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ABSTRACT: To obtain a correlation among structure—morphology—mobility—compatibil-
ity properties of poly(ethylene-co-vinyl acetate) (EVA)/poly(vinyl acetate) (PVAc)
blends, we have used scanning electron microscopy and solid-state nuclear magnetic
resonance in our investigations. The results are discussed in terms of blends, compo-
nent dispersion, plasticization effect, and domain mobilities to acquire a response of the
correlation between structural properties. © 1999 John Wiley & Sons, Inc. J Appl Polym Sci

74: 2990-2996, 1999
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INTRODUCTION

Polymeric blends with a particular application
have been the subject of many research works.!
As it is known, a new polymer blend must present
an improvement of mechanical properties of this
new product. The case in point is to increase the
VA content in EVA copolymer with low vinyl ac-
etate content (19%) to obtain an EVA/PVAc blend
without making a copolymerization. To under-
stand the behavior of these polymer blends, it is
necessary to characterize the interaction of the
components. There are several techniques that
can be used to investigate polymer blends’ inter-
actions at different scales, two of which are scan-
ning electron microscopy (SEM)*° and solid-state
nuclear magnetic resonance (NMR) spectros-
copy.*'' Combined NMR techniques, such as
magic angle spinning (MAS) with cross-polariza-
tion (CP), are useful routines to obtain high-res-
olution solid-state NMR. It is known that, as the
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contact time increases, it is easier to detect car-
bons that belong to mobile regions, as they take
longer to be cross-polarized. Mobile carbons are
detected in lower chemical shifts, because the
chemical environment is different from the rigid
phase. The proton spin-lattice relaxation time in
the rotating frame (T,"p) is a parameter that can
provide direct and detailed information on molec-
ular and segmental motion,®'® as this parameter
is a natural function of the carbon nuclei environ-
ment and sensitive to the spatial proximity of
chains. The T,"p allows the evaluation of changes
of the homogeneity in polymer blends.
Generally, for a compatible blend just one
value of this parameter is found. More than one
value is a signal that at least two domains with
distinct mobilities can be found. However, when
proton T';p is measured by the variable contact-
time experiment (VCT), this parameter is ob-
tained from the intensity decay for all resolved
carbons and a value of proton Tp for all types of
hydrogen allows evaluation of the sample’s be-
havior. Generally, all the values of proton 7';p do
not even change with variations in the samples,
such as an addition of other polymer or a plasti-
cizer. There are some types of carbon nuclei that



Figure 1 EVA SEM micrograph (X200).

do not take part in the interaction process be-
tween different polymer blend components. For
example, the rigid phase or crystalline phase re-
laxation time and chemical shifts do not change
with the addition of other polymer, because the
CP rates of these carbons do not change with the
environment. However, a significant change in
this parameter and the chemical shift values can
be detected where the interaction process occurs.
The values of proton T';p measured from the VCT

Figure 2 PVAc SEM micrograph (X200).
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Figure 3 CS90 SEM micrograph (X200).

are intimately linked with the process of polariza-
tion transfer and to the chemical shift values for
the type of carbon to which they are linked. As the
proton T,p are also sensitive to the proximity of
protonated chains to one another, the distance
between two protonated chains is directly related
to the proton—proton spin diffusion. If the poly-
mer blends’ chain components are very close, the
spin—spin communication is good; but, if the spa-

Figure 4 CS90 SEM micrograph after extraction
with chloroform (x200).
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Figure 5 CS80 SEM micrograph (x200).

tial proximity of chains is not close enough, the
spin—spin communication cannot be detected.®'®

In summary, the main purpose of this work
was to obtain EVA with high VA contents by
blending this copolymer with poly(vinyl acetate),
focusing its application in the shoe industry; and
also to characterize EVA/PVAc blends with re-
spect to structure-morphology—mobility—compat-
ibility, using solid-state NMR and SEM.

Figure 7 CS60 SEM micrograph (x200).

EXPERIMENTAL

Sample Preparation. The materials used in this
work were EVA (POLITENO, BA, Brazil) and
commercial PVAc. Blends were prepared in the
melt state at 150°C with a Rheomix HAAKE
(Rheocord 9000) for 15 min. The blends were com-
pression-molded under 15,000 1bf at 150°C. For a
better understanding, the blends were named as
CS-n, where n is related to EVA content in the

Figure 6 CS70 SEM micrograph (x200).

Figure 8 CS50 SEM micrograph (x200).
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Figure 9 CS80 SEM micrograph after extraction
with chloroform (x200).

blend: 90, 80, 70, 60, and 50. The VA content in
EVA copolymer was determined by solution *C—
NMR.'® The value found was 19% (w/w) of VA.

Microscopy Measurements. The fracture surfaces
morphology of compressed samples was observed
by SEM (JEOL JMS 5300) at 20 kV electron ac-
celerating voltage. The samples were also etched

Figure 11 CS60 SEM micrograph after extraction
with chloroform (x200).

with chloroform for 12 h to extract the PVAc and
dried.

NMR Measurements. All NMR solid-state spectra
were obtained on a VARIAN VXR 300 spectrom-
eter operating at 299.9 and 75.4 MHz for 'H and
13C, respectively. All experiments were performed
at probe ambient temperature and performed us-

Figure 10 CS70 SEM micrograph after extraction
with chloroform (x200).

Figure 12 CS50 SEM micrograph after extraction
with chloroform (x200).
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Figure 13 CP/MAS '*C-NMR spectra of blends at the same contact time (1 ms).

ing gated high-power decoupling. A zirconium ox-
ide rotor of 7 mm diameter with Kel-F caps was
used to acquire the NMR spectra at rates of 6
kHz. ¥C-NMR spectra are referenced to the
chemical shift of the methyl group carbons of
hexamethyl benzene (17.3 ppm). The 2C spectra
were carried out in the cross-polarization mode
with magic-angle spinning (CP/MAS) with 2 s of
delay and variable contact time; the experiment
was also recorded and the range of contact time
was established as 50 to 4000 us. Proton T,Yp
values were determined from the intensity decay
of 13C peaks with increasing contact time.

RESULTS AND DISCUSSION

Morphology

To study the blends’ morphology, the molded sam-
ples were cryogenically fractured and etched with
chloroform for 4 h to extract the poly(vinyl ace-
tate) phase, and dried for 6 h. The SEM micro-
graphs of the EVA and PVAc are shown in Fig-
ures 1 and 2, respectively. The SEM micrograph
of CS90 blend shows a typical morphology of an
incompatible blend (see Fig. 3). From this figure,
a very fine and homogeneous dispersion of the
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Figure 14 Intensity decay versus contact time for the
methylene groups.

PVAc phase in the EVA matrix can be seen as
small spherical domains. Figure 4 exhibits the
micrography of CS90 after PVAc has been ex-
tracted by chloroform. The EVA matrix presents
small cavities, which confirms that PVAc was ho-
mogeneously dispersed in the EVA matrix, al-
though this does not mean compatibility. There-
fore, this observation suggests a poor adhesion
between the PVAc phase and EVA matrix. As the
PVAc content of CS80 and CS70 blends increases,
the domain size becomes bigger and not dispersed
in the matrix, as can be seen in Figures 5 and 6,
respectively, due to the phase separation. For
CS60 and CS50 blends, the PVAc domain appears
as fibers completely separated from EVA matrix
(Figs. 7 and 8, respectively). For blends contain-
ing from 20 to 50% PVAc, the etched SEM micro-
graphs show big holes in the EVA matrix (Fig.
9-12), which confirms the component incompati-
bility of blends.

NMR Analysis

Analyzing the CP/MAS '3C spectra for all blends
at the same contact time (1 ms), when the PVAc
content increases, the NMR signals of the meth-
ylene units, provided from the EVA rigid region
located on 33.4 ppm, became large; and the signal
at 31.7 ppm for the methylene units from the EVA
mobile region appeared. The change in the chem-
ical shifts can be an indication that PVAc caused
an increase in the EVA mobility, in spite of the
phase separation (Fig. 13). Therefore, some inter-
facial interaction can be promoting the plasticiza-
tion effect.
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Figure 15 Intensity decay versus contact time for the
carbonyl groups.

From the distribution form of the '3C spectra,
obtained by variable contact time (VCT) experi-
ment, one could observe the homogeneity and mo-
bility of the sample. Two regions were studied by
VCT experiments: the CH, units from the rigid
phase of EVA (located on short contact times) and
the carbonyl group, which we believe is taking
part of the interaction process. Figures 14 and 15
show the '3C intensity decay versus contact-time
plots for those two regions: CH, (8 = 33.4 ppm)
and the carbonyl (6 = 170.8 ppm) groups. There
were no changes in the slope of curves at short
and long contact times for CH, groups; as a con-
sequence, no change was observed in the 7,"%p

Table I Correlation Between the Chemical
Shifts and TYp of EVA/PVAc Blends and Pure
Polymers Focusing on the Methylene

Rigid Phase

Sample 5 (ppm) T p (ms)
EVA 33.4 1.1
CS90 33.0 1.5
CS80 33.0 1.2
CS70 33.4 1.2
CS60 33.4 1.1
CS50 33.4 1.1

For CS70, CS60 and CS50 blends, the phase separation
was clearly defined by the changes in the T%!p values. Focusing
CS60 blend an increase in the chemical shift allied to a de-
crease in the T5p shows that from this proportion a phase
separation process was marked. Those data corroborated the
observation extracted from SEM micrographs analysis.
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Table II Correlation Between the Chemical
Shifts and T%p of EVA/PVAc Blends and Pure
Polymers Focusing on the Carbonyl Group

Sample 6 (ppm) THp (ms)
CS90 170.9 9.8
CS80 172.0 15.2
CS70 170.9 5.0
CS60 171.9 5.0
CS50 170.8 4.3
PVAc 170.8 3.6

values (Table I) for all blends compositions. As
this signal comes from the ethylene rigid domain,
this was a response that this domain did not take
part in the interaction process; and it confirmed
that there was not an effective influence of PVAc
in the rigid domains of EVA, because the EVA is
dominating the relaxation process. The same be-
havior was observed for the EVA/PVAc blends
with higher VA content (31%) in the copolymer,
studied in another work.?° Therefore, the slope of
curves changed dramatically for carbonyl groups
when compared with PVAc. Observing the T,"p
values for the carbonyl group (Table II), one can
see that the value of T,%p for CS90 is higher than
PVAc and a change in the mobility for this blend
could be considered as a plasticization effect. The
increase in the 7',"p values was an indication that
PVAc was acting as a polymeric plasticizer to
EVA, in spite of the phase separation process.
Therefore, for CS80 blend, an increase in both
chemical shift and T',"p shows that two situations
could be occurring at the same time: one was
related to the plasticization effect of PVAc on
EVA matrix, as the T,%p increases, and the sec-
ond one was attributed to the detection of the
carbonyl group from the blend interface. If both
phenomena could be taking place, they are re-
lated to a phase-separation process.

For CS70, CS60, and CS50 blends, the phase
separation was clearly defined by the changes in
the T,%p values. Focusing on the CS60 blend, an
increase in the chemical shift allied to a decrease
in the T,%p shows that from this proportion a
phase-separation process was marked. Those
data corroborated the observation extracted from
SEM micrograph analysis.

CONCLUSIONS

Comparing the NMR and SEM data we could see
that a small PVAc amount (up to 10%) in the

blends was well dispersed. As the PVAc content
increased, it caused a phase separation, but an
interfacial interaction was still observed, which
could be attributed to a partial blend compatibil-
ity. Another interesting observation was related
to the PVAc plasticization effect to all composi-
tions. Both NMR and SEM responses showed that
these two techniques were a complementary
source to obtain a correlation among structure—
morphology—mobility—compatibility properties.
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