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 Background: WPCs are composite materials that pose hybrid properties from polymers 
and plant fibers. Currently, there are an increasing number of research studies and 

developments in WPC technology involving rice husk (RH) as fillers. The poor 

compatibility between hydrophilic RH and hydrophobic recycled high density 
polyethylene (rHDPE) leads to reduced mechanical properties of the composite. 

Objective: In this study, surface treatment on RH was investigated via alkaline 

treatment using sodium hydroxide (NaOH) in order to see the effect of alkaline 
treatment on the mechanical and morphological properties of rHDPE/RH composite. 

The composites were prepared with five different loading contents of RH fibers (0, 10, 
20, 30 and 40 wt %) using the twin screw extrusion method. Maleic anhydride grafted 

polyethylene (MAPE) was added as a coupling agent. Results: Results for SEM 

micrographs showed that treated-RH and treated RHrHDPE composites pose a rougher 
surface due to the alkaline treatment and revealed good interfacial bonding between the 

fiber and polymer matrix. In tensile and flexural test, 40% of treated RH loading 

composite has the highest reading. However, the impact strength of the composites 
decreased as the RH loading increased. This may due to the fibers interaction appeared 

to block the matrix flow and result in reduced polymer’s chain motility. Conclusion: 

The surface modification via alkaline treatment of RH did modify the surface 
properties. As a result, improving the compatibility between hydrophilic RH and 

hydrophobic rHDPE thus giving good mechanical and morphological properties of 

composite.  
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INTRODUCTION 

 

 Wood plastic composites (WPCs) are defined as 

composite materials containing plant fibers and 

polymer (Ashori, 2008). WPCs have received great 

attention in USA, mainly in plastic industry and 

panel making due to WPCs are low cost, renewable 

and biodegradable materials. Replacement of 

inorganic fibers by plant fibers has also become a 

trend among important industries such as aerospace, 

automotive and construction industries. The 

researches of producing WPCs started during the late 

of 1980s and became a popular trend in North 

America in the early 1990s (Hull and Clyne, 1996). 

 In recent years, demand of natural plant fibers 

for reinforcement of the composites has increased in 

industry especially in WPCs sector. Their ecological 

character, low cost, nonabrasive nature, safe fiber 

handling, high possible filling level, low energy 

consumption, low density and wide range of variety 

are the factors for their acceptance in large volume 

market (Bismarck et al., 2006). For an example, rice 

husk (RH) is the outermost layer of protection 

encasing a rice grain. The function of RH is to 

protect rice from physical and chemical stresses. RH 

is agro-waste by product and there are about 600 

million tons of rice paddy is produced every year 

(Giddel and Jiyan, 2007). Rice husk mixed with resin 

polymers producing composite materials has gained 

public attention. Many researches are currently 

conducted on the studies of rice husk ash and rice 

husk reinforced thermoplastic composites. 
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 However, occurrence of poor compatibility 

between hydrophilic fibers and hydrophobic polymer 

is a common problem in composite reinforcement. 

This phenomenon happened due to the hydroxyl 

bonding within cellulose molecules thereby reducing 

the activity towards matrices. The poor interfacial 

bonding between fibers  and polymers results in 

reduction of mechanical properties of composite. In 

addition, the high moisture sensitivity of fibers 

causing swelling and delamination occur leading 

reduce dimensional instability of composites. 

Therefore, surface modification of rice husk is taken 

to modify the fiber surface, render the fiber surface 

to become more hydrophobic thus increase the 

compatibility level with hydrophobic polymers 

(Gassan and Bledzki, 1999).  

 Alkaline treatment is the most common surface 

treatment. Sodium hydroxide often been used in 

treatment to disrupt the hydrogen bonding within 

fibers. In alkaline treatment, certain amount of lignin 

and wax are removed and depolymerization of 

cellulose. Surface roughness is increased and there is 

more exposure of short length crystallites. Exposure 

of short length crystallites increases the number of 

reaction sites thus fibers are more compatible with 

polymer resin (Mohanty et al., 2005). 

 The objectives of this study were to develop 

thermoplastic polymer bio-based on RH filler, to 

study the effect of alkaline treated RH on the 

mechanical and morphology properties of the bio-

composite and to study the effect of alkaline treated 

RH bio-composites on different composition of filler. 

 

1. Methodology: 

 Recycled HDPE (rHDPE) is used as a matrix in 

the composites whilst the rice husk (RH) used as 

filler were supplied by RePlas Sdn Bhd. The density 

of rHDPE is 923 kg/m3. The melt flow index (MFI) 

of rHDPE is 0.072 g/10 min at 190
o
C. Maleic 

anhydride grafted polyethylene (MAPE) is used as 

coupling agent. RH fibers are dried overnight at 90
o
C 

in a vacuum oven to reduce its moisture content. 

There were two parts in this research study: RH 

modification and fabrication of composites. 

 In the first stage, RH was washed with distilled 

water to remove dust on surface. Then, RH was 

soaked in a 0.5 N NaOH solutions for 2h under 

stirring and was washed with distilled water again to 

remove the NaOH residues on RH surface until pH 7 

shown. Lastly, treated RH was dried overnight at a 

temperature of 90oC using a vacuum oven. Weights 

were measured before and after drying of RH by 

using electronic balance. The parameter was adapted 

from Garcia et al. (2012). In the second stage, 

alkaline treated RH was mixed with rHDPE and 

MAPE in different loading: 0%, 10%, 20%, 30% and 

40%. After mixing, mixture was fed into a laboratory 

scale counter-rotating twin screw extruder (Thermo 

Prism TSE 16PC). The barrel temperatures of the 

four zones were 180oC, 190oC, 200oC, and 190oC. 

The screw speed was 30 rpm. The extrudates were 

collected, cooled, and granulated into pellets. The 

pellets collected were then pelletized using a crusher 

machine, so that the pellets can fit into mold. The 

crushed pellets were then gone through hot and cold 

press process (LP50, LABTECH Engineering 

Company LTD) as used to make the specimen panels 

for testing. Pellets were put into mold 14 mm x 14 

mm x 3 mm thick. The temperature of the hot press 

was set at 190
o
C for both upper heater and lower 

heater. The period of preheating, venting, and full 

pressing was set to 3, 2, and 5 minutes, respectively. 

The cold press was set to 5 minutes to cool down the 

specimens. The pressure used to press the samples 

was set at 6894.75 kPa. These parameter controls 

were adapted from Ab Ghani and Ahmad (2011). 

 The Fourier transform infrared spectroscopy 

(FTIR) spectra of raw RH before and after the alkali 

treatment were carried out in this research. Besides, 

alkaline treated RH-rHDPE composites were 

undergone FTIR analysis also. Also the composite 

specimens were characterized by tensile, flexural and 

notched impact tests. Tensile tests were conducted 

according to ASTM D 638-03 using Materials 

Testing Machine, model: M350-10CT with the speed 

of 5 mm/min. Flexural test was performed according 

to ASTM D 790-03 using Materials Testing 

Machine, model: M350-10CT. Three-point-flexural 

test with the crosshead speed of 5 mm/min was used 

in this experiment. Ray-Ran Universal Pendulum 

Impact System was used to determine the impact 

strength of the specimens. The composite specimens 

were cut according to ASTM D 256-05 specification. 

The velocity of the pendulum was 3.46 m/s and the 

weight used was 0.452 kg. Surface morphology of 

the rice husk before and after modification, were 

characterized with scanning electron microscope 

(SEM) (Philip XL 30). The SEM was operated at an 

accelerating voltage of 15 kV after being sputter 

coated with gold. The fracture surfaces of the 

composite specimens contained 20% and 40% of 

treated rice husk fibers were characterized with 

SEM. 

 

2. Results: 

3. Discussion: 

3.1 FTIR Spectra Analysis for Untreated and Treated 

RH: 

 Fourier Transform Infrared Spectrometer (FTIR) 

is a measurement technique which determines the 

chemical structure of adsorbent by identifying the 

characteristic functional groups. From Figure 1(a) 

and (b) below, it can be seen that there are no 

significant changes between IR spectrums of 

untreated RH and alkaline treated RH. However, 

alkaline treated RH in Figure 1(b) shows a broader 

peak at 3335 cm-1 if compare to the peak at 3324 

cm-1 from unmodified RH in Figure 1(a). It indicates 

the presence of stretch hydroxyl group. Modified RH 

has broader the peak, thereby, the higher the 
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concentration of O-H group which contributed by 

NaOH (Dahlan and Abdul 1993). Besides, the peak 

at 1649 cm-1 is attributed to H-O-H group. The peak 

appeared is due to the moisture trapped in the narrow 

pores of RH although the samples were dried before. 

 

3.2 Tensile Test for rHDPE/RH Composite:  

 Tensile test was performed to measure the 

response of a material to slowly applied uniaxial 

force (Askeland and Phule, 2006). Figure 2 illustrates 

the result of tensile test. Tensile test was performed 

according to ASTM D 638-03 at room condition 

using a Testometric universal testing machine with a 

loading rate of 1 mm/min for Young’s modulus 

determination. Results obtained from tensile modulus 

determinations indicated that an increase rice husk 

loading has the tendency to increase the composite 

stiffness as showed in figure below. The alkaline 

treatment removes lignin, hemicellulose, fats and 

waxes from RH surfaces thus giving a rougher 

surface on RH. The alkaline treated RH improves the 

compatibility between hydrophobic polymer and 

hydrophilic rice husk. Besides, the incorporation of 

natural fiber into plastic increased the tensile strength 

in comparison with the unreinforced plastic matrix 

and it is supported by previous authors (Oksman et 

al., 2003). 

 

 
Fig. 1(a): FTIR spectra of untreated RH. 

 

 
Fig. 1(b): FTIR spectra of treated RH. 

 

 
 

Fig. 2: Tensile Young’s Modulus of composites with different loading of alkaline treated RH composites. 
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Fig. 3: Bending strength of composites with different loading of treated RH composites. 

 
 

Fig. 4: Bending modulus of composites with different loading of treated RH composites. 

 

 
Fig. 5: Izod Impact Strength with treated RH composites. 

 

3.3 Flexural Test for rHDPE/RH Composite: 

 Flexural test was performed according to ASTM 

D 790-03 at room condition using Testometric 

universal machine. Figures 3 and Figure 4 illustrate 

the value of transverse rupture strength (MOR) and 

bending modulus against rice husk loading contents. 

From these graphs, 40% of rice husk loading 

composite has the highest reading. The presence of 

RH enables the composite to restrains the movement 

of polymer chains thus reducing the ductility of 

composites and increasing the stiffness. Similar 

results have been also reported by other authors with 

different reinforcement materials (Joseph et al., 

2002). For bending strength, the readings increase 

until 30% and then decrease at 40% of RH loading. 

The strength is decreased due to the interaction of 

rHDPE polymer chain and RH has overcome the 

weak filler matrix adhesion (Rahman et al., 2009). 

 

3.4 Impact Test for rHDPE/RH Composite: 

 Impact test is to measure the ability of a material 

to absorb the sudden application of a load with 

breaking. The impact tests were carried out 

according to ASTM D 256-05 at room condition 

using a Universal Pendulum Impact System (Ray-

Ran, UK). Figure 5 shows the results of the impact 
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tests. The impact strength is decreased when treated 

RH loading content is increased. This may due to the 

fibers interaction appeared to block the matrix flow 

and result to reduced polymer chain motility. 

Therefore, the ability of composite to absorb energy 

during force was lower also (Cui et al., 2008). 

 

 

 
 

Fig. 6: SEM micrograph of the RH surface. 

 

 
 

Fig. 7: SEM micrograph of the surface 20% RH-HDPE Composite on 50 x magnifications (a) Untreated (b) 

Treated. 

 

3.5 SEM Analysis for Untreated and Treated RH: 

 Scanning Electron Microscope (SEM) analysis 

was done to characterize the fracture surface of the 

RH. Figure 6(a) and (b) below shows the SEM 

micrograph of untreated-RH and NaOH treated-RH 

using magnifications of 50x and 300x. Untreated-RH 

possess a smooth, flat and cloudy surface due to the 

presence of lignin, wax and hemicelluloses (Mohanty 

et al., 2005). On the other hands, alkali-treated RH 

possess a rougher surface. Cellulose micro fibrils of 

RH were exposed due to dissolution of lignin, 

hemicelluloses and other impurities dissolve in 

alkaline solution. Rougher surface allow improve the 

compatibility between fibers and matrix. Compare to 

untreated RH, alkali treated RH possess a rougher 

surface. Cellulose micro fibrils of RH were exposed 
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due to dissolution of lignin, hemicelluloses and other 

impurities dissolve in alkaline solution. Rougher 

surface allow improve the compatibility between 

fibers and matrix (Syafri et al., 2011). 

 

 
Fig. 8: SEM micrograph of the surface 40% RH-HDPE Composite on 50 x magnifications (a) Untreated (b) 

Treated. 

 

3.6 Morphology for rHDPE/RH Composite: 

 The fracture surfaces of the tensile test 

specimens were examined using a scanning electron 

microscope (SEM). Figure 7(a) and (b) shows the 

SEM micrograph images of surface of composites 

filled with 20% untreated and treated RH-rHDPE 

composites. Compare to the result of untreated RH-

rHDPE obtained from Jia et al. (2014), alkaline 

treated RH-rHDPE composite has a rougher surface. 

The alkaline treatment would make the mechanical 

interlocking between RH and rHDPE. Furthermore, 

the treated fiber and matrix were not clearly 

differentiated due to the increased of hydrophobicity 

and compatibility of rice husk surface thus improving 

adhesion wettability of rice husk properties (Syafri et 

al., 2011). 

 Surface of composites filled with 40% untreated 

and treated rice husk HDPE composites are shown in 

Figure 8(a) and (b). Same as 20% untreated and 

treated RH-rHDPE composites, 40% alkaline treated 

RH-rHDPE composite has a rougher surface. It 

shows the interfacial bonding between the fibers and 

matrix had improved due to the esterification 

mechanism and that the fracture occurred at the 

fibers itself. This illustrates that the stress is well 

propagated between the fibers and the matrix 

polymer resulting in enhanced tensile modulus in 

response to stress (Adhikary, 2008). 

 

4. Conclusion: 

 Based on the results and discussion of this study, 

several conclusions can be stated. First, for FTIR, 

treated RH has higher concentration of O-H group 

contributed by NaOH compared to untreated RH. On 

the other hands, for morphological test, alkali treated 

RH shows a rougher surface compared to untreated 

RH. Rougher surface allow improving compatibility 

between fibers and matrix. For mechanical testing, 

result shows an increasing trend with RH loading and 

40% of treated RH loading composite has the highest 

reading. For flexural tests, there is an increasing 

trend in bending strength results until 30% and then 

decrease at 40% RH loading. For impact test, 40% 

treated RH loading has the lowest reading among 

other loadings. This may due to the fibers interaction 

appeared to block matrix flow thus result to reduced 

polymer’s chain motility. Lastly, the surface 

modification via alkaline treatment of RH did modify 

the surface properties thus improving the 

compatibility between hydrophilic RH and 

hydrophobic rHDPE. Further works are being done 

in order to improve the compatibility of RH and 

polymer via different types of surface modifications. 
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