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SYNOPSIS 

The dynamic mechanical properties of both homopolypropylene (PPVC)/Maleated Poly- 
propylene (PP-g-MA) and ethylene-propylene block copolymer (PPSC)/Maleated Poly- 
propylene (PP-g-MA) blends have been studied by using a dynamic mechanical thermal 
analyzer (PL-DMTA MKII) over a wide temperature range, covering a frequency zone 
from 0.3 to 30 Hz. With increasing content of PP-g-MA, a relaxation of both blends gradually 
shift to a lower temperature and the apparent activation energy AE, increases. In PPVC/ 
PP-g-MA blends, p relaxation shifts to a higher temperature as the content of PP-g-MA 
increases from 0 to 20 wt % and then change unobviously for further varying content of 
PP-g-MA from 20 to 35 wt %. On the contrary, in the PPSC/PP-g-MA blends p1 relaxation, 
the apparent activation energy AEBl and p2 relaxation are almost unchanged with blend 
composition, while AEm increases with an increase of PP-g-MA content. In the composition 
range studied, storage modulus E' of both blends increases before a relaxation as content 
of PP-g-MA increases; however, the increment of E' value for PPSC/PP-g-MA blends 
decreases progressively between p2 and a relaxation with increasing temperature, but in 
the region the increment for PPVC/PP-g-MA blends is independent of temperature. The 
flexural properties of PPVC/PP-g-MA blend show more obvious improvement on PP than 
one of PPSC/PP-g-MA blends. Scanning electron micrographs of fracture surfaces of the 
blends clearly demonstrate two-phase morphology, viz. the discrete particles homogeneously 
disperse in the continuous phase, the main difference in the morphology between both 
blends is that the interaction between the particles and the continuous phase is stronger 
for PPVC/PP-g-MA than for PPSC/PP-g-MA blend. By the correlation of the morphology 
with dynamic and mechanical properties of the blends, the variation of the relaxation 
behavior and mechanical properties with the component structure, blend composition, vi- 
bration frequency, and as well as the features observed in these variation are reasonably 
interpreted. 0 1996 John Wiley & Sons, Inc. 

INTRODUCTION 

Although polypropylene (PP) is a widely used ther- 
moplastic on account of its low cost and versatile 
properties including mechanical, working temper- 
ature, extraordinarily chemical, and stress-cracking 
resistance, it often fails in being used as extrusion 
coating to make composites because of hardly ad- 
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hering with most of the polymers, especially polar 
polymers, due to its nonpolarity and crystallization. 
The situation calls for modification of PP. There 
are a variety of techniques for promoting adhesion 
of PP with other materials, such as surface treat- 
ment (thermal oxidation,' p l a ~ m a , ~ , ~  corona dis- 
~ h a r g e , ~ , ~  coating with a primer6r7), chemical modi- 
fication,8 adding an adhesion promoter between PP 
and adherend:." and blending modification." Of 
these techniques, the first could not improve adhe- 
sion strength too much, the second is efficient but 
uneconomical, the third is complex in processing 
procedure and low efficiency, the last is efficient and 
economical if a suitable modifier is chosen. By using 
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the last technique, we modified PP with polypro- 
pylene grafted with maleic anhydride (PP-g-MA), 
which has low molecular weight and higher hardness, 
to improve the properties of PP and reduce its melt 
viscosity for the application of the extrusion coating. 
The experimental data have shown that the modified 
PP with PP-g-MA not only enhanced adhesiveness 
of PP with polar polymer but also mechanical prop- 
erties. 

This article presents a study of dynamic and me- 
chanical properties of both homopolypropylene/ma- 
leated polypropylene and ethylene-propylene block 
copolymer/maleated polypropylene blends, and the 
correlation of the properties with the morphology of 
the blends. In this study PP is used as a matrix; the 
content of PP-g-MA in the blend varied from 0 to 50 
wt %. The data for storage modulus E' and loss tan- 
gent than 6 as a function of temperature, covering a 
frequency range from 0.3 to 30 Hz, and flexural prop- 
erties as a function of blend composition at 20"C, are 
displayed. The effects of component structure, blend 
composition, and vibration frequency on relaxation 
behavior of the blends are discussed in detail, and all 
these results regarding dynamic and mechanical 
properties are found to be consistent with the mor- 
phology for the blends studied. 

EXPERIMENTAL 

Materials 

In this study, the polypropylene (PP) used was PP 
VC20 82C (homopolypropylene, Mw/M,,: 225,000/ 
52,000) and PP SC13 11M (ethylene-propylene 
block copolymer, ethylene content in the copolymer: 
6-13 wt %,12 Mw/Mn: 265,000/58,000) produced by 
Borealis Polymers Co. Maleated PP used was sup- 
plied by Eastman Chemical Co. with the following 
specification: content of maleic anhydride (MA): 8- 
10 wt %, Mw/Mn: 9100/3900, ring ball and softening 

point: 157"C, viscosity (190°C): 400 cP. The three 
materials are abbreviated as PPVC for PP VC20 
82C, PPSC for PP SC13 11M, and PP-g-MA for 
maleated PP. 

Preparation of Blends 

Both PPVC/PP-g-MA and PPSC/PP-g-MA blends 
were prepared by melt mixing the component poly- 
mers, in the requisite rations, in the twin-screw ex- 
truder (Berstorff ZE 25*33D) at a screw speed of 
150 l/min and the temperature zones (from feeding 
zone to the die): 210, 210, 220, 220, 220, 220, and 
215°C. The strands obtained from the extruder were 
cut into small granules in a granulator. The samples 
used as the test of DMTA, flexural, and SEM were 
made according to the standard of the measurement. 

Measurement 

The dynamic mechanical properties of the blends 
were determined using a dynamic mechanical ther- 
mal analyzer (Polymer Laboratories DMTA MKII). 
Owing to the fragility of the PP-g-MA sample at  a 
low temperature, it is very difficult to prevent the 
sample from breaking. Therefore, the measurements 
were performed between -80 and 160°C for PP and 
blends, and from -20 to 140°C for PP-g-MA at fixed 
frequencies of 0.3, 1, 3, 10, and 30 Hz, and a heating 
rate of 2"C/min in both cases. 

The flexural properties of the blends were tested 
according to IS0  178. The size of the samples was 
about 40 mm in length, 25 mm in width, and 2 mm 
in thickness; span used 32 mm; speed of testing: 1 
mm/min. 

Differential scanning calorimetry (DSC) mea- 
surements of 10 mg samples were performed using 
a Perkin-Elmer DSC-7 apparatus in the first heat- 
ing, cooling, and then second heating cycles at  a rate 

Table I Melting and Crystallization Data of PPVC/PP-g-MA Blends 

T, ("C) x, (%) 
T c  

PPVC/PP-g-MA 1st Heating 2nd Heating 1st Heating 2nd Heating ("C) 

100/0 
90/10 
80/20 
65/35 
0/100 

164.1 
163.3 
162.3 
161.8 
157.2 

163.1 
158.2 
157.6 

155.8 

a 

54.8 
56.6 
57.1 
54.4 
52.9 

53.3 104.8 
56.0 108.8 
55.8 108.5 
53.4 107.9 
55.1 105.1 

* A shoulder peak of melting occur at 155.4 and 161.2'C. 
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of 1O0C/min. Crystallinity of the specimens was 
calculated according to 

X,(%) = (A.H,/AH;) x 100 

taking AHL = 134 J/cm3.13 
Morphology of the fracture surface of the samples 

after cooling in liquid nitrogen was studied by means 
of a scanning electron microscope (JEOL T100). 

RESULTS AND DISCUSSION 

Melting and Crystallization Behavior 

Tables I and I1 show DSC data for both PPVC/PP- 
g-MA and PPSC/PP-g-MA blends in the first heat- 
ing, cooling, and the second heating cycles at a rate 
of 10"C/min. It is observed that the melting point, 
T,, of PP-g-MA is lower than the ones of both PPVC 
and PPSC, whereas the difference in crystallinity 
between both the PP-g-MA and the PP is very small. 
The lowering of T, for the PP-g-MA is understand- 
able in light of the low molecular weight as well as 
a defect in the crystal14 due to the presence of the 
MA groups. On the other hand, interaction of the 
anhydride groups and the low molecular weight 
make PP-g-MA favor crystallization. Therefore, the 
crystallinity of the PP-g-MA is almost the same as 
the one of PP, even though the anhydride groups 
that were grafted into molecular chains of polypro- 
pylene lead to the reduction in regularity of the 
chains. 

Comparing both the PPVC and PPSC, as increas- 
ing PP-g-MA content, T, of both blends decreases 
slightly and the endothermic peak in the DSC curves 
of the blends shifts to a lower temperature (as shown 
in Tables I, 11, and Fig. 1). It is an indication of the 
disappearance of the crystalline component with a 
high melt point, suggesting that addition of PP-g- 
MA leads to a reduction in the perfection of crystal- 
line PP region. It is worth noting that crystallinity 

of both blends, especially when the blend ratios of 
PP to PP-g-MA are 90/10 and 80/20, is not lower 
than the matrix, and it might be attributed to the 
fact that during crystallizating the PP-g-MA with 
the low molecular weight in the blend improves the 
mobility of chains of the matrix polymer. 

It is found that scanning times affects the shape 
of DSC curves of melting for both PPVC/PP-g-MA 
and PPSC/PP-g-MA blends; the 65/35 PPSC/PP- 
g-MA blend is an example (as shown in Fig. 2).  In 
the first scanning, a single peak is presented in the 
curve. However, a shoulder or double peak occurs 
in the second scanning; the peak temperature of a 
lower temperature peak corresponds to that of the 
peak of melting for PP-g-MA, the peak temperature 
of a higher temperature peak is related with that of 
the peak of melting for PPSC, and it is a charac- 
teristic of a two-phase s t r ~ c t u r e ' ~  in the crystalline 
region of the blend. 

Dynamic Mechanical Properties 

Effect of PP-g-MA 

Figure 3 and Tables I11 and VI show dynamic me- 
chanical data of PPVC, PP-g-MA, and PPVC/PP- 
g-MA blends. Two relaxations in the tan 6-T (loss 
tangent vs. temperature) curve of PPVC are ob- 
served over the temperature range studied; a lower 
temperature relaxation between -20 and 30"C, 
which is relevant with p relaxation, is attributed to 
the glass transition of the amorphous phase."--'* 
Another that appears near 80°C corresponds to a 
relaxation, which exists only in the presence of the 
crystalline p h a ~ e . ' ~ ~ ~ ~  @ and a relaxation of PP-g- 
MA occur a t  a lower temperature than the ones of 
PPVC, respectively. The drift of the a relaxation to 
the lower temperature suggests more defects in 
crystals of PP-g-MA. Laguna et al.14 found that the 
microphotograph of PP grafted with maleic anhy- 
dride showed an imperfect and indistinct edge of 

Table I1 Melting and Crystallization Data of PPSC/PP-g-MA Blends 

T,  ("C) x, (%) 
Tc 

PPSC/PP-g-MA 1st Heating 2nd Heating 1st Heating 2nd Heating ("C) 

100/0 
90/10 
80/20 
65/35 

0/100 

166.8 
165.3 
163.7 
162.8 
157.2 

163.1 
161.7 
159.1 

155.8 

a 

51.3 
50.0 
52.9 
51.4 
52.9 

56.0 109.5 
56.8 109.4 
57.7 109.1 
58.1 108.9 
55.1 105.1 

a A shoulder peak of melting occur at 156.8 and 162.4"C. 
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Figure 1 
MA content (wt %): (-1.. 0; (---)?? 20; (- a - )  35; (- - a - )  100. 

DSC recordings for PSC/PP-g-MA blends at  first heating and varying PP-g- 
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Figure 2 
(heating rate 10°C/min): (-) first scanning; (- -) second scanning. 

Effect of scanning times on DSC pattern of 65/35 PPSC/PP-g-MA blend 
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Figure 3 
and varying PP-g-MA content (wt W ) :  (0) 0; (A) 10; (0) 20; (+) 35; (-) 100. 

E' and tan 6 as function of temperature for PPVC/PP-g-MA blends at 1 Hz 

spheric crystal. Two factors might affect the p re- 
laxation of PP-g-MA: interaction of maleic anhy- 
dride groups that were grafted into molecular chains 
of polypropylene makes the p relaxation shift to a 
higher temperature; the low molecular weight would 
cause the p relaxation shift to a lower temperature; 
however, the latter might be dominating over the p 

relaxation. In the blends of PPVC and PP-g-MA, p 
relaxation shifts to a higher temperature as the con- 
tent of PP-g-MA increases from 0 to 20%, and then 
the maximum temperature of p relaxation increases 
no more as the content of PP-g-MA further increases 
from 20 to 35 w t  %. On the other hand, the a relax- 
ation shifts to a lower temperature and the peak 

Table I11 6 Relaxation Characteristics as a Function of Frequency for PPVC/PP-g-MA Blends 

PPVC/PP-g-MA 30 Hz 10 Hz 3 Hz 1 Hz A E d  (kJ/mol) 

10.6 

14.9 

15.8 

14.2 

0.091 

0.083 

0.083 

0.075 

7.8 
0.073 

11.9 
0.066 

13.3 
0.067 

13.4 
0.058 

5.1 
0.069 
9.5 
0.059 

10.5 
0.061 

10.6 
0.052 

2.4 273 
0.068 
6.9 290 
0.059 
7.8 288 
0.062 
7.8 334 
0.053 

a Apparent activation energy. 
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Table IV a Relaxation Characteristics as a Function of Frequency for PPVC/PP-g-MA Blends 

PPVC/PP-g-MA 3 Hz 1 Hz 0.3 Hz A E, (kJ/mol) 

100/0 

90/10 

80/20 

65/35 

101 
0.10 
84.4 
0.10 
81 
0.105 
78 
0.106 

85 
0.105 
79.8 
0.106 
74.8 
0.111 
71.3 
0.113 

82 
0.115 
72.3 
0.115 
68.8 
0.120 
70.8 
0.119 

116 

193 

191 

256 

height enhances with an increase of PP-g-MA con- 
tent. It is very interesting in variation of storage 
modulus E' with the temperature and blend com- 
position. With increasing PP-g-MA content, storage 
modulus E' of PPVC/PP-g-MA blends obviously 
increases before (Y relaxation, and the increment of 
E' values is almost unchanged with temperature. 
After a relaxation, the El-T (storage vs. tempera- 
ture) curves for all the blends tend to converge. 

Dynamic mechanical data of PPSC, PP-g-MA, 
and PPSC/PP-g-MA blends are shown in Figure 4 
and Tables V, VI, and VII. PPSC exhibits three re- 
laxations; the lowest temperature relaxation (or p1 
relaxation) is due to segment motion of ethylene 
block in the block copolymer; near room temperature 
relaxation (or p2 relaxation) assigns to segment mo- 
tion of propylene block in the copolymer; a relaxa- 
tion locates between 40 and 100°C. In comparison 

4000 2 

-40 0 40 80 120 160 -80 

Or20  t 
O r 1 6  t 

0.00 ' 
-80 -40 0 40 80 120 160 

Temperature ( C ) 

Figure 4 
and varying PP-g-MA content (wt %): (0) 0; (A) 10; (0) 20; (+) 35; (-) 100. 

E' and tan 6 as function of temperature for PPSC/PP-g-MA blends at  1 Hz 
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Table V b1 Relaxation Characteristics as a Function of Frequency for PPSC/PP-g-MA Blends 

PPSC/PP-g-MA 30 Hz 10 Hz 3 Hz 1 Hz AEBl  (kJ/mol) 

-51.5 
0.053 

0.053 

0.059 

0.047 

-52.5 

-51.6 

-54.2 

-53.5 

-55.7 

-54.8 

-54.5 

0.038 

0.037 

0.035 

0.032 

-56.5 
0.032 

0.031 

0.029 

0.026 

-56.9 

-65.4 

-58.6 

-58.5 198 

-58.6 221 

-59.1 184 

-59.6 198 

0.031 

0.030 

0.028 

0.025 

Table VI D2 Relaxation Characteristics as a Function of Frequency for PPSC/PP-g-MA Blends 

30 Hz 10 Hz 3 Hz 1 Hz AE,, (kJ/mol) PPSC/PP-g-MA 

13.4 
0.075 
12.8 
0.07 
11.5 
0.07 
13 
0.066 

10.8 
0.056 
10.1 
0.052 
10.7 
0.052 
11 
0.05 

8.1 
0.049 
9.8 
0.046 
9.5 
0.047 
10.9 
0.044 

5.2 279 
0.049 
7.6 444 
0.049 
5.6 348 
0.05 
8.9 564 
0.048 

Table VII a Relaxation Characteristics as a Function of Frequency for PPSC/PP-g-MA Blends 

P PSC/ P P -g-MA 3 Hz 1 Hz 0.3 Hz AE,  (kJ/mol) 

100/0 

90/10 

80/20 

65/35 

107 
0.104 
91.2 
0.108 
86.9 
0.107 
79.4 
0.109 

90.5 
0.110 
81.5 
0.116 
79 
0.104 
73.6 
0.115 

82.3 
0.121 
77 
0.127 
75.5 
0.124 
70.2 
0.126 

51 

166 

203 

246 

with the PPVC/PP-g-MA blend, the regulars that 
the glass transition and storage modulus of PPSC/ 
PP-g-MA blend vary with blend composition are dif- 
ferent from the PPVC/PP-g-MA blend except for 
the a: relaxation. As the content of PP-g-MA in- 
creases, and p2 relaxation remains unchanged and 
storage modulus E' increases only before cy relaxa- 
tion, while the increment of E' values between p2 
and a: relaxation decreases progressively with in- 
creasing temperature. 

The above-mentioned results indicate that PP- 
g-MA added has an obvious effect on relaxation be- 
havior of both PPVC/PP-g-MA and PPSC/PP-g- 
MA blends. On the basis of the data in melting and 
crystallization of both blends, the shift of cy relax- 
ation toward a lower temperature and the enhance- 
ment in the relaxation strength is attributed to de- 
fect movements in the crystalline region of the 
blends. The differences between PPVC/PP-g-MA 
and PPSC/PP-g-MA blends in relaxation behavior 
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assign to the difference in the two-phase structure 
that was formed after PP-g-MA was blended with 
two different structures of matrix, respectively. The 
explanation for this is given in relation to the mor- 
phology in a subsequent section. 

Effect of Frequency 

As shown in Figures 5, 6, 7, and 8, variation of El- 
T and tan 6-T curves with vibration frequency for 
both blends are similar in shape. With an increase 
of frequency, p and a relaxation of the blends shift 
to a higher temperature; there is a larger shift of 
maximum temperature for the a relaxation than for 
the p relaxation, indicating that the apparent acti- 
vation energy is larger for the p than the a relaxa- 
tion. It agrees well with the results shown in Tables 
111, IV, V, VI, and VII. On the contrary, the values 
of tan 6 appear quite different, dependent on the 
frequency at different temperature ranges in tan 6- 
T curves. Before the a relaxation, the tan 6 values 
are almost unchanged with an increase of frequency 

from 0.3 to 3 Hz and then an increase from 3 to 30 
Hz. At  the a relaxation region, tan 6 values decrease 
as the frequency increases from 0.3 to 10 Hz, and 
the a peak disappears at 30 Hz. Therefore, the p 
relaxation occurs at  a higher frequency (or lower 
temperature); the a relaxation occurs at  lower fre- 
quency (or higher temperature); it is consistent with 
the time-temperature equieffect principle. 

According to Tables 111, IV, V, VI, and VII, any 
increase in vibration frequency causes and a re- 
laxation of the blends to shift to a higher temper- 
ature; the shift of the relaxation temperature allows 
one to calculate the apparent activation energy of 
the relaxation process for the blends, using the linear 
equation 

log f = log f o  + AE/(2.303 RT) (1) 

where f is the frequency, f o  is a constant, AE is the 
apparent activation energy, R is the gas constant, 
and T is the absolute temperature corresponding to 
tan a,,,,,. The values listed in these tables indicate 

4000 fl 

-80 -40 0 40 80 120 160 

0.20 

0.16 I + + 
L+ 

","" 
-80 -40 0 40 80 120 160 

Temperature ( Cl 

Figure 5 
3 Hz, (X)  1 Hz, and (A) 0.3 Hz. 

E' and tan 6 as function of temperature for PPVC at (+) 30 Hz, (X)  10 Hz, (0) 
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Figure 6 
(+) 30 Hz, (X)  10 Hz, (0) 3 Hz, (X)  1 Hz, and (A) 0.3 Hz. 

E' and tan 6 as function of temperature for PPVC/PP-g-MA (65/35) blend at 

that the apparent activation energy AE, and AE, 
for PPVC/PP-g-MA blends increase with increasing 
PP-g-MA content. For PPSC/PP-g-MA blends, the 
variation of AEB2 and AE, with blend composition 
is the same as the PPVC/PP-g-MA blends, but AE,, 
is not affected by the blend composition, suggesting 
poor interaction between ethylene block component 
in the copolymer and the PP-g-MA component. 

Flexural Properties 

In thermoplastics, the flexural strength and modulus 
of PP is not high, and the deficiency would limit its 
application in many fields. Therefore, research and 
development of the engineering PP materials with 
good adhesiveness is attracting more and more in- 
terest. PP-g-MA is quite a brittle but hard wax; the 
flexural strain and modulus at  20°C are near 0.52% 
and 1024 MPa, respectively, and the properties show 
that it is very difficult to process by product alone. 
It was astonishing that PP-g-MA added in the PP 

resin had evidently improved flexural properties of 
P P  (as shown in Table VIII). If we use a rule of 
mixture to judge blending effect, as follows 

P = P l W ,  + P,(1 - w,), (2) 

where PI ,  P2, and P are the properties of PP, PPg- 
MA, and blend, respectively, and w1 is the weight 
fraction of PP component in the blend. The result 
indicates that the flexural strength, strain, and 
modulus as a function of PP-g-MA content for both 
blends demonstrate an obvious positive deviation 
from the values estimated from eq. (2). With in- 
creasing PP-g-MA content, the flexural modulus of 
both blends increase, the flexural strength and strain 
rise up to a maximum, and then fall. The maximum 
strength (or strain) of PPVC/PP-g-MA blend occurs 
at  higher PP-g-MA concentration compared with 
the PPSC/PP-g-MA blend. On the other hand, the 
flexural strength, strain, and modulus are higher for 
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Figure 7 
3 Hz, (X) 1 Hz, and (A) 0.3 Hz. 

E' and tan 6 as function of temperature for PPSC at (+) 30 Hz, (X)  10 Hz, (0) 

the PPVC/PP-g-MA than for the PPSC/PP-g-MA 
blend a t  the same blend composition. 

The data indicate that PP-g-MA in the blends 
acts as an effect of toughening and reinforcing PP, 
especially in the PPVC/PP-g-MA blend. The former 
is attributed to the fact that PP-g-MA with low mo- 
lecular weight has a function of plasticizing; thus, 
the strain of the blend is higher than that of P P  a t  
a suitable ratio of P P  to PP-g-MA, but the fragility 
of PP-g-MA would appear if the PP-g-MA content 
in the blend is too high. Moreover, the reinforcing 
effect of PP-g-MA in the blends is due to  interaction 
of the maleic anhydride groups of PP-g-MA molec- 
ular chains. The weak interfacial adhesion between 
PPSC and the PP-g-MA component in the blend 
causes the flexural properties of PPSC/PP-g-MA 
blend to be lower than that of the PPVC/PP-g-MA 
blend, and it is very coincident with the dynamic 
mechanical properties of both blends. 

Morphology and Its Correlation with Dynamic 
and Mechanical Properties 

It is well known that crystallable PP, which consists 
of crystalline and amorphous regions, is a nonpolar 

polymer. PP-g-MA used in the study possesses high 
maleic anhydride content (8-10 wt ?6 MA); the mal- 
eic anhydride groups grafted into P P  molecular 
chains reduce its steric regularity and increase its 
polarity. The difference in structure between the PP 
and the PP-g-MA causes inevitably two-phase mor- 
phology in both crystalline and amorphous regions 
of the blends after PP-g-MA was melt blended with 
PPVC or PPSC. On the other hand, PP-g-MA in 
the blend leads to imperfect crystallization of the 
matrix; the higher content of PP-g-MA in the blend, 
the more obvious the situation is. Therefore, the a 
relaxation of the blends shifts to a lower tempera- 
ture, and the relaxation strength enhances as PP- 
g-MA content increases. 

Scanning electron micrographs of fracture sur- 
faces of both PPVC/PP-g-MA and PPSC/PP-g-MA 
blends a t  varying blend composition are shown in 
Figures 9 and 10, respectively. These micrographs 
verify the two-phase morphology of the blends, 
which agrees with the result recently reported by 
Gonz6lez-Montiel et a1." using transmission elec- 
tron micrography (TEM), i.e., discrete particles of 
PP-g-MA disperse in the continuous P P  phase. The 
average diameter of particles (the number-average 
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Figure 8 
(+) 30 Hz, (X) 10 Hz, (0) 3 Hz, (X) 1 Hz, and (A) 0.3 Hz. 

E' and tan 6 as function of temperature for PPSC/PP-g-MA (65135) blend at 

diameter of the particles was calculated after mea- 
suring the diameter of 100 particles for each sample 
of the blend), when PP-g-MA content in blend is 10 
and 20 wt %, is about 2.5 pm. The size of particle 
increases at  35 wt 5% PP-g-MA content due to co- 
alescence of the particles. The interface between the 
particle and continuous phase is obscure for the both 
PPVC/PP-g-MA and PPSC/PP-g-MA blends, in- 

dicating adhesion between the two phases. Although 
it is quite difficult to discern the difference between 
the two blends from the micrographs, information 
about the difference in morphology between the two 
blends could be obtained from the dynamic me- 
chanical spectra of the both blends. With increasing 
the PP-g-MA content, in the PPVC/PP-g-MA blend 
the p relaxation shifts to a higher temperature, 

Table VIII Flexural Properties of Both PPVC/PP-g-MA and PPSC/PP-g-MA Blends 

Strength (MPa) Strain (%) Modulus (MPa) 

PP/PP-g-MA A" Bb A B A B 

100/0 
95/5 
90/10 
80/20 
65/35 
50/50 
0/100 

25.42 24.54 8.63 8.36 417 479 
28.01 25.81 9.07 8.98 615 562 
28.77 25.74 9.48 8.36 626 634 
30.86 29.16 9.11 8.31 739 734 
32.25 32.73 8.25 7.65 707 751 
32.35 27.54 4.01 4.68 892 771 

5.66 0.52 1024 

a PPVC/PP-g-MA blends. 
PPSCIPP-g-MA blends. 
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Figure 9 
sition (PP-g-MA content, wt 771): (a) 0; (b) 10; (c) 20; (d) 35. 

Scanning electron micrographs of PPVC/PP-g-MA blends at varying compo- 

whereas the PI and p2 relaxation, in the PPSC/PP- 
g-MA blend unobviously change. It suggests that 
interfacial interaction between the particle and the 
continuous phase is stronger for the PPVC/PP-g- 
MA than for the PPSC/PP-g-MA blend. 

In view of the dynamic mechanical properties and 
the morphology of the both blends, it could be in- 
ferred that the maleic anhydride groups of PP-g- 
MA molecular chain in the particle of the blend 
might aggregate in a certain mode, which acts as 
physically crosslinking nodes. Thus, in the PPVC/ 
PP-g-MA blend, the stronger interaction between 
the particle and continuous phase due to a more 
similar structure leads to p relaxation shifts to a 
higher temperature and E' values being larger for 
the blends than for pure PPVC, and increase with 
increasing PP-g-MA content before a relaxation. 
After (Y relaxation, the interaction of polar groups 
in the particles reduce because of higher tempera- 
tures, making the El-T curves converge. In the 
PPSC/PP-g-MA blend, the ethylene block of PPSC 
molecular chains is incompatible with the discrete 
particles, which slightly reduces interaction between 

the discrete particle and the continuous phase; 
therefore, the and p2 relaxation unobviously 
change, and the flexural properties are better for the 
PPVC/PP-g-MA than for the PPSC/PP-g-MA 
blend. 

CONCLUSIONS 

The dynamic mechanical analysis of both the 
PPVC/PP-g-MA and PPSC/PP-g-MA blends 
show that PP-g-MA in PP causes 01 relaxation shifts 
to lower temperatures and the relaxation strength 
enhances due to the defect movements in the crys- 
talline region of the blends, while the relaxation be- 
havior in the amorphous region of the blend are dis- 
tinctly dominated by the matrix structure besides 
PP-g-MA: addition of PP-g-MA to PPVC makes p 
relaxation shift to a higher temperature; & and p2 
relaxation of PPSC, however, are almost unchanged 
with blend composition. 

A significant improvement on the flexural prop- 
erties for PP is observed due to addition of PP-g- 
MA, especially for PPVC. The flexural modulus of 
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Figure 10 
position (PP-g-MA content, wt %): (a) 0; (b) 10; (c) 20; (d) 35. 

Scanning electron micrographs of PPSC/PP-g-MA blends a t  varying com- 

both blends increase with increasing PP-g-MA con- 
tent; this is consistent with the data that storage 
modulus E’ in dynamic mechanical spectra of the 
blends increase with increase in PP-g-MA content. 
The maximum of the flexural strength and strain of 
the blend can be obtained in a appropriate blending 
ratio. 

The scanning electron micrographs of the fracture 
surface of the samples show that PPVC/PP-g-MA 
and PPSC/PP-g-MA blends exist in two-phase 
morphology, viz. discrete particles of PP-g-MA dis- 
perse in the continuous PP phase in the composition 
range studied. The main difference in morphology 
for both blends is that the interfacial interaction 
between the discrete particle and the continuous 
phase is stronger for the PPVC/PP-g-MA than for 
the PPSC/PP-g-MA blend. By the correlation of 
the morphology with the dynamic and mechanical 
properties for the blends, it is deduced that the in- 
teraction of maleic anhydride groups in the particle 
acts as physically crosslinking nodes. 
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