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INFLUENCE OF SILICA DERIVED FROM RICE HUSK ASH 

COMPOSITION IN POLYSILOXANE COMPOSITE 
 

Abstrak 
 

Komposit adalah kombinasi dari dua atau lebih material komponen pada skala 
makroskopis untuk menghasilkan material baru yang lebih kuat dari material 
komponen individual. Bahan matriks yang digunakan adalah polisiloksana dan 
bahan penguatnya adalah silika sekam padi. Polisiloksana yang diisi dengan silika 
sekam padi dibuat dengan menggunakan teknik pencetakan tekan dengan tekanan 
100kPa selama 2 jam dan penyembuhan pada suhu kamar. Kandungan silika 
sekam padi dalam komposit polisiloksana mulai dari 0%, 2%, 4%, 6%, 8%, 10% 
dan 12%. Karakterisasi, sifat fisik dan sifat mekanik bahan baku dan komposit 
jadi akan ditentukan dengan menggunakan pemindaian Mikroskopi Elektron 
(SEM), Difraksi Sinar-X (XRD) Fourier Transformation Infrared Spectroscopy 
(FTIR), uji kepadatan dan uji tarik. Hasil dari penelitian dengan menggunakan 
SEM menunjukkan partikel dalam tubuh komposit adalah geometri tidak teratur 
dan berbentuk bulat. Hasil XRD menunjukkan bahwa struktur silika sekam padi 
berbentuk amorf. Hasil FTIR mendeteksi keberadaan silika sekam padi dalam 
tubuh komposit. Hasil uji kepadatan menunjukkan sampel dengan komposisi 12% 
dari pengisi silika dalam tubuh komposit memiliki kepadatan tertinggi. Hasil uji 
tarik menunjukkan badan komposit dengan komposisi 10% silika sekam padi 
memiliki kekuatan tarik maksimum. 

 
Kata kunci: composite ,polysiloxane, rice husk siica 

 
Abstract 

 

Composite are a combination of two or more component materials on a 
macroscopic scale to produce new materials that are stronger than individual 
component material. The matrix material is polysiloxane and the reinforcing 
materal is rice husk silica. Polysiloxane filled with rice husk silica are fabricated 
by using compression moulding technique with pressure 100kPa for 2 hours and 
cure at room temperature. The content of rice husk silica in polysiloxane 
composite ranging from 0wt%, 2wt%, 4wt%, 6wt%, 8wt%, 10wt% and 12wt%. 
The characterisation, physical properties and mechanical properties of raw 
materials and fabricated composite will be determine by using scanning Electron 
Microscopy (SEM), X-ray Diffraction (XRD) Fourier Transformation Infrared 
Spectroscopy (FTIR), density and tensile test. Result from this research by using 
SEM show the particles in composite body are irregular geometry and spherical 
shape. The XRD result shows that the structure of rice husk silica is amorphous. 
The FTIR result detects the existence of rice husk silica in the composite body. 
The Density result shows sample with composition 12% of silica fillers in 
composite body has the highest density. The tensile result shows composite body 
with composition 10wt% of rice husk silica fillers in composite body has the 
maximum tensile strength. 
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1. INTRODUCTION 

The Composite materials are a combination of two or more materials on a 

macroscopic scale that produce new materials that are stronger than individual 

components. The advantages of composites are strength, high stiffness and 

lightness. Composite materials consist of matrix and reinforcement. Usually 

reinforcement has a stronger and stiffer  properties than the matrix. Reinforcement 

is usually fiber or particulate. composite particulates have the same dimensions in 

all directions and shapes of particulates may be spherical or irregular geometries.  

 A polymer is a long series of atoms and is produced from the junction of 

several other molecules called monomers. These monomers may be similar, or 

may also have one or more chemical elements replaced. In general, polymers are 

divided into three main categories, thermoplastics, thermosetting and elastomers, 

and most thermoplastics are often used because thermoplastics can be recycled. 

Thermoplastic polymers can be divided into two categories, line amorphous and 

crystalline or can be called (semicrystalline). Polymer Matrix Composite (PMC) 

consist of an organic polymer matrix bound together with a diversity of 

continuous or short fiber. Polysiloxane or silicone rubbers are the most common 

organosilicon polymers used in polymer chemistry and they have excellent 

performance of high termperature resistance, chemical inertness, and magnificent 

dielectric properties.  

Rice husks are agricultural wastes obtained from rice milling process. Rice 

husk containts silica purity can be as high as 90-98%. The ash content of rice husk 

and sodium silicate content in the ash become economical to extract the silica 

from rice husk ash. The benefits of rice husk are overwhelmig, besides the richest 

raw materials of rice husk silica can also be used as agricultural fertilizers, cement 

additives, and fabrication of concrete. Rice husks generated from rice mills 

usually cause disposal problems, rice husks are usually burnt and disposed of 

without being put to good use. There are three processes for obtaining silica from 

rice husks, the first method of hull treatments with hot organic acid solutions 

before being burned, the second method with boiling water both using automatic 
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chloride at temperatures close to 150c, the third method, does not remove the 

alkaline element from hull. In this project, Polymer matrix Composite will 

fabricated by using compression moulding. Polysiloxane will act the matrix and 

rice husk silica as the reinforcing material. 

 

2. METHOD 

The research methodologies of preparing the polysiloxane filled rice husk silica 

composite and the process of test composite are conducted on rice husk silica.  

Injection moulding method is used to fabricate polysiloxane filled rice husk silica 

composites. The test conducted for polysiloxane filled rice husk composite are 

tensile test, density test and Scaning Electron Microscopy (SEM) test. Analysis 

phase and molecular analysis was carried out to determine the crystalline phase of 

rice husk and the existence of molecular bonds in the composite sample and the 

research flowchart can be seen at figure 1. 

 

 

 

 

 

 

 

 

 

 

Figure 1.  process flow chart 
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3. RESULT AND DISCUSSION 

3.1 Morphology Test 

Morphology of polysiloxane filled rice husk ash silica composite samples was 

observed using Scanning Electron Microscopy (SEM). There are seven samples 

with different composition ranging from 0, 2, 4, 6, 8, 10, and 12wt % silica and 

each samples were coated in platinum before place into machine. The samples 

was observed at magnification 350x and 1000x. Table 1.  shows Scanning 

Electron Microscopy (SEM) of composite sample. 

Table 1. Scanning Electron Microscopy (SEM) with magnification of 350x and 

1000x 

Composition 

of silica 

(wt%) 

Magnific

ation 
Image SEM Comment 

 

 

0wt% 

 

 

350  

The SEM image shows a smooth 

fracture surface without adding 

silica fillers 

 

 

 

1000 

 

 

 

2wt% 

 

 

350  

 

The SEM image begins to shows 

the particle of rice husk silica on 
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1000 

 

the surface. 

The particles shape observed 

through SEM is irregular and 

spherical 

 

 

4wt% 

 

 

350 
 

The SEM  image shows 

composition of the silica particles 

increased on the surface. The 

particle size indicate the average 

particle size in composite body is 

4.0 μm 

 

1000 

 

 

 

6wt% 

 

 

 

350 
 

The SEM image shows two 

phases between polysiloxane and 

particles rice husk silica. The 

white arrow show the two phases 

 

 

 

1000 

 

 

 

8wt% 

 

 

350 
 

The SEM  image shows the 

polysiloxane covering almost the 

entire surface of the silica 

particles. 
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1000 

 

 

 

10wt% 

 

 

 

350 
 

The SEM image shows surface 

roughness increased significantly 

in samples with a silica content of 

10wt%.  

1000 

 

 

 

12wt% 

 

 

350 
 

The SEM  image shows the 

agglomeration particles in 

composite. 

SEM image also shows the small 

void in the sample 12% of silica 

fillers 

 

1000 

 

 

From Table 1, we can observe that as the composition of the silica in the 

composite increases, the number of particles observed from the micrograph also 

increases. The agglomeration of particles happens when the composition of silica 

in the composite is 12wt%. In this case agglomeration occurs due to uneven 
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distribution of rice husk silica thus failed to complete fill the entire space in the 

rubber sheets. 

3.2 Phase analysis 

The crystalline phases in sample was observed using X-ray Diffraction (XRD). 

The rice husk that used in this research obtained from rice milling Muar, Johor. 

The rice husk sample were burned at 700ºC for 8 hours and the structure of 

sample is amorphous. The results show that a broad peak centered at 2θ=22° is 

observed. This indicates the presence of disordered cristobalite. Figure 2, shows 

analysis of the rice husk silica by X-ray Diffraction (XRD). Table 2, shows the 

comparison of the most intense peak position with previous studies. 

 

Figure 2. X-ray Diffraction (XRD) of rice husk silica 



 

8 
 

Table 2. comparison of the most intense peak position with previous studies 

 

Table 2 shows data of present work and previous studies. We can observed 

there are three treatment that used. The first treatment natural does not use 

solution and burning at 700ºC. The second treatment using HCl solution and 

burning at 600ºC. The third treatment using acid leaching solution and burning at 

1000K. The most intense peak position from all treatments have similarities, 

which is at 2θ=22. The most intense peak position from present work observed is 

at 22°, and it’s same the most intense peak position observed by Yalcin et al and 

Liou et al. However, there is difference 0.5 value for the most intense peak 

observed by Liou et al, although difference 0.5 but the value is still similar 

3.3 Molecular analysis 

Analysis that used to determine and confirm the existence of molecular bonding in 

the polysiloxane filled rice husk silica in this study was observed using Fourier 

transform infrared spectroscopy (FTIR). Figure 3, shows the content of silica 

ranging from 0wt%, 2wt%, 4wt%, 6wt%, 8wt%, 10wt%, and 12wt % shown in 

the graph FTIR spectogram. From FTIR spectogram can be observe there are four 

main peaks. The first peak is C-CH3, have a wavelength 2963cm-1. The second 

peak is Si-CH3, have a wavelength 1259cm-1 to 1258cm-1. The third peak is Si-O-

Si, have a wavelength 1009cm-1 to 1008cm-1. The fourth peak is SiO4, have a 

wavelength  788cm-1 to 787cm-1. The wavelength of the four main peaks are 

similar. The result of FTIR spectogram shown the presence of polysiloxane and 

Burning 

temperat

ure

Range of 

peak

Most 

intense 

peak

Referenc

es

Present 

work

No 700ºC Okt-60 22 Present 

wotk

Previous 

studies

HCl 600Cº Okt-70 22 Yalcin et 

al, 2001

Previous 

studies

Acid 

leaching

1000K 50-80 22.5 Liou et 

al , 2004

Treatment
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rice husk silica with the range of wavelength from 2963cm-1 to 787cm-1. Table 3., 

shows comparison of the wavelength of main peaks with previous studies. 

 

 

 

 

Figure 3. FTIR spectogram silica content ranged from 0wt%-12wt% 
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Table 3. comparison of the wavelength of main peaks with previous studies. 

 

From table 3, we can observed there are four wavelength of main peaks data. 

The all data of wavelength main peaks from present work and previous studies are 

similar. The main peaks of wavelegth in first data are similar with the data that 

observed by Azmil et al. The value main peaks of wavelength data are 2963cm-1 

and 2968cm-1. The main peaks contributed by C-CH3 bond. This bond is related to 

polysiloxane polymer that contains C and H. The second main peaks has 

wavelength of main peaks ranged from 1259 cm-1 to 1258 cm-1. The wavelength 

data are similar with the wavelength data that observed by Duo et al and Azmil et 

al, the value data is 1260cm-1. These main peaks is cused by Si-CH3 bond. This 

bond shows the success of polysiloxane bonded with rice husk silica. From all 

third data that observed from present work and previous studies that observed by 

Duo et al and Azmil et al are similar, the wavelength of main peaks data are 

1009cm-1 - 1008cm-1, 1090cm-1, 1012cm-1. The main peaks contributed by Si-O-Si 

bond. The fourth main peaks has a wavelength ranged from 788cm-1 to 787cm-1. 

The wavelength are similar with the wavelength data that observed by Duo et al 

and Azmil et al and the main peaks contributed by SiO4. The bonds of Si-O-Si 

and SiO4 are associated with rice hsuk that have elements of Si and O.  

3.4 Density Test 

Physical properties of composite sample with different composition range from 

0wt% to 12wt% rice husk silica in plysiloxane was tested by using density test. 

Duo et 

al  2008

Azmil et 

al 2016

No Wavelen

gth cm
-1

Wavelen

gth cm
-1

Wavelen

gth cm
-1

1 2963 3480 2968 C-CH3

2 1259-

1258

1260 1260 Si-CH3

3 1009-

1008

1090 1012 Si-O-Si

4 788-787 800 791 SiO4

Peaks in 

spectra

Present 

work

Previous studies Band 

indication
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The purpose of this test is to determine the densities of plysiloxan reinforced rice 

husk silica composite samples. Figure 4, shows the graph of density test with the 

different composition of rice husk silica. 

 

 

Figure 4.  Bar chart for density with different composition of rice husk silica 

From Figure 4, we can conclude that when the amount of mixed silica content 

in polysiloxane increases, the density of composite sample also increased. The 

sample with composition 0wt% silica has the lowest density, and the sample with 

composition 12wt% silica has the highest density. The value of lowest density is 

1.2514g/cm3, and the value of highest density is 1.3115g/cm3    

3.5 Tensile Test 

Polysiloxane filled rice husk silica composite samples was tested using tensile 

test. The samples must be prepared in the form of standard dumb bell shape for 

testing. The purpose of tensile test are to analysis tensile strength, and Modulus 

Youngs of the polysiloxane filled rice husk silica composite.  Figure 5, shows the 

bar chart of ultimate tensile stress with concentration of silica ranged from 0wt% 

to 12wt% in the composite sample. 
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Figure 5. Bar chart of ultimate tensile stress vs silica wt% 

From Figure 5, It can be seen increasing rice husk silica fillers increases the 

maximum stress. The highest maximum stress obtained for composite with 

10wt% of filler whereas the lowest maximum stress obtained for composite with 

12wt% of rice husk silica filler. This indicate there is a critical concentration of 

10wt% silica in which the tensile properties are maximum From the bar chart of 

ultimate stress can be conclude that the addition of rice husk silica up to 10wt% is 

the most suitable because it increases the tensile strength of the composite. Figure 

6, shows bar the bar chart of Young’s Modulus with the concentration of silica in 

the sample. 

 

Figure 6. Bar chart of Young’s Modulus with concentration of silica wt% 
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From Figure 6, it can be seen from the bar chart the highest young’s modulus 

obtained from composite with silica content of 10wt%. This is because the 

material matrix and the particles reinforcement are bonded very well at 10wt% 

.The young’s modulus has similarities with the ultimate tensile stress, from both 

data can be conclude the addition composition 10wt% silica in composite is the 

most suitable because in this composition can be increase the strength of 

composite. However, when the silica composition 12wt% in composite the value 

was decreased because rice husk silica fillers tend to agglomerate. The 

agglomeration can be seen clearly in the morphology analysis observed through 

SEM micrograph. The agglomeration occurs because the silica particles failed to 

complete fill the entire space in the rubber sheets.. In this case fractography 

analysis also shows why composition 12wt% of silica fillers in composite has the 

lowest maximum stress. This is due to the fillers agglomerates pull-out, which is 

responsible for the poor tensile strength and poor dispersion of Rice husk silica in 

the polysiloxane matrix. This cause the sample 12wt% of silica fillers in 

composite has a lowest maximum stress. 

 

Table 4. Comparison of maximum tensile strength of present work and previous 

studies. 

 

Silica content 

wt% 

Present work 

Previous studies 

By Mahzan et al, 

2014 

Maximum tensile 

strength (MPa) 

Maximum tensile 

strength (MPa) 

0% 3.84 3.71 

2% 4.06 3.98 

4% 4.17 4.04 
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6% 4.21 4.14 

8% 4.24 4.21 

10% 4.31 4.46 

12% 3.58 3.94 

 

Table  4, shows the comparison of maximum tensile strength of present work 

and previous studies. From table can be observed the highest maximum stress 

obtained for composite with 10wt% of rice husk silica fillers. The lowest 

maximum stress obtained for composite with 12wt% of rice husk silica fillers. 

The result of two studies can be conclude the maximum value of tensile stress will 

be increased if the composition of rice husk silica increased. However, the value 

was dropped after 10wt% due to uneven distribution of rice husk silica thus failed 

to complete fill the entire space in the rubber sheets. 

 

4. CLOSING 

Silica obtained from rice husk ash by burning at temperature 700ºC for 8 hours. 

The composite body consisting polysiloxane as matrix and rice husk silica as 

reinforcement with composition of silica content in composite ranging from 

0wt%-12wt% have been fabricated using via compression moulding with pressure 

100kPa for 2 hours and cure at room temperature. The structures of rice husk 

silica observed through XRD showing amorphous. 

The FTIR result detects the existence of rice husk silica in the composite body, 

it shows the fabrication of polysiloxane filled rice husk silica composite 

succeeded. The result of the density test indicate the density of the composite 

body will increase when the amount of silica mixture in polysiloxane also 

increased. The sample with composition 0wt% silica has the lowest density, and 

the sample with composition 12% of rice husk silica fillers in composite body has 

the highest density.The result of tensile test shows composite body with 

composition 10wt% of rice husk silica fillers in composite body has the maximum 
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tensile strength. While, the composite body with composition 12wt% of rice husk 

silica fillers in composite body has the lowest maximum tensile strength because 

the particles of rice husk silica ten to be agglomerate. Thus, this indicate the 

addition of 10wt% silica is sufficient. 
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