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Abstract— in the current study, the effects of loading level 

of synthetic silica particles on the physical, mechanical, 

thermal and morphological properties of polysiloxane 

composite are investigated. Seven samples with 0 wt%, 2 wt%, 

4 wt%,6 wt%, 8 wt%, 10 wt% and 12 wt% of silica loading 

polysiloxane were used. Each sample was fabricated via casting 

moulding method. All samples were examined by scanning 

electron microscopy (SEM), density test; tensile test, 

thermogravimetric analysis (TGA). The results of obtained 

from (SEM) were showing good distribution for silica filled 

polysiloxane, the increase silica amount lead to increased 

agglomerate silica filled polysiloxane. The density of the 

polysiloxane composites were shown gradually increased by an 

increasing silica amount. The mechanical properties revealed 

the best value of tensile strength was with samples 2 wt% 

silica. The results of (TGA) were shown increased of thermal 

stability of polysiloxane composites by an increasing amount of 

silica. 

Keywords—polysiloxane, synthetic silica, casting moulding, 

polysiloxane composite 

I. INTRODUCTION  

. Silicone Rubber is a specialty synthetic elastomer that 
provides a unique balance of chemical and mechanical 
properties required by many of today's more demanding 
industrial applications. It is widely used in many fields due to 
its high and low temperature resistance, long service life, 
inertness, and many other excellent characteristics. However, 
for the poor mechanical properties, it cannot be practically 
used without reinforcement. Such deficiency is usually 
overcome by adding certain rein forcing filler [1]. There are 
three mainly methods to improve the mechanical damping 
properties of silicon rubber. One is the blending of 
polysiloxane with other organic polymers or inorganic fillers. 
Second is a modification of the main chain of silicone 
rubber. And the third method is to add damping agent in 
order to increase the molecular friction and modulus. The 
purpose of adding filler into the rubber matrix is to reduce 
the production cost, and give reinforcement. The reinforcing 
filler would increase the mechanical properties such as 
tensile strength, elongation at break, and tear resistance to the 
rubber vulcanizate. On the other hand, the non- reinforcing 
fillers are used to impart the white or light color, reducing 

cost and produce certain unique properties of vulcanizate 
such as thermal conductivity [2]. 

. Schuster et al. [3] reported the intensity of wetting of the 
filler by a polymer depends on the difference of the solubility 
parameters and the surface concentration of adsorbed trains 
is inversely proportional to the difference of the solubility 
parameters between the polymer and the filler. The smallest 
observable primary particle for precipitated silica is about 
15-20 μm and for fumed silica it is about 15 μm in size. The 
surface forces of the small primary particles are very high 
that many particles agglomerate to form the so called 
secondary particles. The shear forces generated during 
rubber mixing are not sufficient enough to disperse primary 
silica particles in the rubber. The secondary particles of silica 
fillers form further agglomerates. They form chain-like 
structures, the so-called tertiary structures. Though the 
tertiary structures are also relatively stable, they get more or 
less shattered by the shear forces during mixing. The higher 
the shear force, the better the dispersion [4]. 

 Idrus et al. [5] studied the effects of different particle 
shapes of ultrafine silica used as filler on the properties of 
natural rubber compounds. They were using three types of 
silica shapes cubical, elongated and irregular. They are added 
silica to rubber compound according to 0, 10, 20, 30& 40 
Phr. It was found the variations of the particle shape of 
ultrafine silica did not affect the scorch time and cure time of 
natural rubber compounds and different shape of ultrafine 
silica showed insignificant trends in the curing characteristic 
of ultrafine silica filled rubber compound vulcanisates, but 
irregular ultrafine silica showed higher values of torque as 
compared to the cubical and elongated shape. Irregular 
ultrafine silica showed the highest values of tensile strength. 
The tensile modulus and hardness followed by elongated and 
cubical ultrafine silica. 

According, Jordan et al. [6], [7] the properties of the 
composites depend upon the method of dispersion of 
particles, aggregation of particles, and interaction between 
particles and polymers. The thickness and density of the 
interphase developed between two constituents depend on 
the interaction between particles and polymer. 

Nikjea et al. [8] studied the nanosilica reinforced epoxy 
floor coatings composites. They are used the SiO2 content of 
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samples as (0, 0.5, 1, 1.5, 2, 2.5, and 3wt %). they were 
observing coupling agent would provide the interaction 
between epoxy chain and SiO2 molecules. High surface 
area/particle size ratio of nano-SiO2 would be the main 
reason which influences the excellent physical properties. 

Ahmad et al.[9] were studied the effects of adding silica 
sand nanoparticles on epoxy Based Composites; the present 
objective of research is to study the modified effects of 
reinforcement dispersion of nanoparticle silica in epoxy resin 
on the physical properties, mechanical and thermal behavior, 
and the microstructure of resultant composites. The 
preparation of raw material silica sand nanoparticles was 
dried at 120∘C to remove any moisture for 5 hours. The 
silica sand nanoparticles were mixed with epoxy using stirrer 
and manual mixing for several hours. The resultant mixture 
was degassed and cured in steel mould at 120∘C to form 
dog-bone-shaped samples (ASTM D638-97). They were 
prepared five samples in this research; the amount of silica 
filler in samples (0, 5, 10, 15 and 20wt %). They were found 
Epoxy-SiO2 nanocomposites were successfully produced 
using Tronoh silica sand nanoparticles as reinforcement. The 
density of the epoxy-SiO2 nanocomposites was increased 
from 1.157 g/cm3 to 1.244 g/cm3 with an average increment 
of 1.796%. The mechanical properties of the nanocomposites 
decrease with the addition of silica sand nanoparticles due to 
improper mixing of the nanoparticles. Interparticle distance 
also plays an important role in the interphase behaviour and 
properties of the composites. Tensile properties of the 
composites are mostly affected by the materials, method, 
specimen condition and preparation, and also by percentage 
of the reinforcement [10]. 

Hanu et, al. [11] studied Thermal stability and 
flammability of silicone polymer composites of the fillers, 
mica and ferric oxide were found to have a stabilising effect 
on the thermal stability of silicone polymer. The effect of 
fillers on the thermal stability of silicone polymer has been 
investigated. it was found that mica (both phlogopite and 
muscovite) improves silicone thermal stability, with delayed 
onset of degradation, reduced mass degradation rates and 
higher residual yields. Ferric oxide was also found to delay 
the onset of degradation, but resulted in residual yield lower 
than that of neat silicone. Glass frit was found to destabilise 
the thermal stability of silicone polymer due to the increased 
concentration of metal ions present in this filler. 

II. EXPERIMENTAL 

A. Material 

Poly (dimethylsiloxane) (PDMS, Mw = 7.09105, 0.17 
mol% vinyl groups), Synthetic silica and moluld with 
internal core size of 150*300*5mm was made by carbon 
steel. 

B. Methodology 

The polysiloxane composites were produced with a 
loading fraction of 0, 2, 4, 6, 8, 10, 12 wt% of synthetic 
silica. 

C. Casting moulding method  

(i) Stirred the silicone rubber base, curing agent and 

silicon oil by using a PHILPS Multiple Speed Hand mixer 

in a cup for 15 minutes. (ii) Added the silica into 

polysiloxane mixture and stirred for 15 minutes. (iii) Then, 

immediately cast the mixtures into the open mould. (iv) 

Vacuum the open mould in vacuum chamber and move it 

out after 30 minutes. (v) Close the mould and put the mould 

in the oven. (vi) Cure at specific temperature 65ᵒC and time 

at 30 minutes. (vii) Move out the composite by using screw 

ejector. (viii) Left mold outside at room temperature. 

III. RESULTS AND DISCUSSION   

A. Morphology of polysiloxane composite 

The morphologies of the cross section area of 

polysiloxane composite were investigated. Figure 1 show 

the SEM micrographs of polysiloxane composite produced 

in this research by casting moulding method  

 

  
(a) (b) 

  
 ( c) (d) 

  
( e)  (f) 

 

 

( g)  

Figure 1: Morphologies of sample fabricated by casting 

moulding method. (a) 0wt% Si. (b) 2wt% Si. (c) 4wt% Si. 

(d) 6wt% Si. (e) 8wt% Si. (f) 10wt% Si. (g) 12wt% Si. 

 

The dark phase is the polysiloxane matrix, and the bright 

phase represents the crystalline silica. The size and shape of 

the silica particles in the polysiloxane matrix don’t change 

much over those of the original silica particles shown in the 

SEM image. The SEM observations showed the crystalline 

silica of the filler particles as well as their uniform spatial 

distribution and good dispersion. Based on the SEM 

micrographs, the agglomeration the silica particles were 

increased with increasing a silica ratio. 
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B. Affect Synthetic silica on density of polysilxane 

composite 

Density is an important parameter in conjunction with 

applications for light-weight materials. It is well known that 

the higher the density, the higher the weight of polysiloxane 

composite obtained, if the volume of polysiloxane 

composite has remained same. In this research, since the 

moulded polysiloxane composite were developed with a 

specific molded density that is 1.29 g/cm
3
. The result of the 

densities of polysiloxane composite fabricated by casting 

mould method developed was shown in figure 2 it is 

expressed in gram per cubic centimeter (g/cm
3
). 

 

 
 

Fig 2 the densities of polysiloxane composites fabricated 

by casting moulding method. 

 

The synthetic silica being denser as compared to 

polysiloxane may cause an enhancement in density of 

polysiloxane when added as reinforcement, Based on the 

figure 3 densities of polysiloxane composite in of casting 

moulding was a gradual increase compared with pure 

polysiloxane. The inclusions of silica when added to 

polymer tended to create a linkage of bonding between SiO2 

and polymer which some time results in higher density of 

the composites [9]. 

C. Affect Synthetic silica on thermal properties of 

polysilxane composite 

Thermal degradation behavior of polysiloxane composite 

was studied by TGA. For comparison, pure polysiloxane 

was also investigated. The TGA curves of pure polysiloxane 

and polysiloxane composite fabricated by casting are shown 

in Figure.3. It is evident that the chemical incorporation of 

silica into polysiloxane leads to little improvement in the 

thermal stability of polysiloxane composites. T1 for pure 

polysiloxne is 404ᵒC and 409ᵒC, T1 for sample 2 wt% silica 

is increased by 5ᵒC and T2 is delayed for 0.7ᵒC, T1 for 

sample with 4 wt% silica is increased by 2ᵒC and T2 is 

delayed for 3.7ᵒC, T1 for sample 6 wt% silica is increased 

by 2ᵒC and T2 is delayed for 3ᵒC, T1 for sample with 8 wt% 

silica is increased by 2ᵒC and T2 is delayed for 1ᵒC and T1 

for sample with 10 wt% silica is increased by 12ᵒC and T2 

is delayed for 1ᵒC, from this result conclude the thermal 

stability increase by increasing amount of silica [10] 

 

 
 

Figure 3: TGA curves for silica filld polysiloxane were 

fabricated by casting moulding method. 

 

D. Affect Synthetic silica on mechanical properties of 

polysilxane composite 

The Figure 4 summarizes the tensile strength obtained for 

the synthetic silica filled samples of polysiloxane 

composites at the curing time 30 minutes and curing 

temperature 65ᵒC. It is clearly that 2wt% of synthetic silica 

is a too low amount of silica but the best amounts of silica to 

improve the tensile strength., in the figure 4 was shown 

which the mechanical properties of the polysiloxane 

composite deteriorate. This is probably due silica particles 

were agglomerated; usually the shear forces generated 

during rubber mixing are not sufficient enough to disperse 

primary filler particles in the rubber [4]. 

 

 
 

Fig 4: tensile strength for polysiloxane composite fabricated 

by casting moulding method. 

 

As previously mentioned, SEM was shown the silica 

particles were agglomerated when increase the amount of 

silica. The properties of the composites depend upon the 

aggregate of particles, method of dispersion of particles, 

interaction between particles and rubber [6]. Discontinuity 

in the form of debounding exists because of non-adherence 

of particle to polymer. Thus, the particle cannot carry any 

load and the composite strength decreases with increasing 

particle loading [11]. 
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IV. CONCLUSION 

 

In this research, the physical and mechanical properties 

of silica are suitable as reinforced to polysiloxane for 

polysiloxane composites was fabricated by casting moulding 

method. Thus, polysiloxane composites have been 

developed with 0wt %, 2 wt%, 4 wt%, 6 wt%, 8 wt%, 10 

wt% and 12 wt% silica loading. The morphology was 

observed good distribution of silica particles in polysiloxane 

composites but agglomerates of silica particle were formed 

when silica particles were increased.  

The results of density, was directly proportional with 

amount of silica added to polysiloxane. That means, 0 wt% 

of polysiloxane composite, gave the lowest density in the 

fabrication method.  

In this research, the thermal stability was improved with 

increase amount of silica filled polysiloxane for this method. 

Based on the mechanical properties studied, these result can 

be concluded that polysiloxane reinforced with 2 wt% silica 

gave better tensile strength compared with other samples of 

polysiloxane composites.  
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