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ABSTRACT: The article reports an investigation of the
effect of a hydrocarbon resin, Necirés TR100, on the struc-
ture, morphology, and properties of two isotactic polypro-
pylene/clay composites. The clays are Dellite HPS, a
purified montmorillonite, and Dellite 67G, a purified and
modified montmorillonite with a high content of quater-
nary ammonium salt. Necirés TR100 contains hydroxyl
and acid groups, which were expected to interact during
the melt mixing with the polar surface of the clays to have
intercalation with Dellite HPS and/or exfoliation of Dellite
67G, which is already intercalated by the quaternary am-
monium salt. The morphological results indicate that the
composite isotactic polypropylene/Dellite HPS presents
large and coarse clay domains, whereas the composite iso-

tactic polypropylene/Dellite 67G presents a better distribu-
tion of the clay clusters, although the presence of some
clay domains of a few um are also detected. Although
results from Wide Angle X-ray Diffraction have indicated
that Necirés TR100 has no effect on the layers distance of
Dellite HPS and Dellite 67G its addition produces compo-
sites with clay particles homogenously distributed in the
polyolefin matrix, better tensile properties (higher values
of Young’s modululs and elongation to break) and
decrease of permeability. © 2010 Wiley Periodicals, Inc. ] Appl
Polym Sci 119: 1135-1143, 2011
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INTRODUCTION

One of the most promising nanocomposite systems
is based on polymers and clay minerals consisting of
layered silicates.'™' These systems have attracted
great interest, both in industry and in academia,
because they often exhibit remarkable improvement
of properties when compared with those of pure
polymer or conventional composites. These improve-
ments include: mechanical proper’cies,2’14/21/2 28,30,31
heat resistance,''* barrier properties,'**'>?° and
ﬂammabilitylz'zS; increased biodegradability in the
case of biodegradable polymers."”'® Of course not
all the polymers are equally well-suited for polymer-
layered silicate nanocomposite development. The
exfoliated and homogeneous dispersion of the sili-
cate layers can be achieved only in the case of poly-
mers containing polar-functional groups, i.e. amide’
and imide groups.” This is mostly due to the fact
that the silicate layers of the clay have polar
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hydroxyl groups and are compatible only with poly-
mers containing polar functional groups.

Isotactic polypropylene (iPP) is a semicrystalline
thermoplastic polymer with a large range of applica-
tions®>*® because of its attractive combination of
good processability, mechanical properties, and
chemical resistance. To increase the use of iPP in the
fields where this polymer presents some limitations
(due for example to high flammability, low stiffness
at high temperature, and not elevated barrier
properties), numerous studies on iPP modified by
adding smectite clays have been carried out
especially lately by using maleic anhydride grafted
polypropylene.*'™*®

Usuki et al.** reported a different approach to pre-
pare an iPP/clay hybrid by using a functional
oligomer. To obtain complete or sufficient dispersion
of the silicate layers in the polymer matrix the struc-
ture of the oligomer has to be considered: the
oligomer molecule must have a certain amount of
polar groups necessary for the intercalation between
silicate layers by hydrogen bond formation; the
oligomer should be compatible with iPP. Preliminary
work™ has shown that the resin Necirés TR100 is
compatible with iPP up to 30% in weight (upper
limit investigated) and it results just suitable for this
investigation because it contains hydroxyl and acid
groups.
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In this work, the aim is to investigate the effect of
the Necirés TR100 on the properties (as stress and
elongation to break, Young’s modulus and permeabil-
ity to water vapor) of two iPP composites, one con-
taining Dellite HPS (a purified montmorillonite), and
the second composite containing Dellite G67 (a puri-
fied montmorillonite modified with a high content of
quaternary ammonium salt). Dellite 67G is chosen to
investigate if any interaction is possible between the
hydroxyl and acid groups of the resin Necirés TR100
and those of the ammonium quaternary salt.

EXPERIMENTAL
Materials

The isotactic polypropylene (iPP) is a commercial
product, Moplen S30S (kindly provided by Basell, Fer-
rara, Italy) with a melt flow index of 1.8 g/10 min. The
clays used are Dellite HPS and Dellite 67G, kindly sup-
plied by Laviosa Chimica Mineraria SpA, Italy. Dellite
HPS and Dellite 67G are derived from a naturally
occurring especially purified montmorillonite; the dif-
ference is that Dellite 67G is then modified with a high
content of quaternary ammonium salt (dimethyl dehy-
drogenated tallow ammonium). Dellite 67G and Del-
lite HPS are reported by the producing company to be
both particularly useful additives to improve various
physical and thermo-mechanical properties of various
polymers, as polyolefins, polyester, polystyrene, etc.
The expected advantages in polymer systems are on
barrier, thermal stability, stiffness, solvent/chemical
resistance, weight reduction, flame retardant, and anti-
dropping. From now through the paper they will be
reported as HPS and 67G, respectively.

The hydrocarbon resin, used to investigate the
possibility to improve compatibility between iPP
and clays, is Necires TR100 provided by Neville
Chemical Europe BV (The Netherlands). Necires
TR100 is a thermoplastic hydrocarbon resin based
on cycloaliphatic monomers with hydroxyl value 40
and acid value 7 and from now, it is reported for
simplicity only as TR100. It is chosen to use a fixed
quantity of TR100, 10% in weight of the blend iPP +
TR100, which is generally the average percentage
used by the packaging industries. The amount of
clay added to the blend was fixed to be 3 g for every
100 g of iPP + TR100. The clay producing company
indicates two methods to incorporate the clay in
thermoset and thermoplastic systems; (i) adding
directly the clay to the compound; (ii) adding up to
50% of clay in a master batch and then diluting the
material in the final compound. In this work, it was
used the first method, that is, the direct addition of
the clay to the compound because the blends were
prepared in a mixing chamber of a Brabender-like
apparatus. The second method is more indicated
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TABLE I
Composite System Composition

iPP TR100 Dellite Dellite
Formulation code (wt %) (wt %) HPS 67G
iPP 100 - - -
iPP/TR100 90 10 - -
iPP/HPS 97 - 3wt % -
iPP/TR100/HPS 90 10 3 pph? -
iPP/67G 97 - - 3 wt %
iPP/TR100/67G 90 10 - 3 pph®

 Part (or grams) per hundred parts (or grams) of iPP +
TR100.

when the mixtures are prepared by using an ex-
truder. The compositions of the systems are given in
Table 1.

The hybrid systems were prepared by melt mixing
in a Brabender-like apparatus at 210°C and 32 rpm;
the mixing time was 10 min. Slabs and films were
prepared by compression molding in a press at 210°C
for 3 min without applied pressure to allow complete
melting and for other 3 min with the pressure raised
to 2 x 10' Pa. Then the plates of the press, fitted
with cooling coils, were rapidly cooled to room tem-
perature by using cold water. Finally the pressure
was released and the mold, with a rectangular shape
1 x 70 x 110 mm, removed from the press. Films
with thickness of 80 pm were obtained by using the
same procedure utilized for the compression-molded
samples but with a pressure at 15,000 pounds.

WAXD analysis

Wide Angle X-ray Diffraction was carried out by
using a Philips diffractometer (PW 1050) operating
at the CuK, radiation. Measurements of diffracted
intensity were made in the angular range of 3-45°
(20), at room temperature. The crystalline percentage
was calculated with the following procedure. The
baseline was drawn between two points [Fig. 1(A)],
which were chosen so that all diffraction patterns
has minima at these points; the amorphous area (A,)
was chosen by a line being drawn that connected
the two extreme minimum points of the baseline
and the minimums of the crystalline peaks. The
crystalline percentage (X.) for plain iPP and for the
blend and composites (in the second column of
Table II) was calculated as ratio of the area under
the crystalline peaks (A.) to the total area (A, + A,),
multiplied by 100:

A

X =
Ac+ A,

x 100 1)

The crystalline percentage referred to only iPP in
the case of blend/composite containing 10% in wt of
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Figure 1 WAXD profiles of iPP (A), TR100 (B), Dellite
67G (C), and Dellite HPS (D).

Necires TR100 (reported in the third column of
Table II), is given by the ratio, multiplied by 100,
of the area under crystalline peaks (A.) to the sum
of the area under the crystalline peaks (A.) and the
area of the amorphous peaks multiplied by the iPP
percentage in the blend (0.9):

A
Xe=—"°
C T A +09A,

x 100 )
SEM analysis

SEM analysis was performed with a Philips 501
SEM (Philips, The Netherlands) after vacuum metal-

lization of the samples by means of a Polaron sput-
tering apparatus with Au-Pd alloy. Samples for SEM
analyses were prepared by fracturing in liquid nitro-
gen the compression molding samples.

Thermal analysis

The calorimetric properties of the compression-
molded blends were investigated with a differential
scanning calorimeter (Mettler DSC822). The appara-
tus was calibrated with pure indium at various scan-
ning rates. About 10 mg of the sample was fast
heated from room temperature to 200°C, kept at this
temperature for 2 min and then cooled to —80°C at
rate of 50°C/min; finally the thermo-analytical curve
was recorded during the heating from —80 to 200°C
at a rate of 20°C/min. The melting temperature (T,
was obtained from the maxima of the endothermic
peaks and the glass transition temperature (T,) at
the maximum of the peak obtained by applying the
first derivative procedure.

Thermogravimetric

The thermal stability of samples was conducted
using a TGA/SDTA 851 Mettler instrument at a scan
rate of 20°C/min from 25 to 700°C in air
atmosphere.

Tensile mechanical test

Dumb-bell-shaped specimens (Type IV according to
ASTM D638) were cut from the slab using a steel
punch cutter. Stress—strain curves were obtained by
using an Instron machine (Model 4505) at room tem-
perature (ca. 21-25°C) at a crosshead speed of
5 mm/min. Young’s modulus, stress and strain at
yield and at break points were calculated from such
curves on an average of 12 specimens.

Water vapor permeability

Water vapor permeability test was conducted
according to ASTM E96 for the water method. The
instrumental apparatus is a Multiperm Extra

TABLE II
Crystallization Index from Wide Angle X-Ray
Diffractograms of Composites [X, (composites)] and
Values Normalized to iPP in the Blend [X, (iPP)]

Composites X, (composite) (+2%) X (iPP) (£2%)
iPP 55 55
iPP/TR100 50 55
iPP/HPS 54 54
iPP/TR100/HPS 50 55
iPP/67G 53 53
iPP/TR100/67G 51 56

Journal of Applied Polymer Science DOI 10.1002/app
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Solution. It consists of a double chamber diffusion
cell. The film is inserted between the two chambers:
a nitrogen flux with water vapor enters in the lower
one and a nitrogen flux enters in the upper one. The
water vapor diffusion though the film is measured
by a zirconium oxide sensor. The area of the film
involved in the experiment is 1.76 cm” Measure-
ments were carried out by using “tropical condi-
tions” that are 90% of U.R. and 38°C. Collected data
are converted in water vapor transmission rate
(WVTR) that is defined as the steady vapor flow in
time through an area of a body, normal to specific
conditions of temperature and humidity at each sur-
face. The results are reported in water vapor perme-
ability that is the time rate of water vapor transmis-
sion through the area of a flat material of a certain
thickness induced by a vapor pressure difference
between two specific surfaces. Three experiments for
each sample composition were performed.

RESULTS AND DISCUSSION

Figure 1 reports the WAXD profiles of compression
molded iPP, and the profiles of TR100, 67G and HPS
as received by the companies. It is recalled that iPP
can present several crystalline forms, as o, B, y and a
mesomorphic form.’*?” The presence of the o-form
is revealed by the peak between 20 = 18-19° in the
diffraction pattern, corresponding to the (130) plane,
B-form is detectable by the peak at 15.5-16.5°, corre-
sponding to the (200) f plane whereas y-form is de-
tectable by the peak at 20° corresponding to the
(117) plane. The o form is that generally present in
iPP obtained from cooling or quenching from the
melt. The y phase is obtainable for high MW by
crystallization at elevated pressure. Figure 1(A)
shows that the iPP in the compression molded sam-
ple crystallizes prevalently in the monoclinic o-form.
Figure 1(B) shows the diffractogram of TR100. The
spectrum has the typical shape of an amorphous
material. The WAXD profile of 67G, Figure 1(C),
presents three peaks at 2.6° (d = 33.9A), 47° (d =
18.8A), and 7.2° (d = 12.3A), indicating a multilayer
structure. The peak at 7.2° is generated by the pris-
tine MMT interlayer distance, whereas the two
peaks at 2.6 and 4.7° indicate a bimodal modification
due to the expansion of interlayer distance generated
by the intercalation between the layers of dimethyl
dehydrogenated tallow ammonium. The WAXD pro-
file of HPS, Figure 1(D), shows a peak at 6.9° (d =
12.8A) and a spike at 8.8° indicating a uniform layer
structure.

Figure 2 reports the spectrum of the iPP/TR100
blend, and the spectra of the binary and ternary
composites. The WAXD spectrum of iPP/TR100
shows that iPP contains besides crystals in o form
also a small quantity of B crystals as it is deducible

Journal of Applied Polymer Science DOI 10.1002/app
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from the shoulder at 15.5-16.5° [Fig. 2(A)], indicating
that TR100 resin acts as nuclei agent for the forma-
tion of B form crystals.

The WAXD profiles of the binary [(Fig. 2(B,D)]
and ternary composites [Figs. 2(C,E)] show, besides
the predominant o crystals and small quantity of
crystals, also the presence of y crystals, as revealed
by the peak at 20°. It seems possible to conclude that
the y form is formed only in samples containing
HPS and 67G clays; in fact no peak or shoulder is
detectable on the spectra of iPP and iPP/TR100.

The analysis of the diffraction patterns of the
blends containing clays at low 20 values (between 2
and 10°) can give information about the possible
occurrence of intercalation and exfoliation. On the
spectra of iPP/HPS [Fig. 2(B)] and iPP/TR100/HPS
[Fig. 2(C)] it is well evident the reflection at 20
= 6.9°, which is the same value of the plain HPS, as
it is shown in Figure 1(C); the TR100 does not
induce any intercalation of HPS. Passing to the anal-
ysis of iPP/67G spectrum, two well defined peaks at
20 = 3.5 and 6.9° are found, whereas the plain 67G
clay present three peaks at 20 = 2.6, 4.7, and 7.2°
[Fig. 1(D)]. The spectrum of the iPP/TR100/67G, in
Figure 2(E), presents again the three peaks (at 2.4,
4.7, and 7.0°).

The peak at 3.5° in Figure 2(D) for iPP/67G could
be probably due to the merging of the two peaks of
clay at 2.6° and 4.7°, but at moment there is no ex-
planation why they are merged in the binary com-
posite and instead separated in the ternary compo-
sites [Fig. 2(E)]. The expectation that TR100 could
have increased the intercalation of the clay or even
induced exfoliation of the clay is clearly demon-
strated not occurring by the spectrum in Figure 2(E).

Table II reports the crystallinity values of the
blends and the values normalized to the iPP content.
The crystallinity values normalized to the iPP con-
tent in the composites result constant with the com-
position (55 * 2%), indicating that during the cool-
ing from the melt the TR100 resin and the two clays
do not have any significant influence on the crystal-
lization degree of iPP.

Micrographs of fractured surfaces of compression
molded samples, performed by SEM, are shown in
Figure 3. Figure 3(A,B) are reported as comparison
micrographs; it is worth to note that TR100 is com-
pletely compatible with iPP, in fact no domain or
separated phase is observable in Figure 3(B) at least
for the magnification used. The fractured surface of
iPP/HPS [Fig. 3(C)] shows many domains of HPS,
coarsely distributed in iPP matrix. The fractured
surfaces of iPP/67G [Fig. 3(E)] shows instead less
and smaller domains of the clay. This different
degree of homogenization of the clay in iPP could
be due to the different nature of the two clays: HPS
is simply a purified montmorillonite; 67G is a
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Figure 2 WAXD profiles of binary and iPP ternary systems.

montmorillonite purified and modified with a high
content of quaternary ammonium salt. Interesting is
the effect of the addition of the TR100 resin: both the
clays result completely homogenized in the iPP ma-
trix; in fact the micrographs of the two ternary sys-
tems [Fig. 3(D,F)] show homogeneous surfaces with
no evidence of clay particles, at least for the magnifi-
cation used in the investigation, 5000x. These results
indicate that TR100, although does not induce any
intercalation of the 67G and HPS clays in the iPP
matrix [as deducible from WAXD in Fig. 2(E,C)], it
certainly reduces the size of the clay domains and
homogenize the clay in the iPP/TR100 matrix.
Thermo-analytical curves of iPP, iPP/TR100 and
nanocomposites are reported in Figure 4(A). The

thermograms present endothermic peak due to the
melting of iPP crystals (T,,) and the glass transition
temperature (T,) that is pointed out by the first de-
rivative curves shown in Figure 4(B). The T, and T,
values are reported in Table III. It is found that the
melting point of iPP decreases in all the composi-
tions containing TR100. The decrease of T,, can be
due to kinetic and thermodynamic effects.*®*>° Con-
sidering that for the three compositions with TR100
the T, increases of 6-8° (see second column of Table
III), due to the compatibility between iPP and TR100
in the amorphous phase, it can be concluded that
also the thermodynamic effect, besides the kinetic
effect, contributes to decrease of the T,,. The T, and
T,, values of iPP/HPS composite are similar to those

Journal of Applied Polymer Science DOI 10.1002/app
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(F) iPP/TR100/67G (5000x)

Figure 3 SEM micrographs (at 5000x) of fractured surfaces of (A) iPP; (B) iPP/TR100; (C) iPP/HPS; (D) iPP/TR100/

HPS; (E) iPP/67G and (F) iPP/TR100/67G samples.

of the plain iPP, whereas for the iPP/67G the two
values decrease; the reduction of T, for iPP/67G
composite is not large, but it is beyond the experi-
mental error, indicating an influence of the iPP chain
mobility following the addition of the modified clay.

Figure 5 shows the % weight loss as function of
temperature in air atmosphere. The iPP and the
iPP/TR100 blend have, more or less, similar thermal
stability. The two clays induce different behaviors
for the degradation of iPP. The iPP/HPS is the only
composition that degrades before the plain iPP,
whereas iPP/67G has a slight better thermal stability
than iPP. This difference could be due to the differ-
ent dispersion of clay in the iPP/clay composites
[Fig. 3(C,E)]. It seems plausible to attribute the dif-
ferent behaviors to the dispersion of the clay and

Journal of Applied Polymer Science DOI 10.1002/app

not to the diverse nature of them. In fact, as the
TR100 resin alone does not have any effect on the
thermal stability of iPP, the two ternary composites
(whose SEM micrographs have revealed a good dis-
persion of clay in the matrix) have the highest ther-
mal stability.

Table IV reports water vapor transmission rate
and the permeability determined at 38°C and rela-
tive humidity 90%. The addition of TR100 resin
decreases the permeability of the iPP based film.
This effect is due to the complete compatibility in
the melt between iPP and TR100 so that, after the
system is cooled, the amorphous phase has a T,
higher of about 8° than that of plain iPP (Table II);
so the permeability (or WVTR) decreases, although
the total crystallinity is lower, 50% against 55% of
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plain iPP. Passing to the analysis of the two binary
composites (i.e., iPP/HPS and iPP/67G) it is found
that the presence of HPS in iPP increases the perme-
ability to 1.3, whereas 67G clay strongly decreases
the permeability to 0.35. It is worth to recall the mor-
phologies found by SEM for these two composites
[Fig. 3(CE)]: the first system (iPP/HPS) presents
many clay domains, the second one (iPP/67G)
presents much less and smaller domains indicating

¢ PP
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Figure 5 TGA weight loss as function of temperature.

that a quite percentage of 67G clay is homogene-
ously distributed in iPP matrix. The different distri-
bution and inclusion of the two clays could be the
explanation of the different values of the permeabil-
ity. The addition of TR100 resin to the iPP/HPS and
to iPP/67G further reduces the permeability values,
not only because of the increase of T, as discussed
above for the iPP/TR100 blend, but also for the fact
that the resin greatly reduces and distributes
the domains of both the clays in the polymer
matrix as it results from the SEM micrographs in
Figure 3(D,F).

Figure 6 shows the nominal stress—strain curves of
the samples tested at room temperature and Table V
reports the tensile parameters averaged over 12 tests
for each composition. The pristine iPP exhibits the
classical behavior of a semicrystalline polymer with
yielding phenomenon followed by a cold-drawing
region, and finally rupture at elongation value of
840% and stress at 38 MPa. The iPP/TR100 blend
presents the same tensile behavior as iPP with the
only difference to have a higher value of the
Young’s modulus, derived by the fact that the T, of
the iPP/TR100 blend (5°C) is higher than the T, of
pristine iPP (-3°C) so that at room temperature the
amorphous phase of the blend is more rigid than
that of iPP. The two binary composites, iPP/HPS

TABLE IV
TABLE III WVTR and Permeability for Same Samples
Glass Transition (T,) and Melting Temperature (T,,) WVIR Permeability
T, (°C) =1 T, (°C) =0.2 Composites [g/(24 h m?)] [ng/(Pa s m)] x 10°

iPP -3 167.2 iPP 6.8 1.1
iPP/TR100 5 165.6 iPP/TR100 54 0.85
iPP/HPS -3 167.4 iPP/HPS 8.0 1.3
iPP/67G —6 166.8 iPP/TR100/HPS 5.7 0.81
iPP/TR100/HPS 4 164.6 iPP/67G 1.6 0.35
iPP/TR100/67G 3 163.3 iPP/TR100/67G 1.2 0.28

Journal of Applied Polymer Science DOI 10.1002/app
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and iPP/67G, show a conspicuous increase of the
Young’s modulus due to the clay in the matrix; but
the clay is present in the polymer matrix in gross
domains [as seen in SEM micrographs in Fig. 3(C,E)]
that act as defects so that the rupture occurs soon
after the yield point. The brittle behavior observed
for the two binary composites changes when it is
added TR100: the ternary systems iPP/TR100/67G
and iPP/TR100/HPS show behavior similar to that
of iPP but with lower rupture values, 610-630% and
30Mpa. The cold drawing and the fiber formation
region are possible for the ternary system because
the clays have been homogeneously distributed in
the iPP matrix by the TR100 resin as shown by the
SEM micrographs in Figure 3(D,F).

CIMMINO ET AL.

CONCLUSIONS

In this work, iPP/clay and iPP/TR100/clay compo-
sites were prepared by mixing in the melt directly
the components. It is found that the binary iPP/HPS
and iPP/67G composites are characterized by mor-
phology presenting domains of clays in the iPP ma-
trix; the iPP/HPS system contains many and large
domains of clay clearly separated from the iPP
matrix; iPP/67G contains smaller and much less clay
domains indicating that a quite part of 67G clay is
well distributed and embedded in iPP matrix. Both
the binary systems present an increase of the
Young’'s modulus of about 30%, compared to that of
pristine iPP; the domains act as defects for the ten-
sile drawing so that both the composites result brit-
tle: the rupture occurs soon after the yielding point.
The diverse morphologies found for the two binary
composites have, instead, a different influence on
the permeability to water vapor. For the iPP/HPS
the values increases probably because the interface
between the iPP matrix and the numerous and gross
clay domains constitute a preferential and easy path-
way for water molecules, whereas for the iPP/67G
the permeability decreases significantly because a
quite parte of 67G clay is sufficiently and homogene-
ously distributed and embedded in iPP matrix
resulting as obstacles to the diffusions of the water
molecules. The addition of Necires TR100 greatly
improves the dispersion of the two clays in the iPP.
The better dispersion of the clays in iPP matrix influ-
ences the tensile deformation; the ternary composites
present ductile behavior with an elongation value to
break point just above 600%. The better dispersion
has also positive effects on the permeability values,
which result to be lower than the corresponding bi-
nary composites and on the thermal degradation.
The main objective of this work was to investigate
if the hydrocarbon resin Necires TR100, containing
hydroxyl and acid groups, could interact with the
polar surface of the two clays Dellite HPS and Del-
lite 67G (this last already intercalated by quaternary
ammonium salt) during the melt mixing to have fur-
ther intercalation between the layers and possibly
also exfoliation. The WAXD results have clearly
indicated that this expectation does not occur. It is
only found that Necires TR100 is able to homogenize

TABLE V
Tensile Parameters

Sample E (MPa) o, (MPa) &, (%) o, (MPa) g (%)
iPP 1070 + 90 31+3 9+1 38 + 4 840 = 70
iPP/TR100 1160 = 60 27 £ 3 10 =1 37 £5 840 = 55
iPP/HPS 1380 = 130 - - 27 + 6 17 £ 2
iPP/TR100/HPS 1280 = 100 26 = 2 9+1 30 + 4 630 *= 50
iPP/67G 1330 = 60 - - 20 £ 3 19 +1
iPP/TR100/67G 1370 = 130 26 = 3 9+1 30 =4 610 = 50
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and distribute the clay domains in the iPP matrix so
that for the ternary nanocomposites the permeability
decreases (compared to the pristine iPP and binary
iPP/clay composites), the tensile elongations to
break increases and the values are comparable to
those of pristine iPP sample; there is also a positive
effect on the thermal degradation. Finally, it is worth
to mention the results found for the binary iPP/67G
composite: the permeability is much lower than
those of pristine iPP and iPP/HPS and this decrease
is only possible if a percentage of clay is homogene-
ously distributed in the matrix; it is not possible to
hypothesize that all the clay is distributed in the ma-
trix because the SEM micrograph show clearly the
presence of some clay domains. Moreover the find-
ing of the peak at about 3.5°, probably the result of
the merging of the 2.4 and 4.7° peak present in the
plain 67G, indicate that some interaction between
iPP molecules and 67G could have happened.
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