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ABSTRACT 

 
Modern society is experiencing increasing numbers plastic waste materials because of the lack of ability and management efficiency. 

The waste of plastics is increasing rapidly every day. In order to produce high loading biocomposites, two types of recycled plastic high 

density polyethylene (rHDPE) and poly (ethylene terephthalate) (rPET) were mixed with various amount of rice husk content. The ratio 
of plastics used in the study is 75:25 (rHDPE/rPET). Percentages of rice RH in this study are 40, 50, 60, 70 and 80 wt%. Maleic 

anhydride-modified polyethylene (MAPE) was added as a coupling agent. Tensile and flexural tests demonstrated that 

rHDPE/rPET/RH biocomposites present improved mechanical performances comparatively to the unfilled polymer blend. Highest 
tensile strength was recorded by composite filled with 60 wt% of RH. Whilst, composite filled 70 wt% of RH gives the optimum 

Young’s modulus value. Flexural testing results show the biocomposite with 80 wt% of RH give the maximum values on modulus of 

elasticity (MOE) and modulus of rupture (MOR), which are 46 MPa and 5195 MPa, respectively. The addition of RH in the polymer 
blend drastically reduced the impact strength. Microstructure analysis of the composite fracture surface using a scanning electron 

microscope (SEM) to investigate interfacial bonding between the polymer blends and rice husk. 
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INTRODUCTION 
 

 One of the greatest challenges of the 21st 

century will be to decompose or reuse waste from 

feed stock sources of ligno-cellulose to replace 

fossil based raw materials (petroleum based). Ligno-

cellulose has many advantages for use as raw 

material. Among its advantages include abundance 

in terms of quantity, accessible and sustainable. In 

addition, the ligno-cellulose is also capable in 

reducing greenhouse effects. Whilst fossil based raw 

materials contribute over 25% of all greenhouse 

effects [2]. 

 Focus on the environment impact of polymer-

based materials has led to the development of new 

products made from recycled polymers containing 

biodegradable materials. These materials show 

several advantages over traditional mineral-filled 

plastic composite, which includes low-density, low 

production cost, biodegradable, renewable, and 

others. The material properties such as strength, 

hardness and dimensional stability of plastics also 

improved through the addition of lignocellulosic 

fibers [7]. 

 One of the most significant side effects related 

to the use of natural fibers as fillers in plastic is 

increasing the level of crystallinity of composite 

materials. This effect can occur in two different 

ways. The first way is trans-crystallization. This 

process occurs when heterogeneous nucleation of α 

generate the fiber surface layer. The second way 

associated with cylinder-induced crystallization 

nucleation (self) which is a homogeneous nucleation 

resulting in crystal form crystal form of β from α. 

However, the other depends on the system itself, 

some fiber treatment can prevent or enhance the 

formation of trans-crystallization [1]. 

  

Objective: 

 The objective of this study was to determine the 
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maximum amount of rice husk content that can be 

added into the recycled polymer blend in order to 

produce high loading biocomposites. The lowest 

amounts of RH used in this study was 40 wt% 

whilst the highest was 80 wt%. The amounts of RH 

limit was 80 wt%. It is because when samples filled 

higher than 80wt% of RH content, the extrudates 

cannot be hot pressed to form a specimen due to 

lack of interfacial adhesion between matrix and 

filler as the amount of plastics are small compared 

to RH event with presence of coupling agent. 

 

Materials  and Methods 
 

 The raw materials used as a matrix blends are 

recycled high-density polyethylene (rHDPE, 

density, 923 kg/m
3
; melt flow index, 0.72 g/10min 

at 190°C) and poly (ethylene terephthalate) (rPET, 

Tg, 74.1 °C, cold crystallization peak temperature, 

119.9 °C and melting peak temperature, 252.5 °C). 

Ethylene-glycidyl methacrylate copolymer (EGMA, 

melt flow index, 5g/10 min (190°C, 2.16 kg) was 

added as a compatibilizer agent. The filler material 

is rice husk. The maleic anhydride polyethylene 

(MAPE, melting peak temperature, 135.2 °C) was 

added to bonding between hydrophilic thermoplastic 

blends and hydrophobic natural filler. The agro-

filler used in the experiment was 100-mesh particle 

size of rice husk flour (RH). 

 The recycled blends rHDPE/rPET weight ratios 

used was 75/25 wt% namely recycled matrix (r-

matrix). The compatibilized rHDPE/rPET blends 

were prepared by adding 5 wt% E-GMA, based on 

the whole weight of rHDPE and rPET into the 

binary system through extrusion process. Neat 

rHDPE/rPET blend was made as control sample. 

RH was dried for 24 h at 100 
o
C; r-matrix 

compounded with 40, 50, 60, 70 and 80 wt% RH 

based on total composite weight. Compounding was 

accomplished using a 40-mm laboratory scale co-

rotating twin screw extruder (Thermo Prism TSE 16 

PC) to produce homogeneous rHDPE/rPET/RH 

composite with addition of 3 wt% MAPE as a 

compatibilizing agent. The four barrel temperatures 

from the feeding to die zones were set as 190, 240, 

270 and 250°C, respectively. The screw speed was 

30 rpm. The extrudates were then cooled and 

granulated into pellets. 

 The blend pellets were then compression 

molded at 200°C under 1000 psi by using a model 

LP50, LABTECH Engineering Company LTD. In 

the hot press process, the period of preheating, 

venting and full pressing was set to 3, 2 and 5 

minutes, respectively. Following, cold press was set 

to 5 minutes to cool the specimen. Prior to testing, 

ten replicate of the specimens were cut according to 

ASTM D638-03 (Tensile), ASTM D790-03 

(Flexural) and ASTM D256-05 (Impact) 

specifications. Analysis of the flexural fracture 

surfaces was performed using a scanning electron 

microscope (SEM). The surfaces were examined 

after subjected to sputter coating with gold to 

enhance the conductivity and avoid electrostatic 

charging. Tensile and flexural test were conducted 

by using a universal testing machine (Testometric 

M350-10CT). Impact and morphology were 

analyzed using Ray-Ran Universal Pendulum 

Impact System and SEM Hitachi TM-3000, 

respectively. Table 1 shows the composition of 

composites used in this study. 
 

Table 1: Composites composition. 

Matrix (75/25/5) Fiber Coupling Agent 

rHDPE/rPET/EGMA (%) Rice Husk (%) MAPE (%) 

100 0 0 

60 40 3 

50 50 3 

40 60 3 

30 70 3 

20 80 3 

Abbreviations: MAPE, maleic anhydride polyethylene 
 

Results and Discussion 
 

 The raw materials Fig. 1 and 2 represent graph 

of tensile strength and Young’s modulus 

respectively. From the results of Fig. 1, its show that 

samples filled  40 and 50 wt% or RH lower values 

than control sample (without RH content). As can 

be seen from the graph, sample with 60 wt% of RH 

gives the highest value which is 22.60 MPa, 17% 

higher than control sample. The tensile strength 

increased with increasing RH content by creating 

good interfacial bonding between the hydrophobic 

matrix polymer and hydrophilic filler. The 

decrement of tensile strength on biocomposites was 

due to the weak bonding between the matrix and 

filler. In addition, filler agglomerations also lead to 

uneven dispersion in matrix, thus weaken the tensile 

strength of the material [8,10]. 

 In general, the Young’s modulus of the 

composite materials increases with an increase in 

fiber content [3,5]. Fig. 2 shows graph of Young’s 

modulus shows increment trend from control 

sample to 80 wt% of RH content. The highest value 

is 1002 MPa recorded from 70 wt% of RH content. 

Sample with 80 wt% of RH content is decreased 

maybe due to higher RH filler. The composites 

produced by using recycled plastics should 

expecting contamination effect in matrix that can be 

one of the drawbacks in this field [9]. According to 

Ismail et al. [4], addition of rigid filler particles 
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increase the modulus of the composite due to 

increased restrictions on the movement of the 

polymer molecule. 

 

 
Fig. 1: Tensile strength. 

 

 
Fig. 2: Young’s modulus. 

 

 Fig. 3 shows the effects of rice husk content on 

MOE of recycled polymer blends reinforced RH 

composites. The graph shows that the MOE of 

composite reinforced rice husk increased up to 4005 

MPa from 0 wt% to 80 wt% rice husk content. The 

MOE of composite filled 40 wt% of rice husk vary 

significantly compared to 80 wt% of rice husk 

content. The MOE of composite reinforced 40 wt% 

of rice husk gives 2260 MPa while composite with 

80 wt% of rice husk content recorded 5195 MPa, 

respectively. It could be concluded that addition of 

rice husk in polymer matrix could improve the 

flexural properties of composite material. According 

to Nadzi et al. [7], the adhesion between the 

particles and coupling agent (MAPE) also had great 

influence on the final MOE as observed by an 

increase in the MOE compared to control sample. 

An increase in the MOE of composite reinforced 

rice husk compared to unfilled rice husk can once 

again be attributed to the effect of strong adhesion 

and wettability of MAPE and heterogeneous of the 

rice husk particles distribution in the composite. The 

increase in the MOE of the composite reinforced 

rice husk observed could be associated with the 

stiffness of the particles and partly due to improved 

interfacial bonding. Similar reason for the increase 

in MOR can be given for the increase in MOE that 

is due to better interfacial adhesion between rice 

husk and r-matrix in the presence of the MAPE. 
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Fig. 3: Modulus of elasticity. 

 

 Graph MOR of composite with different rice 

husk content is shown in Fig. 4. The results show 

that MOR increased to 16 MPa when 40 wt% to 80 

wt% rice husk added in recycled polymer 

composite. The results revealed that when the 

amount of rice husk content was increased to 80 

wt% there are almost 53% increases in MOR from 

30 MPa to 46 MPa. An increase in the MOR for 

composite reinforced rice husks can be attributed to 

resin distribution and wetting of the rice husks 

particles [7]. The higher amount of RH in 

thermoplastic composites lead to insufficient 

wetting of filler and interfacial bonding is not 

uniform in the composite. To overcome the 

problem, Shahril Ezuan et al. [9], reported that the 

interfacial adhesion between polymer matrix and 

RH filler can be obtained by addition of the 

coupling agent to increase the MOR composites. 

 In this study, the amount of RH content cannot 

be exceed 80 wt% as mentioned in the introduction 

above. The plausible reason for this case was due to 

weak interfacial adhesion between r-matrix and rice 

husk. The results obtained in compliance with 

previous study. The report suggested that, the RH 

present in thermoplastic composites can enhanced 

the mechanical properties up to a certain amount of 

the filler loading. RH is able to impart a significant 

improvement in stiffness by hindering the 

movement of matrix molecules. The movement of 

matrix molecules was more difficult with increasing 

filler content at a certain point. The stiffness of 

composites will be decrease drastically when the 

amounts of RH content exceed the limit [6]. 

 
Fig. 4: Modulus of rupture. 

 

 Fig. 5 shows the impact strength graph. The 

graph has a decrement trend from control sample to 

the last sample which content 80 wt% of RH. 

Despite there is a slightly increment showed from 

sample that content 50 wt% of RH, this result is still 

lower compared to the control sample. Results 

obtained support the findings of previous studies by 

Yang et al. [10], increasing filler loading will 
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reduce the impact strength due to the increase in 

size of the poor bonded area between the 

hydrophilic filler and the hydrophobic matrix 

polymer. 

 From the graph, the control sample gives the 

value 7.96 KJm
-2

 which is the highest value of 

impact strength. The lowest value for impact testing 

is 1.97 KJm
-2

 as plotted in the graph above. This 

result could be explained by chemical composition 

of filler that had been used. RH filler contains high 

cellulose and hemicelluloses, these two types of cell 

are hydrophilic. Any moisture penetrated into 

samples while processing or assembly will affect the 

values of testing. Besides that, poor adhesion 

between matrix and hybrid fibers generates void 

spaces at interfacial of polymer-filler. These lead to 

lower impact strength of the samples [9]. 

 

 
Fig. 5: Impact strength. 

 

 The morphology of composites reinforced rice 

husk fiber was performed using SEM. With this 

method, three-dimensional diagram of the sample 

morphology can be clearly seen. SEM methods can 

describe the quality of the bond between the fiber-

matrix and the fiber dispersion in the matrix. Fig. 8 

and 9 show the results of SEM morphology for 

samples without and with 80 wt% of RH content, 

respectively. Sample without RH content shows the 

rough surface, there is no clear cleft that can be seen 

between two different types of plastic (rHDPE and 

rPET), this situation indicating the good interface 

bonding. The r-matrix has strong chemical bonding 

between particles. In addition, the morphology 

shows the rPET were utterly attached to the rHDPE 

and it is also evident that the rPET were strongly 

imbedded in the rHDPE, indicating the efficiency of 

the mixing, which was attributed to a good 

interfacial interaction between plastics, resulting in 

enhanced impact strength. 

 

 
Fig. 8: Without rice husk content. 
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 In Fig. 9 image, agglomerations of rice husks in 

recycled polymer biocomposites panel can be seen. 

The agglomeration is an indication of non-uniform 

distribution of matrix in the composite panels 

despite an increase in flexural properties composite. 

This is probably due to the small amount of the 

matrix used to bind the composites [7]. 

Agglomeration is formed due to uneven distribution 

of fibers during extrusion and compression 

processes. The agglomeration of materials can affect 

the mechanical and physical properties of 

biocomposites. On the other hand, the morphology 

show the fibres were utterly attached to the matrix 

and it is evident that the fibres were strongly 

imbedded in the matrix, which was attributed to a 

good interfacial interaction between fibres and 

matrix. The interfacial bonding was improved due 

to the esterification mechanism, and the fracture 

occurred at the fibres itself. This means that the 

stress is well propagated between the fibres/fillers 

and the r-matrix, resulting in enhanced modulus 

strength. A slit is seen through the RH fiber, this 

could be explained by stress-transfer from the 

matrix to the filler. The stress-strain process 

occurred from weaken part to stronger part. In this 

biocomposites, the r-matrix is weaker than fillers.

 

 
Fig. 9: With 80 wt% rice husk content 

 

Conclusion: 

 As the amount of rice husk content increase, the 

Young’s modulus (YM), modulus of rupture (MOR) 

and modulus of elasticity (MOE) increase 

significantly. Composites filled rice husk have 

higher values of YM, MOR and MOE compared to 

the control sample. This is due to the strong bonding 

between the filler and the matrix recycled polymer 

blend. As the filler loading increased, more pulled-

out rice husk particles were observed by using a 

scanning electron microscope. Due to the strong 

interfacial bonding between the filler and the matrix 

polymer, the fracture occurred not at the interface, 

but at the filler particles themselves, and the 

composite showed more brittleness in terms of its 

tensile and impact properties as reported by Yang et 

al. [11]. The high loading biocomposites were 

successfully produced by adding rice husk into 

recycled polymer blend for use in low-impact 

applications. 
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