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Abstract
This paper reports the mechanical-erosion wear properties of extracted silica from Biowaste (rice husk)
and pure rice husk-�lled epoxy composites. A comparison is made on the in�uence of dispersed silica
and rice husk particles on the properties of the epoxy composites. The composites are fabricated by hand
lay-up process. The specimens are tested as per the ASTM standards for three different �ller loadings of
each silica and rice husk separately (2,4 and 6wt%). It is perceived that with the increase in the rice husk
�ller loading in epoxy, there is a decline in tensile, �exural, and erosion wear properties. It is also evident
that, with the increase in silica content until 6%, the tensile and �exural strength have displayed
consistent enhancement. Alongside, erosion results con�rm that the properties of the pure epoxy had
exhibited transition from semi-brittle to ductile nature due to the addition of silica �llers.

1. Introduction
Composite materials inherently are observed to be possess good strength to weight ratio due to provision
of altering manufacturing process and addition of new materials. The multifaceted properties of
composite have extended their applications towards, aerospace, automotive and biomedical applications.
However though, current scienti�c community is motivated towards development of these composite
materials using �ller particles derived from various metals as dispersion materials to improve the
mechanical and tribological properties. There is an ample research cited in this context and excellent
mechanical and tribological property enhancement is pursued. Recently, deriving �llers from biowaste
received signi�cant attention in the global community which can reduce the global warming. To
surmount these challenges, it was identi�ed that natural material and natural waste are the better
alternate to replace the conventional materials because of their cost-effectiveness, eco-friendly, and bio
compatible. In current work, Rice husk (RH) is one such agricultural waste which is abundantly available
and that has almost 92% silica which can be used as reinforcement if it is extracted.

Natural material possess many advantages which lead the scienti�c community to conduct the research
and develop new materials using these natural �bers, which also solves the problem of disposal of waste
like RH [1]. Polymers had been using in industries and household activities but the use of natural �ber as
a reinforcement increases few properties and decreases few other properties when compared to neat
polymers so using natural �bers in the available form are not prove to be more economically bene�cial.
So, researchers are trying to modify the natural �bers and use as �ller in composites.

Rice husk is the �brous material which has some main components such as CaO, MgO, Na2O, Al2O3 and
SiO2. The bulk industrial applications of rice husk are due to its low bulk density, abrasiveness in nature,
weather resistance and unique composition which has been discussed by various researchers [2]. Rice
husk mainly contains amorphous 85–92% [3–4] of silica (SiO2), resulting in direct combustion of rice
husk. Silica is a non-crystalline phase in rice husk. However, the temperature of crystallization varies
depending on the chemical composition of the rice husk. Rice husk is likely to be used as an insulating
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material in the production of organic chemicals, panel boards and activated carbon [5], and �ller
cementing materials [6].

Previous researchers have suggested the possibility of using rice husk as a �ller for the manufacturing of
biodegradable polymer composites [7, 8]. Recently extensive research has been done on extracted silica
particles for biological applications [9], energy storage, biological mediators and building materials [10,
11]. By increasing the use of engineering silica particles, it can be considered that engineering silica
synthesis from renewable resources can improve stability. The use of silica from rice husk to synthesize
engineered silica particles is not only economically bene�cial, but also bene�cial for reducing
environmental problems.

Therefore, the use of these renewable agricultural wastes to make biodegradable polymers will solve
environmental problems. The present study focuses primarily on the extraction of silica from rice husk
and investigate the mechanical and wear properties of silica-based rice husk composites with pure rice
husk composites. The different properties are examined and compared at different testing conditions,
while varying the percentage of �ller loading.

2. Materials And Methods

2.1 Materials
In the present investigation Rice husk (RH) which is used is collected from the local rice mill for
reinforcement in composite. To remove the impurities the collected rice husk was cleaned with water and
removed the moisture at 80°C in oven for 24 hours. Rice husk was used as the main source to produce
Silica (SiO2) micro particles which is used as a secondary reinforcement material in the experiment.

Epoxy resin (LY556) has been used as the matrix material and HY-951 liquid was used as hardener for
fabrication of composite. The casting was done in square mould having dimension 200 ×180× 4 mm3.

2.2 Puri�ed Silica Extraction from Rice Husk (RH)
The extraction of silica (silicon dioxide) can be done in a different way by controlling variables like total
time of carburization and temperature at which it is carburized. Due to some major factors such as
temperature, chemical treatment the structure of the obtained silica varies from amorphous to crystalline.
Among various chemical treatment, hydrochloric acid is used as a convenient method to prepare high
reactivity and purity silica having large surface area during precipitation [12]. Due to the pretreatment of
�ber with hydrochloric acid, majority of the impurities are removed and silica produced completely white
in color [13–14].

Raw RH was leached with 1 M HCL and calcined at 600° C, the obtained silica is almost white in colour
and had a purity index of 98.2 percent to 99.7 percent. The results showed that HCl leaching was more
e�cient than H3PO4 or H2 SO4 in removing metal ions. Silica obtained from RH at temperatures ranging
from 500 to 650 degrees Celsius and calcination time range from 2.5 to 6 hours is the most common.Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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In the current study, HCl treated rice husk (RH) �ber were placed inside the ceramic crucible and placed
inside the mu�e furnace. The �ber was heated up to 600℃ Carbonization temperature at a heating rate
of 6°C/min and held for one hour at the same temperature and it takes at least 6h to reach close to room
temperature. This process allowed us to obtain 95% silica as shown in Fig. 1.

2.3 Fabrication of composite
The hand lay-up process is adopted to prepare the composites in the current work. The composites are
prepared at the room temperature. The percentage of the �ller are selected as 2wt%, 4wt% and 6wt% of
rice husk and silica. The composite plates are prepared to the dimensions of 180×200×4 mm3. The
required amount of epoxy and the hardener are taken in glass as per the total volume calculation and the
silica/rice husk particulates are mixed in the epoxy and hardener mixture with a mechanical stirring for 5
to 10 min for proper dispersion of �ller in the epoxy polymer. The mixture then poured in a mold and an
extensive care has taken to ensure that no leakage of epoxy through the mold takes place. After curing
for 24 hours, the composites are cut as per the ASTM standards for various tests. The fabricated
composites by using silica and Rice husk materials, details were quoted in the Table.1

Table. 1 Percentage details of �ller and matrix items in composites fabrication

Reinforcement/�ller Sample name Composite composition

Rice husk 2% Rice husk 2%Filler + Epoxy

4% Rice husk 4%Filler + Epoxy

6% Rice husk 6%Filler + Epoxy

Silica 2%Silica 2%Filler + Epoxy

4% Silica 4%Filler + Epoxy

6% Silica 6%Filler + Epoxy

2.4 SEM analysis and Mechanical characterization
The fracture analysis of specimen was performed from a scanning electron microscope (SEM),
performed under higher vacuum and 15 kV of accelerating voltage of secondary electron.

The Tensile testing of the produced samples was out carried out using a Universal testing machine (UTM)
in compliance with ASTM D638. The dimensions of the Samples are 140 × 10 × 4 mm were tested a
gauge length of 70 mm at a speed of 2 mm/min and the �exural test was also conducted in the UTM in
accordance with ASTM D790. The dimensions are 140 × 20 × 4 mm were tested at a speed of 2mm/min.
the compression test also conducted in UTM. The dimensions are 10 × 10 mm were tested at a speed of
2 mm/min. The test method was repeated for �ve identical samples and the mean was taken.

2.5 Erosion test:
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Erosion is a type of wear that causes material loss due to repetitive impact of micro solid particles. As per
the ASTM G76 standards the erosion test rig was fabricated that was used in the present investigation.
The specimens used for the application are cut to 25x25x4 mm dimensions. The test rig from the
prepared composite layers consists of a particle feeder, an air compressor, and an air particle
compartment and accelerator chamber. The compressed dry air is mixed with erosion sand particles and
delivered in uniform proportions by applying a conveyor belt type feeder into the mixing chamber, which
is then accelerated by sending it to the mixing nozzle, which is made up of tungsten carbide of diameter 5
mm. These accelerated particles affect the sample, which can be placed at different angles to affect the
particles with the help of an adjustable sample holder. To measure the velocity of the erosion particles, a
rotating double disk is attached to the test instrument by this machine [15]. The samples used for the test
were properly cleaned and dried in acetone and weighed to an accuracy of 0.001 g using an electronic
balance after each test.

The erodent size used is 200 ± 50, erodent is silica sand, shape is angular, erosion feed rate is 2g/min,
impact velocity is 78m/sec. impingement angles are 30,45,60 and 90°.

3. Results And Discussion
The surface morphologies of the calcinated rice husk at 600°C were studied using FESEM setup by FEI
Netherlands. The micrographs displayed in the Fig. 2 display that the sample consists of consists of the
gathering of hexagonal block-like silicates with various size particles with shape stand almost same. As it
is seen in higher magni�cations it is clear that the shape is like a �oret of cauli�ower. The surface is very
�uffy and it has loose accumulation of particles. It is reported in the literature that the dual size structures
are vital in super hydrophobicity generation in material [16, 17].

Energy dispersive spectroscopy or EDX analysis of the calcinated rice husk con�rms the maximum silica
content.

3.1 Mechanical Properties evaluation
In composites the enhancement of the mechanical properties such as tensile, �exural, compressive etc.
depend on several factors such as type of �ller, matrix material, size or shape of the reinforcement,
dispersion of �ller in matrix, �ber orientation, �ller concentration and adhesion between the matrix and
�ller etc.

Tensile Properties
Tensile properties play an important role to analyze the strength of any engineering material. The tensile
tests were conducted of the fabricated samples according to ASTM standard at room temperature, using
a universal testing machine (INSTRON).

The tensile test results of RH and Silica particle-based polymer composites with varying wt.% (2 wt.%, 4
wt.% and 6 wt.%) are shown in Fig. 3.Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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It is seen that with the addition of RH �ller with polymer, the strength is substantially increasing at 2 wt.%
compared to pure epoxy composite. But a sudden change was also observed that the higher �ller loading
ie 4 wt.% and 6 wt.% of RH had a negative impact on the tensile strength of the composite. Which occurs
due to the weak interfacial bonding between the �ller and the polymer, because the �ller is hydrophilic
whereas polymer is hydrophobic in nature. The compatibility of polymer and natural �ller is not up to the
mark.

On the other hand, 4 wt.% silica particle �ller composites were found to be effective to improve the tensile
properties of the composite. The �ller-matrix interaction was found to be better in polymer composite
when compared to pure matrix and rice husk �ller composite. Because of calcination process at 600oC,
amorphous silica is formed, which is hydrophobic in nature. Epoxy is also hydrophobic in nature, so there
is a good interfacial bonding occurs between the amorphous silica and pure polymer. Which leads to
increase the strength of the composite. Further increasing of �ller content, the strength of the composite
decreased. It may be due to silica has a lower bulk density and larger average particle size which
increases the �ller content and start forming agglomerations.

Figure 4 illustrates the load-displacement curves of the tensile strength for neat epoxy, various �ller
loading (2,4,6wt%) of rice husk and silica. The highest tensile failure load is observed 4wt% silica �ller
composites followed by 2wt% silica and 6wt% silica. When the �ller percentage increases from 2wt % to
4wt% of silica the resistance to failure also increases but at higher �ler loading the load resistance is
reduced. Where as in rice husk the maximum load is observed in 4wt% followed by 2wt% rice husk the
least load is observed for 6wt% rice husk �ller loading. The results also indicate that the behavior of
failure is not pure brittle where as for pure epoxy the failure is brittle which has less elongation.

Figure 5 illustrates the micrographs of the fracture surface samples of silica and rice husk for 4wt% �ller
loading. It is clearly observed that the composite with rice husk �ller has many cracks and �ller pull out
due to tensile loading is noticed this may be due to agglomerations and week interface between the �ller
and the matrix. But in silica �ller no cracks are observed and the �ller and matrix interface are good.

Flexural properties

Flexural test was carried out according to ASTM D790 standard method. Figure 6 shows �exural strength
of the RH and silica particle-based polymer composite. It is observed from the �gure that due to
incorporation of RH �ber or silica particle with polymer the �exural strength increasing signi�cantly as
compared to polymer. Among all the �ller concentration, 6 wt.% silica particle-based polymer composite
shows better strength. Normally silica has good resistance to deformation due to presence of hydrogen
bond in composites. It is also observed that the �exural strength increases as the �ler loading increases
up to 6wt% where as in rice husk as the �ller loading increase from 4 to 6wt% the strength decreases this
is due to poor interfacial bonding between the �llers at higher �ller loading.

In tensile strength 4wt% �ller loaded composites shows better strength where as in �exural 6wt% shows
better strength it is because high density �ller when added in to low density polymers all the �llers areLoading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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settled at lower level of the composites at the time of fabrication in higher �ller loading some particles are
settled in the lower layers some are distributed to the top layers and form like functional polymer
composites which enhances the bending properties.

In natural �bers due to hydrophilic nature this type of distribution is not possible and a clear
agglomeration of the �llers takes place which decreases the strength.

Ultimate compressive strength

The results of the compressive strength of RH and silica reinforced composites are presented in the
Fig. 7. Compared to the neat polymer composite, the optimum compressive strength was found to be at 2
wt.% for both �ller composite. Furthermore, addition of �ller at 4 wt.% and 6 wt.% reduces the
compressive strength, which is due to the weak interlingual bond between the �ller and the matrix
material, resulting in a weak load transfer from the reinforcement, leading to failure.

Maximum ultimate strength was found at 62 MPa in silica particle polymer composite followed by 57
MPa and 52MPa in RH and epoxy composite respectively. Further increased in silica particles with
polymer, the strength is gradually decreasing. This may be due to the lower bulk density and larger
average particle size of silica.

3.2 Effect of Erosion wear on fabricated composite
In the engineering �eld mostly, the behavior of the materials is grouped by two vital categories such as
“Brittle and Ductile”. Even though this grouping is not conclusive [18]. Among the several polymer matrix
composite, thermoplastic polymer matrix composite generally shows ductility in nature because of peak
erosion rate occurs at 30o impact angle, since cutting mechanism is predominant in erosion. Even though
thermosetting polymer matrix composites erode in a brittle manner with the peak erosion occurring at
normal impingement angle ie. 90o. Still there is a controversy about this failure classi�cation because
erosive wear behavior sturdily depends on experimental conditions and the composition of the target
material.

In the present work erosion tests is conducted for different compositions of RH �ller such as 2 wt.%,4
wt.% and 6wt.% composite at different impingement angle (30o, 45o, 60o and 90o) and their respective
erosion curves are plotted with keeping other parameters are constant (impact velocity = 72m/s, stand-off
distance = 10mm and erodent size = 200 ± 50 µm).

Figure 8 shows the dependence of erosion rate of RH �ller epoxy composite with different �ller
composition at various impingement angle. Among different wt.% of �ller, 2 wt.% RH �ller epoxy
composite shows minimum wear rate. It can be observed that the peak erosion rate occurs at θ = 30o

impact angle for all the samples irrespective of �ller content. This shows the ductile behavior of the RH
polymer composite. As the literature articulates that the nature of the epoxy polymer is semi ductile (θ = 
60o), but after incorporating of RH �ller with epoxy, the behavior of the composite changes to ductile. It is
further noted that with increased �ller content with polymer the erosion rate of the compositesLoading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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signi�cantly increasing. It may be due to in 2 wt.% �ller the polymer content is more, so composite is
taking some time to eroded but in higher content of �ller the wear rate of the composite is more, it may be
due to the rice husk is a soft �ber, so it is eroded easily.

The erosion wear rate of silica particle �ller composites as a function of impingement angle (°) are shown
in Fig. 9. It can be seen that reinforcing with silica particles reduces wear rate of the silica-epoxy
composites quite signi�cantly. As the �ller content increases the wear rate of the Si-epoxy composite
decreases. The 6 wt.% silica particles �lled composites, shows minimum wear while for both 2 wt.% and
4 wt.% silica content composites shows maximum erosion wear rate. The peak erosion occurs is found to
be at θ = 30o which is purely ductility in nature. It is also important to note that the sample with minimum
�ller content exhibits better erosion resistance. Rather than of silica particle rice husk also consists of
some hardest element such as CaO, MgO, which helps to increase the wear resistance of the composite.

The Fig. 10 shows the comparison of RH �ller with Si particle based polymer composite. It is clearly
observed that 6 wt.% silica particle �ller composite shows minimum wear rate as compared to other
comosite.

4. Conclusions
In this study, the effect of the inclusion of silica and rice husk on the tensile, �exural, compression and
erosion wear properties of neat epoxy composites were investigated for three different �ller percentages.
The key results indicated that. Incorporation of silica particles signi�cantly increases the tensile, �exural
and compression strength when compared to neat epoxy and rice husk �ller composites. This indicated
the perfect load transformation is occur in between the silica �ller and polymer. At higher �ller loading
6wt% the tensile and �exural strength are decreases this is due to the agglomeration formed by the rice
husk particles due to hydrophilic nature of the natural �ber. The maximum tensile strength is observed in
4wt% silica �ller composites the maximum �exural strength is observed in 6wt% silica �ller epoxy
composites. Erosion results con�rm that the properties of the pure epoxy changes from semi brittle to
ductile nature due to addition of silica and rice husk �llers. In overall comparison of silica and Rice husk
the silica �ller composites show better properties in mechanical and tribological. Extraction of silica from
the rice husk can has many applications when compared to pure rice husk.
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Figure 1

Silica extraction process from rice husk.
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Figure 2

Field Emission Electron Scanning Microscope (FESEM) images of the sample calcined at 600°C (a)
10000X magni�cation (b) 100000Xmani�cation and (c) EDX spectra of the sample.

Figure 3

Tensile strength of composites
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Figure 4

Load vs displacement (Tensile) for different composites

Figure 5

SEM of (a) silica 4wt% (b) Rice husk 4wt%Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Figure 6

Flexural strength of composites
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Figure 7

compression strength of composites
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Figure 8

erosion wear of Rice husk particulate composites
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Figure 9

erosion wear of Silica particulate composites
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Figure 10

Comparison of erosion wear of silica and Rice husk particulate composites
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