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Tear and wear of thermoplastic elastomers from 
blends of poly(propylene) and ethylene vinyl 
acetate rubber 
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Tear and wear properties of thermoplastic elastomers from blends of poly(propylene) (PP) and 
ethylene vinyl acetate rubber have been studied with special reference to the effect of blend 
ratios and dynamic crosslinking of the rubber phase. Both tear and wear resistance of the 
composites were found to increase with increasing proportion of the PP phase. Dynamic 
crosslinking of the blends containing higher proportions of the rubber phase (>60%) increases 
the wear and tear properties, but blends containing higher proportions of the plastic phase 
show a decrease in properties due to the degradation of the PP phase. Attempts have been 
made to correlate the changes in properties with the morphology of system. In order to under- 
stand the mechanism of failure, the tear and wear fracture surfaces have been examined by 
scanning electron microscopy. The fractographs have been correlated with the strength and 
type of failure of these blends. 

1. Introduction 
The blending of a thermoplastic and an elastomer 
gives a class of rubbery materials known as thermo- 
plastic elastomers. These materials possess the very 
good physical properties of elastomers and the excel- 
lent processing characteristics of thermoplastics, 
thereby bridging the gap between the conventional 
elastomers and thermoplastics. Among the various 
types of thermoplastic elastomers, those prepared by 
melt-mixing of a crystalline thermoplastic material 
and an elastomer under high shearing action have 
gained considerable attention due to the simple 
method of preparation and easy attainment of the 
desired physical properties by varying the blend ratios 
[1-5]. It has been shown that the addition of small 
quantities of crosslinking agent during the mixing 
operation improves the final properties of high rubber 
blends. This type of crosslinking is known as dynamic 
crosslinking [6, 7]. Several studies have been reported 
on the properties and applications of various thermo- 
plastic-elastomer blends [8-12]. The major area of 
application of this type of material is in footwear, 
where processes such as abrasion, flexing and tear are 
the prominent factors leading to the failure of the 
products. Abrasion of polymeric materials has been 
studied by many authors [13-19]. Schallamach 
[13, 14] was the first to study in detail the abrasion 
pattern of rubber surfaces. Klitenik and Ratner [15], 
Reznikovskii and Brodskii [16] and Lancaster [17] have 
done extensive work on the mechanism of abrasion. 
The mechanism of tear fracture of rubber vulcanizates 
has been studied in detail [20, 21]. The role of rubber 
particles in the mechanism of tear propagation in 
rubber-modified thermoplastics and thermosets has 
also been reported [22-25]. Scanning electron micro- 
scopy (SEM) has been found to be a valuable tool in 
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studying the fracture mechanism of rubber vulcaniz- 
ates and rubber-based composites [26-34]. In this 
paper we have studied the effect of blend ratios and 
the influence of dynamic crosslinking of the elasto- 
mer phase on the tear and wear of thermoplastic 
poly(propylene) (PP) and ethylene vinyl acetate 
(EVA) rubber blends. 

2. Experimental procedure 
2.1. Materials used 
Ethylene vinyl acetate used in the present study con- 
tains 45% (wt%) vinyl acetate. The material was 
supplied by Bayer AG (W. Germany). Poly(propy- 
lene) used for this study was isotactic poly(propylene) 
(grade Koylene M0030) supplied by Indian Petro- 
chemicals Corp., Baroda, India: The characteristics of 
the above materials are given in Table I. 

2.2. Preparation of the blends and test 
samples 

Formulations of the blends are given in Table II. The 
blend ratios are denoted by E o, E30, E40, Eso, E60, E70 
and El00 where the subscripts denote the weight per- 
centage of EVA in the blend. Dynamically crosslinked 
blends are denoted by a superscript "d". For example 
the notation E% indicates a 70:30 EVA'PP blend 
containing dicumyl peroxide (DCP) crosslinking 
agent. Blends of EVA and PP were prepared in a 
Brabender Plasticorder model PLE 330 (Brabender 
OHG, West Germany), using a cam-type mixer with a 
rotor speed of 80 r.p.m, and the mixer chamber tem- 
perature set at ! 80 ° C. The total mixing time was fixed 
to 7 min. In preparing the blends, PP was melted first 
in the mixer and then EVA was added. The blend was 
allowed to mix for 2 rain. At the end of the second 
minute, curatives were added and the mixing was 
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T A B L E  I Characterization data for the base materials used 

Property Material 

PP EVA 

Density (gcm -3) 0.91 0.975 
Number-average molecular weight, 214 n 106 000 
Mooney viscosity ML(4) 100°C - 30 
Weight-average molecular weight 530 000 - 
Intrinsic viscosity 4.45 
(benzene, 30 ° C) (dl g t) 

continued for 4min. The blend was taken out and 
sheeted through a laboratory mill at 2.00mm nip 
setting. The sheeted material was cut into small pieces 
and again mixed in the plasticorder at 180°C for one 
minute and then finally sheeted out in the mill so as to 
obtain relatively uniform dispersion of the ingredients. 
The sheeted-out stock was compression-moulded at 
200°C for three minutes in specially designed moulds 
so that the mould with the sample inside could be 
cooled immediately after moulding while keeping 
the same under compression. Samples for tear tests 
were punched from the moulded sheets and were of  
size 15 c m x  15 cm x 0.2cm. Abrasion test pieces 
(2 x 2 x 1 cm) were moulded directly. 

2.3. Physical testing 
The tear strength of the samples was determined 
at 25 +_ 2°C according to the ASTM D624-81 test 
method using 90 ° angle test pieces. The measure- 
ment was carried out in an Instron Universal Test- 
ing Machine (Model 1195) at a crosshead speed of 
500mmmin 1. 

The abrasion resistance of the samples was tested in 
a Dupont  Abrader (Dupont, USA) using a silicon 
carbide abrasive paper of grit size 320. The abrasion 
process was unidirectional. The speed of  rotation of  
the abrasive disc was 40 r.p.m, and the normal load 
was 3.26 kg. The radius of the wheel was 0.082 m. The 
samples were abraded for 20rain after an initial 
abrasion period of  5 rain. The initial abrasion was 
necessary to obtain a uniform surface. The volume 
loss was expressed in cubic metres (m3). 

2.4. S c a n n i n g  e l ec t ron  m i c r o s c o p y  s t ud i e s  
The SEM observations of the tear and wear failure 
surfaces were made using a Philips Model 500 scan- 
ning electron microscope. The failure surface of the 
test samples was carefully cut out from one of the test 
pieces without touching the surfaces and then sputter- 

coated with gold within 24 h of testing. The specimens 
were stored in a desiccator before and after gold coat- 
ing until the SEM observations were made, in order to 
avoid contamination. In taking photographs, the tilt 
was kept at 0 ° in all cases. Fig. 1 shows the details of  
the test specimen, failure surface and scan area of the 
tear and abrasion test samples. 

3. R esu l t s  and d i s c u s s i o n  
Our earlier studies [35] on the morphology of E V A -  
PP blends showed a two-phase structure in which the 
EVA phase was dispersed as domains in the continu- 
ous PP matrix at lower proportions (~< 50%) of  the 
rubber phase, but when the rubber phase is more 
(~> 60%), this phase also formed a continuous phase. 
The 70:30 E V A : P P  acts as a interpenetrating two- 
phase system. The mechanical properties such as ten- 
sile strength, modulus, elongation at break, impact 
strength and flexural modulus depend on the mor- 
phology of the system. 

3.1. Tear  p rope r t i e s  
The tear strength values of the blends as a function of  
the weight percent of EVA are given in Fig. 2. For  
both crosslinked and uncrosstinked systems, the tear 
strength values decrease with increasing proportion 
of the rubber phase. This is due to the decrease in 
crystallinity of the system with the increase of rubber 
content. The strength of  E V A - P P  blends depends on 
the strength of the PP matrix, which in turn depends 
on the extent of crystallinity. Martuscelli and co- 
workers [36, 37] have shown that the spherulite 
growth of  isotactic poly(l~ropylene) in blends with 
rubber is hindered by the presence of the rubber 
phase. Hence the observed drop in tear strength of 
the blends with increase in rubber content is due to 
the reduction in crystallinity. As compared to uncross- 
linked systems, dynamically crosslinked samples of 
high plastic blends (~> 50%) show lower values of tear 
strength. This is associated with the degradative 
action of DCP on the PP phase [6, 12, 35]. Our earlier 
studies [35] have shown that DCP has two major 
effects on the blends, degradation of  the PP phase and 
crosslinking of the EVA phase. The degradation of PP 
is predominant at higher proportion (/> 50%) of PP, 
while crosslinking of  EVA is prominent at higher 
proportions of  EVA phase. When the rubber phase is 
more and continuous in nature, dynamic crosslinking 
increases the tear strength. 

T A B L E  II Compositions of the blends 

Components Mix No. 

Eo E30 E40 Eso E60 E70 E,oo E~o E~o E~o E6do E7do 

EVA 0 30 40 50 60 70 100 30 40 50 60 70 
PP 100 70 60 50 40 30 0 70 60 50 40 30 
DCP* - - 0.6 0.6 0.6 0.6 0.6 
TAC + . . . . .  0.7 0.7 0.7 0.7 0.7 
MgOt - - - 0.7 0.7 0.7 0.7 0.7 

*Dicumyl peroxide (DCP) crosslinking agent was supplied by Bengal Waterproof Works Ltd, Calcutta. The DCP dosage was based on the 
rubber phase alone. 
?Triallyl cyanurate (TAC) and magnesium oxide (MgO) act as coagents for DCP curing. The dosage was based on the rubber phase alone. 
The materials were supplied by Bengal Waterproof Works Ltd, Calcutta. 
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Figure 1 Samples for tear and wear tests showing fracture 
surface and scan area. 

The tear curves of the uncrosslinked and cross- 
linked samples are given in Figs 3 and 4, respectively. 
The nature of the failure can be understood from the 
tear curves. In the case of  PP (Fig. 3) the load reaches 
a maximum and then abruptly drops to zero. This 
indicates brittle-type failure. As the proportion of 
the rubber increases, the ductile nature and yielding 
tendency increase (Fig. 3). In the case of E70 and El00, 
the samples elongate to a large extent to reach the 
failure point. The tear curves of  dynamically cross- 
linked samples (Fig. 4) show some variation from that 
of the uncrosslinked samples. The tear curve of E3a0 is 

140 

of brittle type similar to that of PP. This is due to the 
fact that the degradation of the PP phase make the 
sample more brittle. In the case of other samples (E4d0, 
Esa0, Ed0 and Ed0) the deformation is of elastic type. 
Unlike uncrosslinked blends, the ductile nature and 
yielding behaviour are completely absent. As com- 
pared to the uncrosslinked samples, in this case the 
elongation of the samples during tearing is also 
reduced considerably. 

3. 1.1. Tear fractographs 
In tear, the nucleation of failure and microfracture 
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Figure 2 Effect of weight percentage of EVA on tear 
strength: (o) uncrosslinked, (za) dynamically cross- 
linked. 
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Figure 3 Tear curves of the uncrosslinked samples. 

occur almost in the region of high stresses, at the tip 
of the tear. Hence the dissipation of stresses near the 
tip of the crack determines the resistance to tearing. 
The nature of failure and the process of stress dissi- 
pation can be understood by a careful examination of 
the tear failure surfaces. 

Fig. 5 shows the tear failure surface of PP. The 
presence of many parallel fracture paths in different 
planes indicates the brittle nature of the failure. The 
addition of rubber makes the material ductile. This is 
evident from the fracture surface of E30 (Fig. 6). It 
shows vertical tear paths. The fibrils on the failure 
surface along the direction of propagation of the crack 
indicate the ductile nature of the failure, Engel et al. 

[38] suggested that fibril formation is a characteristic 
of ductile-type failure. The dynamically crosslinked 
sample (E3d0) shows brittle-type fracture as evident 
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Figure 4 Tear curves of dynamically crosslinked samples. 
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from the discontinuous tear paths in different planes 
(Fig. 7). The load-extension curves (Fig. 4) also 
support the above views. 

The failure surface of Es0 (Fig. 8) shows ductile 
failure with a high extent of plastic deformation, 
as evidenced by the presence of fibrilar structure 
and peaks. The presence of voids in the surface is 
associated with the detachment of the dispersed 
rubber phase from the plastic matrix. The corres- 
ponding crosslinked sample (Esd0) shows elastic-type 
deformation with irregular tear paths (Fig. 9). The 
lack of fibrils and peaks indicate elastic type failure. 
Further increase in the proportion of the rubber in 
the blend make the rubber phase continuous. This is 
evident from the fracture surface of E70 which shows 
ductile-type failure with an elongated continuous 
dimple structure (Fig. 10). The dynamically cross- 
linked sample (Eva0) shows elastic-type deformation 
with continuous tear paths (Fig. 11). The absence of 

Figure 5 Tear failure surface of PP showing brittle fracture. 



Figure 6 Tear failure surface of E30 showing vertical fracture paths 
and fibrils. 

fibrils and dimples confirms the elastic nature of the 
failure. 

3.2. Wear properties 
The abrasion of elastomers involves complex pro- 
cesses such as microcutting and tearing, crack growth, 
fatigue and thermal and oxidative degradation [39]. 
Depending on the type of polymer and the conditions 
of abrasion, any one of the above factors may play 
a prominent role in the failure of the sample by 
abrasion. Hence, the abrasion resistance is related 
to the strength of the matrix , resistance to thermo- 
oxidative degradation, crack growth resistance under 
dynamic conditions, frictional force and the nature of 
the abrasive. Reznikovskii and Brodskii [16] have 
described the different types of wear associated with 
the abrasion of polymers. These include fatigue wear, 
abrasive wear and wear by roll formation. The basis of 
fatigue wear is failure of the surface layer of rubber as 
a result of manifold deformations. Fatigue wear does 
not cause any visible scratches on the worn surface. 
Unidirectional abrasive wear is characterized by 
longitudinal furrows on the surface. The frictional 
wear of elastomers is characterized by vertical ridge 
formation and subsequent removal of the ridges in the 
course of abrasion. Thus the patterns appearing on 
the abraded surfaces are indicative of the type of wear 
and are helpful in understanding the mechanism of 
wear. 

Fig. 12 shows the abrasion loss of the samples with 
increasing proportions of EVA. The abrasion loss of 

Figure 8 Tear failure surface of Es0 showing ductile fracture. 

pure EVA could not be established, as the material 
chipped out during the first minute of the abrasion due 
to its very poor abrasion resistance. In the case of the 
uncrosslinked samples, the abrasion loss increases 
with increasing proportion of EVA phase and the 
increase of volume loss is much larger at higher 
proportions of EVA phase. The dynamically cross- 
linked samples show a steady increase in volume loss 
with increasing proportion of EVA. At lower propor- 
tions of the EVA phase (~<50%) the dynamically 
crosslinked samples show more abrasion loss as com- 
pared to the uncrosslinked samples. But at higher 
proportions of the rubber phase, dynamic crosslinking 
decreases the volume loss. This behaviour can be 
correlated with the mechanical properties and mor- 
phology of the system. Previous studies [19, 40] also 
show that wear properties are dependent on the mech- 
anical strength and morphology of the system. The 
mechanical properties of the blends are given in 
Table III. It can be seen that on increasing the propor- 
tion of the EVA phase, the mechanical properties such 
as tensile strength, tear strength, hardness, modulus 
and flexural modulus decrease. The dynamically 
crosslinked samples show lower mechanical strength 
as compared to the uncrosslinked samples at higher 
proportions of the PP phase, due to the predominant 
degradation of PP as explained earlier. But when the 
rubber phase is 70%, the mechanical properties are 
marginally improved due to crosslinking of the EVA 
phase which overshadows the degradation. The 

Figure 7 Tear failure surface of E~0 showing brittle-type failure. 
Figure 9 Tear failure surface of E~0 showing elastic-type defor- 
mation. 
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Figure 10 Tear failure surface of E70 showing continuous dimples 
and fibrils. 

Figure 13 Abraded surfaces of PP showing many parallel grooves. 

Figure 11 Tear failure surface of Ed0 showing elastic-type defor- 
mation. 

Figure 14 Abraded surface of E30 showing grooves and abraded 
particles. 

observed decrease in abrasion resistance (increase of 
volume loss) of the blends with an increase of rubber 
content is associated with the decrease in mechanical 
strength of the system. In the case of the uncrosslinked 
blends, the higher volume loss at higher proportions 
of EVA is due to the continuous nature of the rubber 

phase. The decrease in abrasion resistance of the 
dynamically crosslinked high plastic blends (>~ 50%) 
as compared to the uncrosslinked blends is due to the 
degradation of PP phase which reduces the matrix 
strength (Table III), causing an increase in the rate of 
wear. But when the rubber content is higher and forms 
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Figure 12 Effect of weight percentage of EVA on 
volume loss during wear: (O) uncrosslinked, (~x) 
dynamically crosslinked. 
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T A B L E  I I I  Mechanical properties of the blends 

Mix No. Mechanical property 

Tensile Modulus at 50% Hardness Flexural 
strength elongation (Shore D) modulus 
(MPa) (MPa) (MPa) 

E 0 41.79 74 1157 
E30 21.04 20.40 62 435 
E~0 18.03 18.03 59 332 
Es0 I3.80 13.80 45 185 
Ed0 9.73 8,89 44 131 
E70 3.17 2.75 14 9.52 
Ed0 5.39 4.00 27 52.4 
El00 3.60 0.18 6 - 

a continuous phase, dynamic crosslinking imparts 
high strength to the rubber phase. This increases the 
wear resistance. 

3.2. 1. Wear fractographs 
Scanning electron microscopic observations of the 
abraded surfaces of the blends show that there is a 
change in the mode of abrasion as the rubber content 
increases (~> 50%). The abraded surface of PP (Fig. 13) 
shows deep parallel grooves parallel to the direction of 
abrasion, which are characteristic of abrasive-type 
wear for thermoplastic materials. The abraded surface 
of E30 (Fig. 14) shows less intense grooves compared to 
those of PP. The separation of particles is also visible 
on the surface. The dynamically crosslinked sample 
E3a0 also shows a similar fracture topography with little 
variation (Fig. 15). In this case the grooves are more 
in number and are intense. Particle removal appears 
to be faster here. As the proportion of the rubber 
increases to 50%, the fracture topography completely 
changes. This is evident from the failure surface of Eso 
(Fig. 16), which shows vertical ridges in a direction 
perpendicular to the direction of abrasion. This is a 
characteristic of frictional-type wear [16, 19]. The cor- 
responding dynamically crosslinked sample (E~0) 
shows cracks and deformed particles (Fig. 17). Unlike 
Es0, in this case the ridge formation is not prominent. 
The formation of cracks may be due to the poor 
matrix strength of E~0 as compared to E50 (Table III) 
due to degradation of the PP phase. As the rubber 
content further increases to 70%, the abraded surface 
shows highly deformed ridges (Fig. 18). This is due to 
the fact that in this case, since the rubber forms a 

Figure 16 Abraded surface of Es0 showing closely spaced ridges. 

continuous phase, the matrix strength is considerably 
reduced. As a result of this, the system cannot with- 
stand the abrasive forces. The dynamically crosslinked 
blend (Ed0) shows more stable ridges as compared to 
E70 (Fig. 19). This is because crosslinking of the con- 
tinuous rubber phase increases the matrix strength 
(Table III) so that it can resist the abrasive forces. 
Nevertheless, the ridges are widely spaced and less 
prominent than in Es0, indicating lower wear resist- 
ance than Es0. 

4. Conclusions 
The present study indicates that the tear and wear 
resistance of thermoplastic elastomers from blends of 
ethylene vinyl acetate rubber and poly(propylene) 
increase with increasing proportion of the plastic 
phase. When the rubber phase is more (> 60%) and 
continuous in nature, the dynamic crosslinking 
increases the wear and tear properties as compared to 
those of the uncrosslinked blends. At lower propor- 
tions of the rubber phase, dynamic crosslinking 
hampers both the properties due to degradation of 
the PP phase. For both the uncrosslinked and cross- 
linked systems, the wear properties were dependent on 
the mechanical strength. Improved wear properties 
were obtained with increasing mechanical strength. 
Scanning electron microscopic examination of the tear 
failure surface of PP showed brittle-type failure. In the 
case of the uncrosslinked blends, as the proportion of 
the rubber phase increases the failure topography 
changes from brittle to ductile. The dynamically cross- 
linked samples containing higher proportions of 

Figure 15 Abraded surface of E~0 showing parallel grooves and 
separation of particles. 

Figure 17 Abraded surface of Esd0 showing cracks and deformed 
matrix. 
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Figure 18 Abraded surface of  ET0 showing deformed ridges. 

Figure 19 Abraded surface of  ETa0 showing widely spaced ridges. 

rubber phase showed elastic-type failure. The SEM 
studies on the abraded surfaces show that there is a 
change in the mechanism of abrasion of the blends 
with an increase in the proportion of the elastomer 
phase, and that this change from abrasive-type wear 
to frictional-type wear occurs at higher proportions 
(>~ 50%) of the rubber phase. 
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