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Abstract 

This study presents a facile and cost-effective strategy for fabricating superhydrophobic coatings 

using hydrothermally synthesized titanium dioxide (TiO2) nanoparticles. TiO2 nanoparticles were prepared 

via a hydrothermal method. A dip-coating technique was used to deposit the superhydrophobic layer on pre-

cleaned glass substrates. The coating solution was formulated by dispersing unmodified TiO₂ nanoparticles 

in a polymethylhydrosiloxane (PMHS) and chloroform mixture, with polystyrene (PS) added as a binder to 

improve film uniformity and adhesion. The coating exhibited the highest superhydrophobic performance, 

achieving a static water contact angle of 164° and a sliding angle of 5°, indicating excellent water repellency. 

The mechanical robustness of the coated glass slide was evaluated through a muddy water resistance test. 

The prepared superhydrophobic coating revealed excellent self-cleaning performance against the muddy 

water. The developed coatings hold significant potential for applications in self-cleaning due to their 

simplicity, scalability, and superhydrophobic behavior. 
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1. Introduction  

Superhydrophobic surfaces have garnered significant interest due to their remarkable water-repellent 

property, which makes them ideal for preventing the accumulation of dirt [1]. Inspired by natural surfaces 

such as lotus leaves, which exhibit unique self-cleaning properties. The superhydrophobic surface is defined 

by its wetting character, which shows a static water contact angle (WCA) greater than 150° and a sliding 

angle (SA) smaller than 10° [2]. The superhydrophobicity on the lotus leaf surface occurs due to a thin waxy 

layer on micro-scale papillae [3]. Various strategies have been employed to fabricate such surfaces, 

primarily by introducing surface roughness and incorporating low surface energy materials [4]. Numerous 

bioinspired and synthetic approaches have been explored to develop multifunctional surfaces with 

micro/nano features for applications including self-cleaning [5], oil–water separation [6], corrosion 

protection [7], anti-icing [8] and etc. In previous studies, a wide range of materials including SiO2, TiO2, 

ZnO, Al2O3, candle soot, and various polymers, have been employed in the development of self-cleaning 

superhydrophobic coatings. Latthe et al. [2] applied a suspension of hydrophobic SiO2 nanoparticles (NPs) 

to various substrates, including motorcycle bodies, building walls, mini boats, solar cell panels, window 

glass, cotton shirts, fabric shoes, cellulose paper, metal, wood, sponges, plastic, and marble. These coatings 

demonstrated excellent water repellency and outstanding self-cleaning properties. Ding et al. [9] developed a 

superhydrophobic fluorinated polysiloxane/TiO2 nanocomposite coating applicable to substrates such as 

aluminum, glass, wood, paper, and polypropylene. The coating exhibited excellent durability across a wide 

pH range, varying temperatures, and UV exposure, and was recoverable after oil contamination. A FAS-

TiO₂/PVDF composite formed hierarchical micro/nanostructures via electrostatic interactions, and when 

applied to a copper substrate, showed a water contact angle of 160° and a sliding angle of 5°. Kokare et al. 
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[10] developed a self-cleaning superhydrophobic coating using Octadecyltrichlorosilane(ODS)-modified 

TiO2 nanoparticles through a dip coating method. TiO2 nanoparticles were dispersed in ethanol with varying 

concentrations of ODS to enhance hydrophobicity. The coatings prepared with five deposition layers 

exhibited a water contact angle above 150° and a sliding angle below 10°. Increasing ODS concentration 

improved surface roughness, enhancing water repellency. The coatings demonstrated stability against water 

jet impact and effectively repelled colored and muddy water, making them suitable for self-cleaning 

applications. In this work, TiO2 nanoparticles were synthesized via a hydrothermal method and utilized to 

fabricate a superhydrophobic coating through a simple dip coating process. The coating was developed by 

incorporating PMHS and PS as surface-modifying and binding agents. The influence of coating thickness 

was investigated by varying the number of dip-coating cycles. The coating shows excellent 

superhydrophobicity and self-cleaning performance. This facile approach offers a cost-effective route to 

prepare superhydrophobic coating with potential applications in self-cleaning technologies. 

2. Experimental Section 

2.1 Chemicals 

Titanium tetraisopropoxide (TTIP) was procured from Spectrochem Pvt. Ltd., Mumbai, India. 

Polymethylhydrosiloxane (PMHS) and polystyrene (PS) were purchased from Sigma Aldrich. Ethanol, 

Chloroform (CHCl₃) were procured from Loba Chemie. Micro glass substrates (75× 25 × 1.35 mm) were 

obtained from Blue star, Polar Industrial Corporation, India. 

2.2 Synthesis of TiO2 Nanoparticles via Hydrothermal Method 

Initially, 20 mL of ethanol was mixed with 30 mL of distilled water and stirred at 400 rpm for 20 min to 

form a homogeneous solution. Subsequently, 15 mL of titanium tetraisopropoxide (TTIP) dissolved in 25 

mL of ethanol was added dropwise to the above mixture under continuous stirring. The resulting sol was 

further stirred at ambient temperature for 2 h to promote hydrolysis and condensation reactions, forming a 

uniform sol-gel system. The obtained sol-gel was transferred to a Teflon-lined stainless-steel autoclave and 

subjected to hydrothermal treatment at 80 °C for 24 h. Upon completion, the product was collected and dried 

at 40 °C for 3 h to remove residual solvents. The dried material was ground using an agate mortar to reduce 

particle size and improve uniformity. Finally, the resulting powder was calcinated at 400 °C for 2 h to obtain 

TiO₂ nanoparticles. 

2.3.Preparation of TiO2-PS Superhydrophobic Coating 

The glass substrates were sequentially cleaned using ultrasonic treatment in 0.1 M Hcl, 0.1 M NH4OH, 

ethanol, and distilled water, each for 10 minutes. After cleaning, the substrates were dried in a hot air oven at 

60 °C for 10 minutes before being utilized for the fabrication process. Initially by dissolving 0.16 mL of 

PMHS in 40 mL of chloroform. The mixture was stirred for 20 min using a magnetic stirrer at 100 rpm to 

ensure complete dissolution. Subsequently, 800 mg of unmodified TiO2 nanoparticles were added to the 

PMHS solution, and the resulting suspension was stirred continuously for 1 h to achieve a homogeneous 

dispersion of nanoparticles. Simultaneously, in a separate beaker, 200 mg of PS was dissolved in 20 mL of 

chloroform. This PS solution was then added to the TiO2-PMHS suspension under constant stirring. The 

combined mixture was stirred for an additional 30 min to obtain a uniform and stable coating solution 

suitable for deposition. Pre-cleaned glass slides were immersed in the prepared coating solution. The number 

of deposition cycles was varied as 1, 2, and 3, respectively, to study the influence of coating thickness. After 

deposition, the coated slides were dried in an oven at 100 °C for 30 min to ensure solvent evaporation and 

film formation. 
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3. Results and Discussion 

3.1. Wettability 

The wettability of the fabricated superhydrophobic glass surfaces was assessed by measuring the 

water contact angle using a contact angle goniometer. Samples were prepared with one, two, and three 

deposition cycles to evaluate the effect of deposition frequency on surface hydrophobicity. The results 

showed a clear trend of increasing WCA with the number of deposition cycles, indicating enhanced surface 

superhydrophobicity. Specifically, the WCA for the sample with one deposition cycle was measured at 154°, 

which increased to 159° after two deposition cycles. Further improvement was observed with three 

deposition cycles, where the WCA reached 164°. This progressive increase in WCA demonstrates that a 

greater number of deposition cycles contributes to the development of hierarchical surface roughness and 

reduced surface energy, two critical factors for achieving superhydrophobic behavior. Therefore, the surface 

coated with three deposition cycles exhibited the highest degree of water repellency, representing the 

optimal condition for superhydrophobic performance in this study. 

3.2. Self-Cleaning Ability 

The self-cleaning ability of the superhydrophobic coating was tested using a simple muddy water test. A 

stream of muddy water was poured onto the coated glass slide to observe its behaviour. 

 

Fig. 1: Photograph showing muddy water rolling off the coated glass slide during the self-cleaning 

performance. 

The muddy water was seen to roll off the surface without leaving any residues, indicating excellent self-

cleaning performance. This property is attributed to the high water contact angle and low surface adhesion of 

the superhydrophobic surface. 

3.3. Mechanical Durability 

The mechanical durability of superhydrophobic coatings is a critical factor for their real-world 

applicability, particularly in outdoor environments where surfaces may be subjected to physical wear and 

environmental contaminants. In this study, the mechanical robustness of the coated glass slide was evaluated 

through a muddy water resistance test. Approximately 2 L of muddy water were continuously poured over 

the coated surface to simulate prolonged exposure to abrasive and wet conditions. Prior to the test, the WCA 

of the coated slide was measured at 164°, indicating excellent superhydrophobicity. However, after the 

durability test, a noticeable reduction in WCA was observed, decreasing to 154°, which suggests partial 

degradation of the surface coating due to mechanical stress. Despite this reduction, the surface maintained a 

contact angle above 150°, confirming that the coating still exhibited superhydrophobic behavior. These 

results indicate that while some loss in hydrophobic performance occurred, the coating retained moderate 

mechanical durability under harsh testing conditions. 
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Fig. 2: Water contact angle of the coating (a) before durability test (164 °) and (b) after durability test 

(154°). 

4. Conclusion 

We have successfully fabricated superhydrophobic surface on a glass substrate using the simple dip 

coating technique. The method employed a mixture of PMHS, chloroform, and TiO2 nanoparticles. The 

fabricated surface exhibited a water contact angle of up to 164° and a sliding angle of 5°. The coated glass 

slides demonstrated excellent self-cleaning behavior by repelling muddy water without residue. Moreover, 

the coating retained its superhydrophobic nature even after a mechanical durability test involving muddy 

water, although a slight reduction in contact angle was noted. Overall, the dip coating technique proved to be 

a simple and effective method for fabricating superhydrophobic coatings with promising practical 

applications. 
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