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The effects of kaolin content and treatments on the thermal and mechanical properties and on the degradation of polypropylene
were examined using mechanical tests, differential scanning calorimetry (DSC), and thermogravimetry (TGA). The weak
interactions filler/matrix have been reinforced using a modification with urea then with an ammonium salt and a surface treatment
with a silane coupling agent. The XRD results showed that the peak at the d-value of 10.7 Å increases in urea/kaolin complex, but
the treatment with the ammonium salt caused the return to the initial state of the clay. FTIR results showed the appearance of
new bands characteristic of the interactions between urea and kaolinite and the alkylammonium and kaolinite. The mechanical
properties of the composites exhibited important variations while the DSC results showed the decrease of the crystallization
temperature as a function of kaolin content. TGA thermograms pointed out the improvement of the composites’ thermal stability.

1. Introduction

In recent years, rapid growth and high consumption rates
were predicted for various polyolefin composites, since they
find applications in many areas such as automotive, home
appliances, and construction. The use of mineral fillers in
the fabrication of thermoplastic composites is mainly gov-
erned by price-performance relationships. Apart from reduc-
ing the price of the final material, mineral fillers can also help
to improve shrinkage on moulding, stiffness and flammabil-
ity, which are the principal limitations of the bulk thermo-
plastics. The effects of fillers on the mechanical and other
properties of the composites depend on their shape, particle
and aggregate sizes, surface characteristics, and degree of
dispersion [1–3].

Polypropylene (PP) is one of the most frequently used
polymers because of its low price, balanced properties, and
easy processability. To improve some of its properties and

thus widen its application range, blending with other pol-
ymers and/or fillers is the alternative that is usually em-
ployed in order to increase its strength, impact resistance
and toughness. Among the inorganic fillers that are used to
improve PP properties, clays are recognized to get several
beneficial variations on stiffness, hardness, toughness, and
heat resistance [2–4].

Kaolinite (Al2Si2O5(OH)4) is a 1 : 1 phyllosilicate con-
taining a gibbsite octahedral layer and a silicon oxide tetra-
hedral sheet. This asymmetric structure allows the formation
of hydrogen bonds between consecutive layers, providing a
large cohesive energy. As the inorganic surface of the particles
is highly polar while the PP is apolar, the interface interaction
can be provided only by molecular modification of one or
both components. So to get a good dispersion, the surface
modification of kaolinite can be achieved either by the use of
coupling agents, or by the intercalation of chemical species
in the interlayer gallery, to increase the basal spacing of the
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clay which may facilitate the intercalation of polymer chains
between its platelets [5–8].

Also, the number of the chemical species which can be
directly inserted in the interlayer of the kaolinite is limited
due to the great cohesive energy between the clay layers.
The most known compounds that intercalate directly into
kaolinite on contact with the clay are formamide, hydrazine,
potassium acetate, dimethylsulphoxide (DMSO), and urea.
Other compounds can also be introduced in the kaolinite
interlayer by the displacement of a previously intercalated
compound [9–13].

In the urea/kaolinite intercalation model proposed by
Ledoux and White [14], urea forms hydrogen bonds on inter-
acting with the silica plane and the inner surface hydroxyls
via its NH2 groups. According to Frost et al. [15, 16], urea
forms hydrogen bonds with the silica plane only. Also, Makó
et al. [17] proposed a structural model comprising two types
of urea bonding to the siloxane surface, involving the NH2

groups and the oxygen atom of the silica layer.
The inorganic fillers and their treatments induce vari-

ations on practically almost of the composites properties
especially, mechanical and thermal characteristics. At high
filler loading, it was noticed that the elastic modulus and
the tensile strength increase while the deformation at break
diminishes drastically due to the decrease of the deformabil-
ity of the matrix [18]. The fillers affect also the crystallization
behavior and the degradation process so an increase of the
thermal stability of the composites compared to the virgin
material is generally observed [19–21].

The aim of the present work is to study the effects of small
concentrations of two types of modified kaolin, the first with
an alkylammonium salt after passing by a treatment with
urea and the second surface treated with a silane coupling
agent, on the mechanical and thermal properties of PP
composites.

2. Experimental

2.1. Materials. The polymer matrix used in this study was
polypropylene “Moplen RP 320H” manufactured by Basell.
It is a statistical copolymer, having a melt flow index exper-
imentally determined to be 2.30 g/10 min at 190◦C. Urea
NH2CONH2 is a Prolabo product. The alkylammonium is
a hexadecyltrimethylammonium chloride abbreviated as
(HDTMA), purchased from Aldrich, and having the fol-
lowing chemical structure CH3(CH2)15N(CH3)3Cl. The cou-
pling agent used for kaolinite surface treatment is N-[3-
trimethoxysilyl propyl] ethylene diamine commercialized by
Aldrich under the abbreviation Z-6020. The used kaolinite
has a micrometric dimension and the following chemical
composition determined by chemical analysis, as it is report-
ed in Table 1.

2.2. Kaolinite Treatments. The experimental method used
for urea intercalation was already proposed by Letaief et al.
[22]. It consists on a manual grinding in a mortar of a
mixture of 5 g kaolinite and 8 g of urea for a period of 2.5
hours, followed by a mechanical grinding for 15 minutes.

Table 1: Chemical composition (wt%) of the used kaolin.

SiO2 50.44

Al2O3 28.30

CaO 1.10

MgO 0.50

Fe2O3 2.29

LOI (loss on ignition) 10.01

For urea displacement from kaolinite, the resulting material
was subjected to a reaction in a solution containing the
ammonium salt at a temperature of 80◦C for 24 hours. After
That, the clay was filtered and dried then stored. Further-
more, a part of the unmodified clay was treated with two
concentrations of the silane coupling agent Z-6020, dissolved
in an aqueous medium, namely 2% and 4%. Finally, the three
as-treated samples as well as the unmodified kaolinite were
characterized by Fourier transform infrared spectroscopy
and X-ray diffraction.

2.3. Composites Preparation. The composite materials, with
kaolinite amounts varying from 1 to 5 parts per hundred
resin (phr), were prepared by mixing the polymer matrix
and the ammonium modified and unmodified kaolinite,
respectively, PP/TK and PP/UK, in a two-roll mixer at a
temperature of 190◦C and a mixing rate of 30 rpm for a
period of 10 minutes. The same procedure was also followed
to prepare PP/silane-treated kaolin composites (PP/KTS),
using two clay concentrations, namely, 2 and 4 phr. After
That, the obtained sheets were cut into small pieces then
pelletized. For the mechanical tests samples preparation,
the pelletized composites were compressed in a Davenport
compression moulding machine at a temperature of 190◦C
and a compression pressure of 220 Kg/cm2 during 5 minutes.

2.4. Measurements

2.4.1. Infrared Spectroscopy. Fourier transform infrared spec-
troscopy (FTIR) spectra were obtained between 500 and
4000 cm−1 on a Shimadzu FTIR 8400S. Ten scans were
averaged at a resolution of 4 cm−1 for the solid tested samples
of modified and unmodified kaolinite prepared as KBr pellets
(ca. 3% by mass in KBr).

2.4.2. X-Ray Diffraction. The X-ray diffraction (XRD) study
on the modified and unmodified kaolin was carried out
on an XPERT apparatus using Cu-kα (λ = 1.54 Å). All
measurements were taken using a generator voltage of 45 kV
and a generator current of 30 mA.

2.4.3. Mechanical Properties. Notched Izod impact strengths
were measured on compressed samples using a CEAST pen-
dulum instrument. To characterize the tensile characteristics
of the hompolymer and its composites, namely, the stress
and the elongation at yielding and at break (σ y and εy)
and (σr and εr), respectively, measurements were performed
according to the norm ASTM D638, at a cross-head speed
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of 30 mm/min on dumbbell samples using a Zwick Material
prüfung 1445.

2.4.4. Differential Scanning Calorimetry (DSC). DSC mea-
surements were carried out on a TA instrument, according to
the following program: the specimens were first heated from
ambient temperature to 250◦C at 10◦C/min maintained at
this temperature during 5 minutes then cooled to 25◦C at
20◦C/min. Crystallinity was calculated according to the fol-
lowing equation:

χc (%) = ΔHc

ΔH0
c

× 100. (1)

A crystallization melting enthalpy of 100% crystalline PP
ΔH0

c = 165 J/g was used [23].

2.4.5. Thermogravimetric Analysis (TGA). The tests were
performed on a TA instrument (TGA Q500) by heating the
samples from 20 to 550◦C at 20◦C/min. From DTG thermo-
grams giving the variations of the weight loss derivative as a
function of temperature, we estimated the temperatures at
which starts and finishes the degradation process Td0 and
Tdf , respectively, as well as Tdmax and Mres which indicate
the temperature at the maximum weight loss and the residual
mass, respectively.

3. Results and Discussions

3.1. Treated and Untreated Kaolinite Characterization

3.1.1. Infrared Analysis. The unmodified kaolinite FTIR
spectra shows the appearance in the hydroxyl zone of the
bands at the following wave numbers: 3696, 3674, 3653, and
3620 cm−1. As it is reported in Figure 1(a), the three first
bands characterize, respectively, the outer hydroxyl groups
vibrations. Also, the observation of the bands at 3674 and
3653 cm−1 confirms that the used kaolinite is a highly
ordered mineral. The band at 3620 cm−1 corresponds to the
inner hydroxyl groups which do not participate to the estab-
lishment of the hydrogen bonds responsible of the great
cohesive energy of this clay. The Si-O- and Si-O-Si vibrations
are illustrated by the bands at 1114, 1030, and 1006 cm−1

whereas the Al–OH bond vibrations are visibly characterized
by the bands appearing at the wave numbers 937, 912, 795,
and 756 cm−1. Additional broad stretching bands of kaolinite
at 3400, and 1630 cm−1 are attributed to the associated water
adsorbed on the external surface.

The FTIR urea spectra (Figures 1(b)) exhibits bands be-
tween 3500 and 3100 cm−1 assigned to symmetric and asym-
metric stretching vibrations of the N-H bonds, at 1683, 1630
and 1603 cm−1 characterizing the C=O vibrations and a band
at 1468 cm−1 representing the C–N bond stretching.

The FTIR spectra of kaolinite/urea intercalate
(Figure 1(c)) shows the bands at 3696 and 3620 cm−1

assigned to the kaolinite hydroxyls. The rest of the hydroxyl
groups bands observed for the untreated kaolinite at 3674
and 3653 cm−1 are not present in this case due to the loss
of hydrogen bonding between the layers. Makó et al. [17]
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Figure 1: FTIR spectra of (a) neat kaolinite, (b) urea, (c) kaolin/
urea, and (d) kaolin/HDTMA.

proposed that the weakening of the 3696 cm−1 band
compared to the 3620 cm−1 one, reflects hydrogen bonding
between inner surface hydroxyls and urea molecules. Also,
according to Ledoux and White [14], the new band detected
at 3500 cm−1 results from hydrogen bonds formation
between NH2 groups of urea and O-Si-O groups of kaolinite.
In the domain 1400–1800 cm−1, the changes in urea
vibrations bands in kaolinite/urea intercalate can also be
followed. Valášková et al. [24] observed that the stretching
vibration of C=O groups is detected as for pure urea at
1683 cm−1, but the formation of hydrogen bonds with
kaolinite hydroxyl groups shifts the stretching frequency
of urea from 1630 cm−1 to 1617 cm−1. Makó et al. [17]
noticed that the stretching vibration of urea C=O groups,
detected at 1673 cm−1, is shifted to a higher wave number in
kaolinite/urea intercalate. The new band that they observed
at 1683 cm−1 is due to the free C=O vibration since the
conjugation between the C=O and NH groups no longer
occurs and new hydrogen bonds are formed between the
NH2 groups and oxygen atoms of the siloxane layer. In
our material, the bands attributed to the urea binding in
kaolinite are detected at 1683 cm−1 and 1627 cm−1 in the
complex. According to the model of types of urea bonding to
kaolinite, proposed by Makó et al. [17], the hydrogen bonds
concerns the NH2 group attached to a free nonconjugated
C=O and the oxygen atom of the siloxane layer.

After treatment with the alkylammonium salt, the spectra
reported in Figure 1(d) reveals no characteristic peaks of urea
molecules bonded to kaolinite groups which is the proof that
they have been totally displaced during the treatment with
the ammonium salt. In addition, the FTIR spectra points out
the presence of two new weak bands at approximately 2920
and 2850 cm−1 attributed, respectively, to the symmetric
and asymmetric stretching vibrations of the –CH3 groups
contained in the alkyl chains of the ammonium salt. These
bands confirm the occurrence of interactions between the
ammonium molecules and the kaolinite groups. The XRD
results will greatly contribute to verify if these interactions
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Figure 2: X-ray diffraction curves of neat kaolinite and kaolin/urea
and kaolin/HDTMA mixtures.

involved the interlayer space functional groups or only those
on the particle surface.

3.1.2. X-Ray Diffraction Results. The XRD patterns of the
original and ground kaolinite are given in Figure 2: curve a
in the figure displays the 001 reflection of the unmodified
kaolinite at (2θ) 12.39◦, the corresponding d-spacing 7.20 Å
with a broad peak typical of a low-ordered kaolinite. In curve
b, two overlapping XRD peaks representing two types of the
expanded structure appear at around 10.7 Å, and indicate
the expansion of the kaolinite ground together with the
solid urea. However, a significant peak intensity is left at the
d-spacing 7.20 Å, implying only some 50% efficiency. The
obtained results suggest that the mechanochemical interca-
lation slightly deforms the lattice structure and increases the
ability of the kaolinite layers to be expanded by urea. Indeed,
dry grinding of kaolinite ensures intimate contact between
the external surface of kaolinite and the intercalating reagent.
This process favours an elastic deformation of the layers and
promotes the opening of the interlayer space for the access of
the guest molecules.

Curve c of Figure 2, depicting the XRD pattern of the
kaolinite treated with the alkylammonium salt in aqueous
solution, shows that the treatment does not produce any
detectable structural changes on the interlayer spacing of the
clay. The use of the obtained kaolinite/urea complex failed
in the intercalation of the ammonium salt in the interlayer
gallery of the clay. So, it is clear now that the ammonium
salt molecules interacted with the kaolinite hydroxyls groups
involved at the surface of the clay particles and not with those
situated in the interlayer space.

3.2. Composites Mechanical Characterization

3.2.1. Composites Impact Strength. The Izod impact strength
variations of the PP composites notched samples filled with
modified and unmodified kaolin are illustrated by Figure 3.
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Figure 3: PP composites notched Izod impact strength variations
as a function of treated and untreated kaolin concentration.

It appears that kaolinite incorporation to the thermoplastic
matrix causes a marked decrease of its impact strength. This
result is explained by the fact that the introduction of the
mineral filler engenders an increase of rigidity and causes a
high local stress concentration at the interface filler/matrix,
attributed especially to aggregates formation which weakens
the strength of all the material.

Because of the prominent dominance of these effects,
the ammonium kaolinite treatment effect is not apparent.
However, concerning the composites filled with 2 and 4 phr
of kaolinite modified with 2 and 4% of silane coupling agent,
we concluded that their Izod impact strength is higher than
those containing the same concentration of the unmodified
kaolin, as it is reported in Table 2. This observation supports
the establishment of interactions between the silane coupling
agent molecules and the kaolinite superficial hydroxyl groups
which contribute the get a better adhesion between the
matrix and the mineral filler and allow the achievement of
better composites impact strengths.

3.2.2. Composites Tensile Properties. Figures 4 and 5 depict
the tensile characteristics variations for the composites
prepared with unmodified kaolin and with kaolin treated
with the alkylammonium salt. Thus, it appears from the
Figure 4 that the yielding stress and strain values are slightly
affected by kaolinite treatment and concentration.

The composites yielding behavior is essentially governed
by the PP matrix due to the low rate of the incorporated
mineral filler. However, it seems important to note that the
values of the yielding strain of all the composites are higher
than those of the matrix, probably because of the rigidity of
the clay.

Figure 5 illustrates the variations of the stress and the
strain at break as function of the filler rate for the composites
with treated and untreated kaolin. The behavior at break of
the composites has been markedly affected by the incorpora-
tion of the mineral filler. Thus, the strain noticeable decrease
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Table 2: Mechanical characteristics of PP/kaolin composites as a function of kaolin and silane concentrations.

Kaolin
(phr)

2 4

Z6020 (%) σy (MPa) εy (%) σr (MPa) εr (%) ak(KJ/m2) σy (MPa) εy (%) σr (MPa) εr (%) ak (KJ/m2)

2 23 13 17 650 44 23 11 17 650 35

4 23 11 17 600 43 23 9 17 530 41
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Figure 4: PP composites yielding stress and strain variations as a
function of treated and untreated kaolin concentration.

occurred from 600% for the nonfilled PP to a value of 60%
for the composites with 5 phr of untreated kaolin and to
27% for that containing the same concentration of the filler
treated with the alkylammonium salt. The decrease of the
strain at break at this filler loading might be due to the
decreased deformability at the interface the filler/matrix.

For the composites with 2 and 4 phr of kaolin treated
with 2 and 4% of silane, the Table 2 shows that practically
small variations of the tensile characteristics σ y , εy , σr , εr are
detected as a function of the kaolin and the coupling agent
concentrations. Thus, it appears evident that these two low
kaolin contents, even treated with the ammonium salt and
the silane coupling agent cannot affect noticeably the matrix
properties.

3.3. Melting and Crystallization Behaviors. Figures 6 and 7
compare the DSC cooling thermograms of neat PP with its
various composites. In Figures 6(a), the effects of adding
unmodified kaolin on the crystallization of PP are evident.
The crystallization onset temperature To and the crystal-
lization peak temperature Tc (temperature at the exotherm
maximum) of PP, both shifted to lower temperatures as
kaolin is added. The decrease in the crystallization tem-
perature after introduction of the filler means that higher
undercooling of the melt is necessary for the crystallization
to occur [25]. We believe that the reason of this behaviour is
the strong influence of the kaolinite on the chain dynamics.
Although fillers usually act as nucleation centers [26], the
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Figure 5: PP composites breaking stress and strain variations as a
function of treated and untreated kaolin concentration.

crystallization in the present system is slowed down as a
result of lower chain mobility.

Figures 6(b) depicts the DSC cooling thermograms of
neat PP and its ammonium modified kaolin composites. The
crystallization retarding effect of the filler is still observed,
but it is more obvious for the clay loadings of 4 and 5 phr,
so the shifting of the crystallization temperature increases
proportionally to the clay concentration. When comparing
the thermograms of the composites including the three first
modified kaolin loadings (1, 2, and 3 phr), with those of the
composites containing the equivalent rates of the unmodified
clay, we notice that the values of To and Tc are slightly
lower to the matrix ones but sufficiently higher to those
of the composites PP/unmodified kaolin. This observation
indicates that the crystallization rate increases and the degree
of supercooling required for the crystallization reduces when
the modified clay is added. This fact can merely be linked to
the treatment and to the interactions between the kaolinite
modified surface and PP chains. Thus, the combined effect
of the clay and of the interactions clay/matrix contributes to
get an enhanced PP chains mobility and consequently a faster
crystallization rate and higher crystallization temperatures,
relatively to untreated kaolin composites. For the composites
with 4 and 5 phr of kaolin, the effect of the clay loading
is more prominent and the retarding effect is much more
pronounced.

The crystallization behaviour of silane modified kaolinite
composites exhibited the similar trend as above, as it is seen
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Figure 6: DSC thermograms of (a) PP/untreated kaolin and (b) PP/treated kaolin cooled from the melt at 20◦C/min.
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Figure 7: DSC thermograms of PP composites containing (a) 2 phr and (b) 4 phr of kaolinite treated with 2% and 4% of silane, cooled from
the melt at 20◦C/min.

in Figures 7(a) and 7(b). In this case also, the surface treat-
ment of the filler caused the variation of Tc. The effect of the
coupling agent concentration is unnoticeable. Additionally,
the crystallization heat ΔHc varied insignificantly for all the
composites samples.

Figures 8(a) and 8(b) represent the DSC heating thermo-
grams of neat PP and its composites heated from ambient
temperature to 250◦C at 10◦C/min. The melting peak tem-
peratures Tm of the untreated and ammonium treated kaolin
composites vary trivially with respect to that of neat PP. This
result suggests that the addition of small kaolin concentra-
tions and its treatment did not affect the structure and the
stability of the formed PP crystals.

Similar melting peak results are observed in the case of
the silane surface treated kaolin composites, as it is illus-
trated in Figures 9(a) and 9(b). So, from the observed

thermograms, it seems that the surface treatment of the filler
has a small effect on the melting temperature and on the
crystallinity of the matrix.

These results indicate that the incorporation and the
modification of the filler apparently affect the PP crystalliza-
tion rate, but influence the PP crystallinity only slightly, as it
is reported in the Table 3.

3.4. Composites Thermal Stability. TGA was employed to
evaluate thermal stabilities of the different formulated
samples which degradation characteristics are reported in
the Table 4. When considering the matrix and the com-
posites with untreated kaolin, the main deductions can be
summarized as follows. The used PP started to degrade
around 250◦C, and finishes at 393◦C with approximately no
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Figure 8: DSC heating thermograms of (a) PP/untreated kaolin and (b) PP/treated kaolin composites.
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Figure 9: DSC heating thermograms of PP composites containing (a) 2 phr and (b) 4 phr of kaolinite treated with 2% and 4% of silane.

residual mass. The PP/untreated kaolin composites showed
almost an identical thermal stability and as the PP matrix,
they are decomposed on only one stage. All the composites
started degradation at 250◦C, however; a noticeable increase
is observed on the value of the temperature at which the
degradation is achieved Tdf . For example, the composite
including 5 phr of kaolin begins to degrade at 250◦C and
finished at 405◦C, with a residual mass around 5.5%, which
is approximately the clay loading in the composite. Tdmax

exhibit the same variations as Tdf because it increases when
the kaolin concentration increases. Indeed, Tdmax varies from
374◦C for neat PP to 389◦C for the formulation including
5 phr of kaolinite. These observations suggest that the
addition of small amounts of the filler enhances noticeably
the thermal stability of the whole material [27].

The thermal stability of the PP/modified kaolin com-
posites, exhibited a similar trend as the above ones. All

the formulations started degradation around 250◦C and
finishes with a residual mass equivalent to the clay loading
in the composites. Tdf and Tdmax showed an enhancement
relative to the matrix, but no variations were noticed when
compared to the composites with unmodified clay. So, the
thermal stability enhancement is mainly due to the clay, and
small effects were noticed after the modification with the
ammonium salt and the silane coupling agent.

4. Conclusion

This article reports the results of an investigation on the
effects of kaolin loading and treatments with an alkylammo-
nium salt and a silane coupling agent, on the mechanical and
thermal properties of polypropylene.

Infrared analysis results supported the occurrence of a
partial delamination during dry milling of kaolin with urea
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Table 3: PP/kaolin composites thermal characteristics determined
from DSC scans.

Samples
ΔHm

(J/g)
Tm

(◦C)
ΔHc

(J/g)
Tc

(◦C)
xc

(%)

Neat PP 63 144 68 106 41

PP/UK1 56 143 60 88 36

PP/UK2 65 142 65 90 39

PP/UK3 59 143 61 89 37

PP/UK4 54 143 65 90 39

PP/UK5 63 142 65 91 39

PP/TK1 60 143 67 106 40

PP/TK2 63 144 63 102 38

PP/TK3 57 144 58 102 35

PP/TK4 57 144 58 95 35

PP/TK5 59 143 65 93 39

PP/K2 2% Z6020 63 141 70 96 42

PP/K2 4% Z6020 65 142 67 94 40

PP/K4 2% Z6020 55 141 64 94 38

PP/K4 4% Z6020 59 142 66 94 40

Table 4: PP/kaolin composites degradation characteristics deter-
mined from TGA scans.

Samples Td0 (◦C) Tdmax (◦C) Tdf (◦C)

Neat PP 250 374 393

PP/UK1 250 380 395

PP/UK2 249 383 400

PP/UK3 252 386 404

PP/UK4 247 384 403

PP/UK5 250 389 405

PP/TK1 252 376 394

PP/TK2 250 370 398

PP/TK3 253 377 394

PP/TK4 250 387 403

PP/TK5 248 388 404

PP/K2 2% Z6020 245 382 397

PP/K2 4% Z6020 245 384 400

PP/K4 2% Z6020 245 387 400

PP/K4 4% Z6020 245 388 400

and the bonding of alkylammonium to its groups. The X-
rays diffraction confirmed that the 001 reflection of the clay
was not affected by the treatment, which states that the
interactions concerned essentially the superficial groups of
kaolinite via an adsorption process.

The mechanical characterization showed the decrease of
the PP/kaolin composites impact strength due to aggregates
formation and to the poor adhesion between the filler surface
and the matrix. In the opposite, small variations were
observed on the tensile characteristics, except for the com-
posites with 5 phr of kaolinite, for which a strong decrease of
the strain at break was noticed.

The DSC results indicated that the addition of modified
and unmodified kaolin causes small variations on the crys-
tallinity and on the melting temperature of the matrix.
However, noticeable variations are deduced on the crystal-
lization temperature which is shifted to lower values when
the filler is added. The crystallization inhibiting effect of the
kaolin filler is essentially pointed out on the crystallization
temperature without affecting considerably the degree of
crystallinity of the matrix. Also, the TGA results confirmed a
slight enhancement of the thermal stability of the composites
relative to the neat matrix.
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