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Abstract: Polymer nanocomposites are new classes of composite materials derived from nanoparticles with at
least one dimension in the nanometric range. Polypropylene nanocomposites have attracted a considerable
interest due to its most widely used and fastest growing classes of thermoplastic polymer with low cost and
low density. However, a problem associated with polypropylene is its dyeability. There have been many
attempts by polymer and textile chemists for finding solutions for producing dyeable polypropylene. Chemical
structure of nanoclay particles can provide dye site in nanocomposites Polypropylene /Nanofil, a natural
montmorillonite modified with benzyl tallow dimethyl ammonium salt composites were prepared (at different
ratios) by melt mixing and pressing. Maleic anhydride-modified polypropylene (PP-g-MA) was used as a
compatibilizer. SEM images show that clays were dispersed in to the PP matrix in the form of large and small non
isometric aggregates. However, the size of aggregates in the sample with 2 wt% nanoclay and 4wt% PP-g-MA
(PP24I) was larger. Thermal properties were not affected much but the crystallinity percentage and mechanical
properties reduce slightly. Films could be dyed with a dispersed dye with acceptable was fastness and the
shade changes with changing the clay content. 
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INTRODUCTION compatible polymer systems derived from nanoparticles

Polypropylene is one of lightest and most important Nanoparticles used in polymeric nanocomposites have
commodity thermoplastic with a wide variety of been divided into three categories defined in terms of the
applications. [1-3]. Apart from its application in plastic number of dimensions of their nanometer size, viz. one
industry which has a good share in the market it is used dimension (platelets), two dimensions (fibers and
in textile industry as fibers as well as taps. Growth in the whiskers) and three dimensions (nearly spherical
production of polypropylene fiber is the largest among particles). Layered nanoparticles can be exfoliated into a
synthetic fibers. The major end-uses of polypropylene dispersion of individual platelets [10]. 
fibers are in special apparel, automotive, home furnishing, One of the most commonly used organically layered
industrial and other areas [4]. Some of the major silicates is derived from montmorillonite (MMT). Its
advantages of polypropylene are its relatively low price, structure is made of several stacked layers with a layer
hydrophobic properties which lead to quick drying, thickness around 0.96 nm and a lateral dimension of 100-
relatively low static and resistance to staining and to 200nm. These layers organize themselves to form the
many chemicals and environmental friendliness. However, stacks with regular gap between them, called interlayer or
the main disadvantage of polypropylene is its lack of gallery [5,11]. There are four types of dispersion of
dyeability [5-8]. Generally during fiber formation the layered silicates in polymer matrix: (A) conventional
colored fibers are obtained by master batch dyeing. dispersion of non intercalated clay particles with the basic
Polymer nanocomposite is a new class of composite dry structure. (B) Intercalated form where the interlayer
material that comprise of dispersion of nanometer size spacing d <8.8nm and (C or D) exfoliated structure where
particles in a polymeric matrix. The matrix may be a single d >8.8nm with the individual platelets either ordered
or multi component that is combination two miscible and (because of stress field or concentration effects) or not,

with at least one dimension in nanometer range [9].
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respectively. In intercalated structure the polymer chains method, where a monomer is dissolve in a solution with
are intercalated between the silicate layers increasing in the clay followed by in situ polymerization and (C) the
this way their gallery height but maintaining their layered direct melt intercalation method in which the polymer is
stacking resulting in a well ordered multilayer with an melt-mixed with the clay above the softening point of
alternating polymer/ silicated layers [10]. On the other polymer. Melt-intercalation is a very prominent procedure
hand, in the exfoliated structure the silicate layers lose since the use of organic solvents is not required and
their stacking and are exfoliated and dispersed in could be easily applied in industry.
continuous polymeric matrix [11,12]. Usually property Influence of the compatibilizer/nanoclay ratio on the
enhancement in nanocomposites occurs at very low clay properties of polypropylene montmorillonite composites
loading (< 5wt %) [13]. Even at low loadings certain have been reported by Pascual et.al. Thermal properties of
polymer properties can be improved without the the composites by adding modified montmonorilnite with
detrimental impact on density, transparency and an organic component ( a quaternary ammonium salt
processability [9]. modifier) based nanoclay have been investigated. The

The dye sites in nanocomposite polypropylene are result show that optimum dispersion and intercalation-
expected to be the places where nanoparticles are located. exfoliation level of PP-g-MA: clay ratios to 3:1. The
Nanoclay attracts the dye molecules through Van der mechanical and thermal properties of the composite are
walls forces and possibly, hydrogen bonding. Since the reported to show a slight increase. [15]. Rozanski et al,
clay is normally purified and properly surface modified have studied shear induced crystallization behavior of
after mixing, it is possible in the modification process to polypropylene montmorillonite composites. Using
introduce some chemical groups on to the surface on different techniques they reported that clay exfoliation
nanoclay. This also provides the desired dye affinity to accelerate strongly the share -induced nucleation and
the nanocomposite polypropylene. In practice, cationic crystallization. However, the sheared samples exhibited
surfactants are used to modify the nanoclay. The cations only weak orientation of  crystal with (040)
thus introduced are expected to attract negatively charged crystallographic planes parallel to shearing direction that
dyes such as acid dyes. Nanoclay modified with resulted from a small population of oriented crystals
quaternary ammonium salt was used to make which formed due to shear induced orientation [16]. Six
polypropylene nanocomposite. The acid dyeability with different types of clays have been used with
of polypropylene nanocomposite is due to anionic polypropylene for making nanocomposites and the effect
attraction between the negatively charged acid dyes and of nanoclay type on the properties of the composite made
positively charged quaternary ammonium salts in the from have been reported. The surface modification of the
nanoclay. Van der walls forces and perhaps hydrogen clay can improve the clay dispersion in the polypropylene
bonding, also play an important roles in acid dyeing of matrix [17]. Exfoliated and tough montmorillonite based
polypropylene nanocomposite. For the dying with polypropylene nanocomposites were prepared by melt
disperse dye, it is proposed that the attraction between blending of organically modified clay and EPDM-g-MA as
the disperse dye and nanoclay is mainly due to Van der compatibilizer. It was found that the desired exfoliated
walls forces and hydrogen bonding [5-8]. In order to nanocomposite could be achieved for all compatibilizer to
improve the compatibility between the non-polar PP and organoclay ratios as well as clay loadings. However, a
the polar layered silicate, the latter is generally modified mechanism involving a decreased size of rubber domains
with long organic alkyl chains: this is called surrounds with nanolayers as well as exfoliation of the
organomodified layered silicate (OMLS) or, briefly, nanolayers in the polypropylene matrix was found to be
organoclay. Efforts were made to improve the mixing of responsible for a dramatic increase in impact resistance of
clay in PP by using functional oligomers as compatibilizer. the nanocomposite. The composite showed improved
The interaction between nanoclay and polymer is thermal and dynamic mechanical properties [18].
enhanced by strong hydrogen bonding between COOH Nanocomposites were reported from ultrahigh molecular
groups and oxygen groups of silicate [1]. weight polyethylene/polypropylene and organoclay.

Three different experimental procedures have been Morphological, rheological and mechanical properties are
reported so far to fabricate the polymer/ layered silicate reported. [19]. Flame retardancy of polypropylene have
nanocomposites   [11-13]:   (A)   the solution-intercalation been improved by addition of nanoclay [20-22]. There
method in which a polymer or a prepolymer is dissolved have been attempts to produce fire retardant
in a solution with the clay, (B) the in situ polymerization polypropylene fiber by melt extrusion of nanoclay
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polypropylene composite in tio filaments. Smart et.al, used
different nanoclays i.e. Closite 20A, Closite 30A &
Bentonite 107 for producing composite filaments and
tapes from polypropylene composite and studied their fire Fig. 1: Structure of benzyl tallow dimethyl ammonium salt
retardancy. [22]

In this paper, dyeable polypropylene/montmorillonite
modified nanoclay composite films have been prepared by
melt-mixing and pressing processes and their dispersion,
mechanical and thermal behavior, crystallinity and
dyeability have been analyzed by WAXRD, FTIR, SEM
and spectrophotometer

MATERIALS AND METHODS

Materials: Isotactic polypropylene (film grade) obtained
from Navidzar Shimi Iran. The melt flow index (MFI)
reported to be 32 g/10 min with the density of 0.921g/cm³.
Nanofil g-48 was supplied by SÜD-CHEMIE. It is a®

natural montmorillonite modified with benzyl tallow
dimethyl ammonium salt with the structure shown in
figure 1.

Maleic anhydride functionalized polypropylene (PP-
g-MA), containing 1wt% of maleic anhydride supplied by
Pluss Polymer Ltd was used as compatibiliser. The MFI
and density of PP-g-MA are 55 g/10 min and 0.913 g/cm³,
respectively. A diazo disperse dye, C.I. dispersed 151, was
used to study the dyeing behavior.

Preparation of Composite: An internal mixer (Haake HBI
system 90, 300cc, fill factor 0.8) was used to prepare the
required composite. The mixing temperature was kept at
180°C, the rotation speed set at 100rpm. Initially PP-g-MA
and nanoclay mixed with ratio of 2:1 and then PP was
added to mixer. The mixing time was 8 min. In order to
prepare film of desirable dimension, 2.5 g of composite
were pressed under 25 MPa pressure at 200°C for 5 min.
The sample was then cooled to room temperature. Films
with thickness of 0.1±0.01 mm were obtained. Details of
the samples and codes are reported in table 1.

Characterization: Data concerning the rheological
behavior of the material during mixing was collected
directly from internal mixer. A scanning electron
microscope (SEM Philips XL30) was employed to observe
the microstructures of the composites. This can be used
to evaluate the dispersion of the clay inside the polymeric
materials. The surface of film was coated with thin layer of
Au, with a SEM- coating device and then experimental
using SEM with operating voltage of 40kV and
magnification of 20000.

Table 1: Film composition and codes
sample PP wt% Nanoclay wt% PP-g-MA wt%
PP00I 100 - -
PP02I 98 - 2
PP12I 97 1 2
PP24I 94 2 4
PP510I 85 5 10

Wide angle X-ray diffraction was used to study the
morphological properties of the nanoclay composites..
Data were obtained using a Philips Power diffractometer
operated at Cu-ka wavelength of 0.154nm. The
accelerating voltage and current were 40 kV and 40 mA,
respectively. Diffraction spectra were obtained over a 2
range of 1.5-10° in step of 0.04° for clay and 1.5-30° in step
of 0.02° for PP and composites. Interlayer spacing was
calculated using the Bragg equation:  = 2d, sin  , where

 is the wavelength. 
DSC (TA Instrument- 2010) was used to study the

crystallization and melting behavior. The sample were
heated from 50 to 200°C under nitrogen atmosphere, at
heating rate of 10°C/min and kept at this temperature for
5 min before cooling down in order to assure that the
materials melted uniformly and eliminating thermal history.
The samples were then cooled down to room temperature
at cooling rate of 10°C/min under nitrogen atmosphere.
Crystallization temperature (T ) and melting temperaturec

(T ) were recorded on the thermograms. In order tom

estimate the crystallinity % (X ), the following equationc

was used:

Where, H is the heat of crystallization of the sample
analyzed [J/g] and H  is reference value that represents100

the heat crystallization for 100% crystalline Polypropylene
( H   is 209 J/g). 100

Spherulitic texture was observed with a Richert
polarized optical microscope with magnification of 40
Mechanical properties were measured according to the
ASTM D832-81 by using tensile testing machine
(Instron). The samples length, width and thickness were
185mm, 10 mm and 0.01mm recently. For tensile
measurements the speed was 12.5 mm/min and gauge
length of 125mm. 
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The infrared studies were carried out using a Nicolet
FTIR spectrometer. The sample were dyed in a dyeing
bath  containing different concentration of disperse dye
(1, 2, 4 and 8 % ). Dyeing was performed in a Vor Offnen
Netzstecker Ziehen dying machine. The liquor ratio for all
dying was 40:1. The pH of the bath was kept constant at
4.5 with 80% acetic acid. Dyeing temperature was raised
from 40°C to 130°C at 1.5°C/min, holding at 130°C for 45
min and then cooled to 60°C with cooling rate of 3°C/min.
The dyed films were rinsed in distilled water for 5 min.
reduction clearing was performed at 60°C for 10 min in a
solution of 6 ml/L caustic soda (ratio of 40:1). The sample
then rinsed for 10 min with cold running water. To study
the dye absorption reflectance spectrophotometer was Fig. 2: Torque-time curves of PP00I, PP02I, PP12I, PP24I
used. Reflected light was measured using the following and PP510I
equation

K / S = (1-R)  / 2R torque curve during mixing. During the first five minutes2

RESULTS AND DISCUSSION time to add the ingredients one by one in to the chamber

Compounding: Torque-time curves of PP00I, PP02I, PP12I, to look at the change of the torque in the later stage after
PP24I and PP510I shown in fig.2. In general, it is difficult all ingredients have been added, melted and well mixed.
to compare the torque value for composites because the Figure 2 shows the torque curves of pure PP, PP
torque is strongly determined by the total volume of containing PP-g-MA and its composites. Became
material in mixing chamber. Since it is difficult to control relatively stable after 5min. and showed only a slight
the volume of the system, the amount of sample added in downward trend with time, indicating little change in
to the chamber was controlled by weight. viscosity of samples. 

It is therefore more meaningful to compare the trend of the

of mixing the system was not stable because it took some

and also to heat and melt them. Thus it is more reasonable

Fig. 3: SEM micrographs of Polypropylene and its nanoclay composites
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Fig. 4: XRD patterns of Nanofil and PP02I, PP12I, PP24I and PP510I

Table 2: DSC results for Polypropylene and it’s composite with Nanoclay

sample T  (°C) T (°C) T (%)c m C

PP00I 115 164 41.9
PP02I 114 165 40.6
PP12I 115 166 41.3
PP24I 116 166 39.1
PP510I 115 164 40.8

Morphology: Morphology of composites was studied by
SEM and XRD. Figure 3 is the SEM micrographs of PP02I,
PP12I, PP24I and PP510I, respectively. Clays were
dispersed in to the PP matrix in form of large and small
aggregates. It is very difficult to estimate the size of the
aggregates because of aggregates is nonisometric and
randomly dispersed in matrix. The size of the aggregates
is, therefore, strongly dependent on orientation of
particles. Nanoclay particles are dispersed in form of small
aggregation or even separate particles. However, the size
of aggregates in PP24I is larger. Inter layer spacing
between layers has been decreased by increasing the clay
concentration. However, addition of 10% compatibilizer in
PP510I composite improved dispersion and decrease the
size of aggregation 

Figure   4   presents   XRD   patterns   of  Nanofil and
PP02I,   PP12I,   PP24I   and   PP510I.   nanoclay  shows
peak  at 2  =2.475°.  The  peak  position  has  not
changed in  PP12I,  PP24I  and  PP510I. We conjecture
that intercalated morphology produced by high shear
forces in mixer was unstable prior to pressing. Once the
sample was reheated to melting temperature, the shear
stresses were relieved and the clay galleries regained their
native dimensions.

PP02I and composites were crystallized in -form.
Diffraction patterns of -isotactic polypropylene are
characterized by five strong reflection at 2  = 14, 17, 18.5,
21 and 28.5° that are corresponding to (110), (040), (130),
(111) and (220) planes, respectively.

Thermal Behavior: DSC results show no significant
differences between pure PP and composites (Table 2).
We expected nanoclay act as a nucleating agent and
enhance crystallization temperature (T ). Nevertheless, thec

crystallization capability of nanocomposite will not be
improved if the filler network plays a role to restrict the
movement of molecular chains. There are no significant
changes in T  and X  between all samples. Therefore, mostm c

of nanoparticles are placed in amorphous phase.
Figure 5 shows optical micrographs of PP00I, PP02I,

PP12I, PP24I and PP510I, respectively. As it can be seen
from the figure, the size of spherulitics did not change in
all samples.

Mechanical Properties: Mechanical properties of the
polypropylene composites are shown in table 3. Tensile
strength, tensile modulus and energy at break have been
decreased by adding compatibilizer because of low
molecular weight of compatibilizer. Nanoclay restricted
mobility of polymer chains contributes to the
improvement of tensile modulus. Increasing the clay
content  will  constrain  polymer   chains'   mobility   so
that the modulus is improved nanoclay had no
considerable influence on tensile strength of composites.
According to Chen et al. the improvement in strength was
quite  gentle  at  low  clay  content  (below  10  wt%)  [14].
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Table 3: The result of tensile Strength measurements

sample Tensile strength MPa Elongation at break % Tensile modulus MPa Energy at break J Energy at maximum load J

PP00I 26.41 448 1367.31 0.118 0.116

PP02I 22.47 315 1321.67 0.059 0.059

PP12I 21.90 313 1370.96 0.064 0.062

PP24I 22.09 285 1455.79 0.050 0.048

PP510I 22.28 237 1556.34 0.048 0.048

Fig. 5: Optical micrographs of PP and its Nanofil composite films

Elongation at break decreased because the plastic 1000 cm?¹ Corresponding interaction between nanoclay
deformation of polymer matrix is limited by an increase in and PP. the observation band 1031 and 1116 cm?¹ related
the clay loading. As impact strength relate with integral of to the interaction between nanoclay and polymer is
stress- strain curve, impact strength decrease by adding enhanced by hydrogen bonding between COOH groups
compatibilizer. and oxygen groups of silicate.

Ftir Results: Figure 6 shows FTIR spectra of PP02I, Dye Ability  of  Composite:  The  build  up  of disperse
PP12I, PP24I and PP510I. nanoclay alter the shape of dye, measured as K/S values, is depicted in figure 7
observation band of PP between 910-830 cm?¹ and 1150- nanoclay   increase    the    build    up    of    disperse   dye.
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Fig. 6: FTIR spectra of PP02I, PP12I, PP24I and PP510I

Fig. 7: Dye build up curves of PP and composite dyed
with disperse dye

According to Fan et al. disperse dyes penetrate in to clay
particle and remain in the voids between the layers of clay Fig. 8: PP and its composites dyed with disperse dye
[5]. Interaction between dye and clay is attributed mainly
to the Van der Waals forces, indicating hydrophobic CONCLUSION
interaction.

The visual assessment of dyed composites indicated Addition of Nanofil in to polypropylene had no
that nanoclay caused increasing in dyeability as shown in significant effect in viscosity of the composite. XRD
figure 8. pattern  and  SEM  micrographs show poor dispersion of



World Appl. Sci. J., 13 (3): 493-501, 2011

500

this nanoclay  in  polypropylene  matrix.  DSC  results 9. Lei; S.G., S.V. Hoa and M.T. Ton-That, 2005. Effect of
show that thermal properties of the polypropylene has not clay types on the processing and properties of
been effected much by addition of Nanofil up to 4 wt% polypropylene nanocomposites Comp Science
and there was no significant changes in X , T  and T , Technol., 66: 1274-1279.c m c

therefore most of nanoclay are placed in amorphous 10. Utracki, L.A., 2004.Clay-Contaning Polymeric
phase.

Addition of PP-g-MA decrease tensile strength and
tensile modulus but nanoclay increased modulus because
of its reinforcement effect. However, nanoclay reduced
elongation at break.

Nanoclay improved dyeability of PP matrix with
disperse dye. 
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