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Abstract:  In  this  research,  wood polymer composites with different nanoclay and compatibilizer contents
were  prepared  by  injection molding. Thermal, mechanical and morphological properties were characterized.
The results showed that the tensile (tensile modulus, tensile strength and elongation at break) and thermal
properties of nanocomposite were improved by addition of compatibilizer and nanoclay, this improvement were
observed up to 3% of nanoclay content and then decreased. The X-ray diffraction patterns showed the
exfoliated structures which implied the intensified compatibility between polypropylene and nanoclay with the
addition of compatibilizer and it revealed the good dispersion of nanoclay.
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INTRODUCTION nanoclay platelets like structure, high aspect ratio and

In recent years, researchers have developed nanocomposite shows enhanced mechanical properties,
numerous methods to prepare of composites composed of reduced gas permeability, improved solvent resistance
olefins and inorganic fillers such as clay. During the last and high thermal stability [2, 3]. The wood flour and clay
decade, wood-plastic composites (WPCs) have gained are incompatible with organic polymers, so compatibilizers
importance in various applications as building materials are often added to facilitate intercalation [4].
and automotive components. Polypropylene (PP) is one In this study, we investigated the effects of nanoclay
of the most widely used polyolefin polymers. The (montmorillonite) and coupling agent contents on the clay
advantages  of using fibers in composites are: light dispersion, thermal and mechanical properties of the wood
weight, large quantity, low cost, annual renewability, flour/nanoclay/ PP composites.
competitive specific mechanical properties, reduced
energy consumption and environmentally friendliness MATERIALS AND METHODS
[19]. They are also characterized by low density and high
resistance to breakage. The natural fibers used to The fabric type used for the nanocomposite was
reinforce  thermoplastics mainly include wood, cotton, wood flour. The sawdust was dried at 105°C for 24 h to
flax, hemp, jute, sisal and sugarcane fibers. moisture content of 3% and then ground to finer particles

Incorporation of inorganic particulate  fillers  has of 40 mesh. Polypropylene (PP V30S) was obtained as
been proved to be an effective way of improving the granules from Arak Petrochemical Co. (Iran). Its melt flow
mechanical  properties  and  in  particular the toughness index was 18 g/10 min and density was 0.92 g/cm . Maleic
of polypropylene [1]. Smectite clays, such as anhydride grafted polypropylene (PP-g-MA), as coupling
montmorillonite, hectorite, saponite and surface modified agent, was provided by Solvay with the trade name of
montmorillonite, are valuable minerals and are widely used Priex 20070. The maleic anhydride grafting level of MAPP
in many industrial applications because of their high was 0.1wt%. The nanoclay (montmorillonite type),
aspect ratio, plate morphology, natural abundance and chemically-modified  with a quaternary ammonium salt
low cost. They are expandable layered silicate and can be was  purchased  from  Southern  Clay  Products Co.,Texas,
intercalated / exfoliated into nanocomposites. Due to USA, with trade name of Cloisite 10A.

propensity to accelerate polymer crystallization,
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Table 1: The weight percentages of each component in the composites
Compatibilizer Nanoclay

Formulation Code Content (%) Content (%)
1 WF/%5MAPP/%55PP 5 0
2 WF/%1N/%5MAPP/%54PP 5 1
3 WF/%3N/%5MAPP/%52PP 5 3
4 WF/%5N/%5MAPP/%50PP 5 5
5 WF/%10MAPP/%50PP 10 0
6 WF/%1N/%10MAPP/%49PP 10 1
7 WF/%3N/%10MAPP/%47PP 10 3
8 WF/%5N/%10MAPP/%45PP 10 5

Sample Preparation: The amount of wood flour was fixed
to 40%; various MA-g-PP amounts in 2 levels 5-10% and
nanoclay (modified montmorillonite) in four levels of 0, 1,
3 and 5% were used. The wood flour was dried at 80°C for
24 h in an oven to remove the absorbed water before
preparation of samples. Formulations of the mixes used for
the respective mixes prepared are given in Table 1.

All the experiments were performed in a HAAKE
internal mixer (Model HBI System 90, Germany). After
mixing PP, PP-g-MA and nanoclay, as soon as the
registered   torque   indicated   that   the   polymer  melt
had reached  a  steady  state,  wood  flour was added.
The  compounded materials were then fed into a pilot
scale grinder  (WIESER,  WGLS   200/200   Model) to
produce granules. The granules were injection molded
(EM80, Aslanian machine, Iran) to produce the specimens.

Thermal characterizations of the nanocomposites
were carried out using Differential Scanning Calorimeter
(DSC) (DSC 131, France). As per ASTM D 3418 the
samples were heated from 25 to 200°C at the rate of
5°C/min under an inert atmosphere of nitrogen. X-ray
diffraction  (XRD)   analysis   was   carried   out   with a
D8-advanced (Germany) with CuKá radiation ( =1.54 nm,
40 kV, 30 mA) at room temperature. The tensile properties
were measured according to the EN ISO 527, using an
Instron machine (Model AL-7000LA5, Southern Korea).
The crosshead speed during the tension testing was
2mm/min. For each treatment, 3 replications were tested.

RESULTS ANDDISCUSSON

Dispersion of Nanoclay: At first, the clay dispersion
processes have been studied. The use of small amount of
nanoclay (less than 10 wt%) has been an attractive
approach of enhancing the mechanical and thermal
properties of the plastics. However, a homogeneous
dispersion of nanoparticles in a polymer matrix must be
fully accomplished first to achieve those improvements
[5]. Intercalation and exfoliation are two concepts that can
define   the     structures    in    clay-polymer   composites.

Fig. 1: XRD patterns of wood plastic composites with
different levels of nanoclay and coupling agent; a:
3% nanoclay and 5% MAPP, b: 5% nanoclay and
5% MAPP, c: 3% nanoclay and 10% MAPP, d: 5%
nanoclay and 10% MAPP

Intercalation (platelet separation) is defined as the well
ordered and stacked multilayer that result from
intercalated polymer chains within host nanoclay layers.
Exfoliation (platelet dispersion) refers to formation of
monolayers of clay well-dispersed in a continuous
polymer matrix or individually distributed in the polymer
matrix. The intercalated and exfoliated hybrids exhibit
improved in strength and modulus, compared with neat
polymer and conventional composites [6-10].
Nevertheless, in this study, Figure 1, shows the XRD
pattern for the nanoclay and the samples were scanned
over the range 2 =2 to 12°.

The diffraction pattern of clay will act as a reference
peak because the composites do not show any significant
peak in the scanned range. The XRD patterns for
composites with different amount of nanoclay show a
decrease in the peak intensity; the peaks for these
nanocomposites are disappears and it shows the high
exfoliation level of clay and the broken of crystal structure
of the clay that cause the maximum interaction between
the polymer chains and nanoclay. The dispersion of
nanoclay in the exfoliated system was mainly due to the
higher shear rate, higher crystallization temperature,
nanoclay which acts as the nucleating agent [11].

Mechanical Properties of Nanocomposites: As  we can
see  in  Figure  2,  the  tensile  modulus   is   affected  by
PP-g-MA and nanoclay content except at 5wt% of
nanoclay.

The tensile modulus of nanocomposites increases
with increase of PP-g-MA at different levels of nanoclay
and a maximum tensile modulus were observed at 3wt% of
nanoclay and 10wt% PP-g-MA content. There are two
contrary  phenomena  for nanofiller reinforce efficiency;
it  has  negative  and  positive effect.   The  migration of
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Fig. 2: Tensile modulus of PP/Nanoclay/MAPP/wood
flour composites

Fig. 3: Tensile strength of PP/Nanoclay/MAPP/wood
flour composites

Fig. 4: Elongation at break of PP/Nanoclay/MAPP/wood
flour composites

nanoparticles into the interface of wood–plastic that
decreased nanofiller’s performance is a negative effect.
We have a decrease in the reinforcment of nanoclay at
5wt% of nanoclay; that could be the agglomeration of
nanoparticles. Dispersion of nanoclay as a positive effect
could increase the modulus. The result showed the tensile
modulus increases in 3wt% of nanoclay content in
composite. It is well known that the nano-scale filler with
very high aspect ratio can improve the tensile modulus of
the polypropylene [4, 12]. May be another reason for
increasing  the tensile  modulus  is  the presence of the
PP-g-MA as coupling agent. There are two performances
for coupling agent in the nanocomposites. To improve
the interface  adhesion  between PP matrix and wood flour,

Table 2: Thermal properties of wood plastic composites with different
levels of treatment

Number hm Tc (crystalline Xc (%)
(enthalpy) temperature) (crystallinity)

1 (5 MAPP) 30.7482 126.31 14.847
2 (1 nano/5 MAPP) 37.1411 125.98 17.9339
3 (3 nano/5 MAPP) 40.2359 126.39 19.4282
4 (5 nano/5 MAPP) 43.0783 125.89 20.8007
5 (10 MAPP) 41.0218 126.15 19.8077
6 (1 nano/10 MAPP) 31.6156 125.89 15.2659
7 (3 nano/10 MAPP) 41.1256 126.14 19.8578
8 (5 nano/10 MAPP) 33.2126 126.67 16.037

PP-g-MA could be a coupling agent between PP and the
nanosilicate layer too. From these results, the high tensile
strength  is  seen  to  be an exfoliation phenomenon of
clay layers by MAPP. The fully exfoliated morphology
was obtained by using higher content of PP-g-MA [4, 12,
14].

There is a variation in the tensile strength amount of
samples  vs. nanoclay  content  at   different  levels of
PP-g-MA in nanocomposites in Figure 3.

The tensile modulus of polymer nanoclay composites
is expected to depend on modulus of the polymer,
modulus of the clay platelets, dispersion of the clay, clay
loading, degree of crystallinity in the polymer matrix,
orientation of the clay tactoids, orientation of polymer
crystallites and interfacial stress transfer mechanisms [14].
The interface adhesion between PP matrix and wood flour
is very important. It is to be noted that for the low polarity
of the polymer matrix, coupling agent acts as a bridge joint
to establish some interactions between wood flour and
PP. The good exfoliation structures are important to get a
good result. The results show a high interaction between
the matrix and clay which are causing the improvement of
tensile strength. The increase in tensile strength is related
to the improved bonding strength between wood flour
and PP [2, 4].

Figure 4 shows the elongation at break at different
levels of PP-g-MA and nanoclay content. An increase in
elastic modulus leads to a decrease in mechanical ductile
properties [5]. The elongation at break increases with
increase of nanoclay up to 1wt% and then decreases.

This improvement in elongation at break related to
the high aspect ratio of nanoclay. The orientations of
crystal were mainly dependent on the size and aspect ratio
nanoclay in presence of PP-g-MA. The change in the
elongation amount is dependent on the nanoclay
dispersion. As is shown in this figure, the elongation at
break  of  the  composites decreases with increasing of
PP-g-MA at different levels of nanoclay. It is clear that
increase of the PP-g-MA content improve the interface
adhesion between PP matrix and wood flour [17].
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Thermal Behavior of Nanocomposites: Table 2 shows the 3. Lu, J.Z., Q. Wu and H.S. McNabb, Jr. 2000. Chemical
DSC results of PP/nanoclay/MAPP/wood flour used in coupling in wood fiber and polymer composites: A
this study. Specimen with 5% MAPP and without review of coupling agents and treatments. Wood
nanoclay had the lowest Hm (30.74), while specimen Fiber Science, 32: 88-104.
with 5% clay and 5% MAPP had the highest Hm 4. Matuana, L.M. and O. Faruk, 2008. Nanoclay
(43.078). reinforced HDPE as a matrix for wood-plastic

The hm  with  different  clay   content  (1 to 5%) composites.  Composites   Science   and  Technol.,
and  MAPP  (5%)  loading  levels ranged  from 37 to 43 68: 2073-2077.
J/g  showed     an      increasing      thermal     stability. 5. Hetzer, M. and D. Kee, 2008. Wood/ Polymer/
The   crystalline     peak  temperature     (Tc)    of  PP was Nanoclay Composites, Environmentally Friendly
108.7°C  [9]  and  the addition of clay and MAPP Sustainable Technology: A Review, J. Chemical
increased   the    Tc     (to     126.67°C,  maximum  point). Engineering, 16: 1016-1027.
It  occurs  because  Clay  and  MAPP can act as 6. Balart,  R.,   J.   Pascual,  E.  Fages,  O.  Fenollar  and
nucleating agents, which increase the crystallization D. Garcý´a, 2009. Influence of the
temperature  of  PP  matrix   [9].   The   crystallinity  (Xc) compatibilizer/nanoclay ratio on final properties of
by  addition  of  MAPP  without   nanoclay  increased polypropylene  matrix  modified  with
from  14.8% to 19.8%. Adding nanoclay was also montmorillonite-based   organoclay.   Polym.  Bull.,
increased the Xc percent. This increscent related to 62: 367-380.
nucleating agent  role  of  nanoclay  and  MAPP. 7. Ktawczak, P., 2007. Compounding and processing of
Generally the loading level, the dispersion, the surface polymer nanocomposites: from scientific challenges
chemistry of fillers and the viscosity of composites have to industrial stakes. Express Polymer Letters, 1: 188.
effected on the Xc [18]. 8. Lee, S.U., I.H. Oh, J.H. Lee, K.Y. Choi and S.G. Lee,

CONCLUSIONS polyethylene/ montmorillonite nanocomposites.

In this research we study the effects of clay and 9. Lee, S.Y., I.A. Kang, G.H. Doh, W.J. Kim, J.S. Kim,
compatibilizer on the thermal behavior, mechanical H.G. Yoon and Q. Wu, 2008. Thermal, mechanical and
properties   and     morphology     of   nanocomposites. morphological properties of polypropylene/ clay/
The  addition  of   clay   and   MAPP   increased the wood flour nanocomposites. EXPRESS Polymer
tensile  modulus   and   strength,   the   elongation at Letters 2(2): 78-87.
break   increased   with   increasing   of  nanoclay up to 10. Lee, S.Y., H.S. Yang, H.J. Kim, C.S. Jeong, B.S. Lim
1% and then decreased. Addition of PP-g-MA could and J.N. Lee, 2004. Creep behavior and
improve the thermal and mechanical properties of manufacturing parameters of wood flour filled
nanocomposites.    Furthermore,     the    high   level  of polypropulene composites. Composite Structures, 65:
PP-g-MA caused the exfoliated phenomenon of clay 459-469.
layers.  The  XRD patterns have confirmed a good 11. Zhou, Y., V. Rangari, H. Mahfuz, Jeelani,  Sh.  and
dispersion of clay in the PP matrix due to the presence of P.K. Mallick, 2005. Experimental study on thermal and
compatibilizer. mechanical behavior of polypropylene,
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