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Abstract 

Illite clay silica nanocomposites (ICSiO2NCPs) were successfully synthesized from two samples Illite-
clay and silica, and the silica was synthesized from rice husk using Sol-Gel Method. The prepared 
ICSiO2NCPs was characterized using UV-visible, FTIR, SEM and XRD analysis. The FTIR 
spectroscopy revealed the vO-H, vSi-O-Si, and vSi-OH stretching vibrations at around 3440, 798 and 
913 cm-1 respectively and also the Si-O, C-H O-H, and Si-O-Si deformation modes at 531, 1384, 1633 
and 472 cm-1 respectively. The XRD analysis showed face centered cubic (FCC) structures with an 
average crystal size of 63.6 7nm. SEM analysis showed irregular spherical shape particles fused together 
at various sizes that are agglomerated at higher magnification. In the UV-visible analysis the 
wavelength of maximum absorbance was observed at around 400 nm characteristic of silica and ascribed 
to the wavelength of surface plasmon resonance phenomenon. . 
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INTRODUCTION  
Rice husk is known as a complex organic substance containing cellulose (50 %), lignin (25 – 30 
%), silica (15 – 20 %) and moisture (Babaso and Sharanagouda 2017). Cellulose basically a 
polymer has the same unit structure as starch except that cellulose is β – glucose while starch 
is α –glucose. On the other hand lignin is a carbohydrate and an irregular compound. The fact 
that there are the OH, and CO functional groups attached to the benzene ring in their 
structures is useful in the interpretation of the IR spectra of illilite silica composite.  
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China and India contribute about 33 % and 23 % of the global production of rice respectively, 
(Soltani et al., 2015; Babaso and Sharanagouda 2017). Prior to May 2023 the Federal 
Government of Nigeria lifted the importation of 43 items including rice, growing of rice in the 
Savannah zone of the country had led to tremendous investments in rice production including 
the Northeast geographical zone. Rice husk (RH) is a major by-product of rice milling and is 
available as an abundant waste in most rice growing areas. 
 
Illite clay has the formula (K.H3O)(Al.Mg.Fe.)2(SiAl)4O10[(OH)2.(H2OI] and consists of 2:1 
layers or tetrahedral – octahedral – tetrahedral layers bonded together by large interlayer of  
potassium.  
 

 
Figure 3 Illite layering structure 

 
Dongmin et al., (2010) had demonstrated the preparation of silicon powders from rice husk 
ash whereby Na2CO3 was used as the silica extraction agent that resulted into a high yield 
(72.52 %) content of silica. In this study the silica content of RH was enriched with Illite clay. 
 
The characterisation of silica related compounds is well documented in literature. For example 
Xu et al (2005) synthesized and characterized iron oxide-coated silica. The IR absorption bands 
for Fe-O and Si- O bonds were found to be at 1100, 798, and 960 cm-1. A similar study by 
Waseem et al (2009), reported the synthesis and characterization of SiO2 by sol-gel method and 
its characterization by X-Ray diffraction studies (XRD), Fourier Transform Infrared 
Spectroscopy (FTIR). Like the work by Xu, et al. (2005) the FTIR analysis revealed all the 
required bands indicative of the successful synthesis of silica particles. Zulfigar and his 
coworkers (2016) reported the characterization of silica nano particles from bentonite, using 
series of thermal and acid treatment processes to lower the alumina likely to be present and to 
also increase the silica content. AAS, X – ray fluorescence, scanned electron microscopy etc. 
were used to characterize the silica nano particles. Also Hameed et al (2016) synthesized 
mesoporous silica nanoparticles and used it to prepare zero valent iron supported on the 
mesoporous silica nanoparticles. 
 
The broad aim of this work is to synthesize, characterize the illite silica composite NPs 
(IOSiO2NCPs) by the sol – gel method. 
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MATERIALS AND METHODS 
 
Chemicals and reagents 
Ni(NO3)2 .6H2O,  Cd(NO3)2.4H2O, Pb(NO3)2.6H2O NaOH , 68 % HNO3 , 35 %  HCl and KOH. 
All Chemicals and reagents used in this study were of analytical grade except NaOH and 
KOH and were used as supplied. 
 
Preparation of solutions 
Stock solutions of Pb((NO3)2, Cd((NO3)2 and Ni((NO3)2 solutions were prepared by standard 
procedure as described by Yahaya et al (2022) by dissolving in distilled water  1.5980, 2.103 
and 4.9530 g respectively in 1 L volumetric flask and various concentration were prepared by  
serial dilution method from the stock solutions  by using the formula below 

C1V1=C2V2         (1) 
Where C1 is the concentration of the stock solution, V1 is the volume of the stock solution to 
be used. C2 is the concentration of the dilute solution to be prepared and V2 is the volume of 
the dilute solution to be prepared. 
 
Preparation of 0.1M of NaOH 
0.1 M NaOH solution was prepared by dissolving 4.00 g of NaOH pellets in about 1000 cm3 of 
distilled water in 1000 cm3 volumetric flask and the solution was made to mark with distilled 
water. 
 
Preparation of 0.1M of HNO3   
0.1M of HNO3 was prepared by diluting 6.3 cm3 of 68 % HNO3 in 1000 cm3in volumetric flask 
and diluted to mark with distilled water. 
 
Preparation of 10% HCl 
10% HCl was prepared by diluting 28.57 cm3 of 35 % HCl with 78.43 cm3 distilled water in 
100 cm3 volumetric flask. 
 
Preparation of 7% KOH 
7% KOH was prepared by dissolving 35 g of KOH into 500 cm3 volumetric flask and made to 
mark with distilled water. 
 
Collection of Samples and preparation 
The illite clay was collected from along Futuk – Alkaleri road in Alkaleri Local Government 
Area of Bauchi State, Nigeria. The sample was grounded into powder using mortar and pestle, 
and then sieved using 120 mesh size sieve. Also some rice husks (RH) were collected from a 
rice mill in Gombe Metropolis. They were cleaned three times thoroughly with tap water and 
then rinsed with distilled water to removes adhering soil and dirt. It was then dried in an oven 
at 80 oC for four hours. 
 
Preparation of Illite Clay 
The illite (clay) was washed three times with tap water then with distilled water and dried in 
an oven at 120 ℃ for three hours until constant weight was obtained and then air-dried for 
two hours. The illite clay was grounded into fine powder using pestle and mortar. 
 
Production of Silica from rice husk  
The silica from the RH was prepared following a procedure previously reported by Setyawan 
et al., (2021). The RH was washed with hot water to remove contaminants of water-soluble 
organic matter present. The RH was first soaked in hot water of about 80 °C for 2 hours and 
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then rinsed four times. The RH was dried at room temperature followed by extraction of the 
silica using an alkali extraction method as reported by Sembiring et al., (2014) with little 
modification using sieve cloth instead of filter paper. 50 g of dried RH was mixed with 500 
cm3 of 7% KOH solution in a 1 L glass beaker. The mixture was boiled for 90 min, and then 
allowed to cool to room temperature for 24 hrs. The mixture was filtered to obtain silica (silica 
sol). To obtain solid silica, the sol was acidified by adding 10% HCl solution drop by drop 
with constant stirring until the pH is 7 after which the sol was converted into the gel. The gel 
was allowed to mature for three days and then rinsed 7 times repeatedly with distilled water 
to remove the excess acid until a clear sol was obtained. The gel was oven-dried at 110 °C for 
eight hours and afterwards ground into powder using pestle and mortar. The experiment was 
done in triplicate giving an average yield of 14 g. 
 
Characterisation 
 
Fourier Transform Infrared (FTIR) Spectra 
Following a KBr pellet technique as reported by Stuart (2004), about 5 mg of sample was 
weighed and placed in an agate mortar. It was ground into fine powder and 250 mg of the 
suspending matrix (KBr) in the form of fine power was added and stirred using a spatula. The 
Powder was transferred into a dice and placed in a disk press and pressed into a disk. The 
disk was removed and placed into a disk holder of the FTIR machine. Alkaline halide like KBr 
is favaourably used in IR spectra analysis, because it does not absorb in the IR region. FTIR 
machine was calibrated with polystyrene film (polystyrene standard).  
 
FTIR spectra was acquired using FTIR Perklin-Elmer spectrophotometer version 10-03-09 
model at the Pharmacy Department Gombe State University  on the synthesized silica alone 
from rice husk, illite clay silica nanocomposite (ICSiO2NCPs) as well as rice husk and the 
spectrum superimposed on one to determine the functional  groups present in the samples. 
 
Scanning Electron Microscopy (SEM) and X-Ray Diffraction (XRD Studies 
The SEM and XRD analyses were done at the National Research Institute of Technology Zaria, 
Nigeria in order to determine the morphology, size and the average crystalline size using the 
Debye Scherer equation (2). The Debye Scherer equation of  the synthesized nanoparticles.  

D =Kλ/βCOSθ            (2) 
     Where D = Particles size  

 K = Constant volume 
 λ = X-ray wavelength  
       𝛽 = Line broadening at half the maximum intensity 

       θ = Braggs angle (in degree 
 
UV-Visible Spectroscopy 
Ultra-violet spectroscopy of nanomaterial is usually undertaken to ascertain the wavelength 
of maximum absorbance often referred to as the Surface Plasmon Resonance excitation. 
 
RESULTS AND DISCUSSION  
 
FTIR Analysis 
The FTIR infrared spectra are given under Fig. 3.1 while the absorption frequencies are 
tabulated in Table 1 
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Figure 1 IR Spectra of Silica, ICSiO2NCPs and Rice husk  

 
Table 1 The FTIR Absorption Frequencies (cm-1) for Silica from RH, Illite-clay 
silica Nano composite (NCPs) and Rice husk (RH).  

Silica 
from RH 

NCPs RH Literature        Reference Assignment 

3439br 3392br 3443br 3300 – 3427 Cheng et al (1998), 
Waseem et al (2009), Xu et 
al (2005) 

vOH stretching vibration 
probably   
from water, and 
phytochemical such as 
phenol, carboxylic acid. 

2925m n.o n.o 2852-2957 Ombaka O. (2016) CH-CH3 stretching, 
1633vs 1633vs 1633vs 1633-1638vs Cheng et al (1998), 

Waseem et al (2009), Xu et 
al (2005) 

Bending or deformation 
mode of OH (δOH) from 
water. 

1384w 1384w 1384w 1420 & 1380 Budnyak et al (2015)              C-H bending vibrations 
1098w 1104w n.o 1098 &1100 Cheng et al (1998)   Asymmetric stretching 

vibration (vSi-O-Si)  
n.o 913w n.o 911-913 Ombaka O. (2016) 

Waseem et al (2009), Xu et 
al (2005) 

Si-OH stretching vibration 
vOH(Si-OH) 

789w 798w n.o 798 Waseem et al (2009). vSi-O-Si Symmetric 
stretching 

n.o 531w 546 555-950 Oufakir et al (2017) Si-O Bending vibration 
463w 472w 488 465-794 Kepdie et al (2023)  

Ombaka O. (2016) 
Si-O-Si deformation  mode  
(δSi-O-Si) 

 
Note: vs = strong, v = strong, m = medium, w = weak, br = broad, sh = shoulder, n.o = not observe 

 
A broad peak is observed at around 3441 cm-1 in both the spectra of pure silica and the silica 
obtained from rice husk nanosilica (SiNCP) composite. This was assigned to OH stretching 
vibration probably from water or the phytochemical from the rice husk such as phenol, 
carboxylic acid etc. However three prominent peaks were noted as characteristic in the IR 
spectra of silica via the asymmetric silicon-oxygen-silicon vibrations νas(Si-O-Si), symmetric 
silicon-oxygen-silicon vibration νs(Si-O-Si) and silicon-hydroxide stretching vibration ν(Si-
OH). These are reported (Waseem et al., 2009 and Cheng et al. 1998, Xu et al. 2005, and Panwar 
et al. 2014) to occur at about 1100, 798 and 960 cm-1 respectively. A very weak absorption peak 
observed at 463 cm-1 that appeared in the silica  but not observed in the silica composite was 
assigned (Kepdieu et al.;  2023) to the Si-O-Si bending or deformation mode.  
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XRD Analysis   
X-ray diffraction (XRD) studies is another common characterization technique for nanoscale 
materials. Analysis of a sample by XRD provides important information that is 
complementary to various microscopic and spectroscopic methods. Fig. 3.2 shows the XRD 
analysis of   Illite clay-silica nanocomposites. A strong diffraction peak is observed at 2θ value 
= 26.86o corresponding to the plane of hkl (111) which shows Face Centered Cubic (FCC) cell. 
The average crystal size was determined by Debye-Scherrer equation.  
D = Kλβcosθ            (2)  
where  
D = particle in nm,  
K is a constant (Sherrer constant = 0.9),  
λ is the wavelength of the X–ray radiation,  
θ is Bragg’s angle and  
β is Full Width Half Maximum (FWHM).  
The calculated mean crystal size was found to be 63.67 nm. This result is in agreement with 
the findings by Zulfigar et al., (2016). 

 
Figure 3.2 showing the XRD analysis result for Illite clay-silica nanocomposites 

 
SEM Analysis 
Scanning Electron Microscopy (SEM) technique is widely used to characterize nanoparticles. 
It basically determines the size, shape and surface morphology with direct visualization of the 
nanoparticles.  
 
The SEM result obtained for the illite clay- silica nanocomposites is shown in Fig. 3.3. An 
irregular spherical granular like morphology is observed. The result obtained is in agreement 
with the literature report by Tahir et al., (2010) which shows spherical and granular like 
morphology. 
 
 
 
 

Figure 3.3 showing SEM Analysis result obtained from Illite clay-Silica nanocomposites 
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UV-Visible Spectroscopy 
The UV-visible spectrum of IOSiO2NCPs is shown in Fig. 3.4.  

 
 

Figure 3.4  UV-visible of Illite-clay silica nanocomposite (ICSiO2NCPs) 

 
The presence of IOSiO2NCPs on the silica nanoparticles was also confirmed by UV–vis 
spectroscopy. The IOSiO2NCPs showed a peak with maximum absorbance at 400 nm, 
characteristic of silica (Panwar et al., 2014) indicating the presence of silica on the IOSiO2NCPs 
generally ascribed to the Surface Plasmon Resonance (SPR) phenomenon.   
 
CONCLUSION  
The Nano composite (ICSiO2NCPs) was successfully synthesized from rice husk through sol-
gel method, and was characterized by UV-visible spectroscopy, FTIR, SEM and XRD analysis. 
The UV-visible spectrum showed a maximum absorbance at 400 nm characteristic of silica 
(Panwar et al. 2014) while the FTIR spectra clearly showed three prominent peaks at 1100, 798, 
and 960 cm-1 also characteristic of silica that was in agreement with literature reports (Cheng 
et al. 1998 and Xu et al. 2005). The nanocomposites crystallized in the Face Centred Cubic cell 
(FCC) and the SEM analysis revealed an irregular granular spherical pattern of morphology. 
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