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Abstract 

This article report on a study of silica particles prepared from 

silica sand under alkaline conditions using a sol gel method. 

Sodium silicate solution prepared from silica sand was diluted 

with water and dropped-wise in the mixture of 

ammonia/propanol, ammonia/ethanol, ammonia/methanol and 

ammonia/ethanol/methanol to form a sol. It was further dried 

prior to aging treatment for 7 days to obtain silica particles. The 

effect of alcohol solvent on the morphology and the particle 

size of silica particles was investigated using various 

characterization techniques such as scanning electron 

microscope, X-ray diffraction and particle size analyzer. It was 

found that the formation of non-agglomerated silica particle 

with homogenous spherical morphology greatly depended on 

the solubility of sodium silicate in organic solvent during sol 

gel synthesis. Furthermore, the produced particles possible for 

fabrication of hydrophobic surface was discussed in detail.  
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I. INTRODUCTION  

Non-agglomerated silica particles with spherical morphology 

are commonly synthesized using tetraethyl orthosilicate 

(TEOS) as a precursor in alkaline medium [1, 2]. Their particle 

size is easily tailored by varying the concentration of ammonia 

[3]. Furthermore, the presence of an organic solvent in an 

alkaline medium can increase the stability of the particles to 

prevent agglomeration [4]. However, compared to TEOS, 

sodium silicate solution is better due to its cost-effective, non-

toxic and easily scalable characteristics. Therefore, the 

synthesis of silica particles using sodium silicate precursor has 

attracted the interests of researchers. 

 

Previous studies reported the synthesis of silica particles using 

bentonite, rice husk, etc. which consisted of three step 

processes [5-7]. Firstly, sodium silicate solution was prepared 

by reacting silica sand and sodium hydroxide. Subsequently, 

silica gel Si(OH)4 was evaporated to obtain silica particles prior 

to reacting the sodium silicate solution with strong acid like 

HCl, HNO3 or H2SO4 through sol gel process. However, due to 

agglomeration issue, sodium silicate solution was used to 

produce silica particle in alkaline medium instead of in acid [8, 

9].  

 

Studies of sodium silicate solution as a precursor to produce 

non-agglomerated form in alkaline medium and organic solvent 

are still limited. The topic has not attracted the interest of 

researchers. Previous research found that as the size of the silica 

particles is reduced, when the ratio between the organic solvent 

and the alkaline medium increased [10]. It was also reported 

that the aging condition affected the morphology of silica 

particles on sol-gel process [11].  

 

Silica sand with high purity silica content is highly abundant 

materials in Indonesia and accounted as a potential source to 

prepare sodium silicate solution as a precursor in silica particles 

fabrication. In the previous report, we have successfully shown 

the preparation of sodium silicate solution from local silica 

sand [12]. In this study, our work to prepare silica particles 

from sodium silicate solution is extended and the effect of 

morphology of silica particles on the mixture of ammonia and 

various alcohol solvents is investigated. Possible fabrication of 

hydrophobic surface of silica particles is also studied. 

 

II. METHOD 

2.1. Reagents 

Sodium silicate solution was prepared from silica sand as 

reported in the previous study [12]. The solution contains 8.5% 

Na2O and 28% SiO2. Ammonia solution, methanol, ethanol and 

n-propanol with pure analysis grade were purchased from 

Merck. 

 

2.2. Synthesis of silica particles 

A mixture was prepared with ammonia and various alcohol 

solvents in equal ratios according to the previous report with 

slight modification [9]. As a precursor of silica, 5 mL of sodium 

silicate solution was added to 7 mL of distilled water and 

dropped with slow-rate of alcohol under alkaline medium. 

After aging period for about 7 days, the result of synthesis was 

dried to obtain silica particles prior to adding the water to 

control the pH until the neutral condition was reached. Some 
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procedures were repeated with three other alcohols in alkaline 

medium, as given in Table 1.  

 

2.3. Surface modification of silica particles 

0.1 g of the silica particle was added to 50 ml ethanol. The 

mixture was sonicated using ultrasonicator for 20 min. After 

that, different quantities of stearic acid, i.e. 0.1 and 0.5 g, were 

added in the mixture form followed by heating at 60°C for 2 hr. 

 

2.4. Fabrication of hydrophobic surfaces 

The glass substrates were cleaned by rinsing with ethanol and 

water, respectively. After that, the glass substrates were dipped 

into the modified silica particles solution from various alcohol 

solvent. Subsequently, the samples were dried by heating at 

100°C for 10 min prior to measuring the contact angle. 

 

2.5. Characterizations 

The dry white silica was characterized using X-Ray diffraction 

(D8 Advance) to evaluate the amorphous nature of silica 

particles. Scanning electron microscopy (SEM) analysis was 

performed by using FEI Quanta 650 to investigate the 

morphology. The particle size distribution was analyzed using 

SALD 2300 particle size analyzer. For contact angle 

measurement an appropriate volume of water was dropped on 

the surfaces and captured using contact angle meter at BATAN 

(The National Nuclear Energy Agency) 

 

Table 1 Quantities of the material used for the synthesis of 

silica particles 

Sodium 

silicate 

solution 

(ml) 

Water 

(ml) 

Ammonia/

alcohol 

ratio (ml) 

Ammonia 

(ml) 

Type of 

alcohol 

5 7 1:1 30 Ethanol 

5 7 1:1 30 Methanol 

5 7 1:1 30 Propanol 

5 7 1:1 30 Ethanol+

methanol 

 

 

IV. RESULT AND DISCUSSION 

In order to synthesize silica nanoparticles, a precursor of 

sodium silicate solution was prepared. Silica sand was milled 

for 60 minutes by using high energy milling to obtain the silica 

powder with particle size of approximately 325 mesh. 

Afterwards, the obtained silica powder was reacted with 

sodium hydroxide to obtain sodium silicate solution. In the 

previous study [12], a smaller size of silica particles was 

obtained with milling process instead of without milling. The 

result indicated that milling process affected the silicon content 

at sodium silicate solution, leading to production of more nuclei 

due to enhanced solubility of particles. However, the result 

showed agglomerated silica particles due to the reaction 

condition in acid medium. Therefore, in this study, alkaline 

medium was used to prevent the agglomeration. 

 

Fig. 1 SEM images of silica particles produced by mixing sodium 

silicate solution in different alcohol solvent in alkaline medium. a 

and b, c and d, e and f, g and h represent the silica particle 

prepared in propanol, ethanol, methanol, methanol+ethanol, 

respectively 

 

Figure 1 shows SEM images of silica particles in alkaline 

medium with various solvents produced from sodium silicate 

solution in equal ratio of ammonia/alcohol. Figure 1a, b shows 

the silica particles produced by the addition of sodium silicate 

solution in ammonia/propanol with various form of silica 

particles. However, some spherical shapes which appeared 

indicate the formation of silica particles. In contrast, the silica 

particles with homogenous shapes were formed in 

ammonia/ethanol as shown in Figure 1c, d. Even though the 

shape looked like a cube, the structure was amorphous, as 

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 
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confirmed on the XRD (Figure 2). In addition, significant 

morphology changes occurred in the ammonia/methanol 

solution showing the formation of homogenous spherical 

shapes of silica particles (Figure 1e, f). The result confirmed 

that the solubility of sodium silicate in organic solvent during 

sol gel process affected the morphology of silica particles. 

Methanol as the shortest chain of alcohol was soluble which 

might give more silica nuclei to grow independently. To further 

investigate silica particles formation, solvent mixture 

consisting of ethanol and methanol was mixed in ammonia 

medium as shown in Figure 1g, h. It was found that the 

morphology of silica particles in solvent mixture also consisted 

of spherical and cubic-like shapes due to effect of ethanol in the 

system. 

 

The XRD patterns of silica particles produced from various 

alcohol solvent in alkaline medium are presented in figure 2. 

The results indicate the amorphous characteristic of silica 

particles.  

 

 
Fig. 2 XRD patterns of silica particles 

 

In order to evaluate the size distribution of silica particles with 

variation of alcohol solvent with ammonia mixtures, particle 

size analysis was performed and the results are shown in Figure 

3. It can be observed that particle size distribution of silica 

decreased continuously with the decrease of alcohol chain. 

However, compared to methanol as solvent, propanol and 

ethanol exhibit a wide range of article size distributions. The 

results indicate that the particle size had various size and 

morphology as also confirmed by SEM study (figure 1). In 

contrast, silica particles that were formed in methanol had a 

narrow range that might imply homogenous form of silica 

particles. 

 

 
Fig. 3 Particle size distribution of silica particles 

 

It can be seen from this study that diluted sodium silicate 

solution in alkaline medium may lead to the formation of 

intermediate silicate followed by condensation of silica 

colloidal [13]. At high pH, the aggregation of particles could be 

prevented due to the increase of electrostatic repulsion of silica 

particles, while on the contrary, at low pH, the electrostatic 

repulsions are reduced [14]. In addition, the formation 

mechanism of silica particles also depends on the solubility of 

silica in the solvent. In propanol, the silica solubility was 

lowered which increased the supersaturation [4]. Apparently, 

sodium silicate solution was not able to reach a homogeneous 

form in the propanol. In contrast, the solubility of sodium 

silicate solution in ethanol and methanol is higher than 

propanol, resulting in the rapid nucleation and growth of silica 

particles. However, sodium silicate might be unable to reach a 

homogeneous segregation in the ethanol which followed in 

concentration gradients during particle nucleation and growth. 

To control the size of silica particles in the present system 

requires further investigation. 

 

Figure 4 shows FTIR spectra of modified silica particles with 

different quantities of stearic acid observed. The peaks 

appearing at 1052 cm-1 and 334.56 cm-1 confirm the presence 

of Si–O–Si bonds. The functional moieties of Si–OH and O–H 

were detected by peaks at 945 and 3037-3550 cm-1, 

respectively. The peaks corresponding to C–H stretching and 

C–H bending were identified at 2900 and 1392 cm-1, 

respectively. The presence of C–H bonds confirms the grafting 

of methyl groups to silica particles, as also confirmed by 

previous studies [15 – 17]. In addition, the presence of C=O at 

1720 cm-1 corresponding to stearic acid was attached to silica 

particles. Therefore, FTIR result indicates the replacement of –

OH moieties with –Si–(CH3)3 at the surface of silica particles. 

Different results between 0.1 gram (blue color) and 0.5 gram 

(red color) show the absorption of blue color shaper down 

compared to red color. It indicates that –OH bond at silanol (Si–

OH) of blue color bigger than red color. The wave number 

shows the silanol group in red color smaller energy was 

absorption so it might indicate that the process of ester 

Propanol 

Ethanol 

Methanol 
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synthesis in solution is closer to finish the reaction. The next 

study on the hydrophobic effect of modified silica particles, 

with 0.5 gram of stearic acid was conducted. 

 

 
Figure 4 IR spectra of modified silica particles prepared 

by varying amounts of stearic acid 

 

To further study the hydrophobic effect of silica particles in 

the material surface, the glass substrate was prepared to clean 

with ethanol and water, respectively. Afterward, dip coating 

process was conducted to coat modified silica particles in the 

glass substrate [18]. The hydrophobic effect was observed in 

hydrophobic silica nanoparticles synthesized in the present 

investigation, in which contact angle was increased by 

decreasing the chain of alcohol due to the homogeneous nature 

of the silica particles, as shown in Figure 5. The water contact 

angles were 91◦, 95◦ and 98◦ for the silica particle prepared in 

propanol (Figure 5a), ethanol (Figure 5b), methanol (Figure 

5c), respectively. When silica particles size was decreased, 

surface tension between water and air increased. It has been 

observed that the roughness of the surface caused the water to 

be trapped in the valley of the surface, so that the water tended 

to be spherical in shape, making the contact angle increase. 

Hydrophobic effect occured when contact angle is more than 

90◦ [19]. 

 

 

 
Fig. 5 Contact angle water at glass substrate with modified silica 

particles in (a) propanol; (b) ethanol; (c) methanol and without 

(d) modified silica particles (source:  Putri et. al, 2018) 

In general, the glass coated with silica particles or 

hydrophobic material will increase the contact angle of the 

glass. The glass that has not been coated with silica particles 

hydrophobic material will produce a small contact angle at 

20º shown in Figure 5d. This result indicates that due to the 

high level of roughness, so that the material structure  coated 

by nano/micro-sized particles could be form to hydrophobic 

property. There was obvious because nano/micro-sized 

particles have a larger surface area. The surface area of 

particles that interacts with water will be increased the 

contact angle.  

 

VI. CONCLUSION 

The morphology of silica particles in various alcohol solvents 

under alkaline condition was investigated. We found that the 

addition of sodium silicate solution into ammonia/propanol 

results in various forms of silica particles. In contrast, the silica 

particles with homogenous shapes were formed in 

ammonia/ethanol and ammonia/methanol. However, in 

ammonia/ethanol the shape is like a cube. The result confirms 

that the solubility of sodium silicate in organic solvent during 

sol gel process affected the morphology of silica particles, 

resulting in the nucleation and particle growth. As a result, 

silica particles formed in methanol had a narrow range that 

might imply homogenous form of silica particles. Furthermore, 

the modified silica particles can also be applied on the material 

surface because of their hydrophobic characteristic. This study 

is significant as it increases the value of silica sand for industry 

applications. 
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