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Abstract - In this study, simple preparation of the biogenic 
silica from rice husk was used to prepare tin oxide – silica 
nanocomposite (TOS). The amorphous silica extracted from 
rice husk using the acidic route, and then nanocomposite was 
done using a wet imprecation method. SnO2 – SiO2 

nanocomposite composition and morphology was 
characterized by various techniques such as ultraviolet-visible 
spectroscopy, X-ray diffraction, energy dispersive X-ray, 
Scanning electron microscopy. The nanocomposite exhibited 
exceptional catalytic activity in reducing Rhodamine B (90%), 
and Crystal violet (93 %) dyes under optimal conditions. Thus, 
overall dye degradation studies were more efficient, quick, 
economically low cost, a feasible protocol with recyclable 
nanocomposite. 

Key Words: Rice husk 1, Silica 2, nanocomposite 3, Dye 4, 
Reduction 5, Catalyst 6. 

1. INTRODUCTION  

Industrial activities bring more amounts of contamination 
into an aquatic environment, which may affect the ecosystem 
more. Dyes in wastewater come from food industries, 
dyeing, printing, textiles and printing, resulting in adverse 
effects.1,2 Therefore, it needs to find the most effective 
methods to remove these contaminations.3 Now a day's 
reduction process using metal nanoparticles with sodium 
borohydride is a new efficient technique to remove dyes 
from water.4 The metal nanoparticle reactivity is more than 
the particular metal counterpart because of their larger 
surface area and smaller size. Tin oxide nanoparticle is 
industrially an important semiconductor5, because of low 
thermal stability and aggregation6, which can be overcome 
by incorporating amorphous silica to form SnO2-SiO2 
nanocomposite. There are several studies using SnO2-SiO2 
nanocomposite such as nano films7, nanotubes8, xerogel9, 
sensors10, photocatalyst11. 

This work aims to synthesize SnO2-SiO2 nanocomposite from 
amorphous biogenic extracted from rice husk. SnO2 – SiO2 

nanocomposite’s composition and morphology was 
characterized by various techniques with ultraviolet-visible 
spectroscopy, X-ray diffraction (XRD), energy dispersive X-
ray (EDX), Field Emission Scanning electron microscopy (FE-
SEM). 

 

 

2. Materials and Methods 

2.1. Chemicals 

All chemicals used were of analytical grade. Tin chloride 
(SnCl2), Hydrochloride (HCl), and oxalic acid were purchased 
from Sigma-Aldrich and used without further purification. 
All the experiments and preparation were performed using 
Double Distilled Water (DD). 

2.2. Extraction of amorphous silica from Rice Husk 

About 80 g of rice husk was washed with DD water and 
filtered, and then rice husk was treated with 0.001 HCl in 1:3 
(rice husk : acid) ratio for approximately 24 Hours. After that 
rice husk was filtered and washed with DD water to a pH of 7. 
The filtered rice husk (RH) was ashed in a muffle furnace at 
500 °C to get 16 g of white powder. Then 16 g of RH ash was 
treated with 500 ml of 10 % HCl and refluxed for about 4 
hours. The refluxed solution filtered and the obtained reside 
was washed many time with DD water until the residue is 
free of acid. The white residue dried at 90 °C for about 5 
hours, then it calcinated in a furnace for about 6 hours at 700 
°C.  

2.3. Synthesis of tin oxide silica nanocomposite 

Tin oxide was synthesized using the sol-gel method. 50 mL of 
0.1 M tin chloride, and 50 mL of 0.1 M of oxalic acid, were 
heated individually to 80 °C and then hot solutions were 
mixed together, a white precipitate was formed. The 
resulting solution was cooled. The residue was filtered, 
washed with DD water till no Cl- ions was detected and then 
the precipitate was dried 90 °C. Tin (II) oxalate formed was 
loaded in a muffle furnace and calcinated at 800 °C for about 
1hour. 

 The overall reaction of tin (II) oxalate decomposition (eq.1) 
is given by  

          SnC2O4                                                            SnO2 + 2CO (1) 

The obtained tin oxide was used to prepared tin oxide- silica 
nanocomposite. About 1 gm of tin oxide and 5g of 
amorphous silica were added in 100 ml of DD water in 250 
ml of the beaker. It is stirred at a constant rate at 100 °C, and 
then completely water evaporated. The solid mass 
transferred in silica crucible was calcinated at 700 °C for 
about 4 hours. 
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2.4. Characterization 

The absorption spectra of synthesized silica and tin silica 
nanocomposite were done using UV-Visible Spectrometer. X-
ray diffraction measurements were done by X-ray 
diffractometer using Cu Kα radiation (λ= 1.54056A˚) to 
conform the crystalline nature and phase conformation. 
Morphology and surface were investigated by the field 
emission scanning electron microscopy TESCAN VEGA3. The 
chemical composition of the prepared nanocomposite was 
measured by EDX performed in FE-SEM. 

2.4. Catalytic reduction of dyes 

The reduction of rhodamine B (RhB) and crystal violet (CV) 
using sodium borohydride in the presence of TOS 
nanocomposite was carried out to demonstrate the catalytic 
activity. 1 mL of 0.1 mM of sodium borohydride solution was 
mixed with 10 mL of 100 ppm of RB and CV solution in a 
beaker, respectively. Both solutions were continuously 
stirred at 500 rpm; subsequently, 0.03 g of TOS 
nanocomposite was added in RhB and CV solutions. UV-Vis 
spectra were recorded at regular intervals of time for RhB 
and CV solution. 

3. Result and discussion 

UV - visible spectrum of amorphous silica did not show any 
absorption in the range of 200 to 800 nm,12 but in the case of 
TOS nanocomposite an absorption peak was seen at Δλ 342 
to 370nm (fig 1). 

 

Fig. - 1 UV - visible spectrum of amorphous silica and TOS 
nanocomposite 

The amorphous and crystalline nature of SiO2 and TOS 
nanocomposite was confirmed by XRD analysis. The XRD 
diffractogram of biogenic silica showed (fig 2 a) a broad peak 
at 2 ɵ = 22.5,13 which suggested rice husk derived SiO2 has an 
amorphous nature.14  

 Fig. - 2 XRD diffractogram a) amorphous silica b) TOS 
nanocomposite 

XRD diffractogram of TOS nanocomposite is showed (fig 2 b) 
smaller broad curve-shaped peak at 2 ɵ = 21.7 to contribute 
to amorphous silica and other peaks formed were due to 
crystallinity of SnO2 at approximately 2ɵ = 27.1°, 34.2° and 
52.1°.14  

The surface morphology and shape of the prepared SiO2 and 
TOS nanocomposite were examined by using FE-SEM. The 
amorphous silica scanned different magnifications were 
collected and analyzed (Fig 3). The images illustrated that 
the non-uniform fish scale shapes like particle and some 
needle shape particles were formed. The particle size came 
under micro size with larger agglomerates. 

 

Fig. - 3 SEM image of amorphous silica at different 
magnification 

The synthesized TOS nanocomposite surface morphology 
and shape were shown in fig (4). FE-SEM image of TOS 
nanocomposite scanned at the different magnification like 
3000, 10000, 20000X. The TOS nanocomposite shape was 
mixture of irregular shapes with agglomerate particle with 
surface porous in nature at 1000 nm.  
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Fig. - 4 SEM image of TOS nanocomposite at different 
magnification 

The resulting amorphous silica and TOS nanocomposite's 
chemical composition has been analyzed by EDX analysis 
shown in fig 5 a, b. The EDX analysis of amorphous silica (fig 
5 a) shows a significant amount of oxygen, silicon, and other 
impurities (51.59 % and 10.98%, respectively). On the other 
hand, TOS nanocomposite was confirmed by EDX analysis 
and showed (fig 5 b) O, Si, Sn, C, Na, and Cl, of 63.31 %. 

 

Fig - 5 EDX analysis a). Amorphous silica; b) TOS 
nanocomposite 

Synthesized TOS nanocomposite catalytic activity was 
determined by reduction of aqueous Rhodamine (RhB) and 
CV in the presence of NaBH4. The reaction was monitored by 
UV-Vis spectrometer in the range between 400 to 800 nm at 
room temperature. For the comparison control experiments 
were carried out under different conditions like (i) without 
catalyst (ii) with catalyst and NaBH4. The fig 6 shows the 
reduction of RhB with and without catalyst. The presence of 
TOS nanocomposite and NaBH4 could result in a more 
effective reduction of RhB (fig 6). The absorption peak of 
RhB decreased quickly after the addition of TOS 
nanocomposite with NaBH4. The catalytic reaction was 
completed within 30 min, indicating the efficient catalytic 
performance of the TOS nanocomposite.  

 Fig - 6 UV-Vis spectra of catalytic reduction of RhB 

TOS nanocomposite catalytic activity was examined for 
reduction of aqueous CV also. When the reduction process 
was carried out in the presence of TOS nanocomposite with 
NaBH4, a rapid decreased in intensity of peak at 570 nm (fig 
7) was seen. The reduction process required about 5 min for 
completion in presence of catalyst compared to 30 min 
without catalyst.  

 

Fig - 7 UV-Vis spectra of catalytic reduction of CV 

3. Conclusion 

This method reports preparation of facile, cost-effective 
method for synthesis of rice husk derived silica and tin oxide 
– silica oxide nanocomposite. The silica and nanocomposite 
were characterized by UV, XRD, SEM which confirm the 
amorphous nature of silica and crystallinity of tin oxide – 
silica oxide nanocomposite. The SEM image revealed that the 
average size of the synthesized tin oxide – silica oxide 
nanocomposite size is below 1000 nm. The synthesized tin 
oxide – silica oxide nanocomposite showed high catalytic 
activity reduction of rhodamine B and crystal violet with 
NaBH4 with less time. 
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