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ABSTRACT

In the present work, the effect of rice husk filler loading (10%, 20%, 25%, 30%, and 35%) on the
mechanical properties of recycled low density polyethylene (RPE) and mixed with 20 percent weight
fraction of virgin polyethylene (MPE) composites was aimed to be investigated. The waste
polyethylene was blended with virgin polyethylene and the composites of RPE and MPE were moulded
with the addition of rice husk filler using injection moulding machine at a pressure 150MPa and
temperature 160°C. The composites were cut into specified dimensions and mechanical properties were
conducted on them. Tensile strength increased up to 10 percent weight fraction of rice husk filler in the
composites and later decreased above 10 percent filler loading. Tensile modulus, flexural strength and
modulus, and Brinell hardness increases with increased filler loading, but impact strength decreases
with increased in filler loading. The rice husk filler loading had significant effect (p < 0.05) on the
mechanical properties of MPE composite compared with RPE composite which indicated that rice husk
filler may be used for reinforcement of Polyethylene.
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INTRODUCTION

The material strength of the polymers required
the reinforcement of the polymer matrices for
purpose of improving the mechanical strength
and performance of the polymer materials. Many
researchers have worked on the use of natural
fibers and fillers (jute, stalk, baggase, groundnut
shell, palm kernel, banana and coconut, wood
etc.) to strengthen the properties of the polymer
in many applications (Sui et al, 2008;
Hardinnawirda and SitiRabiatull, 2012; Behzad,
2011; Raju et al, 2012; Chantara et al, 2010;
Luyt, 2009). Natural fillers due to its
compositions (cellulose, pectin, hemicelluloses
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and lignin) contributed greatly to the structural
performance of polymer composites (Raju et al,
2012; Kim et al, 2004; Yang et al, 2004).
Currently, natural fibers form an alternative for
glass fiber, the most widely applied fiber in the
composite technology. The advantage of the
natural fibers over synthetic fibers like aramid,
carbon or glass fiber are not only due to its low
densities, non abrasive, non-toxic, high filling
levels possible resulting in high stiffness, specific
properties, biodegradable, inexpensive, good
thermal and acoustic properties, good calorific
value, enhanced energy recovery and reduces
biomass in the environment (Raju et al, 2012;
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Kim et al, 2004; Yang et al, 2005; Gacitua et al,
2005 ) but also due to the fact that natural filler
prevents thermal expansion of composites. Rice
husk is among natural materials that have been
used in polymer composites (Imoisili et al, 2012)
and contains 35% cellulose, hemicellulose 25%,
lignin 20% and ash 17% (94% silica) by weight
(Panthapulakkal, 2005). Researchers have shown
that rice husk filler used in thermoplastics and
thermosets composite improves mechanical and
structural performance of the composites but
studies on its benefit are limited to density,
tensile strength and thermogravimetric analysis
(Kim et al, 2004; Yang et al, 2004; Yao et al,
2008)  without  considering the  waste
polyethylene. This study was to investigate the
effects of rice husk loading on the mechanical
properties of recycled low density polyethylene
(LDPE) matrix blended with virgin LDPE so as
to reduce biomass of rice husk fiber and to
conserve polyethylene waste in the environment.

METHODOLOGY

Both virgin and recycled polyethylene was used
in the study. The waste polyethylene (PE) was
obtained from the industrial waste of IBETO
Group of Companies and crushed using the
fabricated crushing machine at National
Engineering Design and Development institute
(NEDDI) both in Nnewi, Anambra State, Nigeria.
The virgin PE was obtained from chemicals line
in Ugah market, Onitsha, Anambra state, Nigeria.
The rice husk used was a by-product of a local
rice mill in Otolo Nnewi and Kpoko Bros., Atani
Road, Onitsha, Nigeria.

Composite Preparation

The rice husk used was sun-dried and then oven-
dried at 110°C for 2 days to a moisture content of

almost 3.0wt% and finally, sieved to 18-mesh
size. The composites were prepared in mixing-
ratio of virgin  polyethylene, recycled
polyethylene and rice husk as shown in the Table
1.

Composite Processing

The rice husk filler and polyethylene were
manually mixed and then fed into an injection
moulding machine of the reciprocating screw
type to produce the composite samples. The
operating pressure and temperature of the
injection moulding machine was 150MPa and
160°C respectively. Process time for each sample
is 30 — 60 seconds averagely. The following
mechanical tests were carried out to assess the
influences of the rice husk on the mechanical
performance of polyethylene after conditioning to
65% Relative Humidity and temperature of 25°C.
Samples of the rice husk filler - polyethylene
composites were cut into specified dimensions
and tested at room temperature in accordance
with ASTM 638-90 standards.

Tensile Testing

Tensile properties were carried out on the
specimens using a KAOH TIEH Instron Testing
Machine, in accordance with ASTM 638-90, at a
cross-head speed of 200rev/min. The dimensions
of each sample were 150mm (length) x 30mm
(width) x 5mm (thickness) and held by the
gripping heads, the samples were pulled till
failure and the respective loads and extensions
noted. The values thus gathered were used to
calculate the strain, tensile strengths, and
modulus of the samples A to L using the equation
(1) and (2) as reported by Raju et al (2012).

1)

T_ is the tensile strength of the sample, P is the pulling force, b is the sample width and t is the sample

thickness.

&
Tmzt

)

T, is the tensile modulus,  is the stress and £ is the strain.
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Flexural Testing

Flexural properties were carried out by 3-point bending tests on composite samples with dimensions
60mm (span) x 20mm (width) x 5mm (thickness) using a WP 300.4 bending device in accordance with
ASTM 790 — 90. Equation 3 and 4 was used to obtain the flexural strengths and modulus respectively of
the samples.

=3
Tl

R, == (3)

¥ 2ht"

Ry is the applied flexural strength, £ is the flexural load, L is length of the support span (mm), b is the
width of the sample and t is the thickness of the composite sample.

R, is the flexural modulus, m is the slope of the tangent to the initial line portion of the load deflection
curve.
Impact Testing
The unnotched impact properties were conducted on all specimens in accordance with ASTM D 256-90.
Prepared samples were subjected to fracture by a pendulum — Type Impact Testing Machine and the
unnotched toughness values of the composites obtained by reading off the energy expended to rupture
each sample.
Hardness Testing
Brinell Hardness Test was conducted on samples using a manually-operated Universal Testing Machine.
A hardened steel ball with a diameter of 10mm was used in performing the test. The indentations on the
specimens were measured (diameter-wise) and appropriate mathematical methods used for conversion to
obtain the Brinell Hardness Values. The equation for the Brinell Hardness Number (HBN) is written as:

2F
HEN = m (5)
Where P is the applied Load measured in kg, D is diameter of steel ball (L0mm) and d is the diameter of
indentation (mm).
Statistical Analysis
The statistical analysis was conducted using SPSS Version 17.0 with bivariate correlations. The Pearson’s
correlation coefficient test was used for the test of significance with two tail of p-value less than 0.05 was

considered statistically significant between RPE and MPE composites.

RESULTS

Effect of rice husk filler loading on tensile
property of polyethylene composites

Tensile strength and modulus of the PE
composite as a function of the weight fraction of
the rice husk filler for both recycled polyethylene
(RPE) and recycled polyethylene with 20 %
virgin polyethylene (MPE) are illustrated in the
Figure 1 and 2 respectively.

Effect of rice husk filler loading on the flexural
property of the polyethylene composites

The flexural strength increases steadily from 38
MPa to 67.7 MPa and 56.6 MPa for RPE and
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MPE respectively with increased rice husk filler
loading as illustrated in the Figure 3 as well as
flexural modulus as shown in the Figure 4.

Effect of rice husk filler loading on the impact
strength of the polyethylene composites

Figure 5 depicts that the impact strength of the
polyethylene composites decreases steeply from
600J/m to 100J/m for RPE and 583J/m to 40J/m
for MPE with increased weight fraction of the
rice husk filler in the composite as shown in the
Figure 5.

Effect of rice husk filler loading on the brinell
hardness of the polyethylene composites
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The magnitude of Brinell hardness of the rice
husk filler polyethylene composites increases
from 2.3N/mm? to 13.15N/mm? and 12.44N/mm?
for RPE and MPE respectively with increased
weight fraction of rice husk filler loading as
shown in Figure 6.

DISCUSSION

It can be deduced that the tensile strength of the
composite increases with increased rice husk
filler loading in both RPE and MPE as illustrated
in Figure 1 and 2. The tensile strength of RPE
and MPE composite with 10 percent of weight
fraction of the rice husk filler loading increases
from 30.33 MPa to 38.4 MPa and 31.58 MPa
which amounted to 4.1 and 26.6 percent
respectively. It was observed also that the tensile
strength decreased to 18.37 MPa and 11.88 MPa
for RPE and MPE respectively with increased
rice husk loading up to 35 percent filler loading
as illustrated in Figure 1. The increased tensile
strength attributed to an effective creation of an
interfacial adhesion bond  between filler
(hydrophilic) and PE (hydrophobic), which
resulted to morphological changes as reported by
many researchers (Luyt, 2009; Yao et al, 2008;
Yang et al, 2004; Ratnam et al, 2010). The
observation is contrary to the case of unsaturated
polyester resin as reported by Hardinnawirda and
SitiRabiatull (2012). This is an indication that
rice husk filler has a better interfacial adhesion
with  polyethylene matrix compared with
unsaturated polyester resin. It was also obtained
that there is significant effect of 0.007 (p < 0.05)
with a correlation coefficient of 0.932 between
MPE and RPE composite which indicated that the
incorporation of 20 percent of virgin PE was
significant in the composite applications. The
tensile strength of the composites decreases after
ten (10%) percent of filler loading was due to the
inability of the filler to support stresses
transferred from the polyethylene matrix. The
tensile modulus also increases with increased
weight fraction of the rice husk filler loading as
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illustrated in the Figure 2 and similar to the report
of many researchers (Yang et al, 2004; Imoisili et
al, 2012; Raju et al, 2012).

The flexural strength increases steadily from 38
MPa to 67.7 MPa and 56.6 MPa with 78.2 and
48.95 percent for RPE and MPE respectively
with increased rice husk filler loading as
illustrated in the Figure 3 as well as flexural
modulus as shown in the Figure 4. This indicated
that the increased filler loading, increases the
stiffness of the rice husk filler/polyethylene
composite. This is a common phenomenon and
similar to the report of many researchers (Zaini et
al, 1996; Yang et al, 2004; Imoisili et al, 2012).
The 20 percent addition virgin PE on the flexural
strength of the composite was significant with
0.035 (p < 0.05) and correlation coefficient of
0.844. Though, there is no significant effect on
the flexural modulus between RPE and MPE
since significant level 0.556 (p > 0.05) which
indicated that 20 percent of weight fraction of the
virgin PE in the composite was insignificant on
flexural modulus.

The result of unnotched Izod impact test depicts
that the impact value decreases steeply with
increased weight fraction of the rice husk filler in
the composite as shown in the Figure 5. The
addition of up to 35 weight fraction of rice husk
weight filler loading causes the reduction in
impact strength of the RPE and MPE to 40J/m
which is 93.1% and 100 J/m which is 83.3%
respectively. This observation could be attributed
to the poor wetting of the rice husk filler by the
PE blends, which lead to poor interfacial
adhesion between the fiber and polymer matrix
resulting in weak interfacial regions. Poor
interfacial adhesion between hydrophobic matrix
and hydrophilic nature filler usually results in
decrease toughness as reported by Raju et al
(2012). Thus, the decline in impact strength with
increased rice husk filler loading is attributed to
the poor interfacial adhesion between the
hydrophobic polyethylene matrix and hydrophilic
(rice husk filler). In addition, the incorporation of
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the filler resulted to reduction in polymer chain
mobility, thereby lowering the ability of the
system to absorb energy during fracture
propagation. The significant effect of 0.001(p <
0.05) with correlation coefficient of 0.994 was
obtained between RPE and MPE composites
which attributed to 20 percent of virgin
polyethylene.

It is apparent from Figure 6 that the increase of 5
to 35 weight fractions of rice husk filler increases
the hardness of both RPE and MPE composite
from 2.3 to 12.44 and 13.15 N/mm’ which is
equivalent to 440.9 percent and 471.7 percent for
RPE and MPE respectively with Pearson
correlation coefficient of 0.944 and significantly
0.009 (p < 0.05) with correlation coefficient of
0.923. This trend of results is expected because as
more filler is incorporated into the polymer
matrix, the elasticity of the polymer chain
reduced resulting in more rigid composites.

CONCLUSION

Based on the result obtained, there is significant
effect on mechanical properties of rice husk filled
RPE and MPE composites with exception of
flexural properties. The upward trend exhibited in
tensile strength with the 10 percent rice husk
filler for both RPE and MPE coupled with the
enhancement in tensile modulus, flexural strength
and modulus, and hardness indicated that rice
husk filler may be used for the reinforcement of
RPE and MPE up to 10 percent filler. However, a
reduction in tensile strength at above 10 percent
rice husk filler loading and the gradual drop in
impact strength with increased rice husk filler
loading may be due to poor interfacial bonding
and agglomeration of rice husk filler. Also, Rice
husk filler showed superior tensile strength
properties in MPE composites due to addition of
20 percent weight fraction of virgin polyethylene
compared with the low tensile strength recorded
in the rice husk filler — RPE composite.
Therefore, rice husk not only helpful for
reinforcement of waste polyethylene but reduces
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biomass level of rice husk and polyethylene
waste in the environment.
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Table 1: Composition of the Prepared Composite

Weight Fraction of Rice Husk Filler {%5)
Figure 1: Tensile Strength of Rice Husk Filler/PE Composite as Function of Weight
Fraction

Sample % Virgin PE % recycled PE % Rice Husk Filler
A 0 100 0
B 0 90 10
C 0 80 20
D 0 75 25
E 0 70 30
F 0 65 35
G 20 70 10
H 20 60 20
| 20 55 25
J 20 50 30
K 20 45 35
45 —*—EFE
= 40 —=— MPE
g 35
§ 30 W=—— g
@ 25
E T 20
22 s
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g s
% o
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Figure 2: Tensile Modulus of Rice husk Filler/PE Composite as Function of Weight
Fraction
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Figure 3: Flexural Strength of Rice Husk Filler/PE Composite Against Weight Fraction
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Flexural Modulus of The

Composite (GPa)
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Figure 4: Flexural Modulus of Rice Husk Filler/PE Composite Against Weight Fraction
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Figure 5: Impact value of Rice Husk Filler/PE Composite Against Weight Fraction
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Figure 6: Brinell Hardness Number of Rice Husk Filler/PE Composite Against Weight
Fraction
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