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Abstract: Polypropylene/wood flour composites were melting compounded in an internal mixer at 190°C and
60 rpm rotor speed and then samples were fabricated by injection molding. Effects wood flour content on the
physical properties of composites was investigated. For this purpose, hardness, water absorption and thickness
swelling of samples was determined at different levels of wood flour content. The results indicated that the
hardness of composites increased with increasing of wood flour content. Also, with increasing of wood flour
loading the water absorption and thickness swelling of wood plastic composites increased. It seems that the
physical properties of the polypropylene/wood flour composites will be improved by increasing addition of
coupling agent.
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INTRODUCTION and bathroom parts for example and their exposure to

In the last decade, natural organic reinforcements necessary to evaluate the water uptake characteristics of
such as cellulose fibers have penetrated slowly into this these materials. Water absorption is one of the most
market because they offer many advantages over most important characteristics of WPCs exposed to
common inorganic fillers. Cellulose fibers are abundantly environmental conditions that determine their end use
available and have lower costs and density. They lead to applications. Therefore, as a limiting parameter, water
a reduced wear of processing equipment and are absorption has to be taken into account in the design of
renewable, recyclable and non-hazardous and WPCs for final applications [2, 5-6].
biodegradable [1]. The replacement of inorganic fillers The aim of this study was to investigate the effect of
with comparable cellulose fibers provides weight savings wood flour content on the physical properties of
and decreases the cost without reducing the rigidity of polypropylene/wood flour composites.
the composites. Wood fibers are used most extensively
among the cellulose fibers used as fillers [2]. MATERIALS AND METHOD

Wood fiber/plastic composites (WPCs) can be a cost-
effective alternative to many plastic composites or metals The cellulosic material used as reinforcing filler in the
in terms of bending stiffness or weight [3]. The wood composite was beech wood flour (WF) was from Cellulose
fibers are non-abrasive so that relatively large Aria Co (Iran). The particle size of wood flour was 100
concentrations can be incorporated into plastics without meshes. Polypropylene, V30S (MFI=18 g/10min,
causing serious machine wear during blending and density=0.92 g/cm ) was supplied by Arak Petrochemical
processing. The main applications of WPCs are in Co (Iran). Maleic anhydride grafted polypropylene (PP-g-
building products, such as fencing, rails, decking, door MA) provided by Solvay with trade name of Priex 20070
and window profiles, decorative trims and so on. These (MFI=64 g/min, grafted maleic anhydride 0.1 Wt. %) was
composites are also gaining acceptance in automotive, used as coupling agent.
industrial and marine applications [4]. Before preparation of samples, wood flour was dried

New applications and end uses of wood plastic in an oven at (65±2)°C for 24 hours. Then polypropylene,
composites (WPCs) for decking, flooring and outdoor wood  flour  and  coupling agent were weighed and
facilities, window frames, various construction materials bagged  according   to   formulations   given   in   Table  1.

atmosphere or contact with aqueous media has made it
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Table 1: Composition of the Studied Formulations

Polypropylene Reinforcing Filler Coupling Agent
Code Content (Wt. %) Content (Wt. %)  Content (Wt. %)

48P/50WF/2MA 48 50 2
38P/60WF/2MA 38 60 2
28P/70WF/2MA 28 70 2

The mixing was carried out 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      wood 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.

Hardness measurements were run according to
ASTM D-2240 specification, using two Durometers,
scales Shore D for the composites. 

Water uptake tests were carried out according to
ASTM D-7031-04 specification. Five specimens of each
formulation were selected and dried in an oven for 24
hours at 102±3°C. The weight and thickness of dried
specimens were measured to a precision of 0.001 g and
0.001 mm, respectively. The specimens were then placed
in distilled water and kept at room temperature. For each
measurement, specimens were removed from the water
and the surface water was wiped off using blotting paper.
Weight and thicknesses of the specimens were measured
after 24 hours. The values of the water absorption in
percentage were calculated using the following equation:

(1)

Where WA (t) is the water absorption at time t, W  is theo

oven dried weight and W (t) is the weight of specimen at
a given immersion time t. 

Also the values of the thickness swelling in
percentage were calculated using the equation 2.

(2)

Where  TS(t)  is  the  thickness  swelling  at  time  t,  T   iso

the initial thickness of specimens and T(t) is the thickness
at time t.

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 results of an ANOVA indicated that the wood
flour content had significant effects (p < 0.05) on the
physical properties of composites. The effect of wood
flour content on the hardness of wood plastic composites
is shown in figure 1. As can be seen, the hardness of
composites increased with increase of reinforcing filler.
This was an expected fact, since lignocellulosic fillers
display considerably higher hardness than that of the soft
polymer matrix. This should be of importance when the
wear properties of such systems are evaluated. As a
matter of fact, the hardness values are a measure of the
wear resistance, since hard materials better resist friction
and wear [3-4, 7-9].

The effect of wood flour content on the water
absorption and thickness swelling of wood plastic
composites is shown in figures 2 and 3. As can be seen,
the water absorption and thickness swelling of
composites decreased with increase of reinforcing filler. It
is well established that the water absorption in natural
fiber thermoplastic composites is mainly due to the
presence of hydrogen bonding sites in the natural fibers.
Cellulose  and  hemicelluloses   are   mostly  responsible
for   the high    water   absorption   of   natural   fibers,
since they contain numerous accessible hydroxyl groups.
The  absorption  of  water  by   non-polar   polymers,
which   contain  fillers,  depends on the nature of the
fibers. For  cellulose  fibers,  which   are  hydrophilic
fibers,  an  increase  in water  sorption  can   be  expected.

Fig. 1: Effect of wood flour content on the hardness of
thermoplastic polymer composites
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Fig. 2: Effect of wood flour content on the water lignocellulosic composites. J. Composite, 18: 23-51.
absorption of thermoplastic polymer composites 2. Kazemi Najafi, S., M. Tajvidi and E. Hamidinia, 2007.

Fig. 3: Effect of wood flour content on the thickness Pinus  radiata  sawdust.  Chemical  Engineering J.,
swelling of thermoplastic polymer composites 142: 190-198.

Because   polypropylene   is   hydrophobic   and  the M.A. Zaman, 2003. Study of water absorption
wood   flour    is  hydrophilic,    the    absorption of behavior in wood plastic composites by using
water  depends  solely  on  the  fibers  alone.  As  the neutron radiography techniques. Polymer J Plastic
wood flour loading increased the cellulose content Technology and Engineering, 42: 925-934.
increased,  which  in  turn  resulted  in  the  absorption  of 7. George,  J.,  M.S.  Sreekala  and  S.   Thomas,   2001.
more water [5-9]. A review on interface modification and

CONCLUSION composites.  J.  Polymer  engineering  and   Sci.,

The Following Conclusions Could Be Drawn from the 8. Ghasemi, I. and  B. Kord, 2009. Longterm water
Results of the Present Study: absorption behavior of polypropylene/ wood

The hardness of polypropylene/wood flour Polymer. J., 18(9): 683-691.
composites increased with increasing of wood flour 9. Stark, N.M. and R.E. Rowlands, 2003. Effects of wood
content. Also, with increasing of wood flour loading fiber characteristics on mechanical properties of
the water absorption and thickness swelling of wood wood/polypropylene composites. Wood and Fiber
plastic composites increased. Science J., 35(2): 167-174.

It seems that the physical properties of the
polypropylene/wood flour composites will be
improved by increasing addition of coupling agent,
because it is improve the quality of adhesion
between polypropylene and wood flour
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