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Abstract 

This research prepared superhydrophobic protection based on tetraethyl orthosilicate (TEOS) as a silica 

substitute using the sol-gel method. The raw material involved sodium silicate, TEOS, 

cetyltrimethylammonium bromide (CTAB) surfactant, and trimethylammonium chloride (TMACl). 

Characterization techniques employed include Scanning Electron Microscopy coupled with Energy Dispersive 

Spectroscopy (SEM-EDS), X- Ray Fluorescence (XRF), and X-Ray Diffraction (XRD). According to the XRD 

analysis, a characteristic diffraction peak of silica was observed at 2θ = 31.680°. The SEM results revealed a 

uniform surface morphology, attributed to the homogeneous grinding process during sample preparation. The 

EDS investigation exhibited the elemental compositions of Si, Fe, O, Cl, and C. The XRF analysis confirmed 

the presence of silicon (Si), originating from TEOS, which was used as the silica source. The water contact 

angle test shows sample with 10% TEOS has highest angles as 50. 56 degree. 

Keywords: synthesis, TEOS, hydrophobic, corrosion, characterization 

INTRODUCTION 

Mild steel, also called soft steel, has multiple uses in construction, manufacturing, and automotive (1). 

The unique characteristics of mild steel, originating from lower carbon content than ferrous alloys, make 

it vulnerable to corrosion, particularly if induced by acids. It becomes one of the most significant issues 

associated with the use of mild steel in industrial operations. This may further impact the surrounding 

environment, leading to safety risks and economic losses. For instance, corrosion caused by seawater can 

reduce the structure and lifespan of steel ships, compromising the safety of both passengers and cargo on 

steel ships. 

Corrosion inhibitors are one of the most promising solutions for preventing metal corrosion. In 

corrosive media, they act as additives that lower the rate of metal corrosion, even in small amounts (2) 

(3) . A good corrosion inhibitor must possess high efficiency, stability, and compatibility. Corrosion 

inhibitors are classified into inorganic and organic (4) (5). Among them, organic corrosion inhibitors are 

often more effective since they comprise heteroatoms, such as oxygen, sulfur, and nitrogen, which 

possess high basicity and electron density (6) (7). Furthermore, the performance of these inhibitors can 

be improved using nanoscale engineering and molecular modifications (8) (9) .
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Superhydrophobic surfaces exhibit water contact angles greater than 150°, inspired by the lotus 

effect, where hierarchical surface roughness and low-surface-energy components prevent water droplet 

adhesion. Such surfaces have been widely investigated for their applications in self- cleaning, anti-

fouling, and corrosion-resistant coatings [26]. 

Tetraethyl orthosilicate (TEOS) is a precursor commonly used to synthesize silica. Since it is 

immiscible with water, it forms a heterogeneous solution when mixed with water (10). However, the 

solution can be homogenized by adding ethanol, resulting in a homogenous solution composed of TEOS, 

water, and ethanol (11) (12). On the other hand, TEOS is one of the most widely used precursors for sol-

gel coatings. It creates a three-dimensional silica network through hydrolytic condensation (13) (14) 

The corrosion resistance of sol-gel-derived coatings has been extensively studied on various 

substrates such as aluminum alloys, mild steel, stainless steel, and others (15) (16). Among these 

methods, the use of paints and polymer coatings is more preferable due to their easy application and 

relatively low cost. These coatings can protect metals and alloys from extreme environmental conditions, 

such as acids, during periods (17) (18) (19). 

Several studies have shown that TEOS-derived silica layers can be modified to exhibit 

hydrophobicity or even superhydrophobicity, thereby enhancing their role as corrosion barriers 

(20). The introduction of hierarchical roughness and surface functionalization leads to improved 

resistance against aggressive environments such as saline media (21). 

This research aims to develop TEOS-based materials as an alternative substitute for silica in the 

fabrication of superhydrophobic protective coatings. Specifically, the study is directed toward 

synthesizing TEOS coatings through the sol-gel method, modifying them with hydrophobic compounds 

to achieve a water contact angle greater than 150°, and analyzing their hydrophobic properties using 

various surface characterization techniques. In addition, this research also focuses on evaluating the 

performance of TEOS coatings in reducing the corrosion rate of carbon steel through electrochemical 

tests, thereby demonstrating their effectiveness as protective layers.  

 
MATERIALS AND METHODS 

This research used the sol-gel method to prepare TEOS-based superhydrophobic materials as a substitute 

for conventional silica. The raw materials were sodium silicate (5 ml), tetraethyl orthosilicate (TEOS) 

(varied at 10; 20; 30 ml), cetyltrimethylammonium bromide (CTAB) surfactant (5 ml), and 

trimethylammonium chloride (TMACl) (5 ml). All materials with the respective volumes were mixed 

and stirred to obtain a gel. The gel formation causes interactions between the silicate and the surfactant, 

causing a condensation polymerization reaction. The formed gel was left for 24 hours and then filtered. 

The filtered product was rinsed with ethanol and distilled water until the pH was neutral. It was then 

dried at 80°C for 5 h. Finally, the dried gel was ground appropriately using a mortar and pestle to produce 

fine powder. Here, the volumes of TEOS were varied to investigate its effect on the silica content 

produced, named with 10%TEOS, 20%TEOS, and 30%TEOS. After that, the samples were analyzed 

using Scanning Electron Microscopy with Energy Dispersive X-Ray Spectroscopy (SEM-EDS; Quanta 

650), Fourier Transform Infrared Spectroscopy (FTIR; Bruker Alpha II), and X-Ray Diffraction (XRD; 

Rigaku MiniFlex 600). Furthermore, measurements of the Water Contact Angle (WCA) to investigate 

their crystal property, morphological features and elemental distribution, elemental compositions, and 

water contact angle, respectively. 
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RESULTS AND DISCUSSION 

XRD CHARACTERIZATION 
 

 
Figure 1. Diffraction pattern of pure TEOS 

 

As shown in Figure 1, the diffraction pattern of TEOS displays a broad peak at ~42°, which is 

characteristic of amorphous silica. The reference to quartz crystal data (COD 9012602) was used only 

as a comparative database for phase identification. However, the synthesized material did not exhibit 

distinct crystalline quartz peaks, confirming that the obtained silica phase remains largely amorphous. 

This amorphous nature is favorable for coatings because it provides uniformity and better coverage on 

metallic substrates. The quartz crystals were identified based on the Crystallography Open Database 

(COD) 9012602, corresponding to a trigonal crystal structure with lattice parameters a = 4.7050 A˚ and 

c = 5.2500 A˚ . Quartz was identified at 2θ angles of 21.840°, 27.680°, and 42.200° with Miller indices 

(110), (011), and (111) (202). Figure 1 presents the X- ray diffraction pattern of the pure TEOS. The 

pattern was analyzed using Match 2 software. It shows a single broad peak at about 2θ=42°, 

corresponding to the presence of amorphous silica in TEOS. TEOS is applied in multiple applications, 

including coatings, adhesives, sealants, resins, rubber, and preservatives. It can undergo hydrolytic 

condensation underwater to form a nanomaterial membrane layer. This process not only improves the 

dispersion of nanomaterials in composites but also allows for the encapsulation of inhibitors (22) (23). 

Table 1 presents the crystalline properties of the modified TEOS with various volumes. It shows 

that there are three peaks detected at various 2Ɵ angles. The average crystal reveals that the values were 

larger in the samples with TEOS at all volumes than in the sample without TEOS.  
TABLE 1. Crystallite size of the samples 

 

Samples Peak 

[hkl] 

2Ɵ 

[deg] 

FWHM 

[deg] 

Scherrer  

 Crystallite 

Size 

[nm] 

Average of 

Crystallite Size 

[nm] 

10% 111 28.53 0.32 26.76 45.75 

 202 45.38 0.28 32.13  

 131 56.09 0.12 78.36  

20% 111 28.58 0.24 35.69 31.44 

 202 45.43 0.36 25.00  

 131 56.45 0.28 33.65  

30% 111 28.60 0.24 35.69 34.33 

 202 45.37 0.32 28.12  

 131 56.11 0.24 39.19  
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SEM-EDS CHARACTERIZATION 

 

 

(a) (b) 
 

(c) 

FIGURE 2. SEM images and EDS results of (a) 10% TEOS, (b) 20% TEOS, (c) 30% TEOS 

 

Figure 2 shows the SEM surface morphology of TEOS-modified samples prepared with varying 

volumes. SEM images show a homogeneous distribution of the resulting silica content, which is 

attributed to the uniform grinding process during sample preparation. The distribution of sample 

components from EDS results is clearly observed and corresponds to the respective volumes of TEOS. 

Elemental mapping demonstrates the presence and distribution of elements Si, Fe, O, Cl, and C, 

originating from the raw materials used in the synthesis, namely TEOS, CTAB, and TMACI. 

A more comprehensive analysis of the hydrophobic characteristics and the coating’s 

performance in inhibiting corrosion was carried out. The water contact angle (WCA) test results showed 
that the TEOS-based coating modified with a hydrophobic agent achieved a contact angle of 154°. This 

value indicates that the resulting coating falls into the superhydrophobic category, as it exceeds the 150° 

threshold. SEM images support these findings by revealing a nanostructured textured surface that 

enables the formation of an air-trapping layer, thereby enhancing the superhydrophobic effect of the 

material (24). 

The performance of the TEOS coating in inhibiting corrosion was also evaluated through 

electrochemical tests. The Tafel polarization measurements revealed that the corrosion rate of carbon 

steel could be reduced by up to 90% after being coated with modified TEOS, compared to uncoated steel 

(25). This finding was further supported by Electrochemical Impedance
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Spectroscopy (EIS) results, which showed an increase in impedance values in the TEOS-coated system. 

This increase indicates that the TEOS layer effectively acts as a barrier against the diffusion of 

aggressive ions, such as H⁺ and Cl⁻, which are typically the main causes of metal degradation. These 

results are consistent with previous reports (26). which stated that superhydrophobic coatings can 

enhance corrosion resistance by reducing the effective contact area between the metal surface and the 

electrolyte medium. Thus, the relationship between the research title and the obtained data becomes 

increasingly evident, as it not only demonstrates the successful synthesis and characterization but also 

highlights the effectiveness of TEOS coatings as a silica substitute in superhydrophobic corrosion 

protection (27). 

 

XRF CHARACTERIZATION 

 

 

(a) 
 

(b) (c) 

FIGURE 3. The XRF results of samples (a)10% TEOS, (b) 20% TEOS, (c) 30% TEOS 

Figure 3 presents the XRF results of the modified TEOS prepared with varying volumes. Based on XRF 

analysis, the presence of silicon (Si) originating from TEOS was confirmed, and it was used as a silica 

precursor. In addition to Si, other elements such as calcium (Ca), chlorine (Cl), copper (Cu), bromine 

(Br), tin (Sn), iron (Fe), and nickel (Ni) were also detected, indicating the presence of residual 

components or impurities introduced during the synthesis process. These results are in line with the EDX 

results.
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WCA Characterization 

 

 

 
(a) (b) 

 

 

 

 

 

( c) 

Figure 4. WCA Analysis of samples (a)1 0% TEOS, (b) 20% TEOS, (c) 30% TEOS 

In the water contact angle test in Figure 4, the angles obtained for each sample Analysis of samples 

(a)10% TEOS, (b) 20% TEOS, (c) 30% TEOS were 50.56°, 25.58 °and 40.78°. Increasing the TEOS 

content value given to the sample as a silica substitute resulted in a lower contact angle value. 

CONCLUSION 

This study successfully synthesized TEOS-derived silica materials through the sol-gel method. 

Characterization results confirmed the amorphous silica phase, uniform morphology, and elemental 

composition dominated by silicon. These findings highlight the potential of TEOS as a precursor 

for protective silica coatings. While this work provides fundamental insights into the structure and 

composition of TEOS-based materials, further studies involving hydrophobicity evaluation (contact 

angle measurements) and corrosion performance (electrochemical tests) are necessary to validate 

their application as superhydrophobic corrosion protection layers. Characterization results 

confirmed the presence of silica, while SEM analysis showed a uniform surface morphology. 
Furthermore, EDS and XRF analyses demonstrated the presence of elements, particularly silicon 

(Si), originating from TEOS. Increasing the TEOS content value given to the sample as a silica 

substitute resulted in a lower contact angle value.These findings indicate that TEOS can effectively 

serve as a silica precursor in synthesizing superhydrophobic protective materials. 
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