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Abstract—Rice is the main product from agriculture in 
Thailand and its by-product is rice straw. The rice straw has a 
tendency to be used as a renewable fiber for preparing eco-
material. The objective of this study aims to reduce waste from 
the agriculture and add the value into it by making the wood 
plastic composite. Therefore, this study aims to find the 
optimized parameters to improve the mechanical strength of the 
wood plastic composite made from rice straw and high-density 
polyethylene resin matrix. The wood plastic composite which is 
the environmentally preferable materials could be able to reduce 
the volume of natural wood. This study focused on the various 
ratio of rice straw and high-density polyethylene resin (10:90, 
20:80, 30:70, 40:60 and 50:50). Besides the merits mentioned 
above, the wood plastic composite also has high environmental 
resistivity and longer lifetime. Furthermore, the wood plastic 
composite a prevents the problems from termites and insects 
which is often found in the natural wood material. The tensile 
strength of WPC was significantly reduced when the percentage 
of fiber increased to 50% but the percentage of water absorption 
increased depending on the percentage of fiber content.) 

Keywords—mechanical performance, rice straw, wood plastic 
composite, tensile strength, water absorption 

I. INTRODUCTION

Wood plastic composite WPC is a material from two 
components, including plastic, which is the matrix, and 
natural-fiber and pass-through mixing and forming .The wood 
plastic material provides the wood plastic composite material 
advantage from the advantage of both materials )e.g .water 
resistance, corrosion resistance, improve the strength of 
plastic .(Because of the advantage of WPC they can be used 
for many commercial applications. 

Moreover, usage of dust saw or natural fiber can reduce the 
cost of material, although more processes for cleaning, drying 
and crushing of the natural fiber before mixing with the matrix 
are necessary .Using WPC can reduce waste of agriculture. 

Wood plastic composites in this study were mixed by two 
components, as this study aims to study cohesion of rice straw 
fibers cleaned and polyethylene. 

In present, builders favor using wood for part of 
construction or decoration .So, these are the opportunity to use 

WPC instead of wood from the forest to reduce wood 
consumption. 

In production field, WPC can be produced by extrusion, 
injection molding or compression . All of them are common 
processing and can control size and pattern easier than carving 
wood . 

In 2009, WPCs were produced about 4,983 m3, and 40% of 
producer increase the productivity for 80% in 2010 [1]. 

There are many kinds of research on WPC which have 
given the good results to support them. 

Hossain et al. studied the effect of type of wood on the 
thermal conductivities of wood sawdust particle reinforcement 
composites .They found pure polyester had lower thermal 
conductivity compared to that of any wood reinforced polyester 
and the wood strength or true density has influenced the 
thermal conductivity of as-received polymer and increased 
with increase dust saw particle content [2]. 

Basiji et al. studied the effect of fiber length and fiber 
loading on the mechanical properties of wood -plastic 
polypropylene composites .They found the tensile modulus 
also increased as fiber loading increased for same fiber length 
and it increased as fiber length increased for same fiber loading 
and higher than pure PP and the highest modulus was observed 
for 47%, long fiber reinforced composite too long, should be 
shortened [3]. 

Martins et al. studied the optimization of wood plastic 
composite for architectural application, they found the 
composite made of 55wt % HDPE HMA035, 35wt % fine 
wood and 10wt % E -226 (additive) can be processed by 
extrusion and has enough mechanical strength (22 MPa) to be 
applied as a shutter unit for a shading system .The high 
mechanical strength derives from the high filler content and 
also from the good interfacial adhesion, which was caused by 
the addition of coupling agent [4]. 

This study focused on obtaining a mixture of high-density 
polyethylene (HDPE) and rice straw fiber in difference mass 
percentages and forming by compressing process 
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II. MATERIALS AND METHODS 

A. Material 
High-density polyethylene is the widely used 

thermoplastic .Because it has a good impact resistance, as well 
as a good chemical resistance. It can increase the mechanical 
properties and easily processed by extrusion, or injection 
molding [5]. 

Wood, it is a rice straw fiber .In the fiber contains cellulose 
more than 30wt % . Cellulose is the good natural fibers to use 
for reinforcement material because celluloses have the 
functional group of reaction with other materials, thus 
increasing adhesion between fiber and matrix of WPC. 

B. Method 
• Preparation of rice straw fiber.  

Cutting the rice straw into 1-2 cm in length. Then, 
degreasing the fiber in a solvent (solvent was a mixture of 
toluene and ethanol in ratio 1:2) for 6 h. Then, cleaning by 15% 
NaOH for 30 min. and drying after cleaning at 120�C for 2 h. 
and crushing to reduce the size of rice straw fiber to lower than 
3 mm. Finally, drying the fiber before mixing again at 120�C 
for 2 h. (moisture content as 2%) [6-7]. 

• Mixing.  

The WPCs were mixtures of rice straw fiber and high-
density polyethylene resin in 90:10, 80:20, 70:30, 60:40 and 
50:50. The mixing condition was at 190�C for 5 min. The 
machine of mixing plastic (HDPE) and natural fiber is shown 
in Figure 1. Inside of the machine, there are 2 screw gears to 
force mixture of the components. Heating area of mixing 
machine is a cover of mixing screws. 

 

Fig. 1. Equipment for mixing the HDPE and fiber. 

The output from mixing step is shown in Figure 2 (Kept at 
room temperature, waiting for crushing) 

• Crushing.  

After mixing, the outputs were cooled down (10-20 min) 
and crushed into WPC chips (size 2-4 mm) as shown in figure 
3. 

 

Fig. 2. Material after mixing at 190�C. 

 

Fig. 3. WPC chips (size 2-4 mm). 

• Forming. 

A mold for specimen type I was used.  After weighing the 
WPC chips of 20 g, the chips were filled into the mold and 
moved to a compression machine whose compression 
conditions were 30 MPa for 15 min. (Step 1 heating at 200�C, 5 
min. Step 2 pressing at 200�C 30 MPa for 5min. and step 3 
cooling, 5 min). 

The sample for testing the tensile strength is shown in 
Figure 4. 

 

Fig. 4. Product after forming. 

• Mechanical properties test. 

The mechanical performance in this study was expanded by 
tensile strength and flexural strength. The tensile strength was 
tested by the Universal Tensile model IT8000B. A Type I 
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tensile specimen (overall length of 165 mm) for each 
formulation (12 specimens of total) was prepared according to 
ASTM D638 [8]. And the flexural strength was tested by 
following the ASTM D790 [9]. 

• Determination of porosity/24 hour water absorption 
test.  

The 24-hour water absorption of the WPC sample was 
determined according to the ASTM D570. 

• Determination of density.  

The density of WPC was also determined at 23�C by the 
displacement test by weighing the sample in air. 

• Microscopic studies of WPC.  

The surface and morphology of structure of WPC was 
studied using a USB Digital High Resolution 2 Mega Pixel 
Microscope 1000X. 

III. RESULT AND DISCUSSION 
The graph shown in Figure 5 showed the tensile strength 

result of the study for the WPCs whose fiber percentage was 
0% to 50%. 

The tensile strength decreased when the percentage of the 
fiber increased) probably due to decreasing of the cohesion 
between the matrix and natural fiber decreased. 

TABLE I.  THE TENSILE STRENGTH AND FLEXURAL STRENGTH OF WOOD    
 PLASTIC COMPOSITE PRODUCED BY RICE STRAW FIBER AND         
 POLYETHYLENE INDIFFERENT RICE STRAW CONTENT. 

WPC ratio 
HDPE:fiber 

Tensile strength 
(MPa) 

Flexural strength 
(MPa) 

100:0 
90:10 

15.12 
14.06 

17.50 
17.41 

80:20 13.85 18.29 
70:30 13.90 18.92 
60:40 13.63 20.01 
50:50 11.98 20.81 

 

Water absorption results are shown in Table1. The 
percentage of water absorption in each fiber increases with the 
percentage of fiber is increased in WPC. 

TABLE II.  THE PERCENTAGE OF WATER ABSORPTION OF WPC IN 
DIFFERENCE PERCENTAGE OF FIBER. 

WPC ratio 
HDPE:fiber Water absorption (%) 

90:10 0.21% 
80:20 0.45% 
70:30 1.76% 
60:40 4.43% 
50:50 9.06% 

 

The density of WPC made from HDPE and rice straw 
fibers increased with increasing the amount of fiber. (Show in 
Table 2.) 

TABLE III.  THE DENSITY OF WPC MADE FROM HDPE AND RICE STRAW 
FIBER IN DIFFERENT PERCENTAGE OF FIBER. 

WPC ratio 
HDPE:fiber Density )g/ml( 

      90:10           0.979 
      80:20           1.061 
      70:30           1.105 
      60:40           1.199 
      50:50           1.333 

 

Microscopic studies of the WPC from HDPE and rice straw 
fiber. 

The figures 6 to 10 show the morphologies of cross sections 
of WPCs made from HDPE and rice straw fiber with different 
percentages of fiber content. The pictures were expanded the 
high fiber content have a small pore and impact on the density 
increase. 

Because the rice straw and HDPE don’t have the functional 
group for the chemical reaction, therefore when adding the 
fiber content up to 50% the tensile strength substantially 
decreases. This is because the fiber percentage is over the 
optimum ratio and need to add more components for improving 
the cohesive between matrix and fiber of WPC. 

 

 

Fig. 5. Morphologies of the cross-section of rice straw fiber WPCs  ((a) rice 
 straw fiber content 10%. (b)rice straw fiber content 20% (c)rice straw 
 fiber content 30% (d)rice straw fiber content 40% (e)rice straw fiber 
 content 50%) 

IV. CONCLUSION 
The tensile strength of WPC made from rice straw and 

high-density polyethylene was significantly reduced when the 
percentage of fiber increased to 50% but the percentage of 
water absorption increased depending on the percentage of 
fiber content. 

The density of the WPC increases with increasing fiber 
content and increase the flexural strength. The microscopic 
studies expand the density of WPC increased with increasing 
rice straw fiber. There is the potential of improving the strength 
of WPC. But the WPC needs the cohesive agent for binding 
between the matrix and rice straw fiber to which increases 
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bonding of material. The cohesive agent should be the 
carboxylic functional group for reaction with cellulose from 
rice straw fiber. 
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