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Introduction
Low density Polyethylene is a famous commercial polymers used 

in a many industrial applications. It is also used as insulating material. 
Along with this it possess excellent mechanical properties (high tensile 
strength) make it as an active material replacing other materials. 
Characteristics of polymers can be controlled and altered by adding 
different additives and fillers.1 Various parameters, concerning this 
response, are measured and investigated, such as, young’s modulus, 
elongation, tensile strength stress at a yield and break, impact and 
hardness. Fiber reinforced polymer matrix composites (PMCs) 
are widely used in various applications, i.e., aerospace, defense, 
automotives, marine and sporting goods due to their high specific 
stiffness and strength. These materials provide high durability, design 
flexibility and lightweight which makes them attractive in various 
applications.2 Elementary advantage of utilizing natural fibers is that 
they are biodegradable and renewable, exhibit low cost, low density, 
high toughness and good thermal resistance. Moreover polymers 
reinforced with natural fibers (jute, rice husk, hemp, sisal, wood–
fiber, etc.) can combine satisfactory mechanical properties with a low 
specific mass.3

Superior specific strength and stiffness, corrosion resistance, high 
specific modulus makes the natural fibres most striking and suitable 
for different engineering application.4 There is a huge amount of 
agricultural waste, including rice husk (RH), coconut coir, jute fibre 
which can be effectively utilized for a sustainable advance. About 
20 percent of the whole rice in the rice milling industry ended up 
with the production of RH as its by–product.5 Agricultural waste may 
be employed as energy supply on continual searches for renewable 
resources of energy. Rice husk can be taken into account as a 
considerable energy resource potential, becoming a significant part of 
the nation’s matrix of energy.6 

Mechanical properties of natural fibres are dependent on the 
cellulose content in the fibre. Joseph et al.7 reported the cellulose 

content i.e. of 85–88% in sisal fibres (extracted from the leaves).7 
Singleton et al.8 reported that the henequen which are extracted from 
the bast, have 60% cellulose content. Latest developments showed 
that it is possible to improve the mechanical properties of cellulose 
fibre–reinforced composites by chemical modification that can 
provide good adhesion with the fibres. Reinforcement mechanism is 
dependent on the stress transfer between the matrix material and the 
embedded fibre. The fibre–matrix interfacial shear strength is one of 
the most important parameters in controlling the toughness and the 
strength of a composite material.9–12 A number of studies reported 
on the effect of poor or good interfacial adhesion on the mechanical 
and viscoelastic properties of the polyolefin/natural fibre composite 
materials. Polymer modification is a quick, effective method to 
provide good interfacial adhesion, in distinction to fiber modification, 
which mostly involves solvent based processes. The aim of this study 
is to find out the effect of adding rice husk on mechanical properties 
of polyethylene.

Material and methods
The Rice Husk used in the present study was collected from 

Betul M.P. (India) in the form of agriculture residues. Low density 
polyethylene (LDPE), trade name Indothene, grade 16MA 400 
was obtained Indian Petrochemicals Corporation Limited (IPCL), 
Vadodara (India) with density 919kg/m3. Cenospheres of flyash used 
in this investigation were obtained from Cenosphere India Pvt. Ltd. 
Kolkata of size 150µm with density 600kg/m3.13

Composite preparation

Different composites were prepared by varying the concentration 
of rice husk and cenosphere. Method adopted to prepare these 
composites is discussed in our previous communication.13 Samples 
thus prepared are listed in (Table 1) with our coined mnemonics.

* LDPE– low density polyethylene, MA –Maleic Anhydride, 
Treated, RH– rice husk
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Abstract

The mechanical properties of rice husk composites were studied for various range 
of rice husk (0%, 10%, 15%, and 20%) filled low density polyethylene. Natural 
fibers extracted from plants gained attention owing to their advantage over synthetic 
polymers. Nowadays composites prepared with natural fibers are among the most 
keenly required materials. In the present study raw rice husk is treated in order to 
enhance the properties. The purpose of using annealing method is to increase the 
rate of reaction. Goal of this study is to observe the effect of chemical treatment to 
enhance the properties of rice husk that may be used as reinforcement in polymers 
to make ecofriendly, lightweight, biodegradable polymer composites. The properties 
of (LDPE/rice husk (RH)) composites are analyzed as a function of the rice husk 
amount. Modification in morphology of rice husk with treatment is observed through 
SEM technique. All prepared composites showed improved fibers dispersion in the 
low density polyethylene matrix. All composites displayed lower elongation of break 
compared to pure LDPE.
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Table 1 Lists the samples with their coined mnemonics

S.N Sample* Mnemonics

1 Pure LDPE LD

2 LDPE/Rice Husk (70/30) LDRH30

3 LDPE/ Rice Husk (80/20) LDRH20

4 LDPE/ Rice Husk (90/10) LDRH10

5 LDPE/ MATr. Rice Husk (70/30) LDTRH30

6 LDPE/MATr. Rice Husk (80/20) LDTRH20

7 LDPE/ MATr. Rice Husk (90/10) LDTRH10

 measurements

Density of the samples was determined by using a high precision 
Citizen machine, Model CX 265 following ASTM D 792. An average 
of four samples is reported here. The sample was weighed in air (W) 
and in the distilled water (Ww) as well. The density ρ of the sample 
was estimated using following formula

( )/ wW water W Wρ ρ= −

Where, water is the density of distilled water.

Tensile properties

Tensile testing was performed on Universal testing machine, 
Model–UT 10 made by Scientific Testing India as per ASTM D 638. 
Tensile strength, elongation and tensile modulus of the samples were 
determined at 10mm/min cross head speed. 

Hardness 

Hardness of the samples was measured following ASTM D 2240, 
by using Hiroshima Hardness Tester (Udometer Model RHT–1) at 
room temperature. The tester was kept in the vertical position and 
samples were placed on a horizontal surface. The pyramid shaped 
indentation pin of the Udometer was pressed on the specimen, and 
was kept in such a manner, so that the pressure foot remained parallel 
to the specimen. An average of six readings was reported.

Impact testing

Impact strength of the specimen was determined by using Impact 
Pendulum Tester CEAST, Italy. Samples were tested under IPod 

(unmatched) Impact Test conditions following ASTM D 4812.

SEM characterization

A Scanning Electron Microscope (SEM); model JEOL JSM 
5600 (Japan) was used to observe the microstructure of surfaces of 
particles and fibre filled composites. Composites were gold coated 
under vacuums as per requirement prior to surface observation. The 
surfaces for its morphological studies were first polished with gold. 
Many researchers, however, polish with silver or carbon. But their 
longevity is very less hence gold polish is preferred silver polish 
oxidizes or contaminated within a few hours after formation whereas 
carbon polishing loses its property on attracting dust or leaves the 
surface with small jerks also. 

Discussion
It is clear from the Table 2 that there is a little difference between 

the densities of all the samples. Interestingly for LDPE composites 
with treated rice husk lower the incremental gradient as compared 
to untreated rice husk filled composites. This may also be due to (I) 
untreated rice husk filling up voids in the composite. Upon treatment 
the size of rice husk might not be that easily fill up the void. (II) The 
untreated cenosphere hardly fill voids in the composite upon treatment 
again the size of cenosphere mismatch might remain.

If the above preposition is accepted then according to point (I) 
density value must increase with untreated rice husk whose rate of 
increment may be reduced, with increase in filler concentration. 

Mechanical properties of fibre reinforced composites are of great 
importance for structural applications. Tensile strength, modulus etc., 
generally increases with the natural fibre reinforcement. With the 
increase in fraction of reinforcing rice husk increases the strength 
and modulus of composites. The trend of increasing the strength and 
modulus continues until a critical packing density is achieved beyond 
which voids, non–wettability, etc. dominate the trend and strength 
goes down. 

The data plotted in figures indicates that modulus variation is 
comparatively insignificant in low strain region for all composites as 
well as almost same. It is observed in for 80/20 composition specific 
stress good as comparative to other compositions and also the treated 
composites also. Ultimate tensile strength increases with the content 
of rice husk content. Improvement in materials modulus may be 
attributed to compaction of rice husk content. 

Table 2 Lists the mechanical properties of rice husk filled LDPE composites

S.No. Sample Density 
(g/cm3)

Elongation 
(Elon. %/100)

Stress at 
break (MPa)

Ultimate tensile 
strength (MPa)

Impact strength 
(kJ/m2)

Hardness 
(Shore D)

1 LD 0.919

2 LDRH30 0.995 6.43 5.73 8.28 100 43.83

3 LDRH20 0.982 5.48 8.4 8.69 74 42.16

4 LDRH10 0.956 4.23 4.3 6.59 34.54 39.16

5 LDTRH30 0.981 8.01 5.61 7.11 84.71 43.16

6 LDTRH20 0.966 6.82 5.58 7.76 56.85 41.16

7 LDTRH10 0.954 11.13 4.31 6.22 30.1 36.5
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This also makes composites more environments friendly. The 
mechanical properties such as tensile modulus and strength are 
influenced by the length of reinforcing material. Though these short 
rice husk particles did not contribute in tensile strength they still filled 
up the voids and gaps available in the inter fibre spacing and thus 
improved packing density, which manifested in improved modulus.

The morphological study of these composites gives a clear picture 
of the phenomenon that contributed successful reinforcement of rice 
husk in the composites. The study of impact fractographs indicates 
a dominating role of reinforcement. The morphological evidence of 
rice husk the reason for low impact strength of fiber composites as 
compared to high strength fibre composites. 

Tensile test parameters used:

a.	 Load Range: 100N

b.	 Extension Range: 20mm

c.	 Gauge Length: 30mm

d.	 Test Speed: 1.0mm/min

The effect of fiber loading on the tensile properties of LDPE rice 
husk composites is shown in Figures 1–3 above. It is found that the 
tensile strength of composites decreases with the increase in weight 
percentage of fiber. The decrease in tensile strength of LDPE rice husk 
composite may be due to poor bonding between rice husk and LDPE. 
The inclusion of fiber into the matrix leads to the poor distribution 
of fibers because of strong inter fiber hydrogen bonding which keeps 
fibers together, as a result the resin does not wet the gathered fibers 

properly. Observations show that the tensile modulus of LDPE rice 
husk composite increases significantly with the increase in fiber 
content. Increase in tensile modulus indicates that the stiffness of 
LDPE rice husk composite increases with the increase in fiber loading.

Figure 1 Photograph of composite prepared.

The SEM micrographs of the composites are shown in Figure 
(3A, 3B & 3C) respectively. Irrespective of the rice husk addition, 
all micrographs show more or less fragile–type bonding. This 
implies that these matrices exhibit plastic behavior. The micrographs 
further reveal that the rice husk particles are uniformly distributed 
throughout the LDPE matrix. With the increase in filler concentration, 
the aggregation of rice husk with LDPE particles increases, which 
increase porosity of composite. Composite appears homogenous, 
thus indicating that blending was effective. Plates a and c reveal poor 
adhesion of the filler to matrix is evident from the voids between the 
matrix and rice husk particles. These voids act as stress concentration 
points and detrimental to mechanical properties. 

Figure 2 Shows the tensile results for LDRH 70/30.
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Figure 2A Shows the tensile results for LDRH 80/20.
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Figure 2B Shows the tensile results for LDRH 90/10.

                                          A                                                                   B                                                                    C 
Figure 3 Shows the SEM micrographs of the composites.
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Conclusion
In this work rice husk has been used with LDPE in order to analyze 

its modified properties. This study showed an increase in strength in 
case with the rice husk addition in the composite is studied. This may 
be due to the increased fibre matrix adhesion which is investigated by 
SEM analysis. This confirms the surface modified characteristics of 
the rice husk which. The natural filler like hemp can be added in form 
of fibers where their effect on mechanical properties depends on their 
lengths and the concentration. The rice husk used as filler in this study 
improves the mechanical properties (stress–strain) and the best results 
with 20% content, the changing of added rice husk ratio certainly 
made a big changes to those mechanical properties like stress–strain, 
toughness and elongation due to the type of interaction between the 
polymers chains, fillers fibers and the filler polymer interaction. 
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