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Rice husk is a by-product of rice milling process that usually finds inadequate final disposal (burning, land 

filling). Thermoplastics composites filled with rice husk flour are materials that offer an alternative for using this 

agricultural resource viewing the production of low dense materials with some specific properties. In this work 

composites of polypropylene (PP) and rice husk flour (RHF) were prepared by melt extrusion. Maleic anhydride-

modified PP (MAPP) was added as a coupling agent. It was verified that tensile strength decreased with filler 

loading. The presence of MAPP improved this property showing a strong dependence on the MAPP/RHF ratio 

(MAPP/RHF = 0.03 produced the best results). The density of the composites slightly increased with filler and 

coupling agent in comparison to pure PP. The presence of MAPP diminished more than 20% water uptake in 

highly-loaded composites.  
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1. Introduction

Recent interest on the environmental impact of polymer-based 

materials has lead to the development of new products prepared 

with recycled polymers and/or containing biodegradable materials. 

Lignocellulosic plastic composites constitute an important set within 

this kind of materials showing several advantages over traditional 

mineral-filled plastic composites: low density, low production costs, 

biodegradability, renewability, etc. Stiffness, hardness and dimen-

sional stability of plastics have also been improved by incorporation 

of lignocellulosic fillers1,2. 

However, the use of agro-fibers shows some drawbacks such 

as degradation at relatively low temperature due to the presence of 

cellulose and hemicellulose. This early thermal degradation limits 

the allowed processing temperature to less than 200 °C and restricts 

the type of thermoplastics that can be used with agro-fibres to some 

commodity plastics such as PE, PP, PVC and PS[3]. Natural fiber/PP 

composites have been used in automotive applications and recently 

they have been investigated for using in construction, such as building 

profiles, decking, railing products, etc.1,4. 

Other factors should be taken into account when designing 

composites made of lignocellulosic fibers for specific applications, 

among them its poor resistance to moisture5. Outdoor applications 

have raised the interest on this property since moisture absorbed by the 

composite led to dimensional changes and to decreasing mechanical 

performance4. These negative effects can be reduced if the fibers are 

encapsulated in the plastic with good adhesion between the fibers and 

the matrix. The addition of a compatibilizer has been a useful tool for 

achieving such adhesion. Maleic anhydride-grafted PP (MAPP) is the 

most common compatibilizer used to improve interfacial adhesion 

for bio-fillers/apolar thermoplastic matrices even so new alternatives 

are being currently studied6,7.

Rice husk (RH) is one of the major agricultural residues produced 

as a by-product during rice processing. Usually it has been a problem 

for rice farmers due to its resistance to decomposition in the ground, 

difficult digestion and low nutritional value for animals8.  According 

to Marti-Ferrer the lignin and hemicellulose contents of rice husk 

are lower than wood whereas the cellulose content is similar. For 

this reason RHF can be processed at higher temperatures than wood. 

Therefore, the use of rice husk in the manufacture of polymer com-

posites is attracting much attention.

The group of Kim, in Korea, has published many studies  dealing 

with PP-rice husk composites9-14 . They observed that tensile and 

impact strengths (notched and unnotched specimens) decreased with 

increasing filler loading while the elastic modulus increased9,11. The 

thickness swelling and the absorption of water were shown to slightly 

increase as the filler loading increased, but this was to a negligible 

extent as compared with wood-based composites. Despite the low 

properties of the composites the researchers concluded that rice husk 

flour could be utilized as a biodegradable filler to minimize environ-

mental pollution9. Addition of PPMA as coupling agent improved the 

water absorption properties10. In other studies the researchers verified 
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improvements in thermal stability, dynamic mechanical properties, 

tensile properties and crystallinity with addition of MAPP12-14.

A recent study of our group showed similar results, that means, 

higher storage modulus and higher crystallinity for rice-husk filled PP. 

Addition of MAPP enhanced thermal and mechanical properties15. 

The effect of four different coupling agents on the properties of 

RHF-filled block copolymer PP was studied16. The composite treated 

with MAPP showed the highest storage modulus.

Sain and coworkers17 introduced the percolation theory for 

explaining the moisture absorption behaviour of RHF/HDPE com-

posites. According to the researchers at high fiber loading (when 

accessible fiber ratio is high) the diffusion process is the dominant 

mechanism while at low fiber loading percolation is the dominant 

mechanism.

Despite of the great interest on lightweight materials few stud-

ies have focused on determining the density of natural fibers-filled 

polymer composites. In the present study we used a thermoplastic 

polymer as matrix (PP) and rice husk flour (RHF) as filler to prepare 

composites. PP modified with maleic anhydride (MAPP) was used as 

coupling agent. The objective of the work was to explore the effect of 

RHF loading and the presence of MAPP on the density, mechanical 

properties and water absorption behavior of the composites. 

2. Experimental Procedures

2.1. Materials

Isotactic PP was supplied by BRASKEM® (Triunfo, Brazil) 

in the form of pellets with a density of 0.91 g/cm3 and a melt flow 

index of 3.5 g/10 min (230 °C/2160 g). Rice husk was supplied by 

Engenho Meirebe (Eldorado do Sul, Brazil). MAPP was obtained 

from Crompton-Uniroyal Chemical Corporation® (Naugatauk, USA), 

in the form of Polybond-3200TM.

2.2. Preparation of the composites and samples

Rice husk was previously ground and screened. The particle sizes 

of RHF used were from 16 to 150 mesh. The filler was oven dried 

at 80 °C, for 24 hours, at 30mm Hg, to adjust its moisture contents 

and then it was stored over a desiccant. The RHF was used without 

any subsequent treatment.

A laboratory-size conical co-rotatory twin-screw extruder Haake, 

Model Rheomex CTW 100p, was employed for compounding RHF 

and PP. The screw speed was 40 rpm and the temperature range 

varied from 170 to 190 °C. 4 levels of filler loading (10, 20, 30 

and 40 wt. (%)) were used. After pelletizing the composites were 

compression moulded. The hot press procedure involved preheating 

at 190 °C for 10 minutes followed by compressing at 2.5 KPa for 

4 minutes at the same temperature. After this the set was allowed 

to cool down to room temperature and the samples were manually 

removed from the moulds.   

2.3. Mechanical testing

Tensile tests were carried out according to ASTM D638 using 

samples obtained as described above. Tensile properties were meas-

ured at room temperature using an EMIC tensile tester with 5kN load 

cell, at 5 mm/min crosshead speed. 

2.4. Water absorption study

The water absorption tests were conducted according to 

ASTM D 1037–99. Water absorbed was determined by immersion 

of 1.8 mm thick sheet samples in distilled water at room temperature 

for 400 hours. The weight increase was periodically measured. The 

amount of water absorbed by the composites at room temperature 

was calculated according to the following equation:
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where M
t
 is the amount of water absorbed at time t, w

t
 is the weight 

of the sample at time t and w
0
 is the initial weight of the sample.

2.5. Density measurements

The density of the composites was measured using a picnometer, 

at room temperature, using ~5.0 mg samples. Acetone was the liquid 

used for the measurement of the bulk density.   

2.6. SEM analysis

The photomicrographs were obtained from cryogenic-fractured 

specimens. The test specimens were attached to an aluminum stub 

and sputtered with gold to eliminate the electron charging effects. A 

JEOL® microscope JSM 5800 operating at 20kV was used.

3. Results

The compositions of the systems are shown in Table 1. RHF 

 loadings varied from 10 to 40 wt. (%) while MAPP varied from 1.2 

to 1.8 wt. (%) (corresponding to 2 wt. (%) of PP content for each 

sample).

3.1.  Tensile tests

Mechanical properties are of major importance for all applica-

tions of natural-filled polymer composites. The tensile strengths 

of PP/RHF composites are shown in Figure 1. We observed that 

the tensile strength decreased with increasing filler loading. 

This behaviour has been described in similar studies and it has 

been explained by the increase of the interfacial area with filler 

loading8,18. Since the filler particles are very small a high interfacial 

surface exists between the polar filler and the apolar matrix. As this 

area increases the worsening bonding between them decreases the 

tensile strength. It has also been shown that for irregularly-shaped 

fillers the strength of the composites can decrease due to the inability 

of the filler to support stresses transferred from the polymer matrix19. 

On the other hand, poor interfacial bonding causes partially separated 

micro-spaces between the filler particles and the polymer matrix. The 

presence of voids obstructs stress propagation when tensile stress is 

loaded and induce increased brittleness9. 

Easy agglomeration is a known characteristic of RHF10. The 

presence of agglomerates can generate flaws and create additional 

voids between the filler and the matrix polymer thus diminishing 

tensile strength.

Table 1. Formulation of the PP/RHF composites.

Sample RHF wt. (%) PP wt. (%) MAPP wt. (%) MAPP/RHF

1 0.0 100.0 0.0 0.0

2 10.0 90.0 0.0 0.0

3 10.0 88.2 1.8 0.18

4 20.0 80.0 0.0 0.0

5 20.0 78.4 1.6 0.08

6 30.0 70.0 0.0 0.0

7 30.0 68.6 1.4 0.05

8 40.0 60.0 0.0 0.0

9 40.0 58.8 1.2 0.03
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It was found that the addition of 40 wt. (%) RHF resulted in a 

decrease of approximately 50% in tensile strength values compared 

to pure PP. The maximum tensile strength determined for PP/RHF 

specimens prepared without the coupling agent was 22 MPa.

Figure 1 also shows the relationship between the tensile 

strength and the filler loading in the presence of the coupling 

agent. Addition of 2 wt. (%)MAPP (with respect to the polymer 

content) showed to increase the tensile strength of the composites 

for all filler loads, indicating that it can be efficiently used as a 

coupling agent for these RHF/PP composites. This behavior can 

be attributed to the reaction of the hydrophilic –OH groups from 

the filler and the acid anhydride groups from MAPP, thus form-

ing ester linkages, as it has been proposed in the literature11. The 

highest effect of MAPP was observed in the composite containing 

40 wt. (%) of filler, showing an improvement of 37% in tensile 

strength. In this sample the MAPP/RHF ratio was 0.03, the low-

est one in the set. According to studies of Pukansky20 coupling  

agent/filler ratios higher than 0.05 did not increase and even de-

creased tensile strength in PP/wood-flour composites. Our results 

are in accordance with these observations. One reason for this 

behavior can be the worsening properties of the coupling agent 

itself when present in high concentration.

Results obtained from tensile modulus determinations indicated 

that increasing filler loading showed a tendency to increase the compos-

ite stiffness, as it can be seen in Figure 2. It was verified that stiffness 

increased from 950 MPa to more than 1800 MPa.  This is a common 

behavior when rigid fillers are incorporated into softer polymer ma-

trices. Natural lignocellulosic fillers have been found as having elastic 

modulus higher than PP[21]. Because of this the rigidity of its composites 

tends to strongly increase with addition of these fillers. Some authors 

have also related the increase in composites’ rigidity with the reduction 

of polymer chains mobility in the presence of the filler22. 

We observed that the presence of MAPP did not influence the 

tensile modulus for compositions containing from 20 to 40 wt. (%) 

of filler. This result agrees with some literature sources that claim 

that the presence of maleated PP does not influence stiffness20,23. 

However, in the case of the composite containing 10 wt. (%) RHF 

the effect of MAPP on the elastic modulus seemed to be signifi-

cant. Despite a possible lack of homogeneity in the dispersion of 

the filler this result can also be related to some higher interaction 

among the coupling agent and the RHF since in this composition the  

MAPP/RHF ratio was the highest one (MAPP/RHF = 0.18).

Incorporation of the filler resulted in an abrupt drop in elongation 

at break compared to the PP matrix (Figure 3). Elongation-at-break 

Figure 1. Effect of RHF and MAPP on tensile strength.

Figure 2. Effect of RHF and MAPP on Young’s modulus.

Figure 3. Effect of RHF and MAPP on elongation-at-break.

Figure 4. Water absorption at different RHF loadings.
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was seen to diminish with RHF concentration. The effect of the 

coupling agent was not evident on this property. 

3.2. Water absorption behavior

Due to the high hydrophilic character of the components of natural 

fillers water absorption is a severe handicap for some applications of 

natural fiber polymer composites. Generally speaking, polypropylene 

hardly absorbs water due to its hydrophobic structure; however, rice 

husk can absorb water because of its hydrophilic character. In our 

study we investigated the relationship between the moisture absorp-

tion of the composites and the filler loadings. Results showed that 

increasing RHF concentration and increasing water contact time 

greatly increased water absorption, as it can be seen in Figure 4. PP 

homopolymer did not show any measurable water absorption and the 

behaviour of the composites containing 10 and 20 wt. (%) RHF could 

not be distinguished since they showed low levels of water absorption. 

Prachayawarakorn et al.24 proposed that rice husk-filled-polypropylene 

composites could absorb water by three different boundaries, i.e. at 

the lumen and cell wall of rice husk and at the voids created in the 

interfacial area between the filler and PP. Results of water absorption 

for the low RHF-containing composites (10 and 20 wt. (%) RHF) 

indicate that the presence of voids and spaces plays an important 

role in the degree of water absorption since similar water levels were 

uptaken by these samples despite of the different hydrophilic com-

positions. Composites containing 30 and 40 wt. (%) RHF showed the 

expected behavior of higher level of water absorption attained by the 

composite with the highest concentration of the hydrophilic filler. This 

suggests that water penetration into the filler voids can be the more 

important mechanism of water uptaking as the RHF level increased in 

composites. It was verified that the composite containing 40 wt. (%) 

RHF showed about 11 wt. (%) of water absorption after 400 hours of 

exposition to water. PP absorbed only 0.7 wt. (%) water within this 

time of exposure. Such bad behavior can severely affect the properties 

of the composites mainly in outdoor applications.

The addition of the coupling agent MAPP decreased water ab-

sorption, as it was expected. The behavior is illustrated in Figure 5. 

A decrease of more than 20 % in water absorption was verified for 

composites containing 40 wt. (%) RHF after 400 hours of water 

exposition. It can be proposed that the chemical reaction between 

the coupling agent and the filler reduced the number of available 

hydrophilic groups. Apart from this the formation of an interfacial 

layer over the surface of the dispersed particles could prevent water 

from penetrating its interior. 

3.3. Density determinations

Natural lignocellulosic materials have attracted the attention of 

scientists and engineers for using as fillers in polymer composites due 

to its low densities as compared to traditional mineral fillers (glass 

fibers, calcium carbonate, etc). In solid-like composites the density 

of natural fibers (that is usually between 1.1-1.5 g.cm–3) is a key for 

determining the density of the composites25.

The bulk density of RHF was determined using a picnometer and 

acetone. The value obtained for RHF was 1.3 g.cm–3. As the polymer 

matrix shows lower density (0.91 g.cm–3) it was supposed that the 

densities of the composites would be higher than that of PP homopoly-

mer. However it could be verified that the final density did not strictly 

follow the rule of mixtures, since most of the compositions showed 

densities close to that of PP homopolymer (Figure 6). From 20 to 

40 wt. (%) RHF it seems that a slight tendency of increasing density 

with increasing rice husk concentration occurred. However, this effect 

can be considered expressionless since addition of 40 wt. (%) RHF 

increased density from 0.91 to 0.94 g.cm–3, that means 3.3%. Such 

behavior suggests that the polymer matrix was not able to penetrate 

into the RHF lumen and cell walls thus producing composites with 

interesting low densities. The addition of the coupling agent MAPP 

produced a slight increase in the density that could be explained by 

a higher compatibility among the filler and the polymer matrix thus 

diminishing  the presence of voids in the material. However the effect 

of MAPP on the density was not very significant at all. The important 

conclusion is that these composites are very light materials that can 

be useful in applications that require low weight. 

3.4. Morphology

The morphology of brittle-fractured surfaces was studied by 

means of scanning electron microscopy. The images of compos-

Figure 5. Water absorption in the presence of MAPP.

Figure 6. Density measurements of the materials.
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ites containing 20 wt. (%) RHF, with and without added MAPP, 

are shown in Figure 7. The non-coupled composite displayed a 

rough  morphology with the presence of voids between the filler 

particles and the polymer matrix, clearly indicating the poor 

interaction between them. From Figures 7a and 7b it is possible 

to verify that the presence of MAPP reduced the voids sizes and 

turned the surface more homogeneous confirming its effect on 

promoting adhesion in the interfacial region. A closest look at 

the surfaces in the more magnified images shows that there are 

no free spaces between the particles and the continuous matrix 

that turns more difficult fiber pull-out during brittle fracture. The 

observed morphology confirms the explanations for the lower 

degree of water absorption and the higher density determined in 

composites containing MAPP.

4. Conclusions

Rice husk was milled and dried for using as filler in PP  composites. 

It was verified that it is feasible to use this by-product of the rice mill-

ing process as a low cost filler, in view of the properties of the obtained 

products. The composite stiffness was seen to increase with increas-

ing filler loading. The tensile strengths slightly decreased, however 

they were improved in the presence of the coupling agent MAPP. It 

was verified that MAPP/RHF ratio of 0.03 produced the best results. 

Higher ratios of the coupling agent showed poorer effect on tensile 

strength. Density determinations showed that PP/RHF composites 

are very light materials since its densities did not increase too much 

with respect to pure PP (maximum 3.3% increasing for 40 wt. (%) 

RHF). Addition of MAPP also reduced the degree of water absorp-

tion (> 20%), making these materials more suitable for using in damp 

environments. MAPP coupled composites showed more homogene-

ous morphology due to the better compatibility among the filler and 

the matrix. This result produced materials with lower void content 

that decreased the water absorption level with slight increase in the 

density of the composites. 
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