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Abstract 
In the industrial world, silica is widely used, such as in the tire, rubber, glass, cement, concrete, 
ceramics, textiles, paper, cosmetics, electronics, paint, film, toothpaste, healthcare, and other 
industries. The commercial value of silica determinant by its purity. In this study, silica 
extraction from minerals taken from the Kokap area, Kulonprogo, was carried out. The 
extraction of silica from minerals aims to increase silica content. In this research, the effect of 
NaOH concentration and particle size in silica extraction from minerals was studied. The 
variation in particle size is 100 mesh and 150 mesh, while the variation in NaOH concentration 
is from 0.5 N to 5 N with a difference in concentration of 0.5 N. The product of this research is 
silica gel. The experimental results show that the greater the NaOH concentration, the greater 
the silica that can be extracted. When viewed from the particle size, a smaller particle size results 
in a larger conversion. The largest extract was obtained at a particle size of 150 mesh with a 
concentration of NaOH 5 N, which is 4.73 grams of silica gel or 1.6979 grams of silica.  

Keywords: extraction, silica, particle size, NaOH 

 

 
This is an open access article under the CC–BY-NC license. 

 

I. INTRODUCTION 
In the industrial sector, silica is quite widely used, for example, in the tire industry, rubber, glass, 
cement, concrete, ceramics, textiles, paper, cosmetics, electronics, paint, film, toothpaste, 
healthcare, and others. However, silica is difficult to obtain as an element with high purity. The 
refining process of silica can be carried out by solid-liquid extraction. Na2CO3 or NaOH solutions 
can be used as a silica solvent. Cornellis. et al. (2011) stated that the extraction using Na2CO3 
stated that extraction using Na2CO3 was less able to dissolve silica crystals. Codama and Roos 
(1991) stated that NaOH has a better ability to dissolve silica. Anna Georgiadis et al. (2015) 
studied optimizing amorphous silica extraction from the soil by using NaOH. Based on the result of 
this test series, a method for quantifying amorphous silica in soil from temperate-humid climate is 
proposed.  
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To exploit the potential of mineral rocks containing silica from the villages of Kalirejo, Kokap, 
Kulonprogo, this research extracts Si in the form of SiO2 (Silica gel) and analyzes the rock 
composition using the X-Ray Fluorescence method. Qualitative and quantitative analysis using the 
X-Ray Fluorescence method, which does not damage the material with the principle that the 
collision of atoms on the sample surface by X-rays The aim of this research was to study the effect 
of NaOH concentration and particle size in extraction silica from mineral. 

 
II. LITERATURE REVIEW 
Solid-liquid extraction is a process that involves the mass transfer between phases. The difference 
in chemical activity between the solid phase and the solvent phase reflects how far the system is 
from equilibrium, so it will also determine the rate of solute between the phases. This process is a 
physical process because the dissolved components are then returned to their original state without 
experiencing chemical changes (Lucas, 1949). In the solid-liquid extraction process, a very long 
contact between the solvent and the solid is required. This process is most commonly found in 
efforts to isolate a substance contained in a natural material so that what plays an important role in 
determining the completeness of this extraction process is the properties of natural materials and 
also the material to be extracted. The extraction rate of a material is determined by the particle size 
of the material. The extracted material should be of a uniform size to facilitate contact between the 
material and the solvent so that the extraction takes place well (Sudarmadji & Suhardi, 1996). 

Silica is formed through strong covalent bonds and has a structure with four oxygen atoms bonded 
in a tetrahedral angle position around the central atom, namely the silica atom; figure 1 shows the 
structure of tetrahedral silica. 

 

Fig 1. Tetrahedral silica structure 

In general, silica is hydrated amorphous form, but if combustion continues at temperatures above 
650 ° C, the crystallinity level will tend to increase with the formation of quartz, cristobalite, and 
tridymite phases (Hara, 1986). The structural forms of quartz, cristobalite, and tridymite, which 
are the main types of silica crystals, have different stability and density (Brindley and Brown, 
1980). Based on thermal treatment, at temperatures <570 ° C, low quartz is formed; for 
temperatures 570-870 ° C, high quartz is formed, which changes its structure to cristobalite and 
tridymite, while at temperatures of 870-1470 ° C, high tridymite is formed, at ˃ 1470 ° C high 
cristobalite is formed, and at 1723 ° C liquid silica is formed (Wikipedia A, 2006). 
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Silica can react with bases, especially with strong bases such as sodium hydroxide. The reaction 
of silica with bases is shown as follows. 

SiO2(s)  +  2NaOH (aq)  →  Na2SiO3(aq)  +  H2O(l)(Vogel, 1985) 

According to Srivastava et al. (2013), the percentage of silica obtained from the extraction is 
influenced by the concentration of the NaOH solution as the extractor, the SiO2 content in the raw 
material, the variation in reaction time, and the reaction temperature. Silica rock is reacted with 
NaOH with various concentrations to form a solution of sodium silicate. This solution is then 
added with a solution of HCl to form a silica precipitate. 

 
III. RESEARCH METHODOLOGY 

III.1.Material 

The sample was taken from Kalirejo, Kokap, Kabupaten KulonProgo, Yogyakarta. The sample 
was washed, cleaned, filtered, and dried prior to crushing, ball milling, and sieving. The sample 
used has various particle distribution at 150 and 200 mesh. The prepared sample is characterized 
by  X-ray Diffraction (XRD) and X-Ray Fluorescence (XRF). All reagents used in this study 
were analytical grade. 

 
III.2. Methods 

 
III.2.1. Extraction 
All experiment was conducted in a mechanically  1-L stirred three-neck bottle reactor. A total of 
50 grams of the sample is extracted with 100 ml of  NaOH solution at a certain concentration fill 
in the reactor, then heated at a temperature of  100 oC – 105 oC for 60 minutes while stirring using 
a magnetic stirrer. The variation in NaOH concentration is from 0.5 N to 5 N with a difference of 0.5 
N. After the process of the mixture,  after the mixing process, the solution is then cooled and filtered 
using filter paper. 

 
III.2.2.Silica Formation and Drying stage 
The filtrate was added by the solution of  2 N HCl until pH less than 7. The precipitates of silica then 
filtered using filter paper and dried at 100 oC. The silica is then weighed until a constant weight is 
obtained. The experiment was repeated with different concentrations of NaOH and also different 
particle sizes. They analyzed XRD and XRF. 

 
III.2.3.Analysis 
The silica obtained is calculated from the amount of conversion using the equation.  

 

 
To ensure the silica content in the product, the dried precipitate was analyzed using X-Ray 

%100
sample ofweigth 
silica ofweigth yield x=
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Fluorescence analysis on the product with the greatest conversion. 
 

IV. FINDING AND DISCUSSION 
IV.1. Raw Material Analysis 
Material is taken from Kalirejo, Kokap, Kulonprogo was analyzed using X Ray-Fluorescence at the 
National Nuclear Energy Agency. The elements contained in the sample are shown in table 1. 
 

Table 1. elemental content in the sample 
Element Composition 
Si 
Al 
S 
Cl 
K 
Ca 
Ti 
Fe 
As 

23.376 % 
3.098 % 
2.792 % 
0.140 % 
2.929 % 
1.123 % 
0.385 % 
7,262 % 
0,299 % 

 

Element Composition 
Mn 
Cu 
Zn 
Ga 
Rb 
Sr 
Y 
Sr 

428,000 ppm 
36,000 ppm 
282,000 ppm 
21,400 ppm 
148,600 ppm 
149,000 ppm 
143,300 ppm 
107,600 ppm 

 

 
 
From the XRF analysis, the sample contains several dominant elements, such as Al, Si, S, Cl, K, Ca, 
Ti, and Fe. The Si content in minerals is 23.376%, assuming the rocks are of uniform size and have 
been homogeneously mixed so that they have the same properties. 
IV.2, The results of the extraction, precipitation, and drying processes 
The silica extraction process uses NaOH solvent with various concentrations ranging from 0.5 N to 
5 N. The experiment was carried out by varying two mineral sizes, 100 mesh, and 150 mesh.  

The results obtained from the experiment in the form of silica gel (SiO2.H2O) and the resulting 
silica conversion calculations are presented in Table 3, with the raw materials presented in table 2. 
 

Table 2. The raw materials used 
Raw material 
Initial silica content 
Sample weight 
Extraction temperature 
Extraction time 

: 
: 
: 
: 
: 

Mineral rock from Kalirejo, Kokap, Kulonprogo 
23,376 % 
50 grams 
100 oC – 105 oC 
60 minutes 

 
Table 3. Silica gel dry weight and silica conversion resulted in variations in particle size and NaOH 
concentration 
 

the 
concentration of 

particle size 
(mesh) 

silica weight 
(grams) 

conversion 
(%) 
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NaOH (N) 

0,5 100 0,174 0,5348 
150 0,294 0,9189 

1 100 0,418 1,2846 
150 0,9065 2,786 

1,5 100 0,6671 2,0503 
150 1,0991 3,3779 

2 100 0,6926 2,1287 
150 1,2 3,6881 

2,5 100 0,7667 2,3563 
150 1,2512 3,8464 

3 100 1,19 3,6601 
150 1,305 4,0081 

3,5 100 1,28 3,93 
150 1,525 4,68 

4 100 1,81 5,56 
150 1,61 4,94 

4,5 100 2,04 6,27 
150 2,64 8,1 

5 100 2,27 6,97 
150 4,73 14,52 

 
Figure 2 shows the relationship between the variation in NaOH concentration and the weight of 

silica at particle sizes of 100 mesh and 150 mesh. 

 
 

Figure 2. The graph between the weight of silica and the concentration of NaOH 
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Figure 3 shows the relationship between the variation in NaOH concentration and the resulting 
conversion at particle sizes of 100 mesh and 150 mesh. 

 

 
Figure 3. The graph between the conversion of silica and the concentration of NaOH 

 
From the tables and figures, it can be seen that the largest silica that can be taken is at a particle 
size of 150 mesh with a concentration of 5 N NaOH. The weight of extracted silica gel was 4.73 
grams (H2SiO3) or 1.6979 grams of Si with the silica content in the sample of 11.688 grams, so that 
the percentage of silica taken is 14.52%. 

The experimental results showed that the greater the NaOH concentration, the greater the 
conversion and weight of silica gel obtained at the same particle size. This is because the greater 
the concentration of NaOH solvent, the more silica contained in the sample dissolved in the solvent. 
When viewed from the mineral particle size (100 mesh and 150 mesh), then the smaller size can 
take more silica so that the conversion becomes large. This is because the smaller the particle size, 
the larger the surface area of the material, thereby increasing the extraction speed. The capillary 
path of the area that must be passed by diffusion becomes shorter, thereby reducing its resistance. 

The extracted silica is still too small. In order to increase the amount of silica taken up, it is 
necessary to study a larger NaOH concentration, a smaller particle size, and higher extraction 
temperature.  

V. CONCLUSION 
More silica gel is obtained when extracted using a larger concentration of NaOH solvent and a 
smaller sample particle size. The highest extracted silica yield in this experiment was 4.73 grams of 
silica gel (H2SiO3) at a concentration of 5 N NaOH and a sample size of 150 mesh. 

The resulting silica does not have very high purity yet due to the limitations of the research tool in 
heating the sample. In research, heating was only up to a temperature of 100 oC, so that there was 
still a lot of water content, meaning that the product produced was not pure silica but silica gel.
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