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Abstract  

 Study of sodium silicate from rice husks as coating material is reported. The extraction was conducted 

via precipitation method with sodium hydroxide, nitric acid and ethanol at pH 8. The resulting silica was 

tested as hydrophobic coating by coating it on a glass surface. Based on the value of the contact angle, silica 

has good hydrophobic properties. The highest hydrophobic properties were obtained from sample, which 

labeled as Si10A:Si5B with an average contact angle of 105.3 °. Investigation of the potential application 

of sodium silicate as an inhibitor of corrosion has been conducted by coating it on steel surfaces. The effect 

of the concentration of sodium silicate was conducted at 0, 10, 20 and 30 ppm and found that the 

morphology of steel coated with 20 ppm has the lowest corrosion rate with 81 % inhibition efficiency. 
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Introduction 

 Research on hydrophobic coating materials has always attracted attention due to their wide 

application in ultra-dry surfaces. The degree of hydrophobicity of a coating is determined by its composition 

and morphology [1-3]. Silica is one of the hydrophobic coating materials with non-polar properties [4]. 

Silica can be produced via chemical synthesis processes using tetraethoxysilane (TEOS), or 

tetramethoxysilane (TMOS) substrates [5,6]. However, TEOS and TMOS are relatively expensive and 

toxic. Thus, getting a new silica source that is cheap and has nontoxic properties is the solution to this 

problem. 

Silica (SiO2) is one of the most abundant compounds on the earth’s crust and is found in crystalline 

and non-crystalline (amorphous) forms. Crystalline silica has advantages such as high stability, being 

insoluble in water, and being active on the surface when reactive oxygen is released [7]. Moreover, silica 

is the most studied material due to its hybrid structure, resistance to high temperatures, high flexibility, high 

gas permeability and low surface energy. Even nanosized silica has strength and is abrasion-resistant, aging 

and climate. Therefore, silica-nano is widely used in heat insulators, bioactive supports, paints, plastics, 

rubber, coatings, drug delivery systems and composite materials [8,9].  

Rice husk ash is waste that is no longer used which is the result of burning the husks. Rice husk ash 

contains almost 95 % silica [10]. Based on 2019 Food and Agriculture Organization (FAO) data, Indonesia 

is ranked 3rd highest after China and India, with around 54.60 million tons of rice production [11]. However, 

the use of rice husks is still lacking. Processing rice husk waste into economically valuable material 

products should be carried out using an environmentally friendly industrial process approach.  Silica 

extraction from rice husks without burning, in this case with a simple precipitation method, is desired 

because it is environmentally friendly and has a relatively low cost. The extraction of silica by combustion 

will produce air pollution, resulting in health issues, especially respiratory problems [12-14]. 

Amorphous silica has an arrangement of atoms and molecules in random and irregular patterns. 

Because of this, amorphous silica has a complicated spherical structure. This complex structure causes a 

high surface area, usually above 3 m2/g [15,16]. Amorphous silica can be made in various forms such as 



Trends Sci. 2024; 21(7): 7779   2 of 9  

sol of silica, silica gels, precipitated silica and pyrogenic silicas [17]. Amorphous silica has been classified 

as a nontoxic material and does not cause silicosis, whereas crystalline silica is very toxic. However, if the 

amorphous silica in air (maximum concentration in the range of 2 mg/m3) is inhaled for 8 h continuously, 

it will impact respiratory health [18]. Under various conditions, amorphous silica is considered to be more 

reactive than crystalline silica. The level of reactivity of amorphous silica is due to a hydroxyl or silanol 

group obtained after heating to a temperature of 400 °C. The silanol group (–SiOH) is present on the silica 

surface, which causes its reactive side [19]. This active side of silica also causes it to bond strongly to the 

surface of a metal. Therefore, silica can be a corrosion inhibitor material [20]. 

In this research, silica was extracted from rice husk ash, and made into sodium silicate as a 

hydrophobic surface to obtain anti-corrosion properties. Although several reports have been reported 

regarding the use of silica from rice husk ash, its application as a corrosion inhibitor has never been carried 

out [21-23]. Therefore, in this study, we report the potential application of silica from rice husks as a 

hydrophobic coating and corrosion inhibitor on mild steel. 

 

Materials and methods 

Materials 

The materials used in this research were rice husks supplied by the Sumedang Region (Indonesia) and 

mild steel test objects (1.9×1.5×0.8 cm3). The chemical reagent was purchased from Sigma Aldrich (St. 

Louis, MO, USA), including hydrochloric acid (HCl, 37 %), sodium hydroxide (NaOH, 99 %), ethanol 

(C2H5OH, 96 %), acetone (C3H6O, 99.5 %) and nitric acid (HNO3, 68 %).  

 

Extraction of silica from rice husk 

Rice husks were cleaned by soaking with distilled water for 24 h followed by drying at 90 °C for 24 

h. Afterwards, the rice husks were soaked in 1 N HCl solution at 75 °C for 1 h to remove metal oxide 

impurities. The rice husks were then washed several times with distilled water and then dried at 90 °C for 

24 h. Afterwards, the silica was extracted by immersing 20 g of rice husk in 300 mL NaOH and heated at 

90 °C in water bath for 1 h. The solid was then filtered, then dissolved in ethanol and HNO3 with different 

concentrations of 3 N and 4 N until it reached a pH of 8 while stirring for 45 min. The mixture was then 

treated with centrifugation at 4,000 rpm for 5 min. The obtained silica gel was then washed with an aqueous 

solution, then separated by centrifugation at 4,000 rpm for 5 min. This process is repeated until a white 

silica gel is obtained. Silica gel was calcined at 600 °C for 1 h to get solid silica powder. Then, the silica 

powder was characterized by X-ray diffraction (XRD, PANalytical X’Pert Pro, PW 3040/x0) using Cu Kα 

radiation (λ = 0.1542 nm) at room temperature. 

 

Hydrophobic properties of silica 

Testing the hydrophobic properties of silica on mild steel plates was carried out by coating colloidal 

silica on the glass surface. Colloidal silica is made by dissolving sodium silicate in a solution of nitric acid 

and ethanol (pH 8) and then rotated with 2 different rotational speeds, namely, 1,000 rpm (SiA) and 2,000 

rpm (SiB) for 5 min. The silica gel formed was washed with distilled water. 

The determination of the contact angle of a liquid droplet on a surface generally uses the approach 

that the droplet is circular (or part of a circle). The calculation of contact angles can be approached by 

applying Eqs. (1) and (2), respectively, for contact angles less than 90  and between 90 to 180  (Figure 

1) [24,25].  
The 2 colloids were mixed with various wt% of SiA and SiB, as shown in Table 1. Ethanol was added 

and then mixed by ultrasonication (20 kHz) for 30 min. The glass was immersed in H2SO4 and H2O2 (50:50) 

for 6 h, and shaken for 30 min under ultrasonication, then rinsed with acetone and distilled water. Glass 

coating with colloidal silica was successively conducted by immersed for 15 min, then drying and heating 

it at 250 °C for 2 h. 

 

θ = 2 arctan (2 h/l)                                   (1) 

 

θ = 90 ° + arccos [(4 hl) / (4 h2 + l2)]                    (2) 
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Table 1 Colloid composition of silica for coating. 

Sample name SiA (g) SiB (g) Ethanol (g) 

5SiA 5 0 95 

5SiB 0 5 95 

5SiA:10SiB 5 10 85 

10SiA:5SiB 10 5 85 

 

 

 

Figure 1 Illustration of droplets with (a) hydrophilic ( < 90 ), (b) hydrophobic (90  >  > 180 ), and (c) 

schematic of the contact angle measurement tool. 

 

 

Silica corrosion inhibition test  

Sodium silicate solutions were made by dissolving silica with various concentrations of 10, 20 and 

30 ppm in a 3 M NaOH solution [26]. The corrosion rate (R, mmpy) is determined using Eq. (3), where W 

is loss weight (mg), A is area of the specimen (cm2), t is time (h) and D is density of the specimen (g/m3). 

 

R = (87.6×W)/(A×t×D)                                        (3) 

 

 A silica corrosion inhibition test was carried out on mild steel specimens measuring 1.9×1.5×0.8 cm3, 

which had been cleaned with sandpaper, then washed with distilled water, smeared with acetone, and dried 

with an air stream. Steel specimens were weighed and then immersed in distilled water and nano-silica 

solution as an inhibitor solution at room temperature for 12 days. After soaking, the specimens were cleaned 

with a brush in distilled water to calculate the percentage of inhibition efficiency (IE) from the corrosion 

rate data using Eq. (4) [27], where Ro is corrosion rate without the addition of an inhibitor (mmpy) and R1 

is corrosion rate with the addition of an inhibitor (mmpy) 

 

Inhibitor Efficiency = ((R0 – R1)/R0)×100 %                   (4) 

 

Results and discussion 

Extraction of silica from rice husk  

When extracting silica from rice husk ash, silica will be reacted in a basic NaOH solution to form 

sodium silicate. This sodium silicate can then be separated from the other components in the husk ash. After 

that, sodium silicate turns back into silica in gel form by reducing the pH using HNO3. The reaction that 

occurs is written in Eqs. (5) and (6). 

 

SiO2 (s) + 2NaOH (aq) → Na2SiO3 (aq) + H2O (l)                      (5) 

 

Na2SiO3 (aq) + 2HNO3 (aq) → SiO2 (s) + 2NaNO3 (s) + H2O (l)                (6) 
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 The high electronegativity of the oxygen makes Si atom more electropositive and an unstable 

intermediate [SiO2OH] is formed. Next occurs dehydrogenation and the 2nd hydroxyl ion will bind with 

hydrogen to release water molecules. Two Na+ ions will balance the negative charge formed and interact 

with SiO3
2– ions to form sodium silicate (Na2SiO3). The resulting sodium silicate (Na2SiO3) solution was 

added with nitric acid and ethanol until the pH of the solution was 8 while stirring with a magnetic stirrer 

to extract the silica precipitate. The mechanism of formation of sodium silicate and image of colloidal silica 

and silica powder calcined at 600 °C are shown in Figure 2. 

 

 

Figure 2 (a) the reaction mechanism for the formation of sodium silicate, (b) colloidal silica, and (c) silica 

powder after calcined at 600 C. 

 

The XRD pattern of silica is shown in Figure 3. Pretreatment of rice husk with HNO3 produces white 

amorphous silica with high purity [28]. The XRD pattern shows that the silica produced was an amorphous 

form, with a typical broad peak at 2θ = 21 - 22 ° for both prepared with 3 and 4 N HNO3 concentrations 

[29,30]. This means that the various addition of HNO3 concentrations did not affect the differences in silica 

structure. Besides that, there were no other peaks detected in the XRD pattern, indicating the purity of the 

silica produced [31]. 

 

 

Figure 3 XRD pattern of amorphous silica, prepared with (a) 3 and (b) 4 N HNO3 concentrations. 

 

Hydrophobic properties of silica 

The hydrophobic properties of silica are tested by measuring the contact angle. In this study, the 

contact angle was tested by dropping 30 μL of distilled water on a glass surface that had been coated with 

silica. Table 2 and Figure 4 shows the contact angle results of various samples. The contact angle of 5SiB 
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is greater than 5SiA, indicating that the rotation speed has an impact on the formation of the nano-silica 

structure, but the effect on filling between the 2 does not give a comparable effect. The average contact 

angle of sample 10A:5B is 105.3 ± 1.1 °, which means it shows hydrophobic properties. 10A:5B has 

hydrophobic properties thought to be due to the reduction of hydroxyl groups compared to other samples 

[32]. The use of silica acid sol which has hydroxyl groups, through condensation and hydrolysis reactions 

forms siloxane crosslinks which reduce the number of hydroxyls [33,34]. 

 

Table 2 Contact angle of silica. 

Sample 
Contact angle (°) 

Average (°) ± standard deviation 
1 2 3 

5SiA 70 74 72 72.0 ± 2.0 

5SiB 82 84 84 83.3 ± 1.1 

5SiA:10SiB 70 70 70 70.0 ± 0.0 

10SiA:5SiB 106 106 104 105.3 ± 1.1 

 

 

Figure 4 Contact angle measurement on (a) Si5A and (b) Si10A:Si5B. 

 

In addition, this hydrophobicity also increases the nanoscale secondary roughness on the substrate 

surface [35]. Figure 5 shows scanning electron microscope (SEM) images of each silica sample. In 

addition, surface roughness visualization was used using Image Processing and Analysis in Java (ImageJ). 

Ra, which is the absolute average relative to the length of the base, is used to determine the roughness value. 

Figure 5(d) shows that sample 10A:5B has the highest roughness due to the presence of nanocavities on 

the surface resulting in a hydrophobic layer [36]. This is different from other samples which are more 

homogeneous. The Ra values for Si5A, Si5B, Si5A:Si10B and Si10A:Si5B are 41.5, 44.8, 41.2 and 47.8, 

respectively. This value is in agreement with the contact angle value obtained. 

 

Figure 5 SEM image of (a) Si5A, (b) Si5B, (c) Si5A:Si10B, and (d) Si10A:Si5B. 
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 Determination of corrosion rate 

The effect of sodium silicate concentration on the corrosion rate of steel was observed at 10, 20 and 

30 ppm. The effect of sodium silicate concentration on corrosion rate and inhibition efficiency is shown in 

Table 3 and Figure 6. Sodium silicate coating has been proven to inhibit corrosion growth. Ten ppm 

sodium silicate has an inhibition efficiency of up to 69.70 %. Increasing the sodium silicate concentration 

up to 20 ppm could reduce the corrosion rate significantly, but the corrosion rate was almost unchanged by 

increasing the concentration up to 30 ppm. Silica, especially in the form of free silanol, can chemically 

bond with the steel surface to produce Fe-O-Si chemical bonds. The coated sodium silicate undergoes 

hydrolysis and polymerization reactions that occur simultaneously. The Si-O-Na groups of sodium silicate 

polymerize in solution to form Si-O-Si bonds. In addition, the Si-O-H group from the precursor undergoes 

hydrolysis with the hydroxyl group in mild steel (Fe-O-H). Finally, the curing stage allows the formation 

of Fe-O-Si covalent bonds, namely metallo-siloxane bonds [37].  

 

Table 3 Effect of sodium silicate concentration on the corrosion rate and inhibition efficiency. 

Silica (ppm) Lost weight (mg) Corrosion rate (mmpy) Inhibitor efficiency (%) 

0 0.1571 0.5804 - 

10 0.0467 0.1758 69.70 

20 0.0284 0.1049 81.90 

30 0.0285 0.1052 81.80 

 

 

 

Figure 6 Effect of sodium silicate on the corrosion rate and inhibitor efficiency of steel. 

 

 

Figure 7 shows the SEM image of mild steel after 12 days. In Figure 7(a), without the addition of 

silica, the surface morphology of the steel shows corrosion which is characterized by an inhomogeneous 

surface. For the addition of 10 ppm silica (Figure 7(b)), only slightly lower corrosion products were shown 

with increased homogeneity, only on the uneven surface areas. The addition of 20 and 30 ppm silica showed 

a homogeneous surface, and almost no corrosion products were visible on the steel surface (Figures 7(c) - 

7(d)). Increasing the sodium silicate concentration causes the formation of a thicker film, this explains the 

better corrosion properties of the prepared sodium silicate-coated mild steel [38]. However, at a sodium 

silicate concentration of 30 ppm, the coating resistance was lower than 20 ppm. The decrease in coating 

resistance is caused by the penetration of water and corrosive ionic species into the coating, thereby 

increasing the conductivity of the coating. Thus, coatings that exhibit lower coating resistance should have 

higher coating porosity compared to coatings at 20 ppm that offer optimal coating characteristics [37]. 

Apart from that, the effect of decreasing the effectiveness of corrosion inhibitors is also believed to be due 

to competition and repulsion between sodium silicate molecules as a corrosion inhibitor. 
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Figure 7 Effect of sodium silicate inhibitor concentration on the surface morphology of (a) 0 ppm, (b) 10 

ppm, (c) 20 ppm, and (d) 30 ppm on mild steel after 12 days; the scale shows a length of 20 µm. 

 

 

Conclusions 

 The amorphous phase of silica was successfully synthesized from rice husk using the precipitation 

method. Extracted silica can be a hydrophobic coating agent. The greatest hydrophobic properties were 

obtained from sample 10A:5B with an average contact angle of 105.3 °. Other sample compositions show 

a low contact angle value, which means that the shaking speed of colloid production affects the quality of 

the silica coating. Sodium silicate prepared from extracted silica has the potential as a corrosion inhibitor 

because it can reduce the corrosion rate and increase the efficiency of inhibition. The highest inhibition 

efficiency was obtained at a concentration of 20 ppm of sodium silicate, which was 81.9 %. 
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