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Abstract:  Interfacial strength between polymeric matrix and natural filler reinforcement has direct effects on
the properties  of  wood  plastic composites. There are some approaches to improve the interfacial adhesion
between two phases in wood plastic composites. One of them is using coupling agents to improve the
composite properties. In this study, the effect of maleic anhydride as a coupling agent on the mechanical
properties of wood plastic composites was investigated. For this purpose, composite profiles consisting of
polypropylene and sawdust flour at 50% weight ratios, with various amounts of coupling agent (0, 1 and 2%)
were fabricated by melt compounding and then injection molding. Then, the mechanical properties such as
tensile modulus and strength, flexural modulus and strength and impact strength were evaluated. Results
indicated that the tensile, impact properties increased with increase of coupling agent. Also, in presence of
maleic anhydride the mechanical properties of the wood plastic composites were improved. This project has
shown that the composites treated with coupling agent will be desirable as building materials due to their
improved matrix interface and strength properties.
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INTRODUCTION lower density, less abrasiveness, lower cost and they are

Wood Plastic Composites (WPCs) are a relatively The incompatibility results in a poor interfacial
new  family  of composite materials. In such composites, adhesion between hydrophilic wood and the hydrophobic
a natural fiber/filler (such as kenaf fiber, wood flour, plastic matrix, which results in poor adhesion and
sawdust flour, hemp, sisal etc.) is mixed with a therefore in poor ability to transfer stress from the matrix
thermoplastic (e.g. polyethylene, polypropylene, PVC etc.) to the fiber reducing mechanical strengths and ductility
to produce a WPC. Wood plastic composites are [4-6]. A lot of literature focuses on this problem by using
becoming commonplace by the development of new such chemicals as coupling agents to improve the
production techniques and processing equipment [1, 2]. composite properties. Coupling agents include copper

Enforcement of new and stricter environmental amine, silanes, maleic anhydride and their grafting
policies has forced industries to search for new materials polymers [4-8]. However, unlike the common
that can substitute the traditional composite materials polyolefin/wood fiber composites, the well-known claim
consisting of a plastic matrix and inorganic fillers as of converting the hydrophilic surface of wood to a
reinforcement. Inorganic fibers present several hydrophobic one is not effective enough for enhancing
disadvantages, such as for example their non- the  adhesion  of  thermoplastic  polymer  to  wood fiber
biodegradability, the abrasion that they cause in the [9-11].
processing  equipment  and  the  health problems that The aim of this study was to investigate the effect of
they bring about to workers due to the skin irritations maleic anhydride as a coupling agent on the mechanical
caused  during  processing and handling. Compared to properties of the wood plastic composites based on
the traditional synthetic fillers, natural fibers present polypropylene and sawdust flour.

renewable and biodegradable [3].
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MATERIALS AND METHODS

Polypropylene,  V30S  (MFI=18  g/10min,
density=0.92 g/cm ) was supplied by Arak Petrochemical3

Co (Iran). Sawdust flour was collected from carpentries.
Maleic anhydride grafted polypropylene (PP-g-MA)
provided by Solvay with trade name of Priex 20070
(MFI=64 gr/min, grafted maleic anhydride 0.1 Wt. %) was
used as coupling agent.

Before preparation of samples, sawdust flour was
dried in an oven at (65 ± 2)°C for 24 hour. Composite
profiles  consisting of polypropylene and sawdust flour
at 50% weight ratios, with various amounts of coupling Fig. 1: Effect of maleic anhydride content on the tensile
agent (0, 1 and 2%) produced. The mixing was carried out modulus of wood plastic composites
by a Hakee internal mixer (HBI System 90, USA). First the
polypropylene  was fed to mixing chamber, after melting
of PP, coupling agent was added. At the two minute, the
sawdust flour fed and the total mixing time was 10 min.
The compounded materials were then ground using a
pilot  scale  grinder  (WIESER,  WGLS 200/200 Model).
The resulted granules were dried at 105°C for 4 hours.
Test specimens were prepared by injection molding
(Eman machine, Iran). Finally, specimens were conditioned
at a temperature of 23°C and relative humidity of 50% for
at least 40 h according to ASTM D618-99 prior to testing.

The flexural and tensile modulus tests were measured
according to the ASTM D790-03 and D638-03, Fig. 2: Effect of maleic anhydride content on the flextural
respectively, using an Instron machine (Model 1186, modulus of wood plastic composites
England), The tests were performed at crosshead speeds
of 5mm/min. A Zwick impact tester (Model 5102, Germany)
was used for the Izod impact test. All the samples were
notched on the center of one longitudinal side according
to the ASTM D256. For each treatment level, five
replications were tested.

The statistical analysis was conducted using SPSS
programming  (Version  16) method in conjunction with
the analysis of variance (ANOVA) techniques. Duncan
multiply range test (DMRT) was used to test the
statistical significance at  = 0.05 level.

RESULT AND DISCUSSION

The effect of maleic anhydride on the modulus of strength of wood plastic composites
wood plastic composites is shown in Figures 1, 2. As can
be seen, the tensile and flexural modulus of composites The effect of maleic anhydride on the strength of
increases with increase of coupling agent. It is well wood plastic composites is shown in Figures 3, 4. As can
established that presence of the maleic anhydride as be seen, the tensile and flexural strength of composites
coupling agent enhances the interface adhesion between increases with increase of coupling agent. It is well
wood flour and pp matrix and brings better encapsulation established that, with increase of the tensile and flexural
of wood particles by the plastic which consequently content, indicating enhanced compatibilization between
results in higher flexural modulus [4-11]. sawdust flour and PP matrix [4-11].

Fig. 3: Effect of maleic anhydride content on the tensile



48

49

50

51

52

53

54

55

Fl
ex

ur
al

 S
tr

en
gt

h 
(M

Pa
)

0 1 2

Maleic Anhydride (%)

16

16.5

17

17.5

18

18.5

19

19.5

Im
pa

ct
 S

te
rn

gt
h 

(J
/m

)

0 1 2

Maleic Anhydride (%)

World Appl. Sci. J., 12 (7): 1014-1016, 2011

1016

Fig. 4: Effect of maleic anhydride content on the flextural 24: 221-274.
strength of wood plastic composites 3. Rowell,  R.M.,  A.R.  Sandi,  D.F.   Gatenholm  and

Fig. 5: Effect of maleic anhydride content on the impact reinforcements in PVC composite; use of surface
strength of wood plastic composites modified mica and different cellulose materials as

Figure 5 illustrates the effect of maleic anhydride on 7. Gauthier,   T.C.,    A.C.    Joly,     H.     Coupas   and
the impact strength of wood plastic composite. As can be M. Escoubes, 1998. Interfaces in polyolefin-cellulose
seen, the impact strength of composites increases with fiber composites; chemical coupling, morphology,
increase of coupling agent. The enhancement in the correlation  with  adhesion  and  aging  in  moisture.
impact strength could be attributed to the more J. Polymer Composite, 19: 287-300.
homogeneous dispersion of the fiber resulting from the 8. George, J., M.S. Sreekala and S. Thomas, 2001. A
increasing wet-ability of the fiber with increasing review on interface modification and characterization
concentration of the coupling agent that leads to more of natural fiber reinforced plastic composites, J.
uniform distribution of the applied stress and requires Polymer Engineering Sci., 41: 1471-1485.
more energy for the fiber de-bonding and subsequent 9. Oksman, K. and H. Lindberg, 1998. Influence of
fiber pull out as these are the causes of impact failure of thermoplastic elastomers on adhesion in
the composites. polyethylene-wood flour composites. J. Appl.

CONCLUSION 10. Raj, R.G., B. Kokta, G. Gruleau and C. Daneault, 1990.

The following conclusions could be drawn from the properties of composites containing cellulose fillers.
results of the present study: J. Polymer Plastic Technol. Engineering, 29: 339-353.

The tensile, flexural and impact of wood plastic behavior of clay-reinforced polypropylene
composites increases with increase of maleic nanocomposites. J. Appl. Polymer Sci., 47: 4421-4433.
anhydride loading.
The coupling agent improved the interface between
sawdust flour and polypropylene matrix.

This project has shown that the composites treated
with maleic anhydride as a coupling agent will be
desirable as building materials due to their improved
stability and strength properties.
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