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 Background: Two abandoned waste in agriculture and plastic industries which is rice 

husk and recycle plasticized polyvinyl chloride (PPVC) respectively has been used in 

this study to produced new composite. This composite is in wood plastic composite 
category that is the combination of natural filler and plastic. Rice husk which has 

particle size equal to 60μm and lower was combined with only recycled PPVC in 20%, 

30% and 40% rice husk loading. The mechanical properties such as strength, strain and 
modulus of this composite were studied using tensile and 3- point bending test. 

Objective: To find the best loading of rice husk in improving mechanical properties of 

rice husk/recycle PPVC composite. Results: 20 % rice husk loading give the best 
mechanical properties of Rice husk/recycle PPVC composite compare to 30% and 40% 

rice husk loading in both tensile and flexural test. Conclusion: High rice husk loading 

contribute to low mechanical properties of rice husk/recycle PPVC composite.  
 

 
© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Farah Nordyana Azizul Rahman, Ahmad Zafir Romli, Mohd Hanafiah Abidin., The Mechanical Properties of Rice 

Husk/ Recycle Plasticized Polyvinyl Chloride Composite. Adv. Environ. Biol., 8(8), 2615-2619, 2014 

 

INTRODUCTION 
 

 The growth in world population has lead to the increasing of waste material every day. Focusing on plastic 

wastes which are non-biodegradable and abundant in dumping site, without realizing how precious it is in 

further usage. Polyvinyl chloride (PVC) is one of the plastic materials which annually produced more than 22 

millions tones world production [2]. It is one of the major thermoplastic uses nowadays. PVC has better process 

ability and thermal stability compare to other commodity plastic such as polyethylene (PE) and polystyrene (PS) 

[10].  

 Incorporating organic or natural filler such as rice husk and saw dust in plastic has created high interest in 

composite production. Beside low cost, it is more resistant, rigid and low density compare to inorganic filler 

such as calcium carbonate and fiberglass. Fact that natural filler has low hardness value that reduce tear and 

wear on processing equipment make it more interesting [4]. Navin et al.[3], in his paper state that increasing 

untreated rice husk powder in PVC matrix will result in decreasing composite tensile and flexural strength, 

strain and modulus. This is because of the poor interfacial bonding between rice husk and PVC matrix.  

 Wood plastic composite (WPC) is a new material as a wood replacement. It contain of primarily plastic and 

useless wood fiber. Over the last decade, WPC has become popular among the researcher because of it great 

properties and advantage such as lower prices compared to other competitive materials, high durability, low 

maintenance, and acceptable strength and stiffness [6]. In recent years, overseas and Chinese researcher had 

researched in wood fiber/PE, PP or PVC composite. PVC composite are not only anti-bacterial, good 

mechanical properties, mothproof, flame-retardant, but also rich raw materials in low-cost, recyclable, 

protection of forest resources and reducing environmental pollution [5].  

 

MATERIALS AND METHOD 
 

 Rice husk was obtained from Malaysian Agricultural Research and Development Institute (MARDI) Alor 

Star, Kedah, Malaysia and the plasticised polyvinyl chloride (PPVC) sheet was from the Polymer Workshop, 

Faculty of Applied Sciences, Universiti Teknologi MARA (UiTM) Shah Alam, Selangor, Malaysia. A 25 tonne 

hydraulic hot press was used for the moulding process. Shimadzu Autograph AG-X was used for tensile and 3-
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point bending test. The PPVC sheet and rice husk was grind using Fritsch Pulverisette 15 with 1000μm sieve 

size. Laboratory sieve shaker SS-200 was used to sieve the rice husk into desired particle size.  

 The PPVC sheet was cut to the size of about 1cm length × 1cm width using a pair of scissors. It was then 

feed into the pulveriser for further size reduction. The rice husk was pulverised and sieved to obtain particle size 

of 60μm and lower. The PPVC particulate and rice husk powder was mixed at 20%, 30%, and 40% w/w 

loading. Each mixture was put in the mould before hot pressed at 180°C for about 40 minutes. The sample was 

then cut to specific dimensions for the tensile and 3-point bending test.  

 For tensile and 3-point bending test, the sample was cut to 15cm length × 2cm width. The thickness of the 

sample is at 0.3cm. The tensile test and the 3-point bending test were referred to ASTM D638-03 and ASTM 

D790-03 with the cross head speed is set at 5mm.min-1.  

 

Results: 

 Figure 1, 2, and 3 shows the tensile test result, while Figure 4, and 5 shows the 3-point bending test result. 

Tensile test result in Figure 1, 2, and 3 represent tensile strength, elongation at break, and Young’s Modulus of 

rice husk/recycle PPVC composite respectively. Meanwhile, 3-point bending test result in Figure 4, and 5 stands 

for flexural strength, and flexural modulus of rice husk/recycle PPVC composite respectively. Both tensile and 

3-point bending test was conduct with various rice husks loading of 20%, 30%, and 40%. 

 

 
 

Fig. 1: Tensile strength of rice husk/recycle PPVC composite. 

 

 
 

Fig. 2: The elongation at break of rice husk/recycle PPVC composite. 

 

 
Fig. 3: Young’s Modulus of rice husk/recycle PPVC composite. 
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Fig. 4: Flexural strength of rice husk/recycle PPVC composite. 

 

 
Fig. 5: Flexural modulus of rice husk/recycle PPVC composite. 

 

Discussions: 

 The strength of material always is a primary concern. Tensile strength shows the ability of the composite to 

stand force from different axis. The relationship between tensile strength of rice husk/recycle PPVC composite 

and rice husk loading can be seen in Figure 1. From the graph, can be concluding that tensile strength decreases 

as rice husk loading increased. Rice husk has a porous surface area as shown in Figure 6. Increasing in rice husk 

loading had reduced PPVC content and increase porosity of the rice husk/recycle PPVC composite, lead to low 

tensile strength. High in rice husk loading also increase crack size on composite interface as shown in Figure 7. 

Increase of crack size is because of the agglomerations of rice husk that reduce interaction between rice husk 

and recycled PPVC matrix leads to poor rice husk/recycled PPVC interfacial adhesion [8]. Agglomeration is due 

to small particle size of rice husk [9].  

 Tensile elongation at break is related to the point of rupture. Regarding to Figure 2, elongation at break is 

going lower as addition of rice husk loading. Addition of rice husk into the composite had increase the 

brittleness of rice husk/recycle PPVC composite because of the porosity of rice husk that has been explain 

before. Low tensile strength of the composite will lead to low elongation at break because of increasing in 

fracture capacity of the composite [5]. The presence of crack in the composite had created the faulty point of the 

composite itself. Increasing in crack size as shown in Figure 5 contribute to the low elongation at break because 

of increasing the size of composite faulty point.  

 Young’s Modulus or sometimes known as modulus of elasticity is a measure of stiffness and elasticity of 

the materials. Figure 3 shows that Young’s Modulus decrease as rice husk loading increase. This can be explain 

by decreasing in tensile strength value, low tensile strength give low elastic properties that lead to low Young’s 

Modulus. This result is contradicting with what Crespo et al., [4] said, that Young’s Modulus increased as filler 

amount increased due to increase in resistance to deformation of the composite [4].  

 Flexural strength is the ability of the material to withstand bending force applied perpendicular to its 

longitudinal axis [1]. Figure 4 shows flexural strength of rice husk/recycle PPVC composite. The graph 

demonstrates the decreases in flexural strength as rice husk loading increased. Increase in rice husk loading 

resulted in poor adhesion between rice husk and recycle PPVC matrix as shown in Figure 7. Poor adhesion 

between matrix and filler lead to poor dispersion and agglomeration. This resulted in low flexural strength as 

reported in previous study [7].  

 Flexural modulus or bending modulus is the bending tendency of material that is the ratio of stress over 

strain in flexural deformation. From Figure 5, there is no significant different between rice husks loading in the 

composite, except for the 30% rice husk loading. The flexural modulus of rice husk/recycle PPVC composite for 

30% rice husk loading drop because of the weak compression force. High in Young’s Modulus show that the 

composite has more elastic in longitudinal stress. Hence, the composite with 30% rice husk loading has high 

tension stress, but low compression stress. 
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Fig. 6: SEM micrograph of rice husk surface area. 

 

 
Fig. 7: SEM micrograph of recycled PPVC composite at different rice husk loading: (a) 20%, 345× (b) 30%, 

420× (c) 40%, 440×.  

 

Conclusion: 

 Rice husk loading really affect the tensile and flexural properties of rice husk/recycle PPVC composite. 

High rice husk loading reduced composite properties in both test because of low dispersion and bending 

capacity of rice husk and recycle PPVC matrix. Besides rice husk loading, rice husk small particle size also 

involve in reducing composite properties because of the tendency of rice husk agglomeration that lead to poor 

filler matrix bending capacity. From the result, can be conclude that composite with 20% rice husk loading has 

the best mechanical properties compare to 30% and 40% rice husk loading due to high tensile and flexural 

result.  
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