comprising these modified polymers and 
CTMP (aspen) appear in Table 111. As for modified polystyrenes of PS 525, the 
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mechanical properties in the present case also increase up to 5% of monomer. 
The mechanical properties, except for modulus, which increases continuously, 
rise with that of the concentration of fiber levels up to 25 weight precentages. The 
properties of the composites containing unmodified PS201 and 3% of PMPPIC 
are also included in this table, and when results of these composites are compared 
to those of modified ones, modified polymers provide a better performance, even 
in the presence of isocyanate. The best concentrations of monomer were believed 
to be 5 weight percentages of polymer. 

During the preparation of modified polymers, the concentrations of initiator 
are also an important factor in achieving a sufficient degree of graft copolymeri- 
zation. In order to determine how the initiator concentration affects on the 
ultimate properties of composite materials, BOP concentrations were varied from 
0-2% (by weight of polymer). The resulting mechanical properties of the 
composites including modified PS525 as well as PS201 and CTMP are shown in 
Figures 9a-12a and Table IV, respectively. The influence of isocyanate (3% by 
weight of polymer) on the composite properties of the respective polymers are 
illustrated in Figures 9b-12b and in Table 4. These figures and table reveal that 
mechanical properties are enhanced initially with the increase in the concentra- 
tions of the initiator and then decrease showing maxima around 0.5-1.0 wt.% of 
the initiator. Both strength and modulus of PS 525 based composites improve up 
to 35wt.% of fiber content, whereas both elongation and energy for the same 
composites, and all properties of PS201 based composites, increase only up to 
25 wt.% in fiber content. The synergistic effect of PMPPIC is also observed in the 
present case. Once again, Table IV indicates that the properties of modified 
polymers (as opposed to unmodified polymer) are superior, whether they are 
used alone or along with isocyanate. 

Percentage improvements in the mechanical properties of the composites (with 
respect to the original polymer) for the entire study are summarized in Tables 
V(A) and V(B). Positive values in most cases indicate clearly the accelerating 
role of maleic anhydride, as well as the synergistic effect of PMPPIC. 

The Izod impact strength of un-notched samples of the composites under study 
were evaluated. Table VI provides the effect of variation in the concentrations of 
maleic anhydride and the initiator during the preparation of maleic anhydride 
grafted polystyrene at 175°C for 15 min, on the impact strength of the modified 
polystyrenes. Table VI reveals that the impact strength of the original polymer 
improves when 5% MA and 0.2% BPO are used. Impact strength reduces with 
the increase in the concentration of the initiator beyond 0.2% at a MA 
concentration level of 5%. This level is believed to be the optimum concentra- 
tion. Due to the extraction of the modified polymer, the impact strength 
remained almost unaltered. 

The concentrations of monomer (0-10 wt.%) and initiator (0-2 wt.%) on the 
hod  impact strength of CXMP-filled modified polystyrene composites are 
presented in Tables VII and VIII. Table VII shows that the mechanical properties 
of the composites improve only for polystyrene 201 modified polystyrene 
containing 5% or 7% of maleic anhydride. Impact strength of the same 
composites improves more when the polymer is extracted with boiling water. 
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FIGURE 9a Effect of the initiator concentration on the strength of non-treated PS525-CTMP 
composites. Reaction temperature and time are 175°C and 15 minutes, respectively, and the 
concentration of the monomer is 5% by weight of polymer. 
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FIGURE 9b Effect of the initiator concentration on the strength of 3% PMPPIC treated 
PSSZ-CTMP composites. Reaction temperature and time are 175°C and 15 minutes, respectively, 
and the concentration of the monomer is 5% by weight of polymer. 

Similar to other mechanical properties, impact strength also increases up to 25% 
in fiber level and modified polystyrene showed superior behavior in the presence 
of PMPPIC. Unlike other mechanical properties, the impact strength of compos- 
ites with PS 525 did not improve at all. In fact, it rather diminished. 

When attention was paid to the effect of the concentration of the initiator on 
the composite properties of PS201 (Table VIII), one observed that the impact 
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FIGURE 10a Effect of the initiator concentration on the elongation of non-treated PS525-cTup 
composites. Reaction temperature and time are 175°C and 15 minutes, respectively, and the 
concentration of the monomer is 5% by weight of polymer. 
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strength increased with that of the concentration of the initiator, up to 1.0%, and 
then decreased. The results using only initiator concentrations of 0.5 and 1.0% 
exceed those of the original polymer. Impact strength also accelerated more when 
isocyanate was used as a coupling agent. Once again, these two tables reveal that 
similar to other mechanical properties, impact strength of the composites improve 
more for modified polystyrene prepared with a monomer and an initiator with 
concentrations of 5 and 1 wt.%, respectively. 
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FIGURE l l a  Effect of the initiator concentration on the energy of non-treated PS525-CTMP 
composites. Reaction temperature and time are 175°C and 15 minutes, respectively, and the 
concentration of the monomer is 5% by weight of polymer. 
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FIGURE l lb Effect of the initiator concentration on the energy of 3% PMPPIC treated 
PS 525-CTMP composites. Reaction temperature and time are 175°C and 15 minutes, respectively, 
and the concentration of the monomer is 5% by weight of polymer. 

The improvements in mechanical properties (over those of the original polymer 
and those of composites containing unmodified polymers) indicate that the 
compatibility between hydrophilic cellulosic fiber and hydrophobic polymer has 
increased. As cellulose is a material containing --OH groups and PS was 
chemical modification by the grafting of MA, the polystyrene and cellulose are 
linked together by means of the MA forming a block copolymer containing a 
succinic half ester bridge between cellulose and polystyrene segments. l9**' The 
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FIGURE 12b Effect of the initiator concentration on the modulus of 3% PMPPIC treated 
PS 525-CTMP composites. Reaction temperature and time are 175°C and 15 minutes, respectively, 
and the concentration of the monomer is 5% by weight of polymer. 

polystyrene becomes, in this manner, a side chain of the cellulose. The reactions 
which occur may be represented in Figure 13. Moreover, the -OH group of 
cellulose also has the ability of forming hydrogen bonds with the 4 O O H  group 
of modified polystyrene. The properties further accelerate when PMPPIC is used. 
In fact, PMPPIC behaves as a coupling agent. The functional group - N e  
in isocyanate reacts chemically with the -OH group of cellulose, as well as with 
the -COOH group of modified polystyrene.” 
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0 0 0 
I1 /I I t  

Cell-OH + C=N-R,-(R,),-N==C + H0-C-PS - 
(A) (B) 

O H  0 0 
I1 I II I1 

Cell-0-4-N-R ,-( R,),-N-C-O-C--PS ( 1 ) 

where (A) is the general formula of diisocyanate," e.g. PMPPIC, and (B) is the 
modified polystyrene. Moreover, the delocalized n-electron of the benzene rings 
of both polystyrene and PMPPIC also provides a strong interacti~n.~." As a 
result, PMPPIC develops an efficient interfacial contact between cellulose and 
thermoplastic matrices. On the other hand, when PMPPIC is used in unmodified 
polystyrene based composites, the polymer phase might be linked to PMPPIC 
only through n-electron interaction, which is opposed to covalent linkage as 
shown in the Eq. (1). This explains why modified polystyrene seems more 
efficient, even in the presence of PMPPIC. Once again, due to the extraction of 
modified polystyrene with boiling water, the weight of the polymer reduces 
(1.92%) whereas properties increase. This can be explained by the fact that the 
ungrafted maleic anhydride which is washed away with hot water, when present 
in the composites, does not improve any interfacial contacts. 

REACTIONS: 
-a -m-m-ct -u -  nc=m 

nc--cB 

( F c  ( F O  
I /  

Bb i n  + 4 mL-oB 
-m-m -m-Cl-m- 

Hc- al 
I I  

"i" r0 
L d J  

0 08 08 

FIGURE 13 The chemical reactions of polystyrene-maleic anhydride-cellulose. 
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TABLE VI 
Effects of reaction conditions on the impact strength of maleic anhydride grafted 

polystyrene 

Composition' 
(wt.%) Conditions Izod impact strength (Joules/meter) 

MA BPO 
Temperature Time 

("C) (min) 
- - 
5.0 0.2 
5.0 0.5 
5.0 1.0 
5.v 1.0 
5.0 2.0 
1.0 1.0 
2.0 1.0 
7.0 1.0 

10.0 1.0 

b 

175 15 
175 15 
175 15 
175 15 
175 15 
175 15 
175 15 
175 15 
175 15 

PS 201 

7.8 
8.6 
7.2 
6.7 
6.6 
5.8 
5.4 
5.8 
5.8 
5.2 

PS 525 

25.2 
25.4 
22.9 
17.1 

16.0 
19.0 
12.9 
12.9 
12.6 

~~ 

a By weight of polymer. 
Unmodified polymer. 

'After extraction with boiling water for 24 hours. Reaction conditions: mixing 
with roll mill at 175T for 15 min. 

TABLE VII  
Effect of monomer concentration on the impact strength of maleic anhydride 

grafted polystyrene-CTMF' composites 

Composition' 
(wt.%) 

MA BPO Treatment' Izod impact strength (Jules/Meter) 

(wt.% of Fiber) 15 25 35 15 25 35 

- - 
- - 
1 1 
2 1 
5 1 
5' 1 
7 1 

10 1 

1 1 
2 1 
5 1 
5' 1 
7 1 

10 1 

- - 
- 

PMPPIC(3%) 
PMPPIC(3%) 
PMPPIC(3%) 
PMPPIC( 3%) 

PMPPIC(3%) 
PMPPIC( 3%) 

PMPPIC(3%) 

Polystyrene 201 
7.gb 

6.3 6.1 4.9 
6.7 6.5 7.1 
6.9 7.5 7.4 
7.9 8.1 7.4 
7.8 9.0 7.2 
6.0 9.1 6.2 
6.2 6.2 6.5 
5.9 6.8 5.4 
6.1 6.4 6.4 
6.3 6.8 6.3 
7.3 8.5 7.3 
7.7 9.0 7.5 
6.4 7.4 7.6 
6.5 5.2 5.0 

Polystyrene 525 
25.2' 

12.0 11.3 7.0 
9.0 10.2 11.8 
9.6 12.6 8.4 
9.4 10.1 9.1 

8.5 9.1 9.5 
8.0 8.4 9.3 

11.7 14.9 10.8 
8.6 9.0 9.4 

10.7 9.8 9.5 
10.3 11.1 9.2 

9.8 9.3 7.2 
9.6 9.8 6.6 

* By weight of polymer. 
Unmodified polymer. 
' After extraction with boiling water for 24 hours. 
Reaction conditions: mixing with roll mill at  175°C for 15 min. 
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TABLE VIII 
Effect of initiator concentration on the impact strength of maleic anhydride 

grafted polystyrene-CI%P composites 

Composition" 

MA BPO Treatmenta Izod impact strength (Jules/Meter) 

(wt.% of Fiber) 15 25 35 15 25 35 

(wt.%) 

Polystyrene 201 Polystyrene 525 
- 7.gb 25.2b - - 

- - - 6.3 6.1 4.9 12.0 11.3 7.0 
5 0.2 - 6.7 6.1 5.2 8.7 8.3 6.2 
5 0.5 - 8.2 7.1 6.0 8.0 9.4 7.9 
5 1.0 - 7.9 8.1 7.4 9.4 10.1 9.1 
5 2.0 - 7.2 7.3 6.5 10.9 11.8 11.5 - - PMPPIC(3%) 5.9 6.8 5.4 11.7 14.9 10.8 
5 0.2 PMPPIC(3%) 7.0 9.7 6.2 9.0 10.2 8.6 
5 0.5 PMPPIC(3%) 8.7 10.1 7.2 10.5 10.7 10.6 
5 1.0 PMPPIC(3%) 7.3 8.5 7.3 10.3 11.1 9.2 
5 2.0 PMPPIC(3%) 8.6 11.5 7.5 11.2 14.2 11.4 

' By weight of polymer. 
Unmodified polymer. 

Reaction conditions: mixing with roll mill at 175°C for 15 min. 
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