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The crystallization morphologies, thermal behaviors and mechanical properties of PP/PTT/nanoclay blends nanocomposite
fibers were investigated. Polypropylene/poly (trimethylene terephthalate) blends containing montmorillonite (MMT) were
prepared using a twin screw extruder followed by fiber spinning process. The melt intercalation of PP and PPT alloys was
carried out in the presence of a compatibilizer such as maleic anhydride-g-polyropylene (MAPP). The results show the improved
adhesion between the phases and fine morphology of the dispersed phase. It has contributed to significant improvement in the
properties and thermal stabilities of the final nanocomposite materials. A general understanding of how the morphology is
likely to be related to the final properties of organically modified montmorillonite (OMMT)-incorporated PP/PTT blends is also
described.
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1. Introduction
It is a common practice to make new polymer

materials by blending or alloying of different poly-
mers. However, it is difficult to obtain good dis-
persibility in polymer blends whose components
are insoluble in each other, particularly for combi-
nations of a non planar polimer with a polar one
[1–3]. Therefore, the compatibilization is necessary
for the immiscible polymer blends. It is usually
achieved with block or graft copolymers, which ex-
hibit intermolecular attraction or chemical reactions
with the blend components. Maleic anhydride-g-
polypropylene (MAPP) is an effective precursor of
the reactive compatibilizers for PP and polar poly-
mer blends [3].

The blending components of polyolefins and
polyesters are important as they can improve the
mechanical properties of the relatively weak con-
stituents. The usage of polypropylene as one of the
phases in polymer blends is widely preferred due

∗E-mail: p.zolgharnein@gmail.com

to its excellent processability and low cost. Sev-
eral studies have been carried out on the blends of
PP and PET to analyze their morphology and me-
chanical behavior [4–8]. The incorporation of PET
fibers into PP to convert them into thermoplastic
composites has been studied by Lopez and Arroyo
[9]. In fact, the incorporation of PET fibers as a nu-
cleating agent is of interest for the crystallization
of PP [10, 11].

In the recent years, organic-inorganic nanocom-
posites have attracted great interest because of their
high potential for applications as functional mate-
rials [12–15]. One of the most promising composite
systems would be a hybrid based on organic poly-
mers and layered silicates. The layered silicates are
dispersed in the polymer matrix in the form of retic-
ular layers of crystals about 1nm thick and with a
lamellar aspect ratio of between 100 and 1000.

Because of the nanoscale structure, the nanocom-
posites possess unique properties not typically
shared by conventional microcomposites [12]. A
new approach in the nanocomposite studies involves
nanocomposites based on blends of two or more

http://www.materialsscience.pwr.wroc.pl/


Morphological, thermal and mechanical properties of nanostructured materials based on
polypropylene/poly (trimethylene terephthalate) blended fibers and organoclay 83

polymeric materials [16–19]. In this field, some
studies related to nanocomposites of the blends
have been reported, especially for polypropylene/
polyamide/6/clay (PP/PA6/clay) blends [19–22].

The incorporation of inorganic solid particles
has been used as a method for stabilizing the blend
morphology due to the compatibilization effect pro-
duced by the adsorption of the two polymers on the
solid surface [23]. Moreover, the inorganic parti-
cles have also been used in toughening of polymers
with the objective of introducing the enhancement
of elastic properties in the blends apart from the
improvement in toughness [24].

Recently, several research groups have shown
that clay can effectively reduce the domain size
of polymer blends and serve as compatibilizers in
various immiscible polymer blends [25–29]. Most
of them attribute this behavior to the ability of the
clay to affect both the interfacial tension and the
viscosity ratio, which are important factors in the
determining of the dispersed phase size during mix-
ing [30].

The organically modified nanoclay may act as
a compatibilizer between the immiscible polymers.
Yet the microscopy alone is not sufficient for con-
cluding about the compatibilization role of the or-
ganoclay. Furthermore, as the short summary above
indicates, there are three possible mechanisms of
organoclay compatibilization (1) by the action of
organic modifier (intercalant) miscible in both blend
components, (2) by the solid- melt adsorption that
results in free energy gains and (3) by migration to
the interphase and modifying the interfacial tension
between the two phases.

To get a better insight into the role of organo-
clay in polymeric blends, the immiscible polymers
along with PP-g-MA were melt blended with modi-
fied montmorillonite MMT. Moreover, the amount
of organoclay added to the various blends in the
previous studies, was rather high, therefore an in-
crease in viscosity could be the reason for the re-
duction in domain sizes [31–35]. This phenomenon
was attributed to the fact that the two immiscible
polymer chains can coexist between the intercalated
clay platelets. These two chains play the role of a
block copolymer, which acts as a compatilizer for
the system [36].

The main objective of this work is to address
the fundamental question of the role of compati-
bilization of the organoclay and maleic anhydride
grafted polypropylene (PP-MA) in immiscible poly-
mer blend nanocomposite fibers.

2. Experimental

2.1. Materials

Commercial grade of isotactic PP fiber, known
as V30S, was supplied from Arak Petrochemical
Co., Iran. The flow index (MFI) of the PP melt was
16 g/10 min, its density amounted to 0.92 g/cm3

and Tm was 166 °C. The fiber grade PTT was pro-
duced by Shell Chemical Co with trade name of
CORTERRA 9240. PP-g-MA (trade name PB3150)
was received from Uniroyal Chemical Co., USA.
This polypropylene has the MFI of 50 g/10 min,
MAH index of 1.5% and density of 0.9 g/cm3.
The organically modified montmorillonite nanoclay
(Cloisite15A) supplied by Southern Clay Products
Inc., was used as received for the melt blending.

2.2. Specimen preparation

PTT, MAPP and nanoclay were dried in a vac-
uum oven for 24 h at 80 °C. To obtain the sufficient
amount of material for mechanical property test,
melt compounding was also conducted by using a
co-rotating twin screw extruder (Z-sky). The tem-
peratures in the extrusion zone ranged from 220 to
240 °C and the screw speed of 120 rpm was adjusted
(the mixing time was less than 3 minutes).

The extrudates were palletized with Haake pel-
letizer. The blend compositions are given in Table 1.
Before the melt spinning, the polymer blends were
dried in a vacuum oven for 24 h at 80 °C. The melt
spinning process was performed with a single screw
(L/D = 26) Brabender melt extruder with a spinneret
containing 20 orifices, each of 0.5 mm in diameter.
The extruder was set with five different temperature
zones, 200, 210, 230, 240 and 250 °C, respectively,
at the feeding, metering, die and spinneret section.
The screw was run at 60 rpm.
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Table 1. Blending compositions.

Sample PP% %PTT %MAPP %Nano Clay
1 80 15 5 –
2 70 25 5 –
3 60 35 – –
4 75 25 5 –
5 79 15 5 1
6 77 15 5 3
7 75 15 5 5

3. Characterization
3.1. Scanning electron microscopy (SEM)

SEM images were taken to study the morpho-
logy of PP/PTT blends with and without nanoclay
and compatibilizer. SEM micrographs were taken
from cryogenically fractured surface of polyblend
samples after submersion in liquid nitrogen for 1 h.
The surface was then sputter coated with gold pal-
ladium before viewing. The fractured surfaces of
the samples were investigated with a SEM, LE0440,
operating at 20 kV.

3.2. Thermal analysis (DSC and TGA)
Differential scanning calorimetry spectra were

recorded with Perkin-Elmer DSC pyres-I. The tem-
perature of the calorimeter was calibrated with in-
dium, and then the crystallization process was car-
ried out. All DSCs experiments were performed un-
der nitrogen atmosphere. In this experiment, about
five milligrams of dried sample was first kept at
50 °C for 0.5 min, then heated quickly from 50 to
350 °C at 30 °C/min and kept for 5 minutes after
reaching 200 °C in order to eliminate the influence
of thermal history. Afterwards, the samples were
cooled from 350 to 50 °C (at 10 °C/min) and kept
at 50 °C for 1 minute. Finally, a heating scanning
from 50 to 350 °C (at 5 °C/min) was carried out.
The thermogravimetric experiment was performed
with a Perkin-Elmer TGA7 thermal analysis system.
The TGA scans were recorded at 10 °C/min under
a nitrogen atmosphere from 50 to 700 °C.

3.3. X-ray diffraction analysis (XRD)
A Siemens X-ray diffraction unit operated at

30 kV and 20 mA, with Cu element and nickel filter

was used to observe the changes in the crystallinity
of samples.

3.4. Mechanical test

The mechanical properties of the fibers were
measured using an Instron tensile testing machine.
The data were collected by a computer. The tensile
modulus was measured as the slope of the stress-
strain curve using a 10 % min−1 strain rate and a
500 g load cell. No slippage of filaments in the grips
was detected during the testing by this method. The
average mechanical properties of ten filaments were
tested for each composition.

4. Results and discussion

4.1. Morphology of PTT domain

A comparative study of the phase morphologies
of the blends was performed with SEM. PP and PTT
are immiscible polymers, and the PTT appeared as
a disperse phase with irregular shape in the PP ma-
trix (Fig. 1). The samples were analyzed at perpen-
dicular direction to the spinning flow (transverse
direction) and parallel to the spinning flow (longi-
tudinal direction). The strain below the spinneret
could deform the PTT phase in the fiber path.

The white domains in the SEM images represent
the position of the PTT dispersed phase in the PP
matrix (Fig. 1). Both the interparticle distance and
the size of the dispersed PTT phase are found to
decrease on adding the nanoclay. However, due to
the complexity of flow in the extruder, it is difficult
to assert that the nature of the flow is responsible
for the obtained morphology. Regarding the coales-
cence mechanism, nanoclay layers lower the coales-
cence rate and, consequently, promote the droplet
size reduction as the balance between breakup and
coalescence is shifted to the breakup mechanism.
This could be explained by the fact that the polymer
pairs of PP and PTT are thermodynamically immis-
cible. To play this role, nanoclay should be at least
partially exfoliated and should interact with both
phases.



Morphological, thermal and mechanical properties of nanostructured materials based on
polypropylene/poly (trimethylene terephthalate) blended fibers and organoclay 85

(a) (b)

(c) (d)

Fig. 1. SEM micrographs of the 1% nanoclay filled PP/ PTT/MAPP (79/15/5 by wt%) blend nanocomposite fibers
at four different magnifications with different optical resolution; a) 692×; b) 2000×; c) 5000×; d) 10000×.

4.2. Thermal analysis

The results of DSC analysis of the samples are
summarized in Table 2. As can be seen from the
DSC results, the polyblend fibers and nanocompos-
ite fibers exhibit two distinct melting peaks, the
lower obviously corresponding to the melting point
of PP, whereas the higher corresponding to the melt-
ing of PTT. Since the neat PP and PTT fibers show
only one melting peak, each of two polymers could
be in general considered as immiscible.

The melting temperature of PP does not appear
to be different in most polyblends and polyblend

nanocomposite fibers in comparison to that of the
neat PP fiber. The Tm of PTT in polyblend and
polyblend nanocomposite fibers, on the other hand,
was consistently by 2 °C lower than the value of the
corresponding neat fiber.

Probably, the lower Tm of PTT in the fibers can
be a result of the formation of a block copolymer be-
tween PP-g-MAH and PTT. One of the observed re-
sults is that the crystallinity of PTT in the polyblend
fibers is higher than the value of the neat fibers.

Most probably, this indicates that PP moieties
act as nucleating agents for PTT in the polyblend
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Table 2. DSC thermal properties and the percentage of crystallinty for the fibers.

Samples Tm of PP
( °C)

Tm of PTT
( °C)

Crystallinity
PP (%)

Crystallinity
PTT (%)

Total
Crystallinity (%)

PP 166.5 – 37.03 – 37.03
PTT – 231.3 – 23 23

2 167.7 229.2 42.2 33.92 40.1
3 167 229.3 39.62 19.7 38.2
4 167.9 229.4 50 25.58 41.5
5 166.7 228.5 47 23 40.6
7 167.3 228.8 47.15 19.9 38.25

fibers. A similar increase in crystallinity does not oc-
cur in PP. Such nucleating effect was often reported
for organoclays and compatibilizers. The crystal-
lization of the PTT phase increased slightly with
the addition of organoclay, and the increment was
a bit more distinct for MAH-g-PP compatibilized
PP/PTT polyblend nanocomposite fibers.

The TGA curves were taken from the organo-
clay after being exposed to a temperature of 600 °C,
which resulted in 70 wt% ashes content. Therefore,
the total weight loss of 30 % could be attributed to
the decomposition of octadecylamine that interca-
lated in the montmorillonite galleries. The remain-
ing ashes can be attributed to the high thermal stabil-
ity of montmorillonite. This result was in concord
with the data sheets of the organoclay supplier. It
is generally accepted that the incorporation of lay-
ered silicate platelets into polymeric materials can
improve their thermal stabilities.

In case of clay-containing polymer nanocom-
posites, the increase in thermal stability can be
attributed to an ablative reassembling of the sili-
cate layer which may occur on the surface of the
nanocomposites creating a physical protective bar-
rier on the material.

On the other hand, volatilization might also
be delayed by the labyrinth effect of the silicate
layer dispersed in the nanocomposites. However, the
improvement in thermal stability of polymer/clay
nanocomposites is directly related to the degree of
dispersion of silicate layers in the polymer matrix.
In the case of polymer blend nanocomposites, the
thermal stability is also controlled by the final mor-
phology of dispersed phase. Figs. 2a to 2g show
the typical TGA traces of weight loss as a function

of the measured temperature and pyrolytic environ-
ments.

4.3. Wide angle X-ray diffraction analysis

The 2θ X-ray diffraction patterns of polyblend
and polyblend nanocomposite fibers are shown in
Figs. 3a to 3g. There are no significant shifts in the
diffraction positions of the two materials after form-
ing the polyblend and polyblend nanocomposite
fibers. This shows that the nature of the crystalline
lattices of the two materials did not undergo an ap-
preciable change. The intensity of the reflections
at the angular positions 2θ of 14.2 116.8 and 18.6
corresponding, respectively to the (110), (040), and
(130) planes of PP and 2θ of 15 corresponding to
the (010) plane of PTT actually increased. This sug-
gests that each polymer component has a tendency
to enhance the size and/or perfection of the crystals
in the polyblend fibers.

4.4. Mechanical properties

Tensile strength, modulus, and elongation at
break of different PP/PTT blend fibers with and
without nanoclay and compatibilizer are listed in
Fig. 4. The test results showed that the addition of
PP-g-MA indeed improves the compatibilization of
the PP/PTT blends, which seem to be better than
pure PP fibers because of the formation of in situ
micro-PTT fibrils. The PP/PTT/MAPP/Nanoclay
blended nanocomposite fibers have better mechani-
cal properties than the blend.

It was found that the presence of a compatibi-
lizer plays a significant role in determining the orga-
noclay partitioning and the extent of improvement
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(a) (b)

(c) (d)

(e) (f)

(g)

Fig. 2. TGA diagrams of polyblend and polyblend nanocomposite fibers: a) sample 1; b) sample 2; c) sample 3;
d) sample 4; e) sample 5; f) sample 6; g) sample 7.
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(a) (b)

(c) (d)

(e) (f)

(g)

Fig. 3. Wide angle x-ray diffraction spectra: a) sample 1; b) sample 2; c) sample 3; d) sample 4; e) sample 5;
f) sample 6; g) sample 7.
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of its mechanical properties. This improvement in
tensile strength and tensile modulus of the poly-
blend fibers containing nanoclay is thought to de-
pend on the interactions between the polar polymer
molecules and the layered organoclay, as well as on
the rigidity of the clay layers themselves.

Indeed, the rigidity of the clay layers is consid-
erably greater than the polymer molecules and thus
they do not deform or relax to the same extent.

4.5. Proposed morphology
Fig. 5 shows a schematic representation of

the morphology of the MAH-g-PP compatibilized
PP/PTT nanocomposites containing organoclay.
This scheme is proposed based on the collective re-
sults obtained with SEM, DSC, XRD, and mechan-
ical properties. The proposed morphology shows
partially exfoliated silicate layers distributed in both
phases. However, there are also some layered sili-
cate agglomerates which coexist with the exfoliated
and intercalated ones in the PTT phase. The mean
particle size of PTT (droplets) is smaller in the pres-
ence of the MAH-g-PP compatibilizer than in its
absence. Thus, the MAH-g-PP acts as an effective
compatibilizer by forming PTT-g-PP copolymer, as
indicated in the scheme. The scheme in Fig. 5 also
indicates the interaction between the amine groups
of the octadecylamine intercalate of the exfoliated
organoclay and ester groups of the PTT and PTT-g-
PP copolymer.

In fact, the compatibilizer can stay in both ma-
trix and dispersed phase during melt mixing, hence,
the real viscosity ratio must be between these two
phases. In other words, it would ascend with in-
creasing the compatibilizer content. PP-g- MA has
the group which reacts with PTT chains during melt
blending and the reaction scheme is shown in Fig. 6.

5. Conclusions
In this study, the effect of addition of organically

modified nanoclay and PP-g-MA at different blend
ratios on the morphology and properties of immisci-
ble polypropylene/poly (trimethylene terephthalate)
blend fibers was investigated. The compatibility of
PP/PTT blends can be considerably improved by the
addition of nanoclay and PP-g-MA, which have an

(a)

(b)

(c)

Fig. 4. Tensile properties of hybrid fibers: a) tenacity
(cN/tex), b) module of elasticity (cN/tex), c) elon-
gation at break (%).
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Fig. 5. Sketch the morphology of MAH-g-PP compatibilized PP/PTT/
organoclay polyblend nanocomposite fibers.

Fig. 6. Reaction scheme between PP-g-MA and PTT.

excellent effect on reducing the interfacial tension.
Selective localization of nanoclay at the interface of
immiscible PP/PTT polymer blend can be achieved
by introducing a copolymer that preferentially lo-
calizes at the blend interface and has the highest
affinity to the nanoclay.

PTT disperse phase, similar to nanoclay in serv-
ing as a heterogeneous nucleation agent, could en-

hance the crystallization of PP. The tensile strength
and Young’s modulus of the blend and blend
nanocomposite fibers were improved due to the
strong interface bonds between the matrix and the
dispersed phase. The PTT domains were less suscep-
tible to deformation in the PP/PTT/MAPP/nanoclay
blend during the process than in the PP/PTT/MAPP.
The optimum result was observed when PP-g-MA
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and nanoclay were used simultaneously. The crys-
tallization, melting behavior and polymorphic com-
position of PP in non-compatibilized and the com-
patibilized PP/PTT blends are related to PTT con-
tent, compatibilizer and nanoclay content. The pro-
posed model has shown that the behavior of compli-
cated multi-component nanoclay containing poly-
mer blend system can be explained with the aid of a
number of simplified model systems.
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