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Abstract 
This study is introducing a facile and novel method for synthesis of amorphous 

silica nanoparticles. Silica nanoparticles were synthesized by pyrolysis and combustion 
of high temperature vulcanization (HTV) silicone at 700  for 1 h. The products were 
investigated employing transmission electron microscopy (TEM), field emission 
scanning electron microscopy (FESEM), dynamic light scattering (DLS), X-ray 
diffraction (XRD), Brunauer Emmett and Teller (BET) test and Fourier Transform 
Infrared (FTIR) Spectroscopy. The results indicated that the method is capable of 
synthesis of amorphous silica nanoparticles with sizes of mostly between 10 and 50 nm. 
Keywords: silica nanoparticles, pyrolysis, combustion, HTV silicone, organic material 

Introduction 
Demand for nanoparticles is growing with advance of science and technology. 

These nanoparticles are used in several areas such as optoelectronics, catalysis, micro 
electronics, information storage, etc. [1-3]. Production of silica nanoparticles for use in 
catalysts, semiconductors, thermal insulators, glass, ceramic and concrete is taken into 
consideration in the last decade [4-8]. They are also used as drug carriers in 
pharmaceutical industry due to their large specific surface and high biocompatibility [9, 
10]. Silica is a polymer of silicic acid consisting of interlinked SiO4 units in a 
tetrahedral fashion with the general formula SiO2. Naturally occurring silica is 
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crystalline and exists as sand, glass, quartz, etc., whereas synthetic silica is amorphous. 
Most nanoparticles synthesis techniques, such as physical vapor deposition, 
precipitation and sol–gel methods are expensive and complex and offer only limited 
control over particle size and size uniformity [10-14]. Silica nanoparticles are often 
produced using chemical methods such as sol-gel and deposition [15-19]. Adam et al. 
[15] employed sol-gel method to derive nanosilica from rice husk with an average size 
of 50.9 nm. Jal et al. [16] produced silica nanoparticles with an average size of about 50 
nm using deposition method. Sol–gel technique has advantages such as homogeneity 
and high purity. However, it has disadvantages such as long drying times, high shrink 
age and difficulty in preparing non-oxide ceramics [20].  

Recently, more attention has been paid to manufacturing ceramic materials via 
pyrolysis of polymers. This is due to advantages unachievable by conventional methods 
such as high purity, processing versatility, lower processing temperature and preparation 
of metastable phases [21-23]. Pyrolysis is a very important step in the polymerization – 
pyrolysis process for preparation of silicone base inorganic membranes. This process 
has been used to produce inorganic membranes which are excellent candidates for 
membrane gas separation at high temperatures [24]. Recent studies have employed this 
method for production of silica nanoparticles [25-28]. For instance, Gu et al. [25] 
pyrolysed rice husk after sol-gel treatment to synthesize silica nanoparticles. In their 
multistage process, pyrolysis is capable of decreasing particles size. 

Silicones are class of synthetic compounds, which the molecules consist of 
polymer chains of alternately connected silicone and oxygen atoms. Typical organic 
polymer materials consist of carbon atoms linked together whose backbone chain is 
repeated many hundreds to thousands of times. However, in silicones Si-O siloxane 
structure makes them chemically different. They are found in a variety of applications 
with properties ranging from long-life at elevated temperatures to fluidity at low 
temperatures [29].  

In this study, amorphous silica nanoparticles were synthesized through pyrolysis 
and combustion of high temperature vulcanization (HTV) silicone in a one step 
process.The process is fast, facile and is able to produce high purity silica nanopowder. 
The products were then characterized using different characterization techniques. 

Experimental procedure 
HTV silicone (KCC Co., South Korea) was procured as the raw material for 

synthesis of silica particles. The pyrolysis behavior of HTV silicone was investigated by 
thermogravimetric analysis (TGA) using STA503 WinTA instrument in nitrogen 
atmosphere at heating rate of 10 °C/min. Then 10 g of the silicone was placed in an 
alumina crucible and heated up with a heating rate of 20 C/min to 700 C. The material 
was pyrolyzed and combusted while held at this temperature for one hour. The product 
was then furnace-cooled. The experimental conditions outlined above were based on a 
number of preliminary studies. 

The combusted and pyrolyzed HTV silicone, were characterized employing 
Fourier Transform Infrared (FTIR) Spectroscopy. Spectra were obtained within 4000–
500 cm−1 range with a resolution of 4cm−1 on Brucker, Tensor27 device, X-Ray 
Diffraction(XRD) analysis (Philips, X’pert with copper in the range of 10-90° and speed 
of 0.05°/min) and field emission scanning electron microscope (FESEM) (Hitachi, 4160 
S). To clarify the nanoscale structure, transmission electron microscope (TEM) (Zeiss, 
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EM10C) was also used at an accelerating voltage of 100 kV. For TEM sample 
preparation, nanoparticles were suspended in water and a small drop of the suspension 
was deposited on the carbon coated copper grid. Size and distribution of the particles 
were investigated by dynamic light scattering (DLS) (Malverm Instruments, Zetasizer). 
The specific surface area of the product was determined by Brunauer, Emmett and 
Teller (BET) method (Nanosord, S71). 

For further evaluation of the process, 10 grams of HTV silicone was put in 
furnace at 700 C for 5 minutes. The product was examined by XRD and BET 
according to the above mentioned condition. 

Results and discussion 
Results of the thermogravimetric analysis of HTV silicone are shown in Figure 1. 

TGA is a reliable technique that reveals the mass loss of substance during heating. It can 
be seen that HTV silicone has no weight loss up to 500 C, whereas from 500 to 650 C 
weight loss of about 50% is observed. Continuation of heating above 700 C has no 
effect on the weight. Therefore, TGA revealed that pyrolysis of HTV silicone was taken 
in the temperature range of 500–650 C. So the material was heated up to 700 C at a 
heating rate of 20C/min in ambient atmosphere, and held at this temperature for an 
hour to fulfill pyrolysis and combustion. The product of this process was investigated as 
has been discussed here. 

 

Fig. 1. TGA curve of HTV silicone with a heating rate of 10 °C/min.  

FESEM images of the product are shown in Figure 2. It is evident that the 
product is a very fine agglomerated powder made of nearly spherical particles. The 
dimensions of some of the particles are shown on the micrographs. It is confirmed that 
the product is a nanopowder, however, some additional studies is necessary to evaluate 
composition and dimension of it. 
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Fig. 2. FESEM images of pyrolyzed and combusted HTV silicone. 

The size distribution of the particles was determined by DLS as shown in Figure 
3. From the DLS results it appears that a great majority of the particles are between 100 
and 200 nm in size which is not in agreement with FESEM micrographs. It should be 
kept in mind that in DLS test the powder particles are dispersed in a fluid by ultrasound. 
However, there is probability of agglomeration, particularly for nanopowders which 
have very high surface area and consequently total surface energy. Therefore, the curve 
in Figure 3 shows agglomerates size distribution instead of particles size, which will be 
confirmed by other tests in this paper.  

 
Fig. 3. DLS graph of pyrolyzed and combusted HTV silicone. 

BET measurement of the powder showed a specific surface area of about 260 
m2/g. This is in the size range of nanopowders [26]. Based on this and FESEM images, 
it could be concluded that the product of pyrolysis and combustion of silicone HTV are 
nanoparticles. 

X-ray diffraction pattern of the HTV silicone after pyrolysis and combustion is 
shown in Figure 4. A typical non-crystalline material diffraction pattern with a diffuse 
peak at around 22° is visible which indicates that the synthesized material is amorphous. 
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According to Adam et al. [15], the diffuse peak at 2  of 22° is the characteristic of 

silica phase.  

 
Fig. 4. XRD pattern of HTV silicone after pyrolysis and combustion. 

To confirm abovementioned result of XRD, FTIR spectrum of the amorphous 
nanopowder is shown in Figure 5.  

 

Figure 5. FTIR spectrum of the pyrolyzed and combusted HTV silicone 

The peaks located at about 800 cm−1 and 1130 cm−1 are ascribed to stretching 
vibration of Si–O–Si. This is consistent with the findings of Gu et al. [25]. Silica 
nanoparticles are often produced using chemical methods such as sol-gel. Therefore 
presence of absorbed hydrogen and carbon bonds from water, acids and bases, which 
decrease the purity of silica nanopowder, is expected in FTIR spectrum [17]. The FTIR 
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spectrum of the product, in this study, indicates only Si–O–Si peaks, which means that 
the purity of the synthesized powder is very high. This is because no chemicals and 
additions like acid, bases and water have been used in the developed method. 

The results of X-ray diffraction and FTIR spectrum analysis suggest that the 
synthesized powder is amorphous silica. Therefore, it is evident that the product of 
pyrolysis and combustion of HTV silicone is silica nanoparticle. 

To verify previous findings, the powder particles were also examined with TEM. 
As shown in Figure 6, the silica particles in the product are spherical with a 
homogeneous particle size and shape distribution. The size of particles is in the range of 
10-50 nm which is pretty smaller than the average size shown by the DLS analysis. As 
mentioned, this is due to the fact that in DLS test the powder is suspended in a liquid. 
This is believed to cause formation of agglomerates and increase the measured average 
particle size of the powder. 

 
Fig. 6. TEM images of silica nanoparticles. 

Mechanism of silica particles formation through pyrolysis of HTV silicone is by 
occurrence of two reactions during heating. In the first step (pyrolysis), the polymer 
decomposes to organic groups and silica as shown in reaction 1. In the second step 
(combustion), organic groups in the polymer react with oxygen in the atmosphere, and 
the gases are extracted from the particles (reactions 2 and 3). As an evidence for the 
second step of nanosilica synthesis a flare in the furnace is visible.  

 

5 12 2 4 2 2 3 C H Si O   2SiO  3CH  2CH    (1) 

2 2 2 22CH  3O  2CO  2H O    (2) 

3 2 2 24CH  7O  4CO  6H O    (3) 

FTIR spectrum confirms occurrence of these chemical reactions, without any 
indication of carbon and hydrogen bonds.  

Major advantages of the described process for synthesis of silica nanoparticles in 
this study were short time, ease of fabrication and appropriate raw material. As pointed 
out in the introduction section, a number of techniques have been used for synthesis of 
silica particles. Sol-gel method, for instance, is a long and costly process. For instance, 
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synthesis of silica nanoparticles by Le et al. [17] through sol-gel method took about 21 
h and required solutions of a variety of acids and bases. In this study, however, the total 
time required for synthesis of silica nanoparticles including heating, isothermal holding 
and cooling, was 4 h. No other consumables such as acidic or basic solutions are 
required and a scaled up fabrication is supposed to be easily achievable. 

Product of pyrolysis of the sample at 700 C for 5 min was also investigated by 
XRD and BET. The diffraction pattern is shown in Figure 7.  

 

Fig. 7. XRD pattern of HTV silicone after pyrolysis and combustionat at 700 C  
for 5 min. 

Similarly, there is a diffuse peak at 2  of 22° which is the characteristic of 

amorphous silica. Specific surface area of about 260 m2/g for the powder was measured 
by BET. Based on these investigations, it was concluded that silica nanoparticles could 
be produced by heating HTV silicone at 700 C for 5 min. 

Conclusions 
In this study a facile and novel method for synthesis of amorphous silica 

nanoparticles was introduced. Silica nanoparticles were produced by pyrolysis and 
combustion of HTV silicone at 700 °C for 1 h, including heating up time from ambient 
temperature at heating rate of 20 °C/min. This was confirmed by XRD, DLS, FTIR, 
BET as well as FESEM and TEM examinations. XRD analysis revealed a diffuse peak 
at 2θ of 22° matching that of amorphous silica. FTIR investigation showed the bonds in 
the synthesized material were of Si–O–Si bond. BET and DLS tests disclosed the 
average particle size of the product to be of nano order while FESEM and TEM 
analyses showed particle sizes in the range of 10-50 nm. The synthesized silica-
nanoparticles are believed to be the product of reactions including decomposition of 
HTV silicone and combustion of the decomposed material in one stage and short time. 
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It was also found that if the HTV silicone warms up instantly from ambient temperature 
process time of as short as 5 min is enough to obtain a similar product. 
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