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Abstract 
Silica from corn cob ash (CCA) was extracted via sol-gel, and nanostructured with templating con-
cept, these resulted in silica nanoparticle. Silica and mineral contents of CCA were determined by 
X-ray fluorescence (XRF). X-ray diffraction (XRD) patterns revealed amorphous nature of ex-
tracted silica. Fourier transform infrared (FTIR) data indicated the presence of siloxane and sila-
nol groups. X-ray diffraction (XRD) of nanostrurtured silica reviled average particle size of 54 nm, 
Scanning electron microscopy/energy dispersive X-ray spectroscopy (SEM/EDS) study indicates 
the particles to possess disorder morphology with the particle attached to each other through 
grain boundary to form agglomerated structure, and SEM analysis shows that particle size varies 
from 44 nm - 98 nm in diameter, with an average diameter of 55nm. EDS spectrum confirms SiO2. 
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1. Introduction 
Silica has been successfully extracted from different agricultural materials like rice husk [1]-[4], sugar cane Ba-
gasse [5] [6], coffee husk [7], wheat husk [8] and corn cob [9] [10]. 

One of the most important techniques used to prepare nanosilica is the sol-gel process. Nanofillers synthe-
sised using this method are reported to have a distinct spherical shape with a narrow size distribution that is 
useful for dental applications [11] [12]. The extremely small nanoparticle size provides low visual opacity in 
un-pigmented dental composites, which allows researchers to prepare a wide variety of shades and opacities of 
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dental composites and thus providing highly aesthetic restorations. Furthermore, spherically shaped nanosilica 
particles provide superior polishability [13] and tend to distribute mechanical stress more uniformly than irregu-
larly shaped particles, which lead to improved mechanical properties [14]. 

Synthesis of nano SiO2 is currently of great interest because it is a basic raw material that is widely used in 
electronics and polymer material industries. Recently, Mohanraj et al. (2012) [9] prepared and characterized 
nano SiO2 from corn cob ash by precipitation method. Using the sol-gel technique has a benefit of producing 
valuable silica particles at lower cost. 

The objective of this present work is to extract silica from corn cob by sol-gel method and nanostructured the 
extracted silica with templating concept using hexadecyl trimethyly ammonium bromide (CTAB) as template. 
The ash extracted silica and nanosilica was characterized using X-ray fluorescence (XRF), X-ray diffraction 
(XRD), Fourier transform infrared spectroscopy (FTIR) and Scanning Electron Microscopy/Energy Dispersive 
X-ray spectroscopy (SEM/EDX). 

2. Materials and Methods 
Corn cob, was obtained from south western Nigeria after the harvest season, the corn cobs was washed and sun 
dried. The combustion were carried out at 650˚C for 3 hours at a heating rate of 10˚C/min in a muffle furnace, 
and left over night to cool in the furnace. Silica was extracted from Corn Cob Ash, (CCA) adapting the sol-gel 
method as previously reported [1] [10]. To nanostructured of extracted silica, modify method suggested by 
Sayari et al. (2001) was adopted [15]. Hexadecyl trimethyly ammonium bromide (CTAB) was dissolved in dis-
tilled water and stirred for 5 mins to obtain a transparent homogenous solution. NH4OH was added with conti-
nuous stirring for 10 mins, after which extracted silica was slowly added and allowed to age under stirring at 
room temperature for a total of 20 hrs, after which the silica was harvested and dried in the oven for 24 hr at 
105˚C, there after, the samples were calcined in a muffle furnace at 550˚C. 

3. Results and Discussions 
The corn cod ash, extracted and nano silica was subjected to XRD, XRF, FTIR and SEM. The X-ray diffraction 
(XRD) was monitored using X-ray diffractometer GBC EMMA, CuKα radiation using an acceleration voltage 
of 25 kV and current of 400 µA. The diffraction angle was scanned from 15˚ to 60˚ 2θ, at a rate of 4.00 ˚/min. 
The quantitative analysis of chemical components of corn cob ash and silica extract was done using X-Ray flu-
orescence (XRF). FTIR spectral were recorded in the range of 4000 - 350 cm−1; morphology was monitored us-
ing Scanning electron microscopy/energy dispersive X-ray spectroscopy (SEM/EDX). 

Different stages of Silica powder extraction from corn cob ash are shown in Figure 1. The major chemical 
groups present in the extracted silica were identified by FTIR spectral as shown in Figure 2. The broad band at 
3440 cm−1 to 3490 cm−1 was due to the stretching vibration of the O-H bond from the silanol groups (Si-OH) 
and is due to the adsorbed water molecules on the silica surface [9]-[11], the band at 1075 cm−1 to 1098 cm−1 is 
due to the Si-O-Si asymmetric stretching vibration [9]-[11], while the band at 791 cm−1 to 806 cm−1 has been as-
signed to the network Si-O-Si symmetric bond stretching vibration, and the band at 461 cm−1 to 476 cm−1 is as-
sociated with a network O-Si-O bending vibration modes [11]. 

The chemical composition of corn cob ash, and silica extract analyse by X-ray fluorescence (XRF) are shown 
in Table 1. It was however observed that minimal impurities were still present after extraction. 

The X-ray diffractogram of corn cob ash, extracted silica and nano silica are shown in Figure 3. The strong 
peak notice at 20.9˚, 26.6˚ in Figure 3(a) indicates the present of silica in the ash. 

The broad X-ray diffraction pattern in Figure 3(b), is typical of amorphous solids, it shows that the extracted 
silica is predominantly amorphous [1] [9] [10]. Diffraction peak at theta = 22 degree confirms the formation of 
amorphous silica, in general, it has been reported that Diffraction broad peak at theta = 22 degree indicates 
amorphous silica along with some crystalline silica [8]-[10]. Figure 3(c), shows the X-ray diffractogram of na-
nostructured silica, the particle size of the silica was determined from the X-ray diffraction data using Debye 
Sherrer’s formula,  

0.89 cosD λ β θ=  

where, D is the particle size , λ is the wavelength of the incident X-ray beam, β is the full width at half maxi-
mum of the X-ray diffraction peaks and θ is Bragg angle of X-ray diffraction peak. The average particle size of  
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Figure 1. Photos of silica from corn cob. (a) Corn cob; (b) Corn cob ash; (c) Sodium silicate gel (d) Silica aqua gel (e) Silica 
xerogel (f) Extracted amorphous silica (g) Nano silica.                                                             

 

 
Figure 2. Fourier transform infrared spectra of silica produced from CCA.                                           

 
Table 1. Chemical composition of corn cob ash and silica extracted.                                               

Constituent Corn cob ash (wt %) After extraction (wt %) 

SiO2 47.78 98.77 

Al2O3 9.40 0.00 

Fe2O3 8.31 0.00 

CaO 16.70 0.00 

MgO 7.80 0.00 

Mn2O3 2.70 0.00 

K2O 5.42 0.74 

Na2O 1.89 0.49 
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the prepared silica is found to be 54 nm. 
The SEM image and EDS spectral are shown in Figure 4. Scanning Probe Image Processor (SPIP 6.0.13) 

analysis reveals that particle size varies from 44 nm - 98 nm in diameter, with an average diameter of 55 nm. 
EDS spectral as shown in Figure 4(b), reveals a strong intensity of Si alone in the spectrum which confirms 
predominant of silica in the sample and some traces of impurities. 

4. Conclusion 
This study revealed that amorphous silica, with minimal mineral contaminants could be produced from corn cob 
using the sol-gel method. XRD analysis reveals the amorphous nature of the silica; Fourier transform infrared 
(FTIR) data indicate the presence of siloxane and silanol groups. Nano-structuring of extracted silica using tem-
plating concept has been successful, SEM analysis using Scanning Probe Image Processor (SPIP 6.0.13) re-
vealed that 7855 particle was detected in the SEM image, and particle size varies from 44 nm - 58 nm in diame-
ter, with an average diameter of 51 nm, this is similar to that obtain by Mohanraj et al. (2012) [9] who reported a 
particle size of 30 - 50 nm using precipitation method to obtain Nano silica. Thus silica nano particle can be ob-
tain from corn cob ash and can be useful for many industrial applications. 

 

 
Figure 3. XRD pattern of (a) Corn con ash; (b) extracted silica and (c) Nano silica.                                     

 

   
(a)                                                         (b)  

Figure 4. SEM image of (a) Nano-structured silica and (b) EDS spectrum.                                              
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