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 Silica is a material that is widely found in nature and is able to 
withstand corrosion attacks from corrosive environments. However, 
this natural material must be extracted to obtain high purity silica. 
Simple sol-gel method is used to solve the extraction problem (nano-
silica with high purity). The natural materials used in this research 
come from organic materials, namely rice husks from the local area 
(Loa Kulu area). The main objective of this experiment is studying the 
effect concentration of HCl for crystalline size.  The synthesis of silica 
was carried out with the preparation of ashes, then mixed with NaOH 
7M until a solution of sodium silicate was produced. Silicate sodium 
solution was pressed with HCl 2M to form a silica gel with pH 7, 5, 
and 3 then was dried to produce silica powder. Silica powder was then 
burned at a temperature of 1000°C to produce silica with a crystalline 
phase. Based on the experiment, silica powder before calcination has 
amorphous phase and at any pH variation, the crystallite size 
calculated with the Debye Scherrer approach does not show any 
change the crystallite size by the variation of the silica gel’s pH. In 
addition, silica powder calcinated at 1000°C has amorphous and 
cristobalite phases and showed changes in crystal size after calculated 
with Debye Scherrer’s approach.  

 
Copyright © 2024 Authors. All rights reserved. 

 

 

  

 

Introduction 

East Kalimantan, as one of the provinces that has rice commodities, can produce 262.43 
thousand tons of milled dry grain (GKG) in 2020 [10]. Every ton of rice obtained can contribute 
30% of the total weight of the rice harvest [9]. These results have not yet been utilized optimally 
so further processing needs to be carried out to make it something useful. Several researchers 
have been interested in developing rice husks as silica-based raw materials such as zeolite, 
silicon tetrachloride, silica nitride and pure silica [1]. [2] Pramudita et al, successfully 
conducted research showing that rice husk extract is a good corrosion inhibitor. Nanoscale 
silica is widely used in industrial fields such as cosmetics, ceramics and paint [3]. Silica can be 
produced from various methods, one of which is the sol-gel method. The sol-gel method is a 
chemical reaction process in a solution at low temperatures [4]. The main problem is silica gel’s 
pH might affect the crystallite size and the crystal’s structure.   To solve the problem, some of 
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pH variation should be conducted for making sure those effects.  The crystallite size of silica 
which is formed is difficult to be analyzed because the size is small, so the Debye Scherrer’s 
approach should be tried in this research. The research is conducted to study the effect of pH 
of silica gel in order to create nanoscale of cristobalite structure’s silica.  

Theory and Calculation  

The increasing industrial development every year results in the use of materials also 
increasing. The material used in industry is metal, but metal is susceptible to corrosion if it is 
in an unfavorable environment. Corrosion was a decrease in the quality of a metal or material 
due to physical contact with its environment [11]. There were many ways to prevent corrosion 
on a material, one of which is coating. This technique was coating process a metal surface 
with certain materials to inhibit the electrochemical reaction process in the metal [5]. One of 
the coating methods that could prevent corrosion was organic coating, where the materials 
used in this method come from organic materials. Several researchers have been interested in 
developing rice husks as silica-based raw materials such as zeolite, silicon tetrachloride, silica 
nitride and pure silica. 

Silica could be produced from various methods, one of which is the sol-gel method. The Sol-

gel method was a chemical reaction process in a solution at low temperatures [4]. There were 

several factors that can influence silica in the sol-gel method, one of which was pH. Differences 

in pH in the sol-gel method process could produce nano-silica with different characteristics 

and silica synthesized with a pH of 7 could be applied as a filler for composite resins [6]. The 

silica produced in this method generally had an amorphous form and to change its structure 

to cristobalite it was necessary to calcinate [3]. 

The silica that has been extracted is then characterized using an X-Ray Diffraction (XRD) test 

equipment to determine the crystal structure and phases formed from silica powder with 

CuKα (λ = 1.54060Å). X-Ray Diffraction operating conditions are at 30mA, 40kV and step size 

0.0170° in the angle range (2θ) 5-120⁰. The data produced in this characterization is the 

relationship between 2θ and intensity. Qualitative analysis of the X-Ray Diffraction test to 

determine the FWHM value or peak width. The value of the crystal size can be determined 

using the Debye Scherrer approach which refers to the peaks of the diffraction pattern and the 

Debye Scherrer approach is shown in the following equation 

𝐷 =
𝐾λ

𝛽 cos 𝜃
 

where K = (0.9) is the particle shape factor, λ is X-ray wavelength, βhkl is the half-width of 

(hkl) reflection, θ = 2θ/2 is Bragg angle corresponding to (hkl) reflection [15]  . 

 

Experimental Method 

Rice Husk Preparation 

The rice husks used come from Loa Kulu Kota Village, East Kalimantan. The rice husks were 
burned in an open room until become ash, then ground and sifted using a 200mesh sieve. The 
resulting rice husk ash was heated in a furnace at a temperature of 700°C for 6 hours. Next, 
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the ash was washed with 2M HCl to remove impurities. The washing results were filtered, 
and the sediment obtained was rinsed with distilled water until the neutral pH. 

Synthesis of Rice Husk Ash 

The husk ash from the washing results was mixed with 7M NaOH and heated at 300°C. The 
resulting mixture was then added with distilled water and filtered to produce sodium silicate 
solution. The sodium silicate solution obtained was titrated with 2M HCl until pH 7, 5 and 3 
were reached. The silica gel was washed with distilled water to remove residual salt from the 
titration results. After washing, the gel was dried at 100°C until it became powder. The silica 
powder was then calcined at 1000°C for 1 hour to produce silica in crystalline form. 

Characterization 

The calcined silica was characterized using X-Ray Diffraction to determine the crystal 
structure and phases formed from silica powder with CuKα (λ = 1.54060Å). Operating 
conditions were in the angle range (2θ) 5−120°. The resulting diffraction patterns were 
analyzed to determine the FWHM value. The crystal size could be determined using the 
Debye Scherrer approach. Apart from that, characterization was also carried out using X-Ray 
Fluorescence (XRF) to determine the element content in silica powder. 

 
Result and Discussion 

Burning process could reduce the organic compound content in the husk and speed up 

burning time could produce husk ash with a higher silica content [7]. Rice husk is washed 

using 2M HCl was tested using XRF and the test results are shown in Table 1 below. 

Table 1. XRF test results of rice husk ash burned in an open space and washed with 2M HCl 

Element 

(wt%) 

Rice husk ash burned in 

the open 

 

Rice husk ash heated at 700°C Rice husk ash washed with 

2M HCl 

Si 79.54 80.38 9.129 

K 9.08 8.80 4.39 

Ca 3.76 3.69 1.29 

P 3.07 2.94 1.75 

Cl 1.53 1.47 - 

Mn 0.99 0.96 0.38 

Fe 0.95 0.92 0.49 

S 0.81 0.57 0.25 

Zn 0.09 0.09 - 

Ti 0.09 0.08 0.07 

Ni 0.04 0.03 0.05 

Cu 0.005 0.005 0.002 

 
From the table 1, the heating process of rice husk ash at 700°C for 6 hours remove organic 
compounds. Apart from that, washing the ash with 2M HCl could reduce the levels of impurities 
such as K and Fe so that the Si element with high purity is produced by 91.29%. According to 
research by Putranto et al [12], the addition of strong acid to rice husk ash could release metal 
oxides such as K2O and Fe2O3. 
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Figure 1. X-ray diffraction patterns (CuKα) of amorphous silica 
powder after varying the pH of HCl. a) pH 3; b) pH 5; and c) pH 7 
 

 
 

 

 
Figure 2. Fitting of X-ray diffraction patterns (CuKα) on silica 
powder before calcination a). pH 3; b). pH 5; and c). pH 7 with 

Fityk software. 

The XRD diffraction patterns in Figure 1 show that the curve has bumps which are characteristic 

of amorphous silica and the results show the presence of a quartz phase at angles 2θ = 42.5° and 

44°. The formation of mounds from the results of sol-gel synthesis is in accordance with research 

conducted by Musyarofah et al [8] namely that there are humps from the qualitative XRD results 

on silica powder. The results of the XRD analysis showing the peak of the quartz phase were then 
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processed as shown in Figure 2. To determine the FWHM (Full Width Half Maximum) value and 

the crystal size was calculated using the Debye Scherrer approach. The values from the crystal 

size calculation results are shown in Table 2 below. 

 
Table 2. Results of calculating the size of silica crystals for variations in pH 3, 5 and 7 using the Debye 

Scherrer approach 

pH 𝟐𝜽(°) 𝑲 

(rad.Å−𝟐) 

λ(nm) FWHM (β) (°) FWHM (β) (rad) Crystalite 
Size (nm) 

3 42,507 ± 
0.001 

0.9 0.15406 0.240 ± 0.003 0.4x10−2± 0.6x10−4 35.5 ± 0.5 

5 42,508 ± 
0.001 

0.9 0.15406 0.234 ± 0.003 0.4x10−2± 0.6x10−4 36.4 ± 0.5 

7 42,508 ± 
0.001 

0.9 0.15406 0.232 ± 0.003 0.4x10−2± 0.6x10−6 36.7 ± 0.6 

These calculations show that the crystal size does not change with increasing pH. These results 

are not in line with research conducted by previous researchers, according to research by Indrasti 

et al [6] who synthesized nano-silica in the pH range 7-10 showing an increase in crystal size with 

each increase in pH and this explains that as the pH increases, the crystal size increases. The 

crystal size that does not increase is probably caused by using room temperature during the 

titration so that the energy required for crystal growth is not sufficient. According to Elma [4], 

the crystal size at pH < 7 can be ignored because it shows changes that are not significant, so to 

increase the crystal size at low pH it is necessary to use other supports such as temperature and 

pressure to achieve high solubility. At pH > 7 the crystal size increases due to low solubility. 

 

Figure 3. XRD (CuKα) diffraction patterns of silica powder after 

calcination at 1000°C. a) pH 3; b) pH 5; and c) pH 7. 
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Figure 4. Fitting of X-ray diffraction patterns (CuKα) on silica 

powder after calcination at 1000°C a). pH 3; b). pH 5; and c). pH 7. 

Silica powder is calcined at a temperature of 1000°C with a holding time of 1 hour to change the 

amorphous phase structure to crystalline. Figure 4 shows the XRD diffraction patterns of calcined 

silica powder which produces amorphous and crystalline silica powder in the form of cristobalite. 

Based on qualitative analysis, the cristobalite phase is formed at the peak of 2θ = 22.01°; 42.5°; and 

44°. This is in accordance with research conducted by Johan et al [13], namely that silica calcined 

at a temperature of 1000°C is still in the form of amorphous silica with the presence of a 

cristobalite phase. The presence of an amorphous phase at a temperature of 1000°C because it 

requires a longer holding time during calcination. 

Table 3. Calculation results of silica crystal sizes varying from pH 3, 5 and 7 calcined at 1000°C using the Debye 

Scherrer approach 

pH 𝟐𝜽(°) 𝑲 

(rad.Å−𝟐) 

λ(nm) FWHM (β) (°) FWHM (β) (rad) Crystallite 
size (nm) 

3 42,507 ± 
0.001 

0.9 0.15406 0.230 ± 0.002 0.4 𝑥 10−2± 0.4 𝑥 10−4 37.1 ± 0.4 

5 42,508 ± 
0.001 

0.9 0.15406 0.228 ± 0.004 0.4 𝑥 10−2± 0.7 𝑥 10−4 37.4 ± 0.6 

7 42,508 ± 
0.002 

0.9 0.15406 0.222 ± 0.002 0.4 𝑥 10−2± 0.5 𝑥 10−4 38.4 ± 0.5 
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The crystal sizes obtained from Debye Scherrer calculations are shown in Table 3. These values 

show that silica powder with a pH of 3, 5 and 7 experiences an increase in crystal size after being 

calcined at a temperature of 1000°C. Calcination temperature affects silica crystals, that is, the 

higher the calcination temperature used, the larger the size of the silica crystals. A high increase 

in temperature can cause the intensity of the silica peak to increase, so that the FWHM value 

decreases. According to Lisdawati [14], the increase in crystal size is caused by the faster 

movement of atoms so that crystal growth is also faster. 

Conclusion 

Based on the extraction of silica from rice husk ash using the sol-gel method, the pH of HCl has 

no effect on crystal size. In addition, it was found that silica powder pH 3, 5 and 7 experienced 

an increase in crystal size after calcination at a temperature of 1000°C and the value of the crystal 

size was determined using the Debye Scherrer equation. 
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