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ABSTRACT: The mechanical properties of blends of isotactic polypropylene
(PP) and poly[ethylene-co-(vinyl acetate)] (EVA) are studied under tension at
several temperatures (from –30◦C to room temperature). The morphology and
thermal properties are given attention at every stage of the stretching process. To
improve the impact resistance of the blends, poly[propylene-graft-(maleic
anhydride)] (PPMA) and hydroxylated EVA (EVAOH) are used as
compatibilizers. The domain size of the dispersed phase decreases with
compatibilizer content, improving the impact resistance of the blends. This is
accompanied with changes in the morphology of such systems. C© 2005 Wiley
Periodicals, Inc. Adv Polym Techn 24: 241–252, 2005; Published online in Wiley
InterScience (www.interscience.wiley.com). DOI 10.1002/adv.20050
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Introduction

P olypropylene (PP) presents brittleness, low
mechanical performance, and low impact re-
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sistance at temperatures below or around its glass
transition temperature (Tg). This is the reason and
motivation to make PP blends with elastomeric com-
pounds. For example, PP increases notably its im-
pact resistance at temperatures between −120◦C
and 20◦C when blended with EPDM1–5 and SBR.5

The brittle–ductile transition of PP/EPR blends has
been given attention.6–10 Better impact and mechan-
ical properties obtained at temperatures between
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−190◦C and −30◦C have been reported in PP/SEBS
blends.11 At low temperatures, impact resistance of
PP is greatly increased in blends with poly[ethylene-
co-(vinyl acetate)] (EVA).12–15 Dynamic-mechanical
analysis and morphology studies of PP/EVA blends
reveal two glass transitions and phase separation,16

but recently, miscibility at high EVA contents was
reported.17 LDPE has been employed to promote
miscibility in the PP/EVA blends.18 Interpenetrated
networks have been found in PP/EVA blends where
the EVA phase has been extracted using toluene.13

Similar systems were found in EVA/LDPE blends.19

To induce compatibility in PP physical blends,
PP has been grafted with several compounds, one
among them is maleic anhydride.20,21 The more re-
acting PP has been used as adhesive among poly-
mer layers.22 PP grafted with acrylic acid has also
been used as compatibilizer.23,24 EPDM grafted with
maleic anhydride has been used in blends with PP
to reduce the size of the dispersed phase and hence
to increase the impact resistance.25 Similarly, EPR
grafted with maleic anhydride has been used in
blends with PP to increase the impact properties of
PP.26 PP/EVA blends have been treated with amino
acids and with EVA-SH to induce compatibility.27,28

With respect to the mechanism of deformation un-
der tension of polymer blends, this is strongly re-
lated to the behavior of the microdomains and their
adhesion to the matrix. Studies on the mechanism
of deformation and its relation with morphologi-
cal changes under tension have been performed in
nylon-6/PP blends29 and grafted EPR with maleic
anhydride.30 In the PP/epoxy resins blend, the for-
mation of microcavities under tension tests is respon-
sible for the propagation of fractures.31–33 Additional
evidence of the relation between adhesive failure and
the generation of cavities has been observed in the
PVC/NBR blends34 and in the PP/fillers system.35

In this work, we relate the morphological changes
of the PP/EVA blend under tension at various tem-
peratures (−30◦C to room temperature) and their ef-
fects on the thermal properties. The effect of the use
of compatibilizers on the impact properties is also
analyzed.

Experimental Part

Isotactic polypropylene (profax 6523) from
Himont with Mw = 228,400 g/mol and Mn = 28,900
g/mol melt flow index = 4, glass transition tem-

perature = −11◦C, melting temperature = 173◦C,
and density of 0.9 g/cm3 was used in the blends.
Poly[ethylene-co-(vinyl acetate)], with 28% of vinyl
acetate content, Mw = 125,690 g/mol and Mn =
47,950 g/mol, melt flow index = 7, glass transition
temperature = −37◦C, melting temperature = 76◦C,
and density of 0.95 g/cm3 was also used. Molec-
ular weights were determined in a Waters 150◦C
GPC using trichlorobenzene as solvent at 120◦C.
Calibration was made with ten polystyrene stan-
dards from 10,000 to 2,700,000 g/mol at 135◦C. The
thermal properties were measured in a Dupont 910
DSC. PP/EVA compositions considered were 100/0,
90/10, 80/20, 70/30, 60/40, 50/50, 40/60, 30/70,
20/80, and 0/100.

The pellets of PP and EVA were premixed as re-
ceived before adding to a screw extruder. The blends
were prepared according to two procedures: a Haake
254 single-screw extruder with L/D =25:1 and 71 cm
length was used with feed-die temperature profile of
210, 220, 220, and 225◦C. After the first extrusion pro-
cess, pellets were fed again into the extruder for an-
other extrusion cycle (P1). The second procedure (P2)
involved extrusion in a twin-screw extruder (Haake
TW-100) followed by extrusion in the single-screw
extruder of the pellets. A Demag Ergo-Tech 50–200
injection-molding machine was used to prepare the
samples for mechanical, impact, and morphologi-
cal studies. The cooling water temperature was 15◦C
with a cooling time of 20 s.

Some samples were prepared using
poly[propylene-graft-(maleic anhydride)] (PPMA)
with MA content of 0.86% and hydroxylated
poly[ethylene-co-(vinyl acetate)] (EVAOH) with
42.5% of hydroxy groups to form a compatibilizer in
situ. PPAM was synthesized by Industrias Resistol,
S.A.,35 and kindly provided for this research.
EVAOH was synthesized in our laboratory and
reported previously.36 Two compositions were used:
the first included 12 g of PPMA and 50 g of EVAOH
per 1000 g of the PP/EVA blend, which renders
6.2 phr compatibilizer content. This corresponds
to 1.2 phr PPMA and 5 phr EVAOH, which yields
the ratio of 17 hydroxy groups per MA group. The
second included 10 phr EVAOH with respect to the
EVA content and 10 phr PPMA with respect to the
PP content, which renders 10 phr compatibilizer
content. All the blends were prepared according to
the procedure (P2) described previously. Resulting
PP/EVA compositions were 80/20, 60/40, 50/50,
40/60, and 20/80. The reaction between PPAM and
EVAOH was followed by infrared spectroscopy
with a Nicolet 510P instrument.
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Tension tests were carried out at room tempera-
ture (21◦C), 0, −15, and −30◦C in an Instron 1125 ma-
chine according to the ASTM D 1708 norm at a speed
of 100 mm/min. A temperature-controlled chamber
(Instron 3111-001) was used in the tests. Three differ-
ent strained samples were obtained for morphology
studies: first taken at the yield point, a second one
taken at 1/3 of total strain, and a third one taken at
2/3 of the total strain. Izod impact tests were carried
out in notched specimens according to the ASTM D
256 norm.

Microscopy studies were carried out on the
strained samples. Observations covered the front,
inner, and fracture surfaces. The inner surface was
uncovered by breaking the sample along the direc-
tion of deformation after immersion in liquid nitro-
gen for 3 min. Observations of fractured surfaces
with EVA contents of 40% and 50% required further
preparation consisting in the extraction of the EVA
domains from the PP matrix using toluene for 48 h at
room temperature. A gold-coating process was car-
ried out before scanning microscopy observations
(Leica Stereoscan 440). The micrographs were ana-
lyzed with an Image Pro Plus 3.0 software.

Thermal properties of samples were determined
before and after tension tests. A DSC 2910 from TA
Inst. was used with 7 mg sample cut within the
strained zone 0.5 cm away from the fracture zone.
They were heated at 10◦C/min under nitrogen.

Results

MECHANICAL PROPERTIES OF THE
PP/EVA BLENDS

Figures 1a–1c show the mechanical behavior un-
der tension of the blends with varying composition
and temperature. In Fig. 1a, the stress–strain curves
for several compositions at room temperature de-
pict a behavior that gradually changes. The curves
for pure PP and blends with large concentration of
PP present a peak at low deformations. For EVA and
its blends, the initial stress is small and increases as
the deformation augments. Figures 1b and 1c show
the stress–strain curves at low temperatures for EVA
contents of 60% and 80%. Blends present similarities
with pure PP at low temperatures, with the presence
of a peak at low strains and a transition to ductile
behavior as temperature increases.

Figure 2 shows data of strain at break as a func-
tion of composition. Up to 70% EVA content, data lie

(a)

(b)

(c)

FIGURE 1. (a) Mechanical behavior in tension of PP,
EVA along with their blends. (b) Stress–strain behavior of
40/60 PP/EVA blend deformed at 0, −15, and −30◦C.
(c) Stress–strain behavior of 20/80 PP/EVA blend
deformed at 0, −15, and −30◦C.
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FIGURE 2. Strain at break point against composition at
room temperature for PP/EVA blends made with
procedure P1.

below the ideal mixing rule:

ϕA = A1ϕ1 + A2ϕ2 + · · · + Anϕn (1)

where A, A1, A2, An are a specific property and
ϕ, ϕ1, ϕ2, ϕn are the volume fraction, respectively, of
each polymer in the blend. For higher EVA contents,
the strain at break follows closely the ideal mixing
rule.

The elastic modulus increases with decreasing
test temperature, and with decreasing EVA content,
as shown in Fig. 3. At all temperatures, for strains
higher than that of the yield point, the sample un-
der tension becomes stress whitened, attributed to
the formation of cavities.4,11,34,36,37 This is accompa-
nied with domains deformation, as observed in other

FIGURE 3. Elastic modulus with blend composition for
PP/EVA blends at room temperature (�) and −30◦C (�),
made with procedure 1.

semicrystalline polymers. Up to the peak of the stress
versus strain curve (yield point), the dispersed phase
has a spherical shape, but for higher strains, the do-
mains become ellipsoidal. The domain deformation
observed for this system is similar to the deforma-
tion of the spherulites in the well-known mechanism
of deformation of semicrystalline polymers.38,39 In
what follows, we perform a morphological study on
the changes of the microstructure of the blend as it
is deformed by tension.40

Observations by electron microscopy on the blend
samples reveal that the deformation of the dispersed
phase is not uniform across the transversal direc-
tion of deformation. Originally, before deformation,
the morphology of the blends obtained by extrusion
had deformed domains along the extrusion direc-
tion. The aspect ratio was 1.5 (Fig. 4). Micrographs
show that, after the strain is applied, the deformation
of the domains in the center of the sample is larger
than that in the edges. For example, Figs. 5a and 5b
taken in the 20/80 PP/EVA content (room tempera-
ture) after 100% strain reveal that the domains in the
center have an aspect ratio of 2.9, whereas for those
in the edges the aspect ratio is 1.74. In Figs. 5c and
5d, the same situation prevails at −15◦C. Domains
in the center have an aspect ratio of 2.7, whereas for
those in the edges this is 2.3.

As the deformation is increased to 1/3 of the
total deformation (before rupture), correspond-
ing to 270% strain at room temperature, the
deformation of the domains in the center is
more than twice that in the edges (aspect ra-
tios are 1.8 and 4.3, respectively). As observed
in Figs. 6a and 6b, at this strain the domains
present adhesive failure, with voids in the interface
with the matrix. This situation induces cavitation in
the matrix, and the samples become stress whitened.

FIGURE 4. Morphology of the blend 20/80 PP/EVA
before deformation.
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FIGURE 5. Morphology of the blend 20/80 PP/EVA after 100% strain at room temperature (a) edge and
(b) center. At −15◦C, (c) edge and (d) center.

FIGURE 6. Morphology of the blend 20/80 PP/EVA after 270% strain at room temperature (a) edge and
(b) center. At −15◦C, (c) edge and (d) center.
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FIGURE 7. Morphology of the blend 20/80 after 500% strain at room temperature (a) and after 400% at −15◦C (b).

At −15◦C, where the strain is 200% (1/3 of the total
strain at this temperature), the aspect ratio of the do-
mains at the edges is 2.9 with lack of adhesion to
the matrix (see Fig. 6c). In the center (Fig. 6d) de-
formation of the PP domains is very large, with a
filament-like shape.

When the strain is 2/3 of the total strain, corre-
sponding to 500% strain at room temperature, the
domains in the center and in the edges do not de-
form due to adhesive failure with the matrix, as
shown in Fig. 7a. At −15◦C (also 2/3 of the total
strain) corresponding to 400% strain, Fig. 7b shows
the two regions (center and edge). In the center, the
domains have a filament-like shape, whereas those
in the edges have ellipsoidal shapes, separated from
the matrix.

An interesting observation is shown in Fig. 8,
where the same blend (20/80 PP/EVA) at 0◦C taken
on the surface at the rupture point (strain at break =
655%) presents elongated domains in the direction of
the deformation by tension. The fibers have a width
of 1.2 �m and show fractures propagating along the

FIGURE 8. External morphology of the blend 20/80
PP/EVA at the rupture point (655% strain) tested at 0◦C.

transversal direction. The formation of this type of
microstructure under tension is similar to that pre-
sented in polyethylene blends (HDPE and LLDPE).41

THERMAL ANALYSIS

Figure 9 shows DSC data of EVA and PP/EVA
blends. An endotherm at 48◦C was noticed, corre-
sponding to the melting enthalpy of the crystalline
region of the PE section in the EVA copolymer.42

This endotherm is present also in the 40/60 PP/EVA
blend (upper line). At 76◦C, a second crystalline re-
gion is noticed, corresponding to the EVA copoly-
mer. The endotherm at 173◦C is assigned to the PP
of the blend.

To investigate further the characteristics of the
first crystalline region, a thermal treatment was car-
ried out. Samples were heated up to 250◦C and
rapidly quenched in liquid nitrogen. A DSC scan
was then performed increasing the temperature from

FIGURE 9. DSC thermogram of 40/60 PP/EVA blend,
pure EVA, and quenched EVA in liquid nitrogen.
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FIGURE 10. Melting enthalpy of the first crystalline
region with temperature of deformation for single-screw
extruder (P1) and twin-screw extruder (P2) procedures.

−100 to 250◦C under nitrogen. Results are shown in
Fig. 9 for the pure EVA as received (second line from
top) and those with the thermal treatment (third line
from top). As observed, the first endotherm at 48◦C
is absent in the third line. As the sample is quenched,
the contribution from the first crystalline region
vanishes.

The melting enthalpy decreases with mixing in-
tensity (twin-screw extruder) in the preparation of
the samples and augments with temperature of de-
formation as is shown in Fig. 10. It is also observed
that the melting enthalpy of the first crystalline re-
gion increases with deformation. In Fig. 11, the melt-

FIGURE 11. Melting enthalpy of the first crystalline
region with EVA content for deformed (D) samples at
room temperature and undeformed samples (UD).

ing enthalpy is plotted with EVA content for both,
the undeformed samples and deformed samples at
break point. Preparation process of the blends in-
cluded previous mixing in a twin-screw extruder.
Figure 11 clearly shows the effect of molecular or-
dering and increase strain induced crystallization
on the melting enthalpy. In addition, glass transi-
tion temperatures of EVA (−37◦C) and PP(−11◦C)
are not substantially affected in the blends, a very
small variation occurs in the melting temperatures
of EVA (76◦C) and PP (173◦C) around 4◦.

COMPATIBILIZED BLENDS

The infrared spectrum for PPMA, EVAOH, and
their blends are shown in Fig. 12. The spectrum from
the EVAOH has a broad peak in the region between
3500 and 3200 cm–1 typical for polymeric alcohols.43

In the spectrum after blending both copolymers in
a proportion 1:1 mol, that peak is not present. This
suggests the reaction between the OH of the EVAOH
and the carbonyl group of the maleic anhydride in
the PPMA.

During the mold injection process, the blends with
PPMA and EVAOH can be processed at lower in-
jection pressures (from 7.2 × 105 to 6.2 × 105 Pa). In
Fig. 13, it was observed that in the samples with-
out compatibilizer, lateral contraction is larger after
the molding process, and the size of bubbles is also
larger.

Blends for these studies were prepared by
extrusion with a twin-screw extruder followed by
a second extrusion cycle in a single-screw extruder

FIGURE 12. Upper spectrum: PPMA. Middle spectrum:
after blending both compatibilizers in a proportion 1:1
molar. Lower spectrum: EVAOH.
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FIGURE 13. Photographs of impact samples show a
larger contraction and bubble size in the 80/20
uncompatibilized sample.

before the injection molding process. The morphol-
ogy of samples obtained in the 80/20 PP/EVA sys-
tem (Fig. 14a) and the blend with 6.2 phr of PPMA
+ EVAOH content (Fig. 14b) reveal that the domain
size decreased from 1.5 to 1 �m with the addition

FIGURE 14. Morphology of the blends PP/EVA. (a) 80/20 uncompatibilized; (b) compatibilized; (c) 60/40
uncompatibilized; (d) compatibilized.

of the compatibilizer. For this comparison, the max-
imum domain size in two dimensions from the mi-
crographs was considered. As the EVA content is in-
creased to 40%, with 6.2% of compatibilizer, it is clear
that the interface adhesion is improved greatly in the
blend with PPMA + EVAOH as shown in Fig. 14d
as compared to that shown in Fig. 14c without com-
patibilizer.

After etching the EVA phase with toluene, the
morphology of the 60/40 and 50/50 PP/EVA blends
is shown in Fig. 15. In the case of the blend 60/40
with PPMA + EVAOH, the domain size of the dis-
persed phase is very small (around 0.1 �m) as clearly
observed in Fig. 15b. The morphology of this blend is
compared to that shown in Fig. 15a, exhibiting pro-
found differences attributed to the presence of the
grafted compounds. At 50/50 PP/EVA content, the
morphology becomes co-continuous, as shown in
Fig. 15c. In the blends with compatibilizers, Fig. 15d
shows the voids left after the EVA extraction. Finally,
when PP is the dispersed phase, the addition of the
grafted compounds also produces a reduction in the
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FIGURE 15. Morphology of the blends PP/EVA. (a) 60/40 uncompatibilized; (b) compatibilized; (c) 50/50
uncompatibilized; (d) compatibilized.

particle size, as observed in the comparison of mi-
crographs in Figs. 16a and 16b.

Figures 17 and 18 show the impact resistance vari-
ation with particle size. In Fig. 17, impact resistance
increases linearly with particle size as the EVA con-
tent is increased, when the compatibilizers content

FIGURE 16. Morphology of the blends PP/EVA. (a) 20/80 uncompatibilized; (b) compatibilized. A reduction in the
domain size is observed.

is 6.2 phr. However, for the same EVA content, the
presence of PPMA + EVAOH induces a reduction in
the particle size that is related to an increase in the
impact resistance, as observed in Fig. 18.

Impact properties of the blends are substantially
modified with the addition of PPMA and EVAOH.
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FIGURE 17. Impact resistance versus particle size for
compatibilized blends.

FIGURE 18. Impact resistance versus particle size for
compatibilized and uncompatiblilized blends. The dotted
lines join the two points of the blends to compare, with
same concentration of PP/EVA.

In Figs. 19 and 20, the impact resistance is plotted
with EVA content for the systems studied in the mi-
crographs at two temperatures (room temperature,
Fig. 19 and −30◦C, Fig. 20). At room temperature, an
improvement in the impact resistance is observed
when the grafted compounds content is 6.2 phr for
low EVA concentrations. As the EVA content is in-
creased to more than 40%, a higher proportion of
the compatibilizer is needed to achieve better im-
pact resistance. Same conclusions are met when the
temperature is −30◦C, as shown in Fig. 20. However,
the remarkable increase in the impact resistance ob-
tained for low EVA concentrations with the addition
of 6.2 phr of the grafted compounds is superior to
that at room temperature.

FIGURE 19. Impact resistance with EVA content at
room temperature for compatibilized ((C) 6.2 phr and
10 phr) and uncompatibilized (UC) blends.

FIGURE 20. Impact resistance with EVA content at
−30◦C for compatibilized ((C) 6.2 phr and 10 phr) and
uncompatibilized (UC) blends.

Conclusions

This study has shown the substantial modification
in the morphology of the PP/EVA blends caused by
the addition of grafted PP and hydroxylated EVA.
In particular, a relationship was found between the
impact resistance and both EVA concentration in the
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blend and particle size of the dispersed EVA phase.
This relationship was directly related to changes in
the microstructure due to the presence of the com-
patibilizing compounds. For example, for an EVA
content of 40% in the blend, an increase of more than
270% in the impact resistance is obtained with the
addition of 6.2 phr of compatibilizers at room tem-
perature (see Fig. 19). Figure 14d clearly shows that
the effect of the addition of the grafted compounds
is to improve the interfacial adhesion of the particles
to the matrix for this system. Furthermore, for the
same EVA content, if we increase the compatibilizer
content to 10 phr, an additional rise in the impact
resistance is obtained. Similarly, this result follows
from the decrease in the particle size as observed in
Fig. 15b.

With respect to the tensile properties of the
PP/EVA blends at low temperatures and large EVA
content, the peak in the stress versus deformation
curves is related to the deformation of the domains of
PP in the initial region of the curves, which is charac-
teristic of pure PP. At room temperature, this relation
is weak, since the domains are not greatly deformed.

The melting enthalpy is increased with rising crys-
tallinity under tension in the first crystalline region
of the EVA copolymer, and with rising temperature
of the test.
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