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Abstract 

 
In this study, the surface modification techniques were performed on rice husk flour (RH) 
in polypropylene (PP) matrix and consolidated to improve the mechanical properties. The 
rice husks were formed with the granular size composite with such as untreated, boiled, 
and boiled-sodium hydroxide (NaOH) treated fiber. An internal mixer machine is set for 
four different composites compositions ratio and the samples produced by hot press 
machine. The analysis was carried out using a 2- factor and 3- level design of experiment 
(DOE). An analysis conducted based on variance (ANOVA) is to determine on how the 
formed of three type rice husk and the composition of the rice husk ratio affected the 
mechanical properties of the composites. It was proven that both the rice husk type and 
the composition demonstrated significantly different results in terms of the tensile test, 
impact test and hardness test. The overall results indicated that the boiled-sodium 
hydroxide (NaOH) treated rice husk fiber composite exhibited the highest performance. 
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1. Introduction 

Agriculture composite in a more realistic case refers to natural fiber 

reinforced composite.  A good agreement between various alternatives of 

products design and materials, in fact, makes natural fibers as reinforcing 

components with petroleum and thermoplastics as well as thermosets to 

become more potential reinforcing filler in plastics. Here, thermoplastics 

such as polyethylene (PE), polystyrene, polypropylene (PP), and polyvinyl 

chloride are generally incorporation with the natural fiber composites in 

order to produce outstanding performance applications.  
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The reason of using natural fibers as a reinforce material are, now, 

receiving more consideration of scholars due to their environmental 

benefits and that natural fiber composites can replace tropical hardwood. 

There were several studies on polymer and natural fibers as a reinforce 

material such as: 

 

 Starch (Gupta et al., 2008; Tena-Salcido et al., 2008),  

 Kenaf (Tajeddin et al., 2009; Cho et al., 2009; Rashdi et al., 2010; 

Westman et al., 2010), 

 Banana (Samal et al., 2009 ; Srinivasababu et al., 2009; El-Meligy et 

al., 2010 ; Majhi  et al., 2010) 

 Palm Oil (Anuar et al., 2006; Abdul Khalil et al., 2007; Ahmadzadeh 

et al., 2008), 

 Rice husk (Yang et al., 2004; Panthapulakkal et al., 2005; Rozman et 

al., 2005; Rosa et al., 2009), 

 Sugarcane baggase (Stael et al., 2001 ; Bilba et al., 2003;  Cao et al., 

2007 ; Ishak et al., 2009; Vilakati et al., 2010),  

 Bamboo (Vasoya et al., 2007; Suharty  et al., 2008; Kittinaovarat & 

Suthamnoi, 2009). 

 

Among the natural fiber, rice husk is one of the major agro-waste products, 

which contains cellulose 32.7%, hemicellulose 20.5%, lignin 21.8%, silica 

15.1%, solubles 2.8%, and moisture 7.5% (Stefani & Jiménez, 2003). The 

rice husk is the outermost layer of the paddy grain that is separated from 

the rice grains during the milling process. It is expected that lignocellulosic 

composites have several advantages over the composites produced from 

synthetic fibres. The utilization of rice husk ash as a reinforcement of a 

polymeric material is provided excellent performance in characteristics 

that combine the positive attributes of each constituent component such 

as durability properties and improved strength, environmental benefits 

related to the disposal of waste materials, reduced materials costs, and to 

reduce carbon dioxide emissions (Yussuf et al., 2010).  

 

The main issue of the using natural fiber composite is the fiber matrix 

adhesion. Among the effective parameters, properties of matrix and fiber 

and also their processing condition are very important for gaining 

sufficient mechanical properties of composite (Zampaloni et al., 2007). It 

was shown that the strength parameter is sensitive to matrix properties, 

whereas the modulus is dependent on the fiber properties. For improving 

the mechanical properties of the composite, the main parameters are the 

bonding level, fiber length, and geometry of the parts (Hull & Clyne, 1996). 

The chemical and physical surface adaptation studies on a variety of 

natural fibers have been committed to understanding and enhancing the 

interface strength between the natural fibers and the polymer matrix. 

However, the performance and properties of composite materials depend 

on the properties of the individual components and their interface 

compatibility. Therefore, this study conducted the work to identify the 
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factors that affect rice husk/ polypropylene composites using untreated, 

boiled, and boiled- NaOH treated rice husk. 

 

 
2. Experimental 
 
2.1. Experimental Design 

The focus of this work is on two parameters; the type of rice husk flour and 

its composition ratio. Because the levels of each factor used were 

determined referring to the manufacturing capability and its competency, 

three levels were chosen for the composition of the rice husk and its 

composition. The 2- factor with 3-levels for the design of experiments 

(DOE) was then used by utilizing the Design-Expert software. 

  
2.2. Material 

The research use polypropylene as the matrix material in the form of pallet 

with a density 0.9 g/cm3 and melting temperature at 230oC. This 

compound consists of carbon, hydrogen and some additives designed for 

general purpose applications. The rice husk fiber was obtained from the 

rice field Alor Star, Kedah, (Malaysia). The dimension of the granular sizes 

ranged are from 500 to 1000 µm, while moisture content is 13 wt. %. 

 
2.3. Materials preparation 

For untreated RH, the raw material was sun dried for three days. This 

process have to be carried out before they were fed into a blender in order 

to obtain short fibers at lower than 1000 μm in length. While for the boiled 

and treated RH, the preparation carried out is by washing process of the 

120 grams of untreated RH and then it is boiled in the 100 oC boiling water 

for about 1 hour.  Thus, they are forwarded to soaking process for 2 hours 

with 2 % concentration of Sodium Hydroxide (NaOH), then the compound 

was stirred. The compound was left in the environmental chamber for 3 

hours followed by cleaning process using normal pipe water. The washing 

process was repeated for 4 times to ensure no more NaOH residual at rice 

husk. The next process is drying the rice husk under sunlight for 72 hours.  

 
2.4. Composite Fabrication 

The Polypropylene and rice husk is weighed according to selected ratio. A 

thermal mixing process was carried out using a Thermo Haake Rheomix 

600 OS internal mixer at a temperature of 175 oC and a rotor speed of 50 

rpm for 10 minutes. Through this process, the mixture of substances will 

be found better and more uniform overall. After this process, the material 

goes to crusher machine to produce a standard particle size 2 mm x 2 mm. 

The final stage of the composite preparation process in this research is the 

hot pressing. Hot pressing was carried out at a temperature of 175 oC for 8 

minutes, and the mixture was then cooled under room temperature. The 

final products were in the form of plates with dimensions of 200 mm x 200 
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mm x 2 mm and prepared to cut into ASTM standard and conduct 

mechanical testing. 
 
2.5 Testing Standards  

The tensile, impact and hardness test were performed according to ASTM 

D638, ASTM D6110 and ASTM E-384 respectively. The specimen 

positioning and the operating conditions were 25±3°C with 50 % of 

humidity (Figure 1 to 3). 

 

 

 

 

 

Figure 1: Tensile Figure 2: Charpy Impact Figure 3: Hardness 

                          

3. Results and Discussion 

Table 1 shows the factor and level of the rice husk flour and composition 

variables, while Table 2 show the ANOVA results for the tensile strength, 

impact strength and hardness. 

 

 

 

 

 

 

 

 

Table 1: Factor and Level 
 

 
 

Factor                                 Level 1            Level 2              Level 3 

 
 

    Rice Husk (RH)                       Untreated           Boiled              Boiled & Treated 

             Composition Ratio (PP: RH)      90:10                 90:10                    90:10 

                                                             80:20                 80:20                    80:20 

                                                             70:30                 70:30                    70:30  
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3.1. Tensile Properties 

In normal probability plot shown in Figure 4 and 5, the residuals tensile 

stress and modulus demonstrated a stable of variability for tensile test 

samples where the value of R2 is 0.9850 and 0.9990. Based on analysis of 

variance (Table 2), all mean values for each group is significantly different 

(p-value<0.05). It is proven that each variable gives significant effects 

towards tensile strength performance of the composites.  

 

The results of interaction plot for tensile stress and modulus on the 

different rice husk and composition are as presented in Figure 6 and 7. A 

tensile test was done to determine the strength and modulus of PP/RH 

composite, which was fabricated using the untreated, boiled, boiled-NaOH 

treated fibers. It can be seen that the tensile strength Figure 6 and 

modulus strength Figure 7 of boiled-NaOH treated rice husk increasing in 

PP/RH composite. The different concentration of natural fiber with matrix 

can effect and it make facture if stress is applied and easy to slip off 

(Santiagoo et al., 2011; Nouri et al., 2006; Maziad et al., 2009 ; Ramasamy 

2012). The boiled-NaOH treated rice husk composite can improve tensile 

strength and modulus compared to boiling and untreated composite.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Normal plot of residuals for Tensile Stress 
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Table 2: Anova for Mechanical Testing Results of different Rice Husk 

 

Mechanical 

Properties 

Source Sum of 
Squares 

Degree 

of Freedom 
Mean 

Square 
F 

(Value) 

P 

(Value) 

Tensile Stress A= Rice Husk 0.32 2 0.16 32.67 0.0033 

 B= Composition 0.97 2 0.48 98.63 0.0004 

Tensile Modulus  A= Rice Husk 0.32 2 0.16 11.95 <0.0001 

 B= Composition 0.97 2 0.48 65.88 <0.0001 

Impact Strength A= Rice Husk 0.27 2 0.14 908.11 <0.0001 

 B= Composition 2.23 2 1.12 635.56 <0.0001 

Hardness A= Rice Husk 0.56 2 0.28 1291.44 <0.0001 

 B= Composition 2.54 2 1.27 45.60 <0.0001 

 



 
 

Influence of Rice Husk and Composition Ratio on Mechanical Performance of Polypropylene Composite 

 

6 
Politeknik & Kolej Komuniti Journal of Engineering and Technology, Vol.1, 2016  
eISSN 0128-2883 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Normal plot of residuals for Tensile Modulus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Interaction plot for Tensile Stress 
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Figure 7: Interaction plot for Tensile Modulus 
 

4.2. Hardness Properties 

Figure 8 demonstrates the normal probability plot for hardness strength, 

where the R2 value is 0.9983. The interactions between each variable, rice 

husk types, and composition gives a significant effect towards the 

hardness strength performance. It is proven that each variable gives 

significant effects towards hardness strength performance of the 

composites (Tale 2). 

 

The results of interaction plot for hardness strength on the different rice 

husk and composition are as presented in Figure 9. It is showed the effect 

of adding Sodium Hydroxide (NaOH) on the hardness property of PP/RH 

composite. Based on the result obtained, the hardness of boiled-NaOH 

treated composite of PP/RH is better than boiled or untreated composite. 

Besides, the response between boiling and treated rice husk with Sodium 

Hydroxide (NaOH) in PP/RH composition increases the stiffness property of 

composite. According to Ahmad et al., (2009), the addition of rice husk and 

clay into the thermoplastic will increase the hardness properties. Ismail et 

al., (2009) reported that by increasing rice husk ash loading in natural 

rubber/linear low density polyethylene, the hardness will increase. 

Generally, the using of rice husk fibers will increase the value of hardness 

composites in thermoplastic (Maziad et al., 2009). The significant 

difference in the value shows that the composition ratio of rice husk will 

increase the hardness of the material as the bonding between the 

molecules.  
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Figure 8: Normal plot of residuals for Hardness Strength 

 

 

 

 

 

 

 

 

 

 

Figure 9: Interaction plot for Hardness Strength 
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4.3 Impact Properties 

In a normal probability plot shown in Figure 10, the residuals impact 

strength demonstrated a stable data plot for impact test samples where the 

R2 value is 0.9962.  Based on analysis of variance (Table 2), all mean values 

for each group is significantly different (p-value<0.05). It is proven that 

each variable gives significant effects towards impact strength performance 

of the composites.  

 

Figure 11 shows the interaction plot for impact strength results of rice 

husk for different composition. Based on this graph, boiled and treated rice 

husk composites show outstanding result as a best composition. The 

impact value of the untreated, the boiled rice husk is lower than the 

boiled-NaOH treated rice husk. Besides, the untreated, boiled, and 

boiled-NaOH treated composite of PP/RH is decreased when fiber loading 

increased. The impact strength decreases when the higher ratio of rice 

loading in PP/RH composition. The less percentage of boiled-NaOH treated 

rice husk is excellent properties. The similar trend is also observed by 

Jamil et al., (2006) where the weak filler loading in matrix interaction 

resulting in poor filler dispersion and decrease the properties.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Normal plot of residuals for Impact Strength 
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Figure 11: Interaction plot for Impact Strength 

 

5. Conclusions 

In these studies, the rice husk flour type and composition are identified as 

the factors that are important in improving the mechanical properties. The 

analysis, which used a design of experiments (DOE) and analysis of 

variance (ANOVA), shows that the optimum results were achieved when the 

boiled-sodium hydroxide (NaOH) treated rice husk was used. Thus, the 

ANOVA analysis outcome had established correctly that the rice husk 

types and composition used have significant effects on the mechanical. The 

boiled and sodium hydroxide (NaOH) treated rice husk was shown to have 

better tensile, charpy, and hardness strengths. The measurement of 

composite characteristics indicated that more ratio of rice husk 

composition in polypropylene composite displayed greater tensile modulus 

and hardness performance compared to a tensile strength and impact 

strength, especially for boiled-sodium hydroxide (NaOH) treated rice husk.  
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